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EXECUTIVE SUMMARY

This volume (Volume I) of the River Corridor Baseline Risk Assessment (RCBRA) presents an

ecological risk assessment for the River Corridor, considering relevant sources of contamination,

exposure pathways, and contaminants to evaluate current and potential future risks posed by

hazardous substance releases. Volume I will be used, along with a complementary human health

risk assessment (Volume II), to support cleanup decisions for the River Corridor. Risk managers

will use the results from this baseline risk assessment in conjunction with other information to

develop cleanup decisions that will be protective of human health and the environment.

SITE DESCRIPTION AND HISTORY

The U.S. Department of Energy's (DOE) Hanford Site is a 1,517-km 2 (586-mi 2) federal facility

located within the semiarid shrub-steppe Pasco Basin of the Columbia Plateau in south-central

Washington State. The Columbia River flows through the northern part of the Hanford Site and,

turning south, forms part of the site's eastern boundary. The general area and major features of

the Hanford Site are shown in Figure ES-1.

The natural setting of the River Corridor includes three main types of environments: the upland,

riparian, and near-shore environments including soil, sediment, groundwater, and river water (the

abiotic media) as well as ecological resources within them. Each environmental zone supports

characteristic vegetation and wildlife that may be at risk due to exposure to residual hazardous

substances or, as a result of their exposure, may serve as contaminant carriers to other animals

including humans. Figure ES-2 shows the transition of terrestrial to aquatic habitat, from the

upland environment beyond the influence of the river, to the riparian environment along the river

shoreline, to the near-shore aquatic environment.
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Figure ES-1. Major Features of the Hanford Site and Surrounding Area.
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Figure ES-2. Columbia River Shoreline on the Hanford Site.
The figure shows the three ecological study zones.

The Hanford Site became a federal facility in 1943 when the U.S. Government took possession

of the land to produce weapons-grade plutonium during World War II. The Hanford Site's

production mission continued until the late 1980s, when the mission changed to cleaning up the

radioactive and hazardous wastes that had been generated during production in the previous

decades.

In 1989, the 100 Area (encompassing the former plutonium production reactors located in the

northern portion of the Hanford Site along the Columbia River) and the 300 Area (which housed

reactor fuel fabrication plants as well as many research and development facilities located in the

River Corridor Baseline Risk Assessment
Volume I, Part]: Ecological Risk Assessment

March 2012 ES-3

Lv ,.V.v

A§



DOE/RL-2007-21

Executive Summary Rev. 0

southeastern portion of the Hanford Site) were two of four areas at the Hanford Site placed on

the National Priorities List under the authority of the Comprehensive Environmental Response,

Compensation, and Liability Act of 1980 (CERCLA). Placement on the National Priorities List

initiated the CERCLA process that will result in the cleanup of contaminated areas. The 100 and

300 Areas are included in the 570-km2 (220-mi 2) portion of the Hanford Site that is called the

River Corridor (see Figure ES-1).

In order to allow cleanup to begin as soon as possible, the DOE, the U.S. Environmental

Protection Agency (EPA), and the Washington State Department of Ecology (collectively called

the Tri-Parties) developed an approach in 1991 for expedited remediation of the River Corridor.

Cleanup decisions were established through interim action records of decision (IARODs) based

on existing knowledge of the waste sites (e.g., site types, processes, operating history,

contaminants) and supplemented by limited amounts of characterization. In 1995, cleanup

actions were initiated focusing on removal of contaminated soil and debris from waste sites with

the highest potential to impact groundwater and the Columbia River. Actions to address existing

plumes of groundwater contamination were also initiated.

CLEANUP ACTIONS

Waste site and groundwater cleanup actions in the River Corridor have continued from 1995 to

date. About 8 million tons of contaminated soil and debris have been removed from nearly

300 waste sites in the River Corridor and disposed of at authorized facilities. More than 2 billion

gallons of contaminated groundwater have been processed through pump-and-treat systems. At

each waste site where remediation has occurred, the goals and objectives of the IARODs have

been met as demonstrated by evaluation of residual soil concentrations and verification

documentation that has been completed and submitted to the regulatory agencies. However, an

assessment of the degree to which that remediation is protective of ecological receptors (plants

and animals) was needed, so an evaluation is presented in this volume of the RCBRA.

River Corridor Baseline Risk Assessment
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Cleanup actions in the River Corridor are not complete. Many waste sites and groundwater

plumes that have been identified for cleanup actions have yet to be addressed. Consequently,

waste site and groundwater cleanup actions in the River Corridor will continue for several years.

In parallel with continuing the cleanup actions outlined in the existing IARODs, the Tri-Parties

have established a strategy to make final waste site and groundwater cleanup decisions for the

River Corridor. Remedial investigation/feasibility study (RI/FS) processes have been initiated

for the River Corridor to gather and evaluate information needed to make those final cleanup

decisions. A key element in the RI/FS decision-making process is performance of a baseline risk

assessment.

Under CERCLA, a baseline risk assessment is needed to provide risk managers with an

understanding of the current and potential future risks posed by a site. The RCBRA is being

conducted part way through cleanup actions. As such, baseline conditions that are assessed

include a mix of areas where cleanup has been completed in accordance with the IARODs, areas

that are currently scheduled for cleanup, and areas where cleanup actions are not anticipated.

CURRENT CONDITIONS IN THE RIVER CORRIDOR

Within the three ecological study zones, Volume I addresses current conditions in the

River Corridor based on historic information, results of site characterization and toxicity testing,

and cleanup actions completed in accordance with the IARODs. Under current conditions, there

are two general types of areas (see Figure ES-1):

0 Operational areas where releases of hazardous substances posing a threat to human health

and the environment are known to have occurred. These areas are identified as waste sites

and include inactive ponds, trenches, burial grounds, landfills, and spill sites as well as

inactive structures and facilities. Operational areas are typically found in the arid uplands of

the River Corridor and include a mix of remediated waste sites and yet-to-be-remediated

waste sites.

River Corridor Baseline Risk Assessment
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* Nonoperational areas where historic information and other studies indicate there were no

direct releases of hazardous substances posing a threat to human health or the environment.

Nonoperational areas may be affected by transport of contaminants from operational areas

through mechanisms such as stack emissions, windblown dust, groundwater migration, or

uptake and movement by plants and animals. Nonoperational areas include large portions of

the River Corridor that are outside of the operational areas and are not anticipated to be

adversely affected by Hanford Site releases. The RI/FS reports will further evaluate

nonoperational areas in the River Corridor.

Unacceptable risks are present in the River Corridor at waste sites that are identified in the

IARODs but have yet to be remediated. The determination of the presence of unacceptable risk

and basis for action at yet-to-be-remediated waste sites is supported by field investigation data as

well as field experience and information gathered through implementation of the

observational-approach soil cleanup actions in the River Corridor over the past 16 years.

Waste site identification activities, including historical reviews, site walkdowns, remedial

investigations, and discoveries during remedial actions, continue to be implemented in the

River Corridor to ensure that all sites posing unacceptable risk are identified and addressed.

ASSESSMENT OF ECOLOGICAL RISK

The ecological risk assessment evaluated current risks to ecological receptors associated with

releases of hazardous substances to soil and groundwater of the River Corridor. The ecological

risk assessment in this volume is based on applying the eight-step Ecological Risk Assessment

Guidance for Superfund: Process for Designing and Conducting Ecological Risk Assessments

(Interim Final) (ERAGS) (EPA/540/R-97/006). The ERAGS consists of three main parts:

screening, baseline, and risk management.

The screening-level ecological risk assessment for the RCBRA was done as part of the data

quality objectives process and was documented in DQO Summary Reportfor the 100 Area and

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 ES-6



DOE/RL-2007-21

Executive Summary Rev. 0

300 Area Component of the River Corridor Baseline Risk Assessment (BHI-01757). The results

of the screening-level ecological risk evaluation suggested the potential for adverse effects of

Hanford waste site contaminants or groundwater plumes on biota. Thus, it was decided to

proceed with a baseline ecological risk assessment in accordance with ERAGS.

The baseline risk assessment process included the identification of exposure pathways and

receptors for evaluation, compilation and collection of data, data analyses, comparisons of

contaminant concentrations to applicable standards or other effect levels, and quantification of

risk associated with current contaminant concentrations. The baseline ecological risk assessment

approach is based on an overall conceptual site model that summarizes what is known about site

conditions (including the location of contamination sources) and describes transport and

exposure pathways through various environmental media that may be important in evaluating

potential exposure of ecological receptors. Figure ES-3 provides an overview of receptors

evaluated in this assessment.

Assessment endpoints (i.e., the ecological values to be protected) were developed from the

ecological management goals, the conceptual site model, and the trophic relationships among

ecological receptors. Assessment endpoints are representative of biota that are potentially at risk

from contaminants within and across different exposure zones.

Ecological risk assessment guidance suggests that a variety of measures should be evaluated for

each assessment endpoint. These constitute the "lines of evidence" in this risk assessment and

include measures of exposure, measures of effect, and measures of ecosystem or receptor

characteristics (EPA/630/R-95/002F, Guidelinesfor Ecological Risk Assessment). Lines of

evidence, composed of one or several of these measures, were evaluated using literature

information, historical information, and data collected as described in the 100 Area and 300 Area

Component of the RCBRA Sampling and Analysis Plan (RCBRA SAP) (DOE/RL-2005-42).

Where possible, multiple lines of evidence were employed to comprehensively evaluate the

potential for adverse effects on plants and animals.

River Corridor Baseline Risk Assessment
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Figure ES-3. Overview of Terrestrial and Aquatic Receptors.
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Evaluations conducted for ecological receptors in terrestrial and near-shore environments are

described in the following sections. In addition to those evaluations, the ecological risk

assessment evaluated risks for broad-ranging species that could experience exposures across the

different environments. The baseline ecological risk assessment also evaluated the effectiveness

of cleanup actions under IARODs that were based on human health concerns and were

completed before the sampling for the RCBRA was done. A primary goal of the RCBRA was to

determine whether cleanup for human health protection was adequately protective for ecological

receptors. The goal of remedial actions under CERCLA is to reduce ecological risks to levels

that will result in the recovery and maintenance of healthy populations and communities of

plants and animals.

Radionuclides are key contaminants for the River Corridor and were the main focus of many of

the remedial actions completed under the IARODs. Implementation of IAROD cleanup levels

resulted in residual levels of radionuclides that meet the applicable ecological goals.

Consequently, radionuclide doses at all upland study sites were less than the relevant

radionuclide dose limits based on the Tier 1 biota concentration guides (which are used for

assessment of radionuclides), and no radionuclides were identified as contaminants of potential

ecological concern (COPECs). In contrast, cleanup levels developed under human health goals

resulted in residual levels for some chemicals that did not meet applicable ecological goals, and

several chemicals were evaluated as COPECs.

Contaminants of potential ecological concern identified for each environment were compared to

appropriate literature-derived effect levels to determine if the concentrations measured onsite

were at levels that might affect the local biotic populations and communities. In addition,

samples of soil, sediment, and water collected from the study sites were tested in the laboratory

using living organisms to determine if the contaminated media had potentially toxic effects on

the organisms. These evaluations and tests were also applied to samples collected from

reference areas that were selected as close as possible to the study sites so as to accurately reflect

the site's condition but were unaffected by site contamination. Information from reference sites

River Corridor Baseline Risk Assessment
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was compared to similar information from the potentially contaminated areas to determine if

there was a difference in contaminant exposures and potential effects on plants and animals.

Contaminants that indicated the potential to cause adverse effects and were at statistically greater

concentrations in study sites compared to reference sites were identified as contaminants of

ecological concern (COEC).

The final element of the ecological risk assessment was the development of ecological

preliminary remediation goals (PRGs) that will be used by risk managers to analyze remedial

alternatives and identify final cleanup levels and actions.

The RCBRA ecological risk assessment includes an

evaluation of risks under both reasonable maximum EVALUATION OF TERRESTRIAL

exposure (RME) and the central tendency exposure ENDPOINTS
(CTE) or average conditions. Under RME conditions,

risk was evaluated for ecological receptors whose

behavioral characteristics may result in higher For the upland and riparian terrestrial

potential exposure than seen in the average environments, the primary exposure media to

individuals. The CTE conditions characterize which ecological receptors may be exposed

potential risk to an average member of the target

population. Including both the RME and CTE are soil and food-chain organisms (such as

calculations provides a semiquantitative measure of plants and invertebrates) to which the

the range of risks that may occur under a particular receptors may be exposed through ingestion.
exposure scenario. The CTE and RME provide risk

managers with estimates of the average and upper The biota potentially at risk from site-related

bound of average (i.e., rarely exceeded) potential contaminants include plants, terrestrial
exposures. Most CERCLA decisions are made invertebrates, and birds and mammals that
based on the RME.

feed on plants and invertebrates.

River Corridor Baseline Risk Assessment
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Upland Environment

The RCBRA used multiple measures of exposure, ecological effects, and ecosystem or receptor

characteristics to evaluate risks at study sites associated with remediated waste sites (including

remediated/backfilled sites and remediated/native soil sites) in comparison to reference areas.

The waste sites studied were selected from high-priority waste sites that had been remediated at

the time the study was developed and are representative of the types of waste sites and remedial

actions addressed by the IARODs. The overall objective was to determine whether the interim

actions conducted in accordance with the IARODs are protective of ecological receptors in the

upland environment.

Eight of the 39 COPECs identified for the upland environment may present potential ecological

risk for one or more of the receptors based on soil bioassays, comparison of COPEC

concentrations to plant or terrestrial invertebrate toxicity benchmarks, or the results of wildlife

exposure analyses. To address the overall question of whether cleanup levels under the IARODs

are protective of human health and the environment, evaluations were conducted to determine

specifically whether COPECs in shallow-zone soils (the top 15 feet below surface) might

decrease plant survival or growth; affect terrestrial invertebrate survival; or decrease bird or

mammal survival, growth, or reproduction.

For plants, the primary lines of evidence are the results of soil bioassays to test for effects on

plants and comparison of soil concentrations to plant toxicity benchmarks. Three COPECs were

correlated with adverse effects on plant growth. Decreased germination was correlated with

increased soil lead, decreased root length was correlated with increased soil manganese, and

decreased stem height was correlated with increased soil zinc. However, soil concentrations of

manganese and zinc were not statistically greater than reference site levels suggesting no

difference in risk for these contaminants from background exposures. Comparisons to

benchmarks and reference concentrations also showed exceedances for antimony, arsenic, boron,

and lead, suggesting potential for adverse effects. Shoot and total (wet) biomass was also lower

River Corridor Baseline Risk Assessment
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at study sites compared to reference sites. Antimony, arsenic, boron, and lead were identified as

COECs for plants.

The lines of evidence for terrestrial invertebrates are measurements of COPEC concentrations in

soil and invertebrates and the results of soil bioassays. Evidence for adverse effects in

invertebrates is lacking based on comparisons of measures of effect (e.g., nematode survival)

obtained for study sites compared to reference sites. Comparisons to benchmarks and reference

concentrations showed exceedances for barium, copper, and mercury, suggesting potential for

adverse effects. These three contaminants were identified as COECs for further evaluation or

development of ecological PRGs.

Information on dietary contaminant exposures and COPEC concentrations in small mammal

tissues were compared to ecological effects levels for diet or tissues to provide an indication of

the potential for risk to wildlife. Evaluation of ecological significance of risks focused on

exceedance of lowest observable adverse effect levels (LOAELs). Based on comparison of

estimated COPEC dietary exposures to literature-derived effect levels in wildlife, three COPECs

(copper, dieldrin, and lead) exceeded the LOAEL values and reference exposures, indicating a

potential for adverse effects. These three contaminants were identified as COECs for further

evaluation or development of ecological PRGs.

In summary, eight COPECs in the upland environment (antimony, arsenic, barium, boron,

copper, dieldrin, lead, and mercury) were identified as posing sufficient potential for adverse

effects for one or more assessment endpoints (or there were sufficient uncertainties) to warrant

their designation as COECs for plants, invertebrates, birds, or mammals in the upland

environment.

Riparian Environment

The RCBRA evaluated ecological risks at representative riparian study sites located adjacent to,

or where they may be directly affected by, known contaminated media (groundwater seeps, soil,

River Corridor Baseline Risk Assessment
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or sediment). The overall objective was to determine whether current conditions at the

potentially affected sites are protective of ecological receptors in the riparian environment.

Six of the 22 COPECs identified for the riparian environment may present potential ecological

risk for one or more of the assessment endpoint entities, based on soil bioassays, comparison of

COPEC concentrations to plant or terrestrial invertebrate toxicity benchmarks, or the results of

wildlife exposure analyses. Evaluations were conducted to determine specifically whether

COPECs in riparian soils might decrease plant survival or growth; affect terrestrial invertebrate

survival; or decrease bird or mammal survival, growth, or reproduction.

Chromium was identified as a COEC for plants based on relationships with bioassay endpoints

because there was a negative relationship of one seed germination to chromium in soil. In

addition, comparisons to plant benchmarks and reference concentrations showed exceedances for

arsenic, chromium, lead, and zinc that were sufficient to designate these COPECs as COECs.

There was no direct evidence for adverse effects in invertebrates based on comparisons of

nematode survival in soil samples obtained from study sites compared to reference sites, and

there were no statistically significant relationships of nematode survival to COPEC

concentrations. However, comparisons to benchmarks and reference concentrations showed

exceedances for chromium, mercury, and zinc that were sufficient to designate them as COECs.

In addition, because of exceedance of the benchmark at the only study site where total petroleum

hydrocarbons as diesel (TPH-diesel) was assessed and the limited sampling and analyses

conducted for it, TPH-diesel was identified as a COEC for further evaluation or development of

an ecological PRG for invertebrates at those sites where TPH-diesel may be present in soil.

One COEC was identified based on the wildlife ecological exposure evaluation or comparison to

tissue effect levels. For both birds and mammals, comparisons of COPEC exposures to

literature-based effect levels in wildlife indicated that zinc exceeded the LOAEL values and

reference exposures, suggesting a potential for adverse effects.

River Corridor Baseline Risk Assessment
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In summary, six COPECs in the riparian environment (arsenic, chromium, lead, mercury, zinc,

and TPH-diesel) were identified as posing sufficient potential for adverse effects for one or more

assessment endpoints to warrant their designation as COECs.

Uncertainties for the Terrestrial Endpoints

Key uncertainties associated with the terrestrial endpoints evaluated in the baseline ecological

risk assessment are related to gaps in the data. Toxicity measurements in the terrestrial

environments were difficult to complete for all sample areas. Some early data for plant toxicity

were lost because the bioassay laboratory did not document that it followed all required quality

assurance protocols for the seed germination test. The laboratory protocols were corrected to

ensure the proper quality control, and selected sites were resampled to recover some of the lost

data.

It was also discovered that the selection of sample locations did not provide a high enough range

of contaminant concentrations to determine the upper bound of site-specific toxic effects for

plants and terrestrial invertebrates. This resulted in more contaminants (including antimony,

arsenic, barium, boron, chromium, copper, mercury, dieldrin, and total petroleum hydrocarbons)

being considered to represent a potential for adverse effects to local plant and invertebrate

species.

For the terrestrial receptors, exposure was based on the average concentrations for each study

site using MULTIINCREMENT~sample (MIS) results for soil or composite sample results for

biotic tissues. Thus, exposure is integrated to the entire site incorporating high and low

concentrations. There is uncertainty when applying the results of these studies to cases where

discrete samples were collected from heterogeneous sites. The average values measured in these

studies may not adequately represent acute exposure for some individuals or populations.

* MULTIINCREMEN* is a registered trademark of EnviroStat, Inc.
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For wildlife, the key uncertainty is associated with estimated exposure levels based on uptake

through the food chain and comparing those to toxicity reference values for site-specific

receptors.

EVALUATION OF NEAR-SHORE AQUATIC ENDPOINTS

The RCBRA evaluated ecological risks at near-shore study sites potentially affected by

contamination from Hanford Site sources in comparison to reference sites. Study sites were

selected in areas where known contaminated groundwater plumes enter the Columbia River and

in areas between the plumes. Within each of three major plume areas, aquatic study sites were

selected to capture a gradient of contaminant concentrations. Areas of fine sediments and

pebble-size gravel substrate were targeted to focus the sampling in areas that would support

biotic communities potentially affected by contaminants entering the river.

The overall objectives were to determine whether current conditions at these potentially affected

sites are protective of ecological receptors in the near-shore environment and to ensure

ecological risks are at low levels that will result in the recovery and maintenance of healthy

populations and communities of biota. Sediment and unfiltered pore water from study and

reference sites were evaluated for toxicity in laboratory bioassays and sediment; unfiltered

surface water or dietary exposure information was compared to literature-derived effects levels

for the receptors evaluated in this study.

Receptors evaluated in the near-shore aquatic environment include aquatic plants and

invertebrates, amphibians, fish, and birds and mammals that feed on plants and invertebrates.

Sculpins are considered to be a conservative representative of threatened and endangered

salmonids due to their limited home range and year-round exposure to potential contaminants

along the Columbia River shoreline.

River Corridor Baseline Risk Assessment
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Five of the 22 COPECs identified for the near-shore environment may present some level of risk

for one or more of the assessment endpoint entities. Risk results that are relevant are the

comparisons of COPEC concentrations to toxicity benchmarks or the results of wildlife exposure

analyses. Specifically, the risk assessment evaluated whether COPECs in sediment or water

decrease aquatic plant survival or growth or invertebrate survival; whether COPECs in water

decrease amphibian survival or growth or affect fish survival or growth; or if COPECs in

sediment, water, and food could decrease bird or mammal survival, growth, or reproduction.

Concentrations of one COPEC (hexavalent chromium) were greater than ambient water-quality

standards/criteria and reference concentrations, indicating potential for adverse effects to aquatic

plants and invertebrates, amphibians, and fish. In addition, four other COPECs (cadmium,

chromium, manganese, and uranium) exceeded the sediment or water-quality benchmark values

for aquatic plants and invertebrates or were related to bioassay measures and also were greater

than reference concentrations, indicating a potential for adverse effects. There was no evidence

for adverse effects to invertebrates at study sites based on comparisons of measures of effect

(Hyalella survival, Ceriodaphnia reproduction) for bioassays of sediment or water obtained from

study sites compared to reference sites. Based on comparison to benchmarks, cadmium,

chromium, hexavalent chromium, manganese, and uranium were all identified as COECs in the

near-shore environment for aquatic plants and invertebrates.

Concentrations of chromium were greater than the literature-derived LOAEL values for wildlife

and reference concentrations in the near-shore aquatic environment, indicating a potential for

adverse effects. Chromium was, therefore, identified as a COEC in the near-shore environment.

In summary, five COPECs in the near-shore environment (cadmium, chromium, hexavalent

chromium, manganese, and uranium) were identified as posing sufficient potential for adverse

effects for one or more assessment endpoints to warrant their designation as COECs.
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Uncertainties for the Near-Shore Aquatic Endpoints

Pore-water samples collected from the shoreline sediments may not fully represent conditions

experienced by the biota evaluated as representative receptors. Controlling the timing and

methodology of collecting these samples under field conditions proved to be a difficult task.

Data from several sampling episodes were determined to be unusable and resulted in some gaps

in the data set.

Both filtered and unfiltered water sample results were evaluated in the RCBRA. In some cases,

the toxicity information or standards/criteria are based on dissolved metals concentrations

(filtered samples). Therefore, exposure and the potential for risk from metals contaminants may

be overestimated by using the unfiltered (or total metals) concentrations.

There is general uncertainty in measuring the levels of contaminants in clam tissue. Clams can

quickly flush impurities from their tissues, making it difficult to measure short-term exposure to

contaminants.

For wildlife, the key uncertainty is associated with estimated exposure levels based on uptake

through the food chain and comparing those to toxicity reference values for site-specific

receptors.

BROAD-SCALE EXPOSURES

While some receptors are unique to one type of environment, such as fish in the near-shore

aquatic area, others can traverse multiple environments in the course of daily foraging activities.

For example, the broad-ranging red-tailed hawk may capture mammalian prey at multiple upland

or riparian locations and use the river as a source of drinking water. The RCBRA considered

broad-scale ecological exposures for birds and mammals that may be exposed in more than one

of the environments of the River Corridor (upland, riparian, and near-shore). This assessment

was based on comparisons of calculated exposures to literature-derived toxicity values. To meet
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the objectives of the risk assessment for these receptors, the analyses focused on exposures of

aerial insectivores and upper trophic-level wildlife to determine if contaminant concentrations in

soil, sediment, water, and food might decrease bird or mammal survival, growth, or

reproduction.

A total of 54 COPECs were evaluated for 6 broad-scale receptors potentially exposed to the

upland, riparian, and near-shore environmental media. No exposures exceeded the

literature-derived LOAEL values, so no COECs were identified based on broad-scale receptors.

Uncertainties for the Broad-Scale Endpoints

Uncertainties in exposure and the protective nature of the toxicity values for COPECs suggest

that risk could be overstated for broad-scale wildlife. In addition, both reference sites and study

sites showed similar contaminant concentrations and, therefore, have similar potential for

adverse effects.

ECOLOGICAL PRELIMINARY REMEDIATION GOALS

Contaminants of ecological concern identified for the terrestrial environments and other

COPECs were evaluated to develop receptor-specific ecological PRGs for soil. The ecological

PRGs for soil will be further evaluated in the RI/FS process to help make final cleanup decisions.

Ecological PRGs for soil will help ensure that final remedial decisions are protective of

ecological receptors. Ecological PRGs were not developed for sediment or water based on the

results of this assessment. The need for ecological PRGs for sediment and water will be further

evaluated in the RI/FS reports.
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CONCLUSIONS

The baseline ecological risk assessment identified COECs for selected representative ecological

receptors in each of the environments of the River Corridor. As noted previously, radionuclides

are key contaminants for the River Corridor and were the main focus of many of the remedial

actions completed under the IARODs. The results of this ecological risk assessment indicate that

radionuclide doses were less than the relevant radionuclide dose limits based on the Tier 1 biota

concentration guides at all upland study sites, and no radionuclides were identified as COECs.

This means that cleanup of radiological contamination was adequately protective for ecological

receptors. In contrast, an important conclusion of this ecological risk assessment is that cleanup

of nonradiological contaminants to meet human health protection goals may not adequately

protect ecological receptors.

The results of this ecological risk assessment indicate the cleanup levels of several chemical

contaminants should be evaluated. Two constituents associated with specific waste sites were

identified in concentrations that indicate the potential for adverse effects to the local biotic

populations and communities. These include residual levels of the pesticide dieldrin associated

with some historic solid-waste dump sites and residual levels of total petroleum hydrocarbons

associated with historic oil spills at the 100-N Area.

Residual levels of several metals were found to represent the most widespread potential for

adverse effects to the local biotic populations and communities. Some of these metals, such as

barium, cadmium, chromium, hexavalent chromium, copper, lead, mercury, and uranium, may

be tied to releases of hazardous substances from Hanford operations in the River Corridor based

on the fate and transport mechanisms that will be evaluated in the RI/FS reports. Other metals

that were identified as presenting potential for adverse effects to the biotic populations and

communities are less distinguishable from background levels in the local environment and do not

have a clear tie to releases of hazardous substances in the River Corridor. These include

antimony, arsenic, boron, manganese, and zinc.
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Finally, ecological PRGs for soil were presented for several terrestrial receptor groups (plants,

invertebrates, birds, and mammals). These ecological PRGs will provide information for the

analysis of remedial alternatives in the RI/FS reports for the six decision areas in the

River Corridor.

FINAL RECOMMENDATIONS

There are two recommendations to address the findings of the assessment and uncertainties

associated with overall conclusions for this ecological risk assessment. These recommendations

integrate risk information along with observations on specific contaminants.

The ecological PRGs presented in this report should be used in the CERCLA RI/FS process to

evaluate remedial alternatives for waste sites and affected media in the River Corridor.

These PRGs were developed for terrestrial COECs and other analytes of interest and address a

range of receptors. Additional toxicity testing data for plants and invertebrates could help

support the selection of the soil PRG values. In particular, testing of higher contaminant

concentrations would help determine the upper bounding values for COECs in soil that may

cause toxic effects in plants and animals.

Second, it is recommended to continue monitoring ecological media in the near-shore

environment for the inorganic COECs highlighted in this ecological risk assessment. Ecological

monitoring should focus on groundwater contaminants potentially affecting the near-shore

environment. This monitoring should address potential exposure to the receptors living in the

near-shore environment as well as broad-scale exposures derived from the near-shore

environment.
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GLOSSARY

abiotic: Nonliving, chemical and physical factors in the environment.

assessment endpoint: Environmental entity or value that is to be protected, operationally
defined by an ecological entity (such as migratory birds) and its attributes (such as reproduction).

baseline risk assessment: An analysis of the potential adverse effects (current or future) caused
by hazardous substance releases from a site in the absence of any actions to control or mitigate
these releases. The baseline risk assessment contributes to the site characterization and
subsequent development, evaluation, and selection of appropriate response alternatives. The
results of the baseline risk assessment are used to document the magnitude and the primary
causes of risk at a site, help determine whether additional response action is necessary at the site,
and modify preliminary remediation goals.

benchmark value: A medium-specific environmental concentration that represents a threshold
for adverse ecological effects. Media or dose concentrations at or below a benchmark value are
considered unlikely to cause adverse ecological effects.

benthic: Organisms that live at the bottom of a pond, river, lake, or ocean.

biotic: Relating to, produced by, or caused by living organisms.

carcinogen: A substance or agent that can cause cancer in humans or other animals.

carnivore: An organism that eats animals.

central tendency exposure: A calculation that assesses potential exposure for a member of the
population with an average level of exposure intensity in the context of a particular exposure
scenario and uses "best estimate" values for average contaminant concentrations in
environmental media.

conceptual site model: A description or model of the study area that identifies the sources of
contamination and describes transport and exposure pathways through various environmental
media that may be important in evaluating potential exposures to ecological receptors.

contaminant of potential concern: A substance detected at a hazardous waste site that has the
potential to affect a receptor adversely due to its concentration, distribution, and mode of
toxicity.

contaminant of potential ecological concern: A substance detected at a hazardous waste site
that has the potential to affect ecological receptors adversely due to its concentration,
distribution, and mode of toxicity.
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correlation: An estimate of the degree to which two sets of variables vary together, with no
distinction between dependent and independent variables.

dose conversion factor: A specific value that provides the dose equivalent for a unit intake of a
radionuclide.

dose-response evaluation: A quantitative estimate of the relationship between exposure level
and the incidence or severity of effects.

ecological receptors: The ecological entity (i.e., plant or animal) exposed to the stressor. See
definition for stressor.

ecological risk assessment: A process for systematically evaluating how likely it is that adverse
ecological effects may occur as a result of exposure to one or more stressors.

exposure assessment: The evaluation of the magnitude, frequency, and duration of exposure to
environmental contaminants.

exposure pathways: The manner in which an individual or components of a biological system
are exposed to contaminants at a site. An exposure pathway includes a source or release, an
exposure point, and an exposure route.

exposure point concentration: The concentration of a contaminant at a location of potential
contact with an organism.

exposure route: The way in which an individual is exposed to a contaminant in an
environmental medium (e.g., ingestion, inhalation).

exposure zones: The three environmental areas that are studied in this report, including the
upland, riparian, and near-shore aquatic exposure zones.

hazard quotient: The ratio of an exposure level (either as a concentration or dose) for a
contaminant to a toxicity reference value for that chemical selected for the risk assessment. If
the exposure level is higher than the reference value (i.e., greater than 1) then there is the
potential for an adverse effect in the receptor.

herbivore: Plant-eating animal.

histopathology: Microscopic examination of tissue in order to study the manifestations of
disease.

human health risk assessment: An analysis of potential adverse health effects to an individual
or a population caused by exposure to one or more hazardous substances.
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hyporheic zone: Region beneath and lateral to a stream bed where there is mixing of shallow
groundwater and surface water. The flow dynamics and behavior in this zone are recognized to
be important for surface water/groundwater interactions, as well as fish spawning, among other
processes.

in situ: Studying plants or animals in locations that might be affected by site contaminants in
place, rather than laboratory tests done using site-collected materials and test organisms.

insectivore: Animal that east insects.

intake: A specific measure of exposure expressed as the amount of contaminant taken into the
body per unit body weight per time (e.g., mg contaminant per kg body weight per day).

interim action record of decision: A legal document that selects, explains, and provides
justification for the interim remedial actions that will be taken to clean up a CERCLA site.

interstitial water: The water filling the spaces between grains of sediment, also referred to as
pore water.

invertebrate: Animal without a backbone (e.g., insects, spiders, crayfish, worms, snails,
mussels, and clams).

invertivore: Animal that eats invertebrates.

limited field investigation: Specific to this risk assessment, refers to historical data
compilation; nonintrusive investigations (such as geophysics); intrusive investigations (such as
boreholes); and the 100 Area aggregate studies, which included ecological, river water, and
sediment sampling. The limited field investigations identified the sites that were candidates for
interim remedial action, and provided a preliminary summary of site characterization studies and
other information.

line of evidence: One of the measures of exposure, effect, or ecosystem/receptor characteristics
used to evaluate the potential for ecological risk.

lowest observable adverse effect level: The lowest level of a stressor evaluated in a toxicity
test or biological field survey that has a statistically significant adverse effect on the exposed
organisms compared with unexposed organisms in a control or reference site.

lowest observed effect concentration: A risk assessment parameter that represents the lowest
concentration of a contaminant that has a statistically significant adverse effect on the exposed
organisms compared with unexposed organisms in a control or reference site.

macroinvertebrate: Invertebrates that are large enough to be seen easily without magnification;
traditionally used to refer to water-column and benthic invertebrates including insects, mollusks,
and worms that inhabit a river, pond, lake, wetland, or ocean.
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morphological anomalies: Visible external abnormalities of an animal or abnormal appearance
of organs in animals being processed for contaminant analyses. Examples include cysts or
discoloration of internal organs.

National Priorities List: A list of hazardous waste sites eligible for long-term remedial action
under the federal CERCLA program.

natural attenuation: The natural dilution, dispersion, (bio)degradation, irreversible sorption,
and/or radioactive decay of contaminants in soils and groundwater.

near-shore aquatic zone: The narrow band of the Columbia River adjacent to the shoreline to a
depth of 1.8 m (6 ft).

no observable adverse effect level: The highest level of a stressor evaluated in a toxicity test or
biological field survey that causes no statistically significant difference in effect compared with
the controls or reference site.

no observed effect concentration: A risk assessment parameter that represents the
concentration of a pollutant that does not harm the species involved, with respect to the effect
that is studied.

nonparametric: Statistical methods that make no assumptions regarding the distribution of
the data.

omnivore: An animal that eats both plants and animals.

parametric: Statistical methods that assume a particular statistical distribution of the data.

periphyton: A complex mixture of algae, microbes, and detritus attached to submerged surfaces
in most aquatic ecosystems.

phytotoxicity: A term used to describe the toxic effect of a compound on plant growth. Such
damage may be caused by a wide variety of compounds, including trace metals, pesticides, or
salinity.

piscivore: Animal that eats fish.

pore water: The water filling the spaces between grains of sediment. Also referred to as
interstitial water.

producer: An organism such as a green plant that produces its own food.

qualitative risk assessment: A risk assessment that is based on qualitative data or giving a
qualitative result. The results are often stated as an estimated range of potential effects, such as
low, moderate, or high risk.
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radiation dose: A measure of the amount of ionizing energy from radioactive decay absorbed
by a biological tissue.

reasonable maximum exposure: A calculation that assesses exposure to receptors whose
behavioral characteristics may result in higher potential exposure than seen in the average
receptor. The reasonable maximum exposure calculations are based on a combination of
upper-bound and average values for various exposure parameters.

receptor: The individual, species, population, community, or habitat that may be exposed to
contaminants.

record of decision: A legal document that selects, explains, and provides justification for the
remedial actions that will be taken to clean up a CERCLA site.

reference site: A site unaffected by releases of hazardous substances from the source being
evaluated that is used for comparison to contaminated sites in environmental monitoring studies.
A reference site can be the least affected area of the site or a nearby site that is ecologically
similar but not affected by the contaminants at the site under investigation.

representative concentration: Concentration calculated to represent exposure conditions and
used to evaluate the potential for ecological exposure from sampled environmental media (soil,
sediment, water, biota). The sampled concentration is assumed to be representative of exposure
to the sample medium over an area and time period consistent with the exposure assessment.

riparian zone: Zone extending from the shoreline of the Columbia River to the point on the
riverbank where upland vegetation becomes dominant.

risk: The probability of undesirable effects resulting from known or estimated exposure to a
contaminant or other stressor.

risk characterization: A numerical expression of potential adverse effects accompanied by text
that interprets and qualifies the numerical results.

species richness: The absolute number of species in a community.

stressor: Any physical, chemical, or biological entity that can induce an adverse ecological
response (e.g., reduced reproduction, increased mortality, habitat avoidance).

surrogate species: A species selected to be representative of a target species because it is not
feasible to sample that species itself, and on which ecological risk characterization will focus.

toxicity assessment: An evaluation of the potential of a contaminant to cause adverse effects.
When possible, a toxicity assessment includes a dose-response evaluation.
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toxicity bioassay: A type of laboratory test that studies the harmful effects of chemicals on
particular plants or animals.

toxicity test: An evaluation of the toxicity of a chemical or other test material
(e.g., environmental medium, such as water or soil) conducted by exposing a test organism to a
specific level of the chemical or environmental medium and measuring the degree of response
(mortality, reduced growth, reduced germination) associated with the specific exposure level.

trophic level: A functional classification of organisms within a community that is based on
feeding relationships.

trophic relationship: Refers to the relationship of an animal to the food it eats; for example,
there is a trophic relationship of bats to flying insects.

uncertainty analysis: A component of the risk characterization in which the assumptions,
biases, and uncertainties inherent in the risk assessment are explained to provide a context for
interpreting the numerical risk estimates and support identification of potential data gaps.

upland zone: The zone of land that may be adjacent to the main channel of the Columbia River,
but is situated at least 3 m (10 ft) above the river high-water mark.

vertebrate: Animal with a backbone (e.g., fish, birds, and mammals).

weight of evidence: The extent to which the available information supports the hypothesis that
a substance causes an effect in ecological receptors.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 xxii

Glossary



DOE/RL-2007-21
Rev. 0

1.0 INTRODUCTION

The U.S. Department of Energy's (DOE) Hanford Site is a 1,517-km 2 (586-mi 2) federal facility
located within the semiarid shrub-steppe Pasco Basin of the Columbia Plateau in south-central
Washington State. The site is situated north and west of the cities of Richland, Kennewick, and
Pasco, an area commonly known as the Tri-Cities. The Columbia River flows through the
northern part of the Hanford Site and, turning south, forms part of the site's eastern boundary.
The general area and major features of the Hanford Site are shown in Figure 1-1.

The Hanford Site became a federal facility in 1943 when the U.S. Government took possession
of the land to produce weapons-grade plutonium during World War II. The Hanford Site's
production mission continued until the late 1980s, when the mission changed to cleaning up the
radioactive and hazardous wastes that had been generated during production in the previous
decades. In 1989, the 100 Area (encompassing the former plutonium production reactors along
the Columbia River) and the 300 Area (which housed reactor fuel fabrication plants as well as
many research and development projects) were two of four areas at the Hanford Site placed on
the National Priorities List under the authority of the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA). Placement on the National Priorities List
initiated the CERCLA process that would result in the cleanup of contaminated areas. Together,
the 100 and 300 Areas comprise a 570-km2 (220-mi 2) portion of the Hanford Site that is called
the River Corridor (Figure 1-1).

In order to allow cleanup to begin as soon as possible, the DOE, the U.S. Environmental
Protection Agency (EPA), and the Washington State Department of Ecology (collectively called
the Tri-Parties) developed an approach for expedited remediation of the River Corridor in 1991.
Cleanup decisions were established through interim action records of decision (IARODs) based
on existing knowledge of the waste sites (e.g., site types, processes, contaminants) and
supplemented by limited amounts of characterization. In 1995, cleanup actions were initiated
focusing on removal of contaminated soil and debris from waste sites with the highest potential
to impact groundwater and the Columbia River. Actions to address existing plumes of
groundwater contamination were also initiated.

Waste site and groundwater cleanup actions in the River Corridor have continued from 1995 to
date. During that time, about 8 million tons of contaminated soil and debris has been removed
from nearly 300 waste sites in the River Corridor and disposed of at authorized facilities. More
than 2 billion gallons of contaminated groundwater have been processed through pump-and-treat
systems. At each waste site where remediation has occurred, the goals and objectives of the
IARODs have been met as demonstrated by verification documentation that has been completed
and approved by the DOE and the regulatory agencies.
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Figure 1-1. Geographical Boundaries and General Features of the Hanford Site.
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Cleanup actions in the River Corridor are not complete. Many waste sites and groundwater
plumes that have been identified for cleanup actions in the IARODs have yet to be addressed.
Consequently, waste site and groundwater cleanup actions in the River Corridor will continue for
several years. In parallel with continuing the cleanup actions outlined in the existing IARODs,
the Tri-Parties have established a strategy to develop final waste site and groundwater cleanup
decisions for the River Corridor. Remedial investigation/feasibility study (RI/FS) processes have
been initiated for the River Corridor to gather and evaluate information needed to make final
cleanup decisions. A key element in the RI/FS decision-making process is the performance of a
baseline risk assessment.

Under CERCLA, a baseline risk assessment is needed to provide risk managers with an
understanding of the current and potential future risks posed by a site. The River Corridor
Baseline Risk Assessment (RCBRA) is being conducted part way through cleanup actions. As
such, baseline conditions that are assessed include a mix of areas where cleanup has been
completed in accordance with the IARODs, areas that are currently scheduled for cleanup, and
areas that are currently not identified for cleanup actions.

This ecological risk assessment (Volume I) provides the ecological portion of the RCBRA and
presents a comprehensive assessment of the River Corridor, considering all relevant sources of
contamination, exposure pathways, and contaminants. Volume I will be used, with a
complementary human health risk assessment (Volume II), to support final cleanup decisions for
the River Corridor. Risk managers will use the results from this baseline risk assessment, in
conjunction with other information from the RI/FS process, to develop final cleanup decisions
that will be protective of human health and the environment. Final cleanup decisions, applying
to all portions of the River Corridor, will be identified in proposed plans that will undergo public
review and will be documented in records of decision (RODs).

1.1 PURPOSE

The purpose of the RCBRA is to characterize current and potential future risks to human health
and the environment that may be posed by releases of hazardous substances in the River Corridor
of the Hanford Site. The DOE is required to assess human and ecological risk under CERCLA,
Resource Conservation and Recovery Act of 1976 (RCRA), National Environmental Policy Act

of 1969, and DOE orders. The "National Oil and Hazardous Substances Contingency Plan"
(40 Code ofFederal Regulations [CFR] 300), which implements CERCLA, specifically requires
a site-specific baseline risk assessment to determine the need for action at sites, determine levels
of contaminants that can remain onsite and still be protective, and provide a basis for comparing
health impacts of various cleanup alternatives (40 CFR 300.430[d][4]).

Per the EPA (EPA/540/1-89/002, Risk Assessment Guidance for Superfund Volume I Human
Health Evaluation Manual [Part A], Interim Final), a baseline risk assessment is an "analysis of
the potential adverse health effects (current or future) caused by hazardous substance releases
from a site in the absence of any actions to control or mitigate these releases (i.e., under an
assumption of no action)."
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The baseline risk assessment is part of the CERCLA RI/FS process. The RI/FS is the
methodology the CERCLA program has established for characterizing the nature and extent of
contamination associated with releases of hazardous substances to the environment, for assessing
the potential risks posed by the environmental contamination to human and ecological receptors,
and for developing and evaluating remedial options. Because the RI/FS is a process designed to
support risk management decision-making for CERCLA sites, the assessment of human health
and environmental risk serves an essential role in the RI/FS process. The baseline risk
assessment provides information to assist in the development, evaluation, and selection of
appropriate response alternatives. The results of the baseline risk assessment are used to
determine whether an additional response action is necessary at the site, modify preliminary
remediation goals, support selection of the "no-action" remedial alternative where it is
appropriate, and document the magnitude of risk and primary contributors (e.g., chemicals and
exposure pathways) to risk at a site.

The primary ecological risk assessment goal for CERCLA sites is to support remedial action
decisions that reduce ecological risks to levels that will result in the recovery and maintenance of
healthy local populations and communities of biota. The ecological risk assessment portion of
the RCBRA evaluates contaminants present at the site that pose current and future risk to
receptors associated with uncontrolled releases of hazardous substances to the soil and
groundwater in the River Corridor. In addition, ecological management goals for the
River Corridor include considering impacts to state or federally listed threatened or endangered
species, protecting rare habitats, and minimizing contaminant loading (or bioaccumulation)
into biota.

Results and conclusions from this ecological risk assessment will be presented with the results
from Volume II in remedial investigation reports to support development of final cleanup actions
for the River Corridor. The RCBRA addresses the following questions that will provide
information needed by risk managers to support final CERCLA decisions in the River Corridor
that ensure protection of human health and the environment.

* Are cleanup levels currently established under the IARODs protective of human health and
the environment?

* Are residual conditions for cleanup actions completed under the IARODs protective of
human health and the environment?

* What are the uncertainties associated with the risk results and conclusions?

* What are recommended preliminary remediation goals that could be used to be protective of
human health and the environment?

* Are there any recommendations for additional studies or monitoring that should be
considered at this time to reduce uncertainties with specific risk results and conclusions?
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This document is an important component of the overall cleanup mission at the Hanford Site.
Site characterization and risk information from the River Corridor is part of the larger framework
to provide risk characterization and guide risk management decisions for the principal Hanford
cleanup components (i.e., River Corridor, Central Plateau, and Tank Waste). The overarching
goals for the cleanup mission at Hanford include protecting the Columbia River, restoring
groundwater to its intended beneficial use, remediating waste sites to protect human health and
the environment while minimizing the cleanup footprint, and safely implementing long-term
stewardship activities as necessary to monitor the performance of selected cleanup alternatives.

1.2 SCOPE

The scope of the RCBRA is a comprehensive assessment of current conditions for the
River Corridor, considering relevant sources of contamination, exposure pathways, and
contaminants. For this assessment, current conditions are represented through the end of 2005 in
accordance with the work plan (DOE/RL-2004-37, Risk Assessment Work Planfor the 100 Area
and 300 Area Component of the RCBRA).

The natural setting of the River Corridor includes three main types of environments: the upland,
riparian, and near-shore environments, including soil, sediments, groundwater, and river water
(the abiotic media) as well as ecological resources within them. Each environmental zone
supports unique vegetation and wildlife that may be at risk due to exposure to residual hazardous
substances or, as a result of their exposure, may serve as contaminant carriers to other animals
including humans. Figure 1-2 shows the transition of aquatic and terrestrial habitat from the
near-shore aquatic environment, to the riparian environment along the river shoreline, to the
upland environment up the bank beyond the influence of the river.

The ecological receptors include a wide range of plants and animals (the biotic community) that
inhabit the River Corridor including the near-shore habitat within the Columbia River. This
ecological risk assessment also evaluates potential impacts of residual contaminants in the
abiotic media of the River Corridor and adjacent Columbia River habitat. For this assessment,
evaluation of the aquatic environment is limited to a narrow band of the Columbia River adjacent
to the shoreline most likely to be impacted by Hanford Site releases, hereafter referred to as the
''near-shore aquatic zone." The near-shore aquatic zone extends from the seasonal low-water
mark on the shoreline out into the water to a depth of roughly 2 m (6 ft). The impact of
Hanford Site contaminants to the remainder of the river is being assessed concurrently as part of
the remedial investigation of Hanford Site releases to the Columbia River. These impacts are
described in more detail in Section 1.4.3 of this report.
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Figure 1-2. Columbia River Shoreline on the Hanford Site.
The figure shows the three ecological study zones.

Within the three ecological study zones, this ecological risk assessment addresses current
conditions' in the River Corridor based on historic information, results of site characterization,
and cleanup actions completed in accordance with the IARODs. Current conditions can be
generally described as the following two types of areas:

0 Operational areas where releases of hazardous substances posing a threat to human health
and the environment are known to have occurred. These areas are identified as waste sites
and include inactive ponds, trenches, burial grounds, landfills, and spill sites as well as
inactive structures and facilities. Operational areas are typically found in the upland

For the purposes of this report, current conditions in the River Corridor are represented by the conditions present
when the project work plan (DOE/RL-2004-37) was written. The work plan and ensuing planning documents
defined the scope of the project based on the extent of remediation and characterization that was complete at the
time. This corresponds to roughly the end of 2005.
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environment and are composed of a mix of remediated waste sites and yet-to-be-remediated
waste sites.

0 Nonoperational areas where historic information and other studies indicate there were no
direct releases of hazardous substances posing a threat to human health or the environment.
Nonoperational areas may be affected by transport of contaminants from operational areas
through mechanisms such as fugitive dust, groundwater migration, or biotic uptake, for
example. Nonoperational areas include large portions of the River Corridor that are outside
of the operational areas and are not anticipated to be impacted by Hanford releases.

As described above, operational areas include identified waste sites that are accepted in the
Waste Information Data System and have been or are scheduled for cleanup. This risk
assessment and the remedial investigation process may lead to identification of additional waste
sites. Nonoperational areas may also contain yet unknown direct releases of hazardous
substances that pose a threat to human health and the environment. These areas would be
entered into the Waste Information Data System for disposition as accepted waste sites.

1.3 REQUIREMENTS AND GUIDANCE

This section summarizes requirements and guidance that establish the basis for a baseline risk
assessment and provide the framework and methodology for ecological risk assessment.

1.3.1 Tri-Party Agreement

The Tri-Parties signed a comprehensive cleanup and compliance agreement on May 15, 1989.
The Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1989), or Tri-Party
Agreement, is a CERCLA federal facility agreement. It also is a framework for implementing
the many environmental regulations that apply to the Hanford Site including the RCRA
treatment, storage, and disposal unit regulations and corrective action provisions. The Tri-Party
Agreement defines and ranks CERCLA and RCRA cleanup commitments, establishes
responsibilities, provides a basis for budgeting, and reflects a concerted goal of achieving full
regulatory compliance and remediation with enforceable milestones in an aggressive manner.

Additionally, an associated plan called the "Community Relations Plan" describes how the
public will be informed and involved throughout the cleanup process. Throughout the risk
assessment planning and implementation stages, a number of workshops and meetings were held
to facilitate participation of interested parties, including state and federal agencies, natural
resource trustees, site contractors, and the public. These workshops served as important forums
for soliciting input and feedback for project objectives, study design, and resource protection.
Meeting notes from the data quality objective (DQO) and sampling and analysis plan workshops
are provided on the Washington Closure Hanford Mission Completion project library web site at
http://www.washingtonclosure.com/projects/environmental protection/mission completion/proi
ect library/.
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1.3.2 CERCLA

A site-specific baseline risk assessment is required by 40 CFR 300 as part of the CERCLA
remedial action process. Therefore, human health and ecological risk assessments are required at
all CERCLA sites. The baseline risk assessment evaluates current and future potential threats to
human health and the environment. The scope of the human health and ecological risk
assessment processes depend on site-specific factors such as reasonably anticipated future land
use and anticipated beneficial uses of groundwater and surface water.

The baseline risk assessment provides a framework for developing risk information necessary to
support decision-making. The results of the risk assessment include development of a range of
media-specific risk-based concentrations that would be protective of human and ecological
receptors. These risk-based concentrations will be considered for risk management
decision-making. Risk management decisions resulting from the risk assessment could include
additional actions required to protect human health and the environment, development of revised
remedial action objectives, or development of risk-based cleanup levels. However, target
cleanup levels can also be derived from applicable or relevant and appropriate requirements
rather than risk-based concentrations. Applicable or relevant and appropriate requirements
typically used to establish risk-based concentrations include maximum contaminant levels for
groundwater protection, ambient water quality criteria for surface water protection, and cleanup
levels based on state cleanup laws and regulations.

1.3.3 Cultural Resources Management Plan

As a federal agency, the DOE has assumed a stewardship role on behalf of the American public
with respect to managing the Hanford Site and the cultural resources contained therein. With the
issuance of the Hanford Cultural Resources Management Plan (DOE/RL-98-10), the DOE
Richland Operations Office has set forth its objective to ensure that the cultural resources
entrusted to its care are managed with vision, leadership, care, and responsibility and are given
full consideration in land-use planning and management decisions. Cultural and historic
resource protection laws and regulations do not establish any specific standards pertaining to risk
assessment.

1.3.4 Model Toxics Control Act

The "Model Toxics Control Act - Cleanup" (WAC 173-340) embodies the hazardous substance
cleanup regulations for the State of Washington. Certain protectiveness standards for
WAC 173-340 are pertinent to the baseline risk assessment effort.

1.3.5 Water Quality Criteria

Water-quality criteria established under the Clean Water Act of1977 are pertinent to defining
protection of the Columbia River from discharges from the Hanford Site (e.g., groundwater that
discharges into the river). Ambient water quality criteria establish surface water standards for
protection of human health (including ingestion of contaminated drinking water and
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contaminated fish) and for protection of aquatic life. Under Clean Water Act of1977 authority,
the EPA periodically publishes recommended ambient water quality criteria in the Federal
Register and promulgates criteria for certain toxic pollutants at 40 CFR 131, "Water Quality
Standards." State standards for surface water are based on the EPA criteria and are promulgated
at WAC 173-201A-040, "Water Quality Standards for Surface Waters of the State of
Washington." WAC 173-340-730(6) establishes the point of compliance for groundwater
discharges into surface water as close as technically possible to the actual point of groundwater
flow into the surface water and prohibits the use of a mixing zone to achieve attainment of state
water-quality criteria.

1.3.6 Radiation Dose Guidelines

The International Atomic Energy Agency has concluded that chronic radiation doses below
0.1 rad/day are unlikely to cause observable changes in terrestrial animal populations and that
chronic dose rates below 1 rad/day are unlikely to cause observable changes in terrestrial plants
or aquatic biota (IAEA 1992, Effects of Ionizing Radiation on Plants and Animals at Levels
Implied by Current Radiation Protection Standards). The DOE Technical Standard,
A Graded Approachfor Evaluating Radiation Doses to Aquatic and Terrestrial Biota
(DOE-STD-1 153-2002) was developed to address risks of radiation doses to aquatic and
terrestrial biota based on the International Atomic Energy Agency dose standards. The general
screening methodology used in the technical standard provides biota concentration guides for
radionuclide contaminants of potential concern in soil, sediment, and water that would not cause
the 0.1 and 1 rad/day dose standards to be exceeded. For exposure to multiple radionuclide
contaminants of potential concern, the technical standard uses the sum of the fractions (i.e., sum
of the fractional dose contributions from each radionuclide) to determine whether dose standards
have been exceeded. If the sum of the fractions exceeds 1.0, the initial screening level has been
exceeded, indicating that the second step, a site-specific evaluation, should be performed. This
screening methodology is used primarily to prioritize actions for sites with the greatest potential
of generating adverse effects. The biota concentration guidelines and methodology for
evaluating the risk from radionuclide exposures to ecological receptors was used as part of the
screening-level assessment and risk calculation under the RCBRA.

1.3.7 Species Protection Laws

There are two primary federal species protection laws of importance to the baseline risk
assessment effort: the Endangered Species Act of 1973 (ESA) and the Migratory Bird Treaty Act
of 1918 (MBTA). The ESA requires protection of threatened or endangered species, as well as
associated habitats. The MBTA prohibits unregulated "taking" of migratory birds.

The RCBRA uses the following approach to address the requirements of the ESA and MBTA:

* Potential adverse effects of contaminants on threatened or endangered species are evaluated
using effect levels considered to be protective of individual organisms and include
consideration of adverse effects on survival, reproduction, growth, and potential habitat loss
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resulting from exposure to contaminants (50 CFR 17.3, "Endangered and Threatened
Wildlife and Plants") (EPA/630/P-02/004F).

* Potential adverse effects of contaminants on survival, fecundity, and growth of migratory
birds are evaluated using effect levels considered to be protective based on representative
species (EPA/630/P-02/004F).

A nonpromulgated standard to be considered for the protection of migratory birds is Executive
Order 13186, Responsibilities of Federal Agencies to Protect Migratory Birds (66 FR 3853).
This executive order encourages federal agencies to integrate migratory bird conservation
principles into agency plans and activities.

In addition, the Bald and Golden Eagle Protection Act of1972, as amended, makes it unlawful to
take, pursue, molest, or disturb bald and golden eagles, their nests, or their eggs anywhere in the
United States. Protection of bald and golden eagles extends to unlawful taking by poisoning.

Eight plant species and five bird species are listed as threatened or endangered by Washington
State's Natural Heritage Program (PNNL-SA-41467, Literature Review ofEnvironmental

Documents in Support of the 100 and 300 Area River Corridor Baseline Risk Assessment) and
warrant special consideration for the RCBRA. These species are described in more detail in
Section 4.3 of this report.

1.3.8 Ecological Risk Assessment Guidance

The ecological risk assessment evaluated the current and potential future risks to ecological
receptors associated with releases of hazardous substances to the soil and groundwater of the
River Corridor. The ecological risk assessment document in this volume is based on applying
the eight-step Ecological Risk Assessment Guidance for Superfund: Process for Designing and

Conducting Ecological Risk Assessments (Interim Final) (ERAGS) (EPA/540/R-97/006).
ERAGS consists of three main parts: screening, baseline, and risk management. Figure 1-3
shows the ERAGS eight-step process.

The approach used for the ecological component of the RCBRA is described in Section 3.0.
Briefly, a phased approach was used, with steps 1 and 2 being a screening-level ecological risk
evaluation. The screening-level ecological risk assessment for the RCBRA was done as part of
the DQO process and was documented in DQO Summary Report for the 100 Area and 300 Area
Component of the River Corridor Baseline Risk Assessment (hereafter referred to as the DQO
Summary Report) (BHI-01757). The results of the screening-level ecological risk evaluation
suggested the potential for adverse effects of Hanford waste site contaminants or groundwater
plumes on biota. Thus, it was decided to proceed with the baseline ecological risk assessment
(ERAGS Steps 3 to 7). This report also provides some risk management information
(ERAGS Step 8).
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Figure 1-3. U.S. Environmental Protection Agency Two-Tier,
Eight-Step Ecological Risk Assessment Process.
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The baseline risk assessment process includes the identification of exposure pathways and
receptors for evaluation, compilation, and collection of data, data analyses, comparison of
contaminant concentrations to applicable standards, and quantification of risk associated with
current contaminant concentrations, as described in more detail in Section 3.0.

The baseline ecological risk assessment was developed with input from regulatory agencies,
Natural Resource Trustees, and other interested parties. This participation process is displayed
as a series of decision points in Figure 1-3. These decision points are also known as "scientific
management decision points" in ERAGS and offer opportunities to refine the information
presented in this document to better inform risk management decision-making.

ERAGS and related EPA guidance were critical in defining the scope of this ecological risk
assessment and how it can be used for risk management. EPA risk assessment guidance
(OS WER Directive 9285.7-28 P, Issuance of Final Guidance: Ecological Risk Assessment and
Risk Management Principlesfor Superfund Sites) lists the following six management principles:

1. Superfund's goal is to reduce ecological risks to levels that will result in the recovery and
maintenance of healthy populations and communities of biota.

2. Coordinate with federal, tribal, and state natural resource trustees.

3. Use site-specific ecological risk data to support cleanup decisions.

4. Characterize site risks.

5. Communicate risks to the public.

6. Remediate unacceptable ecological risks.

These management principles were followed in developing the objectives for the ecological risk
assessment as stated in the DQO Summary Report (BHI-01757), specifying measures of
exposure and effects in the sampling and analysis plan, and in presenting the risk assessment
results and conclusions in this report.

1.4 INTEGRATION WITH HANFORD SITE RISK ASSESSMENT AND
REMEDIAL INVESTIGATION/FEASIBILITY STUDY ACTIVITIES

The RCBRA is an important component of the overall cleanup mission at the Hanford Site. Site
characterization and risk information from the River Corridor is part of the larger framework to
provide risk characterization and guide risk management decisions for the principal Hanford Site
cleanup components. This section summarizes the relationship of RCBRA with risk assessment
and RI/FS activities that are being conducted in the River Corridor, Columbia River, and
Central Plateau.
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1.4.1 River Corridor Source and Groundwater Remedial Investigation/
Feasibility Study

Early cleanup actions in the River Corridor were authorized via a group of IARODs that were
supported by qualitative risk assessments to establish a need for action. The Tri-Parties have
established a strategy and begun the RI/FS process to develop final soil and groundwater cleanup
decisions for the River Corridor. The RODs that are produced from this effort will establish the
final remedial goals and objectives and any associated actions required to complete CERCLA
cleanup for the River Corridor. The process to pursue final cleanup decisions has been organized
into smaller pieces of work that are more manageable and aligned with Hanford Site operational
functions. Six final remedy RODs will be developed associated with the operations areas.

The final remedy decision areas and the size of each are as follows:

* 100-B/C
* 100-D/100-H
* 100-K
* 100-N
* 100-F/100-IU-2/100-IU-6

* 300 Area

11.53 km2 (4.45 mi 2 )

20.31 km2 (7.84 mi2)

8.99 km2 (3.47 mi2)
8.88 km2 (3.43 mi2)
376.15 km2 (145.23 mi2)

(100-F Reactor area = 5.44 km2 [2.10 mi2])

145.95 km2 (56.35 mi2).

Figure 1-4 shows the location and boundaries of the decision areas. Each of the six final remedy
RODs will be integrated to address both source and groundwater remedial actions for the
decision area. Results and conclusions from the RCBRA are an integral component of the RI/FS
reports for the River Corridor, providing essential information to enable risk managers to make
decisions regarding final cleanup actions. If any additional characterization or monitoring
activities are needed to help reduce uncertainties with RCBRA results and conclusions, they will
be documented in the RI/FS reports. Some activities may be required before final cleanup
decisions can be made, while others may be conducted as post-ROD activities as part of the
implementation processes.

The schedule for preparing and submitting the RI/FS reports (Draft A) for the six River Corridor
decision areas is governed by a series of Tri-Party Agreement targets and milestones as shown
below. The RCBRA needs to be complete to support the schedules for the earliest RI/FS report.

Decision Area Draft A Submittal Milestone
100-D/H 7/30/2011 M-015-70-TO1
100-K 7/30/2011 M-015-66-TO1
100-B/C 11/30/2011 M-015-68-TO1
100-F/100-IU-2/100-TU-6 11/30/2011 M-015-64-TO1
100-N 12/31/2011 M-015-62-TO1
300 Area 12/31/2011 M-015-72-TO1
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Figure 1-4. Decision Areas for the River Corridor.
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1.4.2 Other Hanford Site Risk Assessments and Studies

Information from previous risk assessment projects in the River Corridor was integrated into the
RCBRA. Results from the 100-B/C Pilot Study and the 1 00-NR-2 ecological risk assessment
(DOE/RL-2005-22, 100-NR-2 Study Area Ecological Risk Assessment Sampling and Analysis
Plan) are part of the data set being used for the RCBRA and are integrated into the report to
present a comprehensive picture of current and potential threats to human health and the
environment from contaminants in the River Corridor.

Information gathered and lessons learned from a prior study called the Columbia River
Comprehensive Impact Assessment (CRCIA) were also incorporated into the RCBRA.
The purpose of CRCIA was to assess the effects of Hanford Site-derived materials and
contaminants on the Columbia River environment, river-dependent life, and users of river
resources for as long as those contaminants remain intrinsically hazardous. The CRCIA
screening assessment scope included current conditions, the Columbia River and adjacent
riparian zone between Priest Rapids Dam and McNary Dam, a limited number of contaminants, a
limited amount of monitoring data, a limited number of species, and a limited number of
scenarios. Several documents were published during the course of the CRCIA project, the most
comprehensive of which is Screening Assessment and Requirements for a Comprehensive

Assessment: Columbia River Comprehensive Impact Assessment (DOE/RL-96-16).

The CRCIA study was instrumental in fostering an open process for assessing risk through the
Tri-Party Agreement as well as other agreements and policies. The process resulted in an
increased understanding of risk assessment among stakeholders and the formation of important
working relationships. A significant technical contribution from CRCIA was the recognition of
Native American exposure scenarios in risk-assessment methodology for the Hanford Site.

1.4.3 Remedial Investigation of Hanford Site Releases to the Columbia River

A primary objective of the Hanford Site cleanup mission is protection of the Columbia River
through remediation of contaminated soil and groundwater that resulted from its weapons
production mission. The impacts of Hanford Site hazardous substance releases to the
Columbia River in areas upstream, within, and downstream of the Hanford Site boundary have
been previously investigated as mandated by the DOE requirements under the Atomic Energy
Act of 1954. The impacts are now being assessed under CERCLA via a remedial investigation,
Remedial Investigation Work Planfor Hanford Site Releases to the Columbia River
(DOE/RL-2008-1 1). The purpose of the remedial investigation is to:

* Characterize the nature and extent of Hanford Site-related contaminants that have come to be
located within the Columbia River

* Assess the current risk to ecological and human receptors posed by Hanford Site-related
contaminants
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0 Determine whether or not any cleanup actions are needed to lower the risk to ecological or
humans receptors from being exposed to Hanford Site-related contaminants.

The Remedial Investigation Work Plan for Hanford Site Releases to the Columbia River

(DOE/RL-2008-1 1) was developed and issued to initiate the remedial investigation. The work
plan established a phased approach to characterize contaminants, assess current risks, and
determine whether or not there is a need for any cleanup actions in the river. Field investigation
activities over a 193-km (120-mi) stretch of the Columbia River began in October 2008 and were
completed in 2010.

Beginning in early 2010, results from the new samples collected during the field investigation
were combined with existing data to conduct baseline human health and ecological risk
assessments for the river component. The risk assessments to evaluate Hanford Site releases to
the Columbia River will be performed in a manner that builds on, and is consistent with, the
assessment conducted for the RCBRA. Hanford Site-related contaminants that are being
evaluated by the RCBRA are being investigated in the river channel to the opposite shoreline and
downstream where Hanford Site contaminants may have come to be located. Within the
Hanford Reach area, the scope of the river investigation and assessments begins where the
RCBRA left off at the near-shore zone, as depicted in Figure 1-5.

The baseline risk assessments will help inform decision makers on whether or not there is a need
for additional CERCLA investigation or response actions within the Columbia River. This
scientific/management decision point is scheduled to occur in 2011 and is aligned to provide
input to the RI/FS process being conducted to support each of the six source and groundwater
RODs for the River Corridor. If any cleanup actions are needed to address Hanford Site
contamination in the river, they may be included with the final decisions for one or more of the
six areas. It is also possible that a separate cleanup decision could be made that is specific to the
Columbia River. The objective for all of these decisions would be to protect human health and
the environment.

1.4.4 Central Plateau Outer-Zone Remedial Investigation/Feasibility Study

The Central Plateau includes approximately 195 km2 (75 mi 2) in the central portion of the
Hanford Site and was primarily used for nuclear fuel processing and waste management/disposal
activities. The DOE intends to minimize the area of the Central Plateau requiring long-term
institutional controls to maintain protection of human health and the environment.
Consequently, an "outer zone" strategy has been established for a large portion of the
Central Plateau to guide near-term cleanup efforts. Outer-zone cleanup goals are envisioned to
be similar to those that will be established for the River Corridor decision units.

The RI/FS process for the Central Plateau outer zone is being developed in a work plan that is
scheduled for submittal in 2011. As with the River Corridor, a baseline risk assessment is a key
element supporting the RI/FS process for the Central Plateau outer zone.
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Figure 1-5. Remedial Investigation Area
Within the Hanford Site.
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1.5 ORGANIZATION OF THE REPORT

The River Corridor Baseline Risk Assessment is presented in two volumes. Volume I contains
the ecological risk assessment portion of the report, and Volume II contains the human health
risk assessment portion of the report. The volumes are complementary but are written to stand
alone with separate executive summaries, discussions, and conclusions.

Figure 1-6 shows the linkage of the ERAGS eight-step process to the Volume I report.

Figure 1-6. Linkage of the RCBRA Volume I Report Sections to the
EPA Eight-Step Ecological Risk Assessment Process.

Report Sectionsa

Step 1: Screening-Level
- Site Visit
- Problem Formulation
* Toxicity Evaluation

Step 2: Screening-Level
- Exposure Estimate
- Risk Calculation

Step 4: Study Design and DQO Process
- Lines of Evidence

- Measurement Endpoints
Work Plan and Sampling and Analysis Plan

Step 5: Verification of Field Sampling Design

Step 5: Site Investigation and Data Analysis

Step 7: Risk Characterization

Step 8: Risk Management

DQO = Data Quality Objective

2.0 3.0 4.0 5.0 6.0 7.0 8.0

aSections that present information supporting completion of each step
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Volume I, Ecological Risk Assessment (this report), is composed of two parts. Volume I, Part 1
contains the text, figures, and references. Volume I, Part 2 contains the tables that support the
text in Part 1. The tables correspond to the callouts in Part 1 and are organized by the applicable
section. The tables were organized separately to facilitate side-by-side review of the information
and the supporting data.

Technical appendices that provide additional supporting information are contained on a data
compact disk (CD) that accompanies this report. The data CD also contains electronic files for
the report sections and tables.

Volume I, Ecological Risk Assessment, is organized as follows.

* Section 1.0 provides a brief introduction to the Hanford Site and describes the purpose,
scope, and regulatory framework for the risk assessment.

* Section 2.0 provides an overview of the environmental setting and historical background of
the Hanford Site, which constitutes a portion of the problem formulation developed during
Steps 1 and 3 of the ecological risk assessment process. This section also provides an
overview of the cleanup actions conducted under CERCLA and summarizes the status of the
cleanup as it relates to current levels of risk.

* Section 3.0 provides a summary of the conceptual site model and the guidance, methods,
assumptions, and data sources used in the ecological risk assessment. This section describes
how ERAGS was applied throughout the ecological risk assessment and constitutes a portion
of the problem formulation developed during Steps 1 and 3 of the ecological risk assessment
process.

* Section 4.0 provides the problem formulation, study design, data analysis, and risk evaluation
for the upland environment. This section corresponds to ERAGS Steps 1 through 7 for the
upland environment. Ecological risk is evaluated at 20 study sites associated with
remediated waste sites. The remediated waste sites were selected to represent different types
of waste sites and different remediation methods. Plant, invertebrate, and wildlife receptors
were evaluated for adverse effects and correlated with Hanford Site contaminants.

* Section 5.0 provides the problem formulation, study design, data analysis, and risk evaluation
for the riparian environment. This section corresponds to ERAGS Steps 1 through 7 for the
riparian environment. Ecological risk is evaluated at 18 study sites associated with habitat
that is potentially impacted by Hanford Site releases. The riparian study sites were located in
areas likely to be impacted by transport of contaminants from nearby operational areas.
Plant, invertebrate, and wildlife receptors were evaluated for adverse effects and correlated
with Hanford Site contaminants.
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* Section 6.0 provides the problem formulation, study design, data analysis, and risk
evaluation for the near-shore aquatic environment. This section corresponds to ERAGS
Steps 1 through 7 for the near-shore aquatic environment. Ecological risk is evaluated at
48 study sites associated with habitat that is potentially impacted by Hanford Site releases.
The near-shore study sites were located in areas likely to be impacted by transport of
contaminants from nearby operational areas. Aquatic plant, invertebrate, amphibians, fish,
and wildlife receptors were evaluated for adverse effects and correlated with Hanford Site
contaminants.

* Section 7.0 provides the risk evaluation for broad spatial-scale animals. This section
corresponds to ERAGS Steps 6 and 7 for broad-scale animal receptors. Broad-ranging
wildlife receptors were evaluated for cumulative exposure to Hanford Site contaminants
evaluated in the upland, riparian, and near-shore environments.

* Section 8.0 provides a summary and integration of risk characterization from Sections 4.0,
5.0, 6.0, and 7.0 and summarizes the overall conclusions and recommendations of the
ecological risk assessment. The discussion includes conclusions on contaminants of
ecological concern and uncertainties as they relate to each of the environments evaluated in
the ecological risk assessment. It includes a discussion of toxicity reference values and
site-specific ecological preliminary remediation goals to support risk management
decision-making. This section corresponds to ERAGS Steps 7 and 8.

Several technical appendices are provided in electronic format on a data CD that accompanies
this report. The technical appendices are organized as follows.

A. Workshop Notes and Draft A Comment/Response Forms
B. Background Concentrations and Reference Sites
C. Data Analysis
D. Ecological Risk Assessment - Upland Environment
E. Ecological Risk Assessment - Riparian Environment
F. Ecological Risk Assessment - Near-Shore Environment
G. Ecological Risk Assessment - Broad Spatial Scale
H. Supporting Information for Preliminary Remediation Goals.
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2.0 SITE BACKGROUND AND CLEANUP ACTIVITIES

This section provides a summary of the physical and ecological setting for the River Corridor of
the Hanford Site. Consideration of the physical and environmental attributes of the site is an
important element of a baseline risk assessment. Characteristics of the environment and natural
resources present at the site may influence the nature and extent of potential contaminants.

Historical use of the site can impact the natural resources and release hazardous substances that
may pose a threat to human health and the environment. This section provides an overview of
early uses of the River Corridor prior to the Manhattan Project and government use.
Hanford Site operations that have occurred in the River Corridor are discussed, and the process
for characterizing and cleaning up contaminated areas is described.

Finally, this section provides a summary of the current conditions' for the River Corridor.
Information is provided for operational areas where releases of hazardous substances posing a
threat to human health and the environment are known to have occurred and nonoperational

areas where historic information and other studies indicate there were no direct releases of
hazardous substances posing a threat to human health or the environment.

2.1 PHYSICAL SETTING

2.1.1 Climate

The Hanford Site is located within the semiarid shrub-steppe Pasco Basin of the
Columbia Plateau in south-central Washington State. Average annual precipitation on the
Hanford Site is 17 cm (6.8 in.). The climate is characterized by warm, dry, sunny summers and
cool winters. Daytime temperatures in mid-summer can exceed 38'C (100 'F) and
winter temperatures can drop to below -18 'C (0 'F) (DOE/RL-2001-54, Ecological Evaluation
of the Hanford 200 Area - Phase 1: Compilation of Existing 200 Areas Ecological Data).
Precipitation that falls on the Hanford Site is generally lost through evapotranspiration and
typically does not migrate through the soil column.

In some cases, natural precipitation infiltrates into the soil and may recharge groundwater flow
systems. Recharge from natural precipitation is believed to be the most significant in the higher
elevations of the site but has also been observed on a small scale in localized areas of disturbance
that occur in and around waste disposal areas (PNL-10285, Estimated Recharge Rates at the

1 For the purposes of this report, current conditions in the River Corridor are represented by the conditions present
when the project work plan (DOE/RL-2004-37, Risk Assessment Work Plan for the 100 Area and 300 Area
Component of the RCBRA) was written. The work plan and ensuing planning documents defined the scope of the
project based on the extent of remediation and characterization that was complete at the time. This corresponds to
roughly the end of 2005.
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Hanford Site). Moisture movement through the vadose zone is important at the Hanford Site
because it is a driving force for migration of most contaminants to the groundwater.

2.1.2 Geology

Hanford Site soils include strata consisting of unconsolidated sands and gravels, coarse-grained
sand and gravel deposited by the Columbia River, and some fine-grained deposits. One source,
Soil Survey: Hanford Project in Benton County, Washington (BNWL-243), describes as many

as 15 different surface soil types on the Hanford Site, including sand, sandy loam, and silt. The
soil column, from the soil surface to the top of the groundwater (also called the vadose zone),
underlying the River Corridor largely consists of materials belonging to the Hanford and
Ringold Formations. The shallower Hanford formation consists predominantly of
medium-to-dense sand and gravel, with varying amounts of silt and cobble. The underlying
Ringold Formation consists primarily of dense, well-cemented gravels with sand and silt
interbeds.

2.1.3 Groundwater

The hydrogeologic characteristics of the River Corridor are affected by proximity to the
Columbia River. The unsaturated vadose zone ranges in depth from near 0 m (0 ft) at the edge of
the Columbia River to more than 80 m (280 ft) at the interior of the Central Plateau.
Groundwater beneath the Hanford Site is found in both an upper unconfined aquifer system and
in deeper, basalt-confined aquifers. Portions of the upper suprabasalt aquifer system are locally
confined, but because the entire suprabasalt aquifer system is interconnected on a site-wide scale,
it is referred to as the Hanford unconfined aquifer system. The deeper, basalt-confined aquifer
system is important because there is a potential for significant groundwater movement and,
consequently, contamination movement between the two systems. Water can actually flow from
the river into the aquifer at high river stage and then return to the river at low river stage, a
phenomenon known as "bank storage."

Groundwater beneath the Hanford Site originated as either natural recharge from rain and
snowmelt or as artificial recharge during Hanford Site operations. Effective precipitation that
can contribute to natural recharge occurs during the cold season and increases with elevation.
Historically, the volume of artificial recharge from Hanford Site operations and wastewater
disposal was significantly greater than the natural recharge from precipitation. There is no
longer significant artificial recharge of groundwater due to operations in the 100 and 300 Areas,
as disposal of liquid wastes to ground has ceased. However, some localized artificial recharge
may occur as a result of water-line leakage, reservoirs, and application of water for dust
suppression. Due to the reduction in discharges since 1984, groundwater levels are falling,
particularly around the Hanford Site operational areas (PNNL- 13080, Hanford Site Groundwater
Monitoring: Setting, Sources, and Methods).

Groundwater in the upper, unconfined aquifer generally flows from west to east across the
Hanford Site to discharge areas north and east along the Columbia River (PNNL-16346,
Summary of Hanford Site Groundwater Monitoringfor Fiscal Year 200). Total groundwater
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discharge from the unconfined aquifer on the Hanford Site to the Columbia River is estimated to
range from 1.1 to 2.5 m3/s (38.85 to 88.29 ft3/s), with the average flow in the river being
approximately 3,400 m3/s (120,070 ft3/s) (PNNL-16346). Although local groundwater flow in
the River Corridor area is toward the Columbia River, the "bank storage" phenomenon described
above may cause periodic reversals at locations adjacent to the river. The presence of
pump-and-treat remediation systems in the 100-K, 100-D, and 100-H Areas may also affect local
groundwater flow patterns (PNNL-16346).

2.1.4 Columbia River

The Columbia River is the second largest river in the contiguous United States in terms of total
flow, and is the dominant surface water body on the Hanford Site. The original selection of the
Hanford Site for plutonium production and processing was based, in part, on the abundant clean,
cold water provided by the Columbia River. Originating in the Canadian Rockies of
southeastern British Columbia, Canada, the Columbia River drains a total area of approximately
680,000 km2 (262,480 mi2) en route to the Pacific Ocean. Most of the Columbia River is
impounded by 11 dams within the United States, 7 upstream and 4 downstream of the
Hanford Site. Priest Rapids is the nearest upstream dam, and McNary is the nearest downstream
dam. Lake Wallula, the impoundment created by McNary Dam, extends upstream past
Richland, Washington, to the southern part of the Hanford Site. Except for the Columbia River
estuary, the only unimpounded stretch of the river in the United States is the Hanford Reach,
which extends from Priest Rapids Dam downstream approximately 82 km (51 mi) to the
McNary Pool north of Richland, Washington. The existence of the Hanford Site has precluded
development of this section of the river. The Hanford Reach of the Columbia River was recently
incorporated into the land area established as the Hanford Reach National Monument
(65 FR 37253, "Establishment of the Hanford Reach National Monument").

Flows through the Hanford Reach fluctuate significantly and are controlled primarily by releases
from three upstream storage dams: the Grand Coulee Dam in Washington State and the Mica
and Keenleyside Dams in British Columbia, Canada. Storage dams on tributaries of the
Columbia River also affect flows. Flows in the Hanford Reach are directly affected by releases
from Priest Rapids Dam. However, Priest Rapids operates as a run-of-the-river dam rather than
a storage dam; its flows are controlled for power generation and to promote salmon migration.
The Vernita Bar Agreement (signed June 16, 1988, by DOE, federal and state agencies,
tribal governments, and public utility districts in Grant, Chelan, and Douglas Counties) was
created to help prevent low-river flow periods from endangering Hanford Reach salmon
spawning area deposits. Columbia River flow rates near Priest Rapids during the 83-year period
from 1917 to 2000 averaged nearly 3,360 m3/s (120,000 ft3/s). Daily average flows during this
period ranged from 570 to 19,500 m3/s (20,000 to 690,000 ft3/s). The lowest and highest flows
occurred before the construction of upstream dams. During the 10-year period from 1991
through 2000, the average flow rate was also about 3,360 m3/s (120,000 ft3/s).

Columbia River flows typically peak from April through June during the spring snowmelt runoff
and are lowest from September through October. As a result of daily fluctuations in discharges
from Priest Rapids Dam, the depth of the river varies significantly over a short time period.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 2-3



DOE/RL-2007-21

Site Background and Cleanup Activities Rev. 0

River stage changes of up to 3 m (10 ft) during a 24-hour period may occur along the
Hanford Reach (PNNL-13230, Hanford Site Environmental Reportfor Calendar Year 1999).
The width of the river along the Hanford Reach varies from approximately 300 m (1,000 ft) to
1,000 m (3,300 ft). The width also varies temporally as the flow rate changes, which causes
repeated wetting and drying of an area along the shoreline.

2.2 ECOLOGICAL SETTING

A number of studies provide basic environmental information about the Hanford Site and
specifically the 100 Area and 300 Area. The annual Hanford Site National Environmental
Policy Act (NEPA) Characterization Report (PNNL-6415) provides a detailed summary of the
ecology, biological resources, and hydrology for the entire Hanford Site, with selected
information grouped by major operational areas. The document is updated annually and has
been used extensively in the preparation of this ecological summary. The Hanford Reach of the
Columbia River: Comprehensive River Conservation Study and Environmental Impact

Statement (DOI 1996) also provides information on the riparian and aquatic environments found
within the Hanford Reach. Other detailed characterization data for the 100 Area and 300 Area,
including comprehensive lists of plant and wildlife species occurring in or near the study area,
are presented and discussed in Literature Review of Environmental Documents in Support of the

100 Area and 300 Area River Corridor Baseline Risk Assessment (PNNL-SA-41467).

Natural habitat in the River Corridor can be divided into three general ecological zones. These
three key ecological zones include the upland, riparian, and aquatic zones. This delineation is
used in this ecological risk assessment to help to develop the conceptual site model which is used
to determine receptors, exposure pathways, and contaminants of potential concern.

2.2.1 Upland Zone

The upland environment of the River Corridor is the largest zone and consists of land that is
adjacent to the main channel of the Columbia River, above the river high-water mark, and
extends inland from the Columbia River. The upland environment is generally arid; it is not
influenced by groundwater and river flow and depends on precipitation for its water supply. The
animals and plants common to the upland environment are adapted to survival in arid conditions.
Figure 2-1 is a photograph of an upland area in the 1 00-D Area with the Columbia River in the
distance.
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Figure 2-1. Upland Ecological Zone Near the 100-D Area.

Historically, much of the upland habitat in the River Corridor was likely a community dominated
by big sagebrush (Artemisia tridentata), with lesser amounts of rabbitbrush (Chrysothamnus
nauseosus) and an understory of Sandberg's bluegrass (Poa sandbergii). During the
Euro-American settlement of the area, a large portion of the areas near the Columbia River were
disturbed by farming. Construction activities for the Manhattan Project further disturbed the
vegetation and soils in the area. These two major impacts to the land resulted in changes to the
native plant community, creating highly disturbed areas and other areas that have partially
recovered and revegetated. In general, the affected areas do not recover to pre-disturbance
conditions, due, in part, to the presence of invasive non-native species such as cheatgrass
(Bromus tectorum).

Vegetation that occurs in highly disturbed areas, such as near old operating plants and waste
sites, is typically sparse and consists of early successional species such as cheatgrass
(Bromus tectorum), Russian thistle (Salsola kali), tumblemustard (Sisymbrium altissimum), and
bur ragweed (Ambrosia acanthicarpa). Upland plant communities have been altered by the
proliferation of non-native plant species, such as cheatgrass, Russian thistle, knapweed
(Centaurea spp.), and yellow star thistle (Centaurea solstitialis). These invasive plants compete
with native plants, affect the animals that inhabit an area, and can increase the magnitude of
wildfires.
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Some areas that are no longer disturbed have begun to revegetate naturally to communities
dominated by gray rabbitbrush with an understory of Sandberg's bluegrass, bulbous bluegrass
(Poa bulbosa), and cheatgrass. Sagebrush is present but infrequent. Each of these species is
well adapted to the rocky soils characteristic of disturbed portions of the upland zone.

Large areas of cheatgrass and exotic annual species are present in the abandoned "old fields"
associated with the White Bluffs and Hanford townsite areas (PNNL-SA-41467). Upland
vegetation at the Hanford townsite also differs from the other areas due to the presence of trees
scattered along the remains of roadways and walkways associated with previous homesteads,
the town itself, and the Hanford Construction Camp. The trees present along old streets of the
town/construction camp provide important habitat for a number of mammals and birds. More
detailed descriptions of these vegetation cover types are given in Vascular Plants of the
Hanford Site (PNNL-13688).

The dominant ground-dwelling invertebrate species in the upland environment are harvester ants
(Pogonomyrmex owyheei) and darkling beetles (family Tenebrionidae). Harvester ants can exist
on vegetated and nonvegetated soils (PNL-2774, Characterization of the Hanford 300 Area
Burial Grounds, Task IV- Biological Transport).

Soil type and depth and vegetation types, densities, and stature influence the animal species that
use the upland areas. The soils in the industrialized 100 Areas and 300 Area have been
disturbed. This soil matrix limits the diversity of small mammals to species that live on the
surface or in very shallow burrows. The dominant small-mammal species associated with
remediated sites is the deer mouse (Peromyscus maniculatus). Other species that may be
present, but likely in very small numbers, are the house mouse (Mus musculus) and the harvest
mouse (Reithrodontomys megalotis). Burrowing species such as the Great Basin pocket mouse
and the pocket gopher are limited to areas where fine-grained soils are at least 30 cm (12 in.)
deep (PNL-4140, Habitat Requirements and Burrowing Depths of Rodents in Relations to
Shallow Waste Burial Sites; RHO-SA-2 11, Invasion of Radioactive Waste Burial Sites by the
Great Basin Pocket Mouse [Perognathus parvus]).

Mammals of the upland environment include the mule deer (Odocoileus hemionus), badger
(Taxidea taxus), coyote (Canis latrans), Great Basin pocket mouse (Perognathus parvus),
northern pocket gopher (Thomomys talpoides), black-tailed jackrabbit (Lepus californicus), and
cottontail rabbit (Sylvilagus nuttalii) (WHC-EP-0620, Areas CERCLA Ecological
Investigations). The abundance of these species and the occurrence of others vary according to
the soil type and vegetative community. Large mammals, such as elk (Cervus elaphus), are also
observed in the River Corridor upland areas. A complete list of mammals observed and expected
in all habitats of the 100 Areas is provided in 100 Areas CERCLA Ecological Investigations
(WHC-EP-0620). PNNL-6415 presents a complete listing of Hanford Site wildlife species.

Several species of birds present in the upland zone rely on structures such as buildings, fences,
and utility poles for some of their habitat needs. Raptors, such as the red-tailed hawk
(Buteojamaicensis), are present, and frequently nest on buildings, utility poles and towers, and
trees along the river. Nonvegetated areas provide nesting habitat for nighthawks
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(Chordeiles minor) and killdeer (Charadrius vociferus). Canada geese (Branta canadensis) use
open cheatgrass areas for winter grazing. Native shrub-steppe bird species include the homed
lark (Eremophila alpestris), western meadowlark (Sturnella neglecta), savannah sparrow
(Passerculus sandwichensis), loggerhead shrike (Lanius ludovicianus), and sage sparrow
(Amphispiza belli). Raptors will continue to be present, but as the shrubs develop and the open
grassy areas shrink in size, wintering geese will likely avoid the area, preferring the cheatgrass
areas associated with nearby abandoned farm fields and orchards. A list of bird species observed
in the 100 Areas is available in WHC-EP-0620. A catalogue of Hanford Site avian species is
presented in PNL-6415, Hanford Site National Environmental Policy Act (NEPA)
Characterization. Common reptiles found in upland environments at the Hanford Site include
the rattlesnake (Crotalus viridis), gopher snake (Pituophis melanoleucus), yellow-bellied racer
(Coluber constrictor), and side blotch lizard (Uta stansburiana) (PNL-8942, Habitat Types of the
Hanford Site: Wildlife and Plant Species of Concern; WHC-EP-0601, A Syntheses of Ecological
Data from the 100 Areas of the Hanford Site).

2.2.2 Riparian Zone

Riparian zones are areas of transition between aquatic and upland ecosystems. The riparian
environment of the River Corridor extends from the point on the riverbank where upland
vegetation is no longer dominant down to the shoreline of the Columbia River. The riparian
zone is typically narrow, its width depending on the slope of the riverbank. The transition from
the upland-zone vegetation to riparian vegetation is generally abrupt. The vegetation that grows
in the riparian zone along the river shoreline is thicker and taller than that in the upland area,
attracting a broader range of wildlife species. The riparian zone is influenced by the emergence
of groundwater originating from the upland areas and by fluctuations in the level of the
Columbia River. The plants within this zone benefit from access to groundwater and water from
the Columbia River via their root systems or periodic high-water conditions. The small
mammals, birds, and reptiles common to the upland environment are also likely to inhabit the
riparian environment. Figure 2-2 is a photograph of a riparian area near the 100-H Area.

The lateral extent of the shoreline vegetation varies along the Hanford Reach. The extent of
physical disturbance from early settlement and Manhattan Project use is localized and has had
relatively little impact on the riparian zone. The original native vegetation was likely dominated
by grasses and sedges (Carex spp.), with a sparse distribution of willows (Salix spp.).
Historically, there were very few trees along the Hanford Reach of the Columbia River before
the construction of Priest Rapids Dam.

The riparian zone generally consists of a cobble shoreline with varying densities of vegetation.
Dominant vegetation within the riparian zone includes mulberry (Morus alba), willow
(Salix spp.), Siberian elm (Ulmus pumila), northern wormwood (Artemisia campestris),
sweet clover (Melilotus alba or M. officinalis), and reed canarygrass (Phalaris arundinacea).
WHC-EP-0620 lists plant and animal species that have been observed along the Columbia River
shoreline.
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Figure 2-2. Riparian Ecological Zone Near the 100-H Area.

Changes to the composition of shoreline vegetation over time have been influenced by a
moderation in the river elevation changes, which are controlled by the operation of
Priest Rapids Dam, approximately 18.5 km (10 mi) upstream of the Hanford Site. Because of
the steepness of the shoreline, the transition from riparian to upland vegetation is abrupt.

Dominant plants in the riparian-upland transition area are bulbous bluegrass, Sandberg's
bluegrass, cheatgrass, Russian thistle, and gray rabbitbrush. Detailed characterization
information of the riparian environs associated with each reactor area is presented in
PNNL-SA-41467.

There is considerable overlap of wildlife use between the riparian and upland zones. Some
mammals common to the upland environment are also likely to use and inhabit the riparian
environment, including the western harvest mouse, the Great Basin pocket mouse, and the
deer mouse (PNNL- 14516, Synthesis of Ecological Data Collected in the Riparian and Riverine
Environments of the Hanford Reach). Wildlife use of the riparian zone is likely higher than that
of the upland zone associated with the CERCLA waste sites due to its proximity to the
Columbia River, which results in greater species diversity and the presence of higher density and
higher stature vegetation that remains productive over a longer period of time.
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A variety of snakes common to the upland areas may also use the riparian habitat. Other reptiles
that may be found in the riparian zone include the western terrestrial garter snake
(Thamnophis sirtalis) and the painted turtle (Chrysemys picta) (Hallock 1998, Herpetofauna of
the Hanford Nuclear Reservation, Grant, Franklin, and Benton Counties, Washington;
PNNL-14516).

Amphibians in the riparian and near-shore environments of the Hanford Reach include mostly
Woodhouse's toads (Bufo woodhousii), but bullfrogs (Rana catesbeiana) and Great Basin
spadefoot toads (Scaphiopus intermontanus) may also be present (PNNL-14516).

PNNL- 14516 provides information on bird populations with respect to riparian vegetation.
Location data are available in the electronic Environmental Monitoring and Compliance Project
database managed by the Pacific Northwest National Laboratory. Research efforts have assessed
winter bird populations in cottonwood/willow (Populus/Salix) communities of the
Columbia River shoreline (Rickard 1964, "Bird Surveys in Cottonwood-Willow Communities in
Winter"; Rickard and Rickard 1972, "A Comparison of Winter Bird Populations after a
Decade"), quantified shorebird response to water fluctuations in the Columbia River near-shore
environment (Books 1985, "Avian Interaction with Mid-Columbia River Water Level
Fluctuations"), and evaluated habitat selection and use by spring migrant passerines
(Duberstein 1997, "Riparian Stopover Habitat Selection by Spring Transient Landbirds of
South-Central Washington"). The information gathered during these research efforts has been
used to document the status and ecology of the Hanford Site's avian wildlife.

2.2.3 Near-Shore Aquatic Zone

The near-shore river zone consists of a narrow band of the Columbia River shoreline and aquatic
environment adjacent to the riparian zone. The near-shore river zone includes the surface water
of the Columbia River from the area that is permanently inundated by river water, extending
from the low-water mark (i.e., a "green line" where the periphyton [sessile algae] remains green
year round) into the river to a water depth of approximately 2 m (6 ft).

The near-shore aquatic zone consists of a narrow band of the Columbia River adjacent to the
shoreline. This zone was selected to optimize the ability to measure the potential influence of
emergent groundwater plumes and other Hanford Site contaminant sources within the
Columbia River. The aquatic vegetation found in the near-shore zone supports aquatic insect
populations, benthic organisms (organisms that live in or on the bottom of the river), birds, and
fish. Many species of fish live in the Columbia River adjacent to the Hanford Site, and some use
the river as a migration route to and from upstream spawning areas. Other species, such as
sculpin, spend their entire lives in small sections of the river. The shoreline areas provide rearing
habitat for many fish species, including spawning habitat for threatened and endangered fish
species. This portion of the river environment immediately adjacent to the Hanford Site is
considered to be habitat that could be impacted by potential releases. Figure 2-3 is a photograph
of a near-shore aquatic area along the Hanford Site.
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Figure 2-3. Near-Shore Aquatic Ecological Zone
Along the Hanford Site.

Near-shore river zone features include sloughs, rapids, and shoreline areas with varying water
velocities. Sloughs are present in or near the Hanford townsite and White Bluffs shorelines and
serve as important habitat for a number of aquatic species. Vegetation in the near-shore river
zone consists of macrophytes and periphyton. Macrophytes are sparse in the Columbia River
because of strong currents, rocky bottom, and frequently fluctuating water levels. Where
macrophytes are found, they commonly include duckweed (Lemna spp.) and the native rooted
pondweeds (Potamogeton spp. and Elodea canadensis). Macrophytes provide food and shelter
for juvenile fish and spawning areas for some species of warm-water game fish. Eurasian milfoil
(Myriophyllum spicatum), an introduced macrophyte, has increased to nuisance levels since the
late 1980s and may encourage increased sedimentation of fine particulate matter. Periphyton
communities develop on suitable solid substrate wherever there is sufficient light for
photosynthesis and adequate currents to prevent sediment from covering the colonies.

More than 45 species of fish have been identified in the Hanford Reach of the Columbia River.
Of these species, Chinook salmon (Oncorhynchus tshawytscha), sockeye salmon (Oncorhynchus
nerka), coho salmon (Oncorhynchus kisutch), and steelhead (Oncorhynchus mykiss) use the river
as a migration route to and from upstream spawning areas and are of the greatest economic
importance. Other fish of importance to sport anglers are the native mountain whitefish
(Prosopium williamsoni) and white sturgeon (Acipenser transmontanus). Introduced species like
smallmouth bass (Micropterus dolomieui), black crappie (Pomoxis nigromaculatus), channel
catfish (Ictalurus punctatus), and walleye (Stizostedion vitreum) are also popular. Other large
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fish populations include introduced common carp (Cyprinus carpio) and native species such as
redside shiner (Richardsonius balteatus) and largescale suckers (Catostomus macrocheilus).
Smaller fish such as sculpin (Cottus spp.) are associated with shoreline habitats and have small
home ranges.

2.3 PRE-HANFORD HISTORY

The Hanford Site is culturally rich, experiencing a history of multiple occupations by both
Native and non-Native Americans. For thousands of years Native American peoples have
inhabited the lands both within and around the Hanford Site (Relander 1956, Drummers and
Dreamers; Spier 1936, "Tribal Distribution in Washington"; Walker 1998, Handbook of
North American Indians). The Hanford Reach was a seasonal home to a large group of
Native Americans prior to the arrival of Euro-Americans in the early 1800s. These groups
included the Columbia, Nespelem, Sanpoil, Southern Okanogan, Umatilla, Wallula, Wanapum,
Wauykma, and Yakama. Nearby groups such as the Cayuse, Chelan, Colville, Kittitas, Methow,
Nez Perce, Palus, Spokane, Wayampum, Wenatchi, and Wishram also occasionally used the area
to trade, gather resources, and conduct other activities (Andrefsky et al. 1996, 1995 WSU
Archaeological Block Survey of the Hanford 600 Area). Many descendants of these indigenous
peoples retain traditional, cultural, and religious ties to the Hanford Site, with the Nez Perce,
Umatilla, and Yakama holding treaty rights to the area. Native plant and animal foods, some of
which can be found on the Hanford Site, are used in ceremonies performed by tribal members.
Prominent landforms such as Rattlesnake Mountain, Gable Mountain, and Gable Butte, as well
as various sites along and including the Columbia River, remain sacred to these peoples.

Non-Native American presence in the mid-Columbia began in 1805 with the arrival of the
Lewis and Clark Expedition along the Columbia and Snake Rivers. Other visitors included fur
trappers, military units, explorers, and miners who traveled through the Hanford Site on their
way to lands up and down the Columbia River and across the Columbia Basin. In the late
19th and early 20th centuries, non-native people began intensive settlement on the Hanford Site,
establishing an early settler and farming landscape.

Farmstead communities existed from 1880 to 1943, and their locations within the River Corridor
are known from historic and current aerial photographs (1941, 1948, and 2002), real estate
records, historic documents, personal interviews, and field walkdowns. The locations of
pre-Manhattan Project farmsteads in the River Corridor are presented in Figure 2-4. As can be
seen in the figure, the farmsteads are located primarily in the upland environment adjacent to the
Columbia River and within the distribution pattern of early irrigation systems.
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Figure 2-4. Location of Pre-Manhattan Project Farmsteads in the River Corridor.
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From 1880 to 1905 self-subsistence farming on small farms was the primary pursuit. The typical
layout included a farm house, a well, an outhouse, outbuildings (e.g., bam, shop, storage), a
vegetable garden, a root cellar, and areas for dumping refuse. Landscaping, particularly shade
trees and windbreaks, also was common. Early farms along the Columbia and Yakima Rivers
grew alfalfa and rye grasses. These farmers also experimented with vegetables, melons, berries,
and fruit trees. Early irrigation systems included water elevators, which consisted of an endless
chain of buckets powered by a horse. Other systems included windmills, waterwheels, and,
particularly along the Yakima River, makeshift dams that diverted water from nearby creeks into
wooden ditches or flumes and into nearby fields.

In December 1905, the Hanford Irrigation and Development Company was organized in Seattle
with the purpose of reclaiming 12,950 ha (32,000 ac) of arid land along the Columbia River near
the White Bluffs. By 1909, the 29-km (18-mi)-long Hanford Irrigation Canal was carrying water
from the Allard Pump House upstream near Coyote Rapids (near 100-K Area) on the
Columbia River to the communities of White Bluffs and Hanford (see Figure 2-4).
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The Priest Rapids Valley soon became one of the premier orchard regions in the state. Farms
were primarily family operated and ranged in size from under 2 ha (5 ac) to over 16 ha (40 ac),
averaging about 8 ha (20 ac). Hanford and White Bluffs farmers made large investments in their
land, constructing irrigation systems and planting a variety of crops including apples, apricots,
cherries, grapes, melons, peaches, pears, plums, strawberries, hops, alfalfa, asparagus, corn, and
potatoes. Many farms had as many as eight different fields dedicated to different crops. Others,
primarily orchardists, focused on a single crop. In 1913, settlement and agricultural development
in the valley was bolstered by the construction of the Chicago, Milwaukee, St. Paul, and
Pacific Railroad, which enabled the farmers to move from local to national-based markets by
providing a means to ship fruit and other produce to either regional or more distant locations via
transcontinental railroad.

In concert with the farms operating off the Hanford Irrigation Canal, a different type of farm
appeared following World War I. "Soldier settlements" were offered to veterans for a small
down payment and low interest rates. These 8-ha (20-ac) farms came complete with a house,
outhouse, barn, chicken coop, and well. Wells were provided because they were considered
more economical than paying for water from the local irrigation district.

Pest management practices designed to reduce crop loss were in place during this time. Spraying
was undertaken in the orchards for codling moth (Cydia pomonella) and scale. Orchard sprays
contained about 0.45 kg (1 lb) of arsenate or lead to 189 L (50 gal) of water.

Spraying 2.7 kg (6 lb) of lead arsenate paste or 1.4 kg (3 lb) of powder to 757 L (200 gal) of
water in a mist often controlled the second brood of codling moths. Codling moth control finally
reached the point where it became too expensive for many of the producers, and its
discontinuance resulted in a decline in production in the early 1930s. Many of the apple
orchards were replaced with soft fruit such as grapes or apricots (BHI-01326, Pre-Hanford
Agricultural History: 1900-1943).

Scale, another orchard pest, was controlled with the use of lime sulphur (a mixture of calcium
polysulfides). Red spiders were controlled with the use of lime sulfur, atomic sulphur, or flours
of sulphur. The sprays were applied during the cool part of the day (BHI-01326).

Several other inorganic compounds have historically been used as insecticides including
mercury, boron, thallium, arsenic, antimony, selenium, and fluoride. Arsenic-based insecticides
included copper arsenate (Paris Green), lead arsenate, and calcium arsenate.

The small family-owned farms that dominated the economy of Hanford and White Bluffs
struggled during the Great Depression. By the early 1940s conditions started to improve.
However, the farming life in Hanford and White Bluffs came to an abrupt halt in 1943 when the
U.S. government took possession of the land and removed the people from their homes.

Recent archaeological work has been conducted on the farmsteads providing additional physical
information. Based on information collected to date, the farmstead remains include small
quantities of CERCLA hazardous materials (e.g., residual petroleum products, empty pesticide
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and paint cans) intermixed with larger amounts of debris (wood, fencing, concrete, glass, etc).
The remains appear to present little risk to human health or the environment in their present
configuration. Plant communities in the farmstead areas have re-established, and habitat areas
have naturally developed.

Most of the waste materials associated with the pre-Manhattan Project farmsteads are associated
with individual farm refuse dumps and community disposal areas. Individual farm disposal areas
were very common because no garbage service was available during that period. Often, refuse
was disposed in unoccupied locations in the vicinity of the farm. Many of these locations
contain a very limited number of items that could be classified as CERCLA waste materials,
primarily lead-acid batteries and empty containers that once held oils, herbicides, pesticides, or
paints.

2.4 HANFORD OPERATIONS IN THE RIVER CORRIDOR

In 1943, the Hanford Site became a federal facility when the U.S. Government took possession
of the land to produce weapons-grade plutonium as a part of the Manhattan Project during
World War II. Between 1943 and 1963, nine plutonium-production reactors were built along the
Columbia River in six areas: the 100-B, 100-K, 100-N, 100-D, 100-H, and 100-F Areas.
Together, these six areas comprise about 68 km2 (26 mi2) of the land adjacent to the
Columbia River in the northern part of the Hanford Site. Large construction camps were
established near the Hanford townsite in the central area of the River Corridor to support
construction of the reactors. In the southern area of the River Corridor, the 300 Area was
developed to support fuels fabrication and research and development activities. Figure 2-5
shows the geographical location and extent of each of the operating areas in the River Corridor.

2.4.1 100 Area Reactor Operations

The main component of each reactor was a large stack of graphite blocks (called a pile) with
steel process tubes containing the fuel elements and cooling water. Placing large numbers of
uranium fuel elements into the reactor piles created an intense radiation field and a nuclear chain
reaction that converted some uranium atoms to plutonium atoms. Along with uranium, other
atoms in the pile structure, including nonradioactive constituents, were converted into
radioactive fission products and activation products that were disposed of as waste. Each reactor
area contained numerous support facilities, such as powerhouses, water treatment and pumping
facilities, laboratories, railroad offloading facilities, office buildings, septic systems, and waste
disposal facilities for reactor effluent that commonly became contaminated during plutonium
production operations. The types of waste sites and expected contaminants in the reactor areas
include disposal of liquid and solid radioactive waste and industrial chemicals. Nonradioactive
wastes were also disposed in the 100 Areas. Reactor area-specific information is summarized in
the following subsections.
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Figure 2-5. Geographical Scope of the River Corridor and Location
of the Operating Areas.
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2.4.1.1 100-B/C Area. The 100-B/C Area includes two water-cooled, graphite-moderated
plutonium reactors, 105-B and 105-C, with their associated ancillary facilities for water
treatment, air filtration, nuclear fuel handling, effluent disposal, as well as laboratories,
administrative offices, and various other buildings.

Groundbreaking for the 105-B Reactor began in October 1943 by the U.S. Army Corps of
Engineers as a part of the Manhattan Project. The reactor was fully constructed and operational
by February 1945. The 105-B Facility was the world's first full-scale production reactor. The
facility was operated until 1968.

The design of the 105-C Reactor was started in March 1951, and construction was initiated on
June 6, 1951. Initial startup of the 105-C Reactor was achieved in November 1952. The design
of the facility was based on the earlier Hanford Site reactors. The 105-C Reactor was shut down
in April 1969. Deactivation of the reactor was completed in early 1971.

The 105-B Reactor has been listed on the National Register of Historic Places and as a National
Mechanical Engineering Landmark. Currently, the 105-B Reactor is planned to be preserved as a
museum. A portion of the 100-B/C Area water treatment plant continues to operate to provide
potable water to the 200 Area, and the 151-B Electrical Substation continues to provide electrical
power.

2.4.1.2 100-K Area. The 100-K Area includes two water-cooled, graphite-moderated
plutonium reactors, 105-KE and 105-KW, and their associated ancillary facilities. Construction
on the 105-KE and 105-KW Reactors was initiated in 1948, with startup of the 105-KE Reactor
on April 17, 1955, and the 105-KW Reactor on January 4, 1955. Both reactor complexes were
permanently shut down by 1971; however, spent fuel and radioactive sludge remained in the fuel
storage basins. Following the shutdown, leaks were discovered in these fuel basins, and
activities were established to expeditiously remove spent fuel and sludge from the basins. In
addition to this fuel basin leakage, various other operational processes, waste disposal practices,
and unplanned releases generated many solid and liquid waste sites. As with other reactor sites,
sodium dichromate, a chemical that was used in the cooling water treatment process, exists in the
vadose zone and groundwater in the 100-K Area.

2.4.1.3 100-N Area. The 100-N Area contains the 105-N Reactor, which was designed to produce
plutonium and use by-product steam to produce electric power. Rather than using water from the
Columbia River as a once-through coolant, the 105-N Reactor design recycled the cooling water
for the reactor core.

The reactor core is a graphite-moderated, light water-cooled, horizontal pressure-tube facility
designed to produce plutonium. By-product steam was routed to a nearby privately operated
facility (185-N Hanford Generating Plant) to produce approximately 860 megawatts of
electricity. Construction of N Reactor began in December 1959 and was completed in
October 1963. N Reactor was the last of the Hanford Site graphite-moderated reactors. On the
south side of the building is the 109-N Heat Exchanger Building, which shares a common wall
with 105-N. The reactor ceased operations in 1987 and preservation efforts were stopped
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in 1991. Facility deactivation was completed in July 1998, which placed the facilities in a safe
and stable condition.

2.4.1.4 100-D Area. The 100-D Area contains two water-cooled, graphite-moderated plutonium
reactors, 105-D and 105-DR, and their associated ancillary facilities. The 105-D Reactor was
one of the original three Hanford Site reactors. Construction of the 105-D Reactor began in
November 1943 and startup occurred in December 1944. During early operations, the reactor
was thought to be failing because of the uncontrollable expansion of the graphite core.
Consequently, the 105-DR Reactor was built as a replacement, with construction beginning in
December 1947 and startup occurring in October 1950. Operational processes, waste disposal
practices, and unplanned releases generated many solid and liquid waste sites. One of the most
enduring and problematic waste issues has been the sodium dichromate contamination of the
vadose zone and groundwater, caused by the cooling water treatment process. The
105-D Reactor shut down in June 1967. The 105-DR Reactor was shut down in December 1964.

2.4.1.5 100-H Area. The 100-H Area contains a single water-cooled, graphite-moderated
plutonium reactor, 105-H and associated ancillary facilities. The 105-H Reactor was the first
post-Manhattan Project reactor complex to begin operations on the Hanford Site. Construction
of the 105-H Reactor was initiated in 1948; initial startup occurred in October 1949. The
105-H Reactor facility, including the fuel storage basin, was placed in final shutdown mode
between 1965 and 1970. During shutdown activities, leaks in the basin were identified. In
addition, various other operational processes, waste disposal practices, and unplanned releases
generated many solid and liquid waste sites. Sodium dichromate, a chemical that was used in the
cooling water treatment process, has been one of the most problematic waste issues encountered
in the vadose zone and groundwater.

2.4.1.6 100-F Area. The 100-F Area contains the 105-F Reactor and associated ancillary
facilities. Construction of the 105-F Reactor began in 1943 and was completed in
February 1945. The 105-F Reactor was the third of the three original graphite-moderated
plutonium production reactors built at the Hanford Site. The 100-F Area also contained an
experimental animal farm that began operation in 1945 and continued until 1976. Early studies
at the experimental animal farm were conducted to measure the effects of reactor effluents on
fish. Later research included the studies of swine, sheep, dogs, and rats. The experimental
animal farm facilities included numerous laboratories, barns, pens, pastures, kennels, and waste
facilities. At one time nearly 40% of the 100-F Area buildings were devoted to biological
research. The reactor and support facilities operated until 1965 when the reactor facility was
deactivated and permanently retired from service. Many of the reactor support buildings were
decommissioned with the reactor in 1965. Biological research to study the effects of ionizing
radiation on plants and animals continued in several buildings until 1976. The facilities related
to the experimental animal farm were decommissioned between 1978 and 1979.

2.4.2 Support Areas

During the Manhattan Project, several facilities were built to support construction of the reactor
and fuel fabrication complexes. In some cases, buildings remaining from before the
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Manhattan Project were modified to serve a support function. These temporary support areas are
described in the following sections.

2.4.2.1 Central Shops. The White Bluffs area was selected as the location for the central shops
to support the Manhattan Project. Construction began for new buildings or modification of
existing facilities in 1943. Central Shops contained a wide variety of support facilities and a
large equipment surplus area. The Central Shops area was operated from 1943 until 1952.
During its operational use, the area underwent several modifications including relocation of
warehouses from North Richland. In 1951, the Central Shops area was enlarged with the
addition of general offices, craft shops, automotive and machine shops, a paint shop, a service
station, steel fabrication sheds, oxygen and acetylene storage, lumber storage, electrical
distribution, a sewer system, and a water system. In 1955, the White Bluffs Bank was used as an
office equipment warehouse and storage area for the Hanford Fire Department. All facilities
associated with the Central Shops were later demolished.

2.4.2.2 Construction Camps. Following removal of the local residents, the U.S. Atomic
Energy Commission created a construction camp at the Hanford townsite that housed
approximately 50,000 people between 1943 and 1945. During the life of the camp,
1,175 buildings and 9 service facilities were constructed. In addition, seven trailer camps were
provided. For that period of time, the Hanford construction camp was the largest voting precinct
in the United States and had the largest general delivery post office in the world.

Construction of housing for the camp began in March 1943. Some of the pre-Manhattan Project
facilities remained and were used to support the construction camp. Existing facilities
included several residences, the passenger and freight station, the grange hall, the Masonic Hall,
the high school and church, and the branch line for the Chicago Milwaukee Railroad
(HAN-10970, Vol. 2, Hanford Engineer Works, History of the Project). The construction camp
covered an area of 607 ha (1,500 ac) approximately 4.2 km (2.6 mi) long and 1.6 km (1 mi)
wide. It was designed to house, feed, and provide for recreational, religious, and other needs of
the work force (WHC-MR-0425, Manhattan Project Buildings and Facilities at the
Hanford Site: A Construction History).

The riverbank area north of Avenue A was used for storage of construction material and
equipment and was served by the Chicago Milwaukee Railroad. This location contained most of
the 65 craft shops, warehouses, offices, and 6 facilities used for construction of the camp.
Twelve of the 65 buildings were pre-Manhattan facilities such as residences, fruit packing
warehouses, and commercial store buildings. The area between First and Fourth Streets was
used primarily for lumber storage and fabrication (HAN-10970, Vol. 2).

According to a report issued in October 1944, the Hanford area contained administrative
buildings, main construction office, hospital and employment buildings, construction guard
headquarters, 131 men's barracks with a housing capacity of 24,319; 912 men's hutments with a
9,834 capacity and 64 women's barracks with a housing capacity of 4,897. Trailer space for
3,639 units with 139 bathhouses was also constructed. Running water was supplied to each
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trailer lot. Service water faucets were located midway between adjacent lots. Individual sewer
drains were available for each lot for trailer sink and toilet connections.

The Hanford trailer camps numbered seven in all and were designed to provide accommodations
for 3,639 trailer houses. Trailer camps were constructed with canopies, bathhouses, ice houses,
coal storage buildings, playgrounds, clothes drying lots, trailer office, trailer camp warehouse,
and dog pound. Trailer services included water and electrical services, sewer and septic tanks,
telephones, general grading and landscaping, steam, roads, and walks.

At its peak, the number of people living in the camp reached nearly 50,000 between 1943 and
1945. Operation of the camp was terminated on February 17, 1945 (HAN-2914, Monthly Field
Progress Report HEW Project 9536 Period Ending 03/31/1945; IN-3023, Report HEW
01/01/1945 Through 03/31/1945). All portable hutments were dismantled and shipped. Trailers
left in the camp were disposed of by the Benton County Sheriff. When the construction camp
was dismantled, about 80% of the camp was sold to a Chicago salvage company with the
remaining 20% kept as a residual camp for possible use.

2.4.3 300 Area Fuels Fabrication, and Research and Development

Development of industrial operations in the 300 Area began in 1943 and encompassed the fuel
fabrication complex for the Hanford Site. Fuel for the reactors was fabricated from uranium
shipped in from offsite production facilities. Completed fuel elements were then transported
north to the 100 Areas for irradiation in the reactors. In addition to housing the Hanford Site fuel
fabrication plants, the 300 Area was the center of many research and development facilities,
chemical process laboratories, test reactors, and numerous ancillary support structures. As the
Hanford Site production reactors were shut down, fuel fabrication in the 300 Area ceased.
Portions of the 300 Area continue to be an active industrial complex, housing research and
development facilities and analytical laboratories.

2.4.4 Contaminant Sources and Waste Streams

Operation of the Hanford facilities produced a variety of wastes and by-product effluents. The
types of wastes produced were dependent on the specific process being conducted and included
liquid wastes, solid wastes, and air emissions. Based on the process, some of these waste
streams contained chemical contaminants, radioactive contaminants, or both. The following
sections provide an overview of wastes and effluents that were generated in the River Corridor
during operation of the Hanford facilities.

2.4.4.1 100 Area Waste Streams. The first eight plutonium production reactors at the
Hanford Site (105-B, 105-C, 105-KE, 105-KW, 105-D, 105-DR, 105-H, and 105-F) used large
quantities of water from the Columbia River for direct cooling of the reactor "piles." Reactor
piles were made of stacks of carbon blocks containing uranium fuel rods where the irradiation of
the fuel took place, yielding plutonium. The reaction produced a great deal of heat, so water was
used to cool the piles and was discharged through large pipes into retention basins for short
periods of time to cool. The cooling water was later discharged into the Columbia River or to
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disposal cribs and trenches. This process was referred to as "single-pass" cooling. The discharged
cooling water contained activation products primarily from impurities in the river water made
radioactive by neutron activation and radioactive materials (fission products) that escaped from
the fuel elements or tube walls during the irradiation process (DOE/RL-97-1047, The
Hanford Site Historic District; PNNL-13230, Hanford Site Environmental Report for Calendar

Year 1999). The ninth reactor, 105-N Reactor, had a modified design that recirculated purified
water through a secondary, closed-loop cooling system. Water in the secondary loop cooled the
reactor core primary closed-loop system. Secondary cooling loop water was used to produce
steam (for electricity production) or was discharged directly to the Columbia River.

The waste disposal practices associated with these operations resulted in releases of
radionuclides and chemicals to soil and groundwater near the reactors. The primary source of
these contaminants was the cooling water that flowed through the reactor core. Leaks in the
reactor cooling water transfer systems, as well as the intentional effluent disposal into cribs and
trenches, resulted in extensive contamination. Liquid waste sites were considered the first
priority for remediation in the River Corridor. Some of these high-priority waste sites are
included in this ecological risk assessment. In addition, solid wastes containing radionuclides
and chemicals were buried in unlined burial grounds to isolate those wastes from ongoing
operational activities.

Solid waste burial grounds were used for near-surface disposal of solid waste containing
hazardous substances (radioactive and nonradioactive). Radioactive solid wastes in the 100 Area
were segregated as soft waste (combustibles) or hard waste (greater than 99% metallic). The
radioactive hard waste included process tubes, fuel element spacers, equipment, tools, and
control rods. Most of the combustible waste from reactor operations was burned in open pits or
in a natural draft incinerator located in a 100-K Area solid waste burial ground. Biological
studies generated low-level soft waste containing radioactive tracers and low-level fission and
activation products, which were buried in the 100-F Area.

In addition to these liquid waste sites and solid waste burial grounds that were documented and
characteristic of the reactor operations, there are many other waste sites. These sites are located
in both the reactor areas and the old townsites of White Bluffs and Hanford (100-IU-2 and
1 00-IU-6 OUs, respectively), and they include a wide variety of sites, including septic systems
from contaminated facilities, burn pits, french drains, pre-Hanford Site and Hanford-era waste
dumps in the town sites, small oil spills, and nonreactor-effluent pipelines.

Figure 2-6 is an aerial photograph of the 100-F Area during operation. Liquid waste retention
basins can be seen in the lower right. Solid waste disposal trenches can be seen in the lower
center of the photograph.
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Figure 2-6. Aerial Photograph of the 100-F Area During Operation.

Reactor buildings present in each of the 100 Area reactor areas contain residual chemical and
radionuclide contamination. As part of the remedy selected in Record ofDecision:
Decommissioning of Eight Surplus Production Reactors at the Hanford Site, Richland,
Washington (58 FR 48509), the contamination will be sealed in safe storage enclosures and
remain in interim safe storage (ISS). The safe storage enclosures encapsulate the reactor cores
while radionuclide activities decay and are engineered to prevent contaminant releases to the
environment, as well as biological intrusion. While the 105-B Reactor was initially identified for
ISS (58 FR 48509), it has since been listed on the National Register of Historic Places and as a
National Mechanical Engineering Landmark and is planned to be preserved as a museum.

2.4.4.2 300 Area Wastes Streams. Operations in the 300 Area created both liquid and solid
waste. Prior to 1973, a series of solid waste burial grounds were used for waste and debris
generated by 300 Area operations. These burial grounds were located just north and west of the
300 Area complex. Prior to 1994, liquid waste was discharged to a series of unlined ponds and
process trenches in the 300 Area. The primary contaminant in the 300 Area is uranium from the
fuel-fabrication processes. However, numerous other potential radioactive and chemical
contaminants exist for individual waste sites.

The 300 Area contains solid waste disposal sites, bum pits, ash pits, catch tanks, cribs, drain
fields, dumping areas, foundations, french drains, injection wells, laboratories, process sewers,
ponds, process facilities, radioactive process sewers, storage areas, storage tanks, surface
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impoundments, trenches, and unplanned releases. The 300 Area liquid and process waste sites
routinely received discharges of millions of gallons of contaminated waste water from operations
between 1943 and 1994. These sites and the burial grounds are suspected to be the primary
source of uranium contamination in 300 Area groundwater.

Contaminant plumes from Central Plateau waste sites have migrated southeast toward the
300 Area. These plumes were driven east and southeast by the natural groundwater gradient
across the Hanford Site and the large-volume discharges of cooling water to ponds and ditches in
the Central Plateau.

Figure 2-7 shows an aerial photograph of the 300 Area looking northwest.

Figure 2-7. Aerial Photograph of the 300 Area, October 2007.
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2.4.4.3 Air Emissions. Air emissions were generated at all of the main production facilities on
the Hanford Site during operations. The type and quantity of air emission was dependent on the
processes being conducted. Fuel separations facilities in the 200 Area produced the largest
amounts of both radioactive and nonradioactive air emissions. The reactor facilities in the
100 Areas produced a smaller amount of air emissions. Fuel fabrication facilities in the
300 Area produced relatively low amounts of air emissions.

The following sections provide an overview of radioactive and nonradioactive air emissions that
had the potential to impact the River Corridor by air deposition.

Radioactive Air Emissions. Most of the Hanford Site radioactive air emissions occurred
between 1944 and 1972, primarily from the facilities in the 200 Areas that separated plutonium
and uranium from irradiated reactor fuel (WDOH 2004, "The Release of Radioactive Materials
from Hanford: 1944-1972"). The major radioactive air releases occurred between 1944 and
1957. The largest releases from these facilities occurred in 1945, before effective collection
devices were installed upstream of the stacks to prevent the discharge of volatile and particulate
radionuclides.

More than half of the entire amount of iodine-131 released during the 1944 to 1972 period was
emitted in 5 months during 1945 (PNWD-2222 HEDR, Radionuclide Releases to the
Atmospherefrom Hanford Operations, 1944 - 1972). Water scrubbers and sand filters were

installed upstream of the stacks at the 200 Area separation plants in 1948, greatly reducing the
air emissions. More advanced technology was installed in 1950 (silver nitrate reactors)
specifically to remove iodine- 131, further reducing the stack releases.

Radioactive stack emissions from the 100 Area reactor facilities represented a minor contribution
to the total releases. High-efficiency particulate air (HEPA) filters were used upstream of the
reactor stacks to reduce the discharge of particulate contaminants. The 100-N Area reactor also
used charcoal filtration on its air discharges. As stated previously, the majority of air emissions
from 100 Area facilities occurred from 1944 until the last of the single-pass reactors was shut
down in 1972. The remaining reactor, 100-N Area reactor, was shut down in 1989.

No radioactive stack releases from 300 Area operations were reported in Summary of
Environmental Contamination Incidents at Hanford 1952-1957 (HW-54636) or in
PNWD-2222 HEDR. These reports reviewed the historical releases to the atmosphere from
Hanford Site operations between 1944 and 1972. The 300 Area primarily supported fuel
fabrication processes and research activities and did not provide a major contribution to
radioactive airborne emissions on the Hanford Site.

Nonradioactive Air Emissions. Each of the operating areas had coal-fired and/or oil-fired
powerhouses to provide heat and steam that produced emissions typical of these types of
facilities. Chemical contaminant stack emissions from Hanford Site operations primarily
consisted of volatile organic compounds associated with solvents used in the 200 Area fuel
separation processes. There was no significant source of chemical emissions from the 100 Area
processes. Inorganic compounds such as metals were an insignificant component of
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stack emissions. Organic solvents and degreasers were used in the 300 Area fuel manufacturing
processes and produced a minor contribution of volatile organic compound emissions compared
to the 200 Area processes. Water scrubbers were also used to reduce chemical emissions from
the 300 Area facilities.

2.5 TRANSITION TO CLEANUP IN THE RIVER CORRIDOR UNDER CERCLA

This section summarizes the transition from plutonium production and fuels fabrication
operations to a cleanup mission within the River Corridor. This information provides the
rationale and basis for the cleanup process currently implemented in the River Corridor portion
of the Hanford Site.

2.5.1 Addition of Hanford Site to National Priorities List

Past nuclear production and processing at the Hanford Site released hazardous substances to the
environment and resulted in areas of contaminated soil and groundwater that pose a risk to

human health and the environment. Between 1985 and 1988, preliminary assessment/site
inspection (PA/SI) activities were completed to identify waste sites and prioritize the relative
hazards. Waste disposal information was collected through exhaustive reviews of literature and
maps, employee interviews, and visual inspection of all sites and unplanned releases. Results
were organized and sites were ranked with respect to potential environmental impacts in
accordance with a slightly modified version of the CERCLA hazard ranking system. The results
from this process provided information to support addition of the 100 and 300 Areas to the
National Priorities List (NPL).

2.5.2 Tri-Party Agreement

In anticipation of the NPL listing, the U.S. Environmental Protection Agency (EPA),
Washington State Department of Ecology (Ecology), and U.S. Department of Energy (together
referred to as the Tri-Parties) entered into the Hanford Federal Facility Agreement and Consent
Order (Tri-Party Agreement) (Ecology et al. 1989). The Tri-Party Agreement uses both
CERCLA and Resource Conservation and Recovery Act of1976 (RCRA) requirements to define
a framework for the characterization, evaluation, and remediation of waste sites and groundwater
at the Hanford Site. A listing of waste sites was included in Appendix C of the Tri-Party
Agreement.

2.5.3 Hanford Past-Practice Strategy

The conventional CERCLA process for establishing remedial action decisions required
conducting comprehensive characterization via remedial investigations (RIs), and preparing
baseline risk assessments, FSs, and final records of decision (RODs). In 1991, the Tri-Parties
adopted a "bias-for-action" approach to expedite the decision-making process and allow cleanup
actions in the River Corridor to begin as soon as possible. Known as the Hanford Past-Practice
Strategy (HPPS) (DOE/RL-91-40), this "bias-for-action" approach streamlined the
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RI/FS process to begin remediation of contaminated waste sites earlier than typically performed
under the traditional CERCLA process. The HPPS incorporated limited field investigations,
focused feasibility studies, qualitative risk assessments (QRAs), and allowed further site
characterization to proceed in tandem with waste site remediation. The waste sites with the
highest potential to contribute to contamination of groundwater and the Columbia River were
prioritized for the first remediation efforts. As opposed to a full baseline risk assessment, the
QRAs were performed using limited data and included an abbreviated quantitative risk analyses.
The approach outlined in the HPPS is consistent with later EPA initiatives developed to support
expedited cleanups, such as the Superfund Accelerated Cleanup Model (EPA/540/R-98/025) and
the RCRA Facility Stabilization Initiative (DOE/EH-231-076/0295r).

2.5.4 Investigation and Assessment Activities

Prior to the start of remedial actions, an adequate understanding of the contaminated areas was

necessary to support evaluation and selection of sound cleanup decisions and subsequent
remedial designs. This was accomplished through a series of investigation and characterization
activities that included the following:

* Technical baseline reports summarizing existing process and contamination information

* Limited field investigations (LFIs) conducted to collect additional characterization data and
support QRAs

* Focused feasibility studies (FFSs) prepared to select interim remedial actions.

The early characterization, field investigations, and assessments established a basis for action
and supported remedy evaluation and selection for waste sites included in the River Corridor.
Each of these activities is described in the following sections.

2.5.4.1 Technical Baseline Reports. Technical baseline reports were prepared for each
operating area and provided to DOE, regulatory agencies, and contractors with a "baseline" of
technical information related to operational processes and resulting contaminated waste sites.
Table 2-1 is a list of the technical baseline report prepared for each River Corridor operating
area. The information in the reports was based on evaluation of numerous Hanford Site reports,
drawings, and photographs supplemented with on-site inspections and interviews with
employees and other sources to provide first-hand knowledge of sites, facilities, and processes.
Intrusive field investigation or sampling was not a part of developing the technical baseline
reports.

Each technical baseline describes the industrial process history. Information includes years of
operation and intensity of use, as well as containment failure events, process improvements, or
research activities unique to a given area. The reports also contain descriptions of the types of
waste streams that resulted from the operations, with estimated volumes and suspected
contaminants. The reports contain maps and photographs of the facilities cited in the reports and
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information on the sampling for environmental monitoring conducted for each area. A detailed
description is provided for each waste site within each area, describing known contamination and
condition as of the time the report was written.

2.5.4.2 Investigation Work Plans. The technical baseline reports were used to prepare work
plan documents. The work plans provided the direction to conduct follow-on field investigations
to provide supplemental data. Table 2-2 lists the work plan documents for the River Corridor
source OUs.

2.5.4.3 Limited Field Investigations. The LFI reports completed for the 100 and 300 Area
OUs contained a compilation of site characterization data including information from historical
data compilation, nonintrusive investigations (e.g., geophysics), intrusive investigations
(e.g., boreholes), and the 100 Area aggregate studies (i.e., ecological, river water, and sediment
sampling) (DOE/RL-88-36, RCRA Facility Investigation/Corrective Measures Study Work Plan
for the 100-HR-3 Operable Unit, Hanford Site, Richland, Washington). The LFI reports
completed for River Corridor waste sites are listed in Table 2-3.

The LFIs recommended sites for interim remedial action and categorized them as high or low
priority. High-priority sites were considered to have the greatest potential to contribute to
contamination of groundwater and the Columbia River. The reports also provided a preliminary
summary of site characterization studies and identified contaminant-specific and
location-specific applicable or relevant and appropriate requirements (ARARs). The data
collection activities associated with the LFIs supplemented existing information to support
formulation of conceptual models, as well as performance of QRAs for each area.

2.5.4.4 Qualitative Risk Assessments. Site-specific information from the technical baseline
reports and the LFIs were used to prepare QRAs for specific waste sites in each of the operating
areas. The QRAs were combined into summary reports for each of the applicable OUs. The
QRA reports are listed in Table 2-4.

The QRAs were performed for the high-priority sites in each OU. Conservative assumptions,
such as highest reported contaminant levels from either the LFI or historical data from
Radiological Characterization of the Retired 100 Areas (UNI-946), were used in the QRAs. The
QRAs provided estimates of human health risks, assuming frequent use and occasional use, and
included considerations such as the attenuation of external dose provided by layers of clean
gravel fill that overlie many sites. The QRAs identified the human health risk to be primarily
from external exposure to the radionuclides cobalt-60, cesium-137, europium-152, and
europium-154. Ecological risks were also estimated for a single receptor, the great basin pocket
mouse.
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The high-priority sites were evaluated using the following criteria to help identify those
recommended for remedial actions:

* Magnitude of risk identified in the QRA
* Exceedance of a chemical-specific ARAR
* Potential to contaminate groundwater

* Insufficient information for conceptual model
* Multiple exposure pathways
* Expected natural attenuation and radioactive decay.

The QRAs were used to determine whether contaminant concentrations pose an unacceptable
risk that warrants remedial action and have been used to establish the basis for action for all
waste sites identified in the River Corridor interim action records of decision (IARODs) and
RODs.

2.5.4.5 Focused Feasibility Studies. The purpose of the FFSs performed in the 100 and
300 Areas was to support selection of interim remedial actions for sites within the OUs. The
100 Area Source Operable Unit Focused Feasibility Study (DOE/RL-94-6 1), Focused Feasibility
Study for the 300-FF-2 Operable Unit (DOE/RL-99-40), and Phase III Feasibility Study Report
for the 300-FF-1 Operable Unit (DOE/RL-94-49) reports provided the decision makers with the
information they require from the investigation activities for selection of remedial actions. The
FFSs developed site profiles for the high-priority waste sites (as identified in the LFI reports) and
made comparative analyses of the remedial action alternatives. Because a final land-use decision
had not been made at the time the remedies were being evaluated, the FFSs proposed baseline
assumptions to be used during analysis of remedial alternatives.

2.5.5 Cleanup Action Decisions

Under the HPPS, the Tri-Parties established cleanup actions through IARODs as summarized in
Table 2-5. The cleanup decisions in the IARODs were based on pre-existing knowledge of the
waste sites and similarities in types of waste sites and contaminants of potential concern among
the operational areas, supplemented by additional characterization from the LFIs. The IARODs
identify waste sites to be evaluated and specify the requirements for achieving protectiveness of
potentially exposed receptors, groundwater, and the Columbia River.

The selected remedy established for cleanup of waste sites in the River Corridor is remove, treat,
dispose (RTD). A fundamental assumption that supported the regulatory decision to select this
remedy was investigation information indicating that contaminant concentrations decrease with
depth, thereby making "source removal" the desired choice when measured against the CERCLA
feasibility study criteria. If contaminant concentrations did not decrease with depth, it is likely
that another remedial alternative (e.g., capping) would have been selected in place of RTD.
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The remedial action objectives (RAOs) stated in the IARODs are narrative statements that define
the extent to which the waste sites require cleanup. Remedial action goals (RAGs) are
contaminant-specific numerical cleanup criteria developed to guide the remedial actions to meet
the RAOs. The RAGs used in the IAROD process employed residential and industrial exposure
scenarios to evaluate risks from contaminants in soil. Cleanup levels in the 100 Area of the
River Corridor are based on a residential exposure scenario. Cleanup levels for the 300 Area are
based on a mix of residential and industrial exposure scenarios. Remedial action goals related to
radiation dose were calculated in the IAROD process using the RESidual RADioactivity
(RESRAD) computer code. Remedial action goals related to chemical cancer risk and hazards
were based on screening models of the Model Toxics Control Act (MTCA) in the 1996
Washington Administrative Code (WAC) Part 173-340.

The IAROD RAGs were based on two different risk models. The RAGs for chemical
constituents were based on the direct-contact MTCA chemical soil cleanup levels based solely
on inadvertent soil ingestion. The RAGs for radionuclide constituents were calculated using
RESRAD and included additional exposure pathways. The differences between the risk models
for the chemical and radionuclide RAGs were greatest for the residential scenario, where the
RESRAD calculation addressed exposure via home-grown foodstuffs (e.g., produce, beef, and
milk).

2.6 IMPLEMENTATION OF SOURCE CLEANUP ACTIONS

This section summarizes the process for implementing and verifying source cleanup actions at
waste sites in the river corridor. The RTD remedy selected in the IARODs is implemented using
the "observational approach." The observational approach allows remediation to proceed under
a set of assumptions called a "conceptual model," which describes operational and contamination
characteristics of a given waste site based on known characteristics of analogous, or similar,
sites. During remediation, the assumptions of the conceptual model are continually evaluated,
and the approach for implementing the remedy is reassessed or refined as appropriate. Processes
for identifying new waste sites and adding them to existing cleanup actions are also described.

Figure 2-8 shows a summary of the CERCLA process as it is being implemented for the
River Corridor. Current activities are shown as Steps 4 and 5.

2.6.1 Excavation and Disposal

The RTD remedy presented in source operable unit IARODs requires removal of wastes,
treatment (as necessary), and subsequent disposal at the Environmental Restoration Disposal
Facility (ERDF) or other approved facilities. The RTD remedy requires excavation of
contaminated soil and debris to the extent required to meet established cleanup levels. For
engineered structures such as a burial ground or landfill, the entire structure and its contents must
be excavated. Excavation following removal of the engineered structure must continue to the
extent required to meet established cleanup levels.
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Figure 2-8. CERCLA Process as Implemented for the River Corridor.
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At waste sites that contain a heterogeneous mixture of soil and debris (such as a solid waste
burial ground), it is possible to segregate and set aside material that meets established cleanup
levels for potential use as backfill material. If information gathered during the course of
excavation suggests source removal to meet established cleanup levels is not practical or another
remedy is more appropriate, an ESD or amendment to the IAROD must be issued before
implementing a modification to the established cleanup approach.

Engineering designs for implementation of the RTD remedy at individual waste sites are
intended to reflect all potential contaminants that may have been carried through engineered
structures, direct buried, or released to the soil. In addition, source unit actions are designed to
protect groundwater as a potential drinking water source regardless of the presence of existing
groundwater contamination or controls preventing use that may be prescribed by the IAROD or
ROD. Based on observation of waste and debris removed from the waste site during
implementation of the remedial design, additional contaminants may be identified that must be
considered for excavation and site closeout (including groundwater impacts).
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Observation, monitoring surveys, field screening, and laboratory analytical data demonstrate that
the interim cleanup goals have been met.

A majority of the contaminated soil and debris that is removed during the excavation
process is transported to the ERDF for disposal. Some of the waste must be treated
(e.g., macroencapsulated) prior to disposal at the ERDF. Waste streams that cannot meet the
ERDF acceptance criteria are packaged and sent to other approved onsite or offsite disposal
facilities.

2.6.2 Confirmatory Process for Selected Waste Sites

Some waste sites in the River Corridor lack the process knowledge or data to make a decision on
whether or not cleanup actions are required in accordance with the existing RTD remedy. These
waste sites are identified as "remaining sites" or "candidate sites" in the 100 Area and 300 Area
decision documents, respectively. Remaining sites and candidate sites undergo a confirmatory
sampling process as an intermediate step to support making cleanup decisions.

The confirmatory process involves development of a site-specific sample design to obtain
additional characterization information. Each sample design is submitted by DOE for approval
by the lead regulatory agency. Once samples are collected and associated results are evaluated,
cleanup decisions are made. Sites that exceed the IAROD cleanup standards are "plugged in" to
the existing RTD remedy and addressed as described in Section 2.6.1. Sites that meet the
IAROD cleanup standards without further action are typically reclassified as "no action" in
accordance with the verification and site reclassification process described in the following
section.

2.6.3 Verification of Cleanup Actions and Site Reclassification

Once a remedial action at a waste site is complete, cleanup verification packages (CVPs) or
remaining sites verification packages (RSVPs) are prepared to document completion of cleanup
actions in accordance with the applicable decision document and support waste site
reclassification as defined in RL-TPA-90-000 1, Tri-Party Agreement Handbook Management
Procedures, Guideline Number TPA-MP-14, "Maintenance of the Waste Information Data
System (WIDS)." Definitions for the different reclassification categories identified by
TPA-MP-14 are presented in Table 2-6.

In order to verify that an individual waste site meets the cleanup levels in the ROD, samples are
collected in accordance with regulator-approved sample designs and analyzed in a laboratory.
Residual concentrations for waste site contaminants of concern (COCs) are then evaluated to
verify that the site does not pose an unacceptable risk to human health, the environment,
groundwater, and the Columbia River.

Part of the closeout documentation includes the results from modeling to predict the future
migration of COCs through the soil column and into groundwater. To meet the criteria for
reclassification, all source waste sites must be shown through predictive modeling to be
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protective of groundwater unless an alternative endpoint is agreed to with appropriate
documentation (e.g., ESD or amendment to the applicable ROD). Consequently, any
contamination remaining at source waste sites following remediation will not present an adverse
impact on underlying groundwater and protectiveness of source units can be demonstrated
independent of the remediation status for existing groundwater plumes.

Site-specific data evaluations and conclusions are presented in CVPs and RSVPs. A
protectiveness statement is included in the CVP or RSVP that supports reclassification of the site
from "Accepted" to "Closed Out," "Interim Closed Out," or "No Action." All reclassification
actions are approved by DOE and the lead regulatory agency. In some instances where waste
will remain at the site after cleanup actions are completed, there is also a requirement to maintain
some level of institutional control.

2.6.4 Backfill and Revegetation

Excavated waste sites are backfilled to match the surrounding contours with clean fill from an
approved borrow pit or approved overburden that meets cleanup levels. To promote the
reintroduction and colonization of native species, remediated upland waste sites were revegetated
with the goal of reestablishing sagebrush/Sandberg's bluegrass communities with a mixture of
other native grasses and forbs adapted to rocky soils and arid conditions. Following vegetation,
the initial plant varieties, density, and species diversity may not be the same as an
undisturbed area. However, as the restored plant communities mature, improvements in plant

coverage provide important habitat for native wildlife species.

2.6.5 Ongoing Waste Site Identification

A fundamental assumption to the River Corridor cleanup program is that site risks are associated
predominantly with locations where waste management/disposal activities or other
environmental releases have occurred. These locations are identified as waste sites. An
inventory of known and potential waste sites has been maintained in the WIDS database since
the early 1980s. The WIDS list for the Hanford Site has grown to more than 2,800 sites, both
within the areas where plutonium production and research operations occurred and in areas of
lower intensity use. Cleanup activities conducted to date provide real-time information and data
to support the process of identifying waste site locations in the River Corridor. In addition,
processes have been established to address new discoveries when identified.

Waste site identification activities in the River Corridor fall into two categories: systematic and
observational. Various systematic programs have been conducted at different times, while
observation-based identification activities can happen at any time and will continue into the
future. The following sections describe systematic and observational methodologies for
identifying waste sites.

2.6.5.1 Orphan Site Evaluations. The most current systematic program in the River Corridor
consists of a series of ongoing investigations that were initiated in 2004 to identify potential new
waste sites that may have been overlooked. These investigations, called "orphan site

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 2-31



DOE/RL-2007-21

Site Background and Cleanup Activities Rev. 0

evaluations," supplement past systematic efforts that identified source waste sites and are a
systematic approach to evaluate land parcels in the River Corridor to ensure that all waste sites or
releases requiring characterization and cleanup have been identified. Information collected
through these evaluations also supports elements of the CERCLA Section 120(h)(4), Federal
Property Real Disposal Process, requirements for review and identification of uncontaminated
property at federal facilities.

Two of the key elements that make up an orphan sites evaluation include a historical review and
field investigation.

* Historical review: Review historical information (documents, photographs, drawings,
geophysical surveys, etc.) associated with facilities, piping systems, operational processes,
and waste sites to identify potential orphan sites and target areas for field investigation.

* Field investigation (operational areas): Conduct a systematic walking survey of
operational areas to document potential orphan sites (field-based observation) and to follow
up on potential orphan sites identified from historical review. Geophysical surveys also may
be conducted in target areas as part of the field investigation. Walking surveys are conducted
on a 30- by 30-m (98- by 98-ft) reference grid system. Hand-held global positioning system
units and digital cameras are used to record locations and information for observed items.

* Field investigation (nonoperational areas): A graded approach is used for the regions
between the operational areas. Digital high-resolution aerial photographs and light detection
and ranging imagery of the River Corridor were collected in 2008 and are used to conduct
"virtual walkdowns" of the areas. Based on results of these "virtual walkdowns," areas are
selected to conduct walking surveys consistent with the approach for operational areas
(e.g., 30- by 30-m reference grid system). Vehicle surveys along accessible roads and utility
easements are also part of the field investigation.

Results of the evaluations are reviewed with participation from the regulatory agencies and are
summarized in an orphan site evaluation report. Following completion of the orphan sites
evaluation for a given area, new waste sites identified by the process are "plugged in" to an
appropriate interim action ROD for subsequent characterization and remediation. If one or more
of the new waste sites does not meet the criteria for "plug in" under the provisions of an existing
ROD, the Tri-Parties will determine the regulatory strategy for selecting cleanup actions under
an appropriate decision document.

2.6.5.2 Observation-Based Waste Site Discoveries. In addition to the systematic processes
that have been conducted in the River Corridor to identify waste sites, observation-based
discoveries can lead to identification of new waste sites (often referred to as discovery sites).
These discoveries are a planned and expected element of the observational approach-based
cleanup actions. Demolition and removal of retired facilities, cleanup of existing waste sites, and
routine monitoring or area management activities provide new opportunities for discovery of
potential waste sites. Discoveries can occur at any time and may be identified by any individual.
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Observation-based discoveries that become waste sites typically are added to the scope of
existing interim action RODs in the same way as sites identified through the systematic
processes. The opportunities for these discoveries will continue throughout cleanup of the
River Corridor, including activities conducted after final RODs are issued.

2.6.6 Groundwater Cleanup Actions

The goal of groundwater cleanup actions is to restore groundwater to drinking water standards
and to ensure that aquatic life in the Columbia River is protected by achieving aquatic water
quality standards at groundwater discharge points to the river. It is intended that these objectives
be achieved, unless technically impracticable, within a reasonable time frame. In those instances
where remedial action goals are not achievable in a reasonable timeframe or are determined to be
technically impracticable, programs will be implemented to prevent further migration of the
plume, prevent exposure to contaminated groundwater, and evaluate further risk reduction
opportunities as new technologies become available.

Unlike the source units, where interim cleanup actions are designed to address all potential
contaminants for each waste site, the interim actions for groundwater address contaminants that
were considered to be principal threats to public health and the environment. In the 100 Area,
chromium and strontium-90 were identified as principal threats to the Columbia River and are
the subject of ongoing response actions. Principal groundwater contaminants in the 300 Area
include tritium and uranium.

Multiple groundwater treatment systems are in place to remediate groundwater plumes that
threaten the Columbia River. The principal cleanup remedy for groundwater in the
River Corridor is pump and treat. Contaminated groundwater is extracted from the plume using
a series of wells and processed through an external treatment system designed to remove target
contaminants. The resulting "clean" groundwater is then pumped back into the aquifer using a
series of "injection" wells. A network of monitoring wells is sampled periodically and results
are used to track plume migration and progress of the cleanup actions.

The DOE is also conducting various new technology treatment tests to explore the application
and effectiveness of using the following:

* Adding organic nutrients to the aquifer to stimulate native bacteria, which act to remove
contaminants from the groundwater

* Adding nontoxic chemicals (e.g., phosphate) to the aquifer to trap contaminants, rendering
them immobile

* Injecting micron-size or smaller iron particles to the aquifer to immobilize contaminants

* Adding apatite, a stable mineral found in teeth and bones, to adsorb and hold contaminants,
preventing further migration
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* Introducing a strong reducing chemical, such as calcium polysulfide, into the aquifer to
change contaminants to a less mobile and less toxic form

* Plants to extract and/or sequester soil contaminants.

2.7 OVERVIEW OF RIVER CORRIDOR CONDITIONS

The following sections provide a summary of the current conditions of the River Corridor. As
previously stated, the current condition of the River Corridor is composed of a combination of
remediated waste sites, yet-to-be remediated waste sites, and nonoperational areas where historic
information and other studies indicate there were no direct releases of hazardous substances
posing a threat to human health or the environment. Unless specified, current conditions in the
River Corridor are represented by the conditions present when the RCBRA work plan
(DOE/RL-2004-37, Risk Assessment Work Plan for the 100 Area and 300 Area Component of
the RCBRA) was written. The work plan and ensuing planning documents defined the scope of
the project based on the extent of remediation and characterization that was complete at the time.
This corresponds to roughly the end of 2005.

2.7.1 Facilities and Reactors

Final remediation of the River Corridor includes decommissioning and demolition of the
structures and facilities at the operational areas. Following demolition and disposition of any
below-grade structures, the facility footprint is verified to meet the cleanup requirements of the
IARODs and closed out. In some cases, contaminated structures and soil beneath a structure are
established as discrete waste sites and remediated according to the process previously described.

Table 2-7 presents a summary of the current conditions for the reactor facilities in the
River Corridor. Five of the nine production reactors have been put in ISS awaiting final
disposition. The ISS includes decontamination of reactor structures, reduction of the reactor
footprint through decommissioning, and construction of a safe storage enclosure (SSE) over the
reactor core to prevent deterioration and release of contamination for up to 75 years. The DOE
currently plans to implement ISS followed by deferred one-piece removal as the final disposition
alternative for the surplus reactors. Three production reactors (105-N, 105-KW, 105-KE) are
currently being put in ISS condition. One reactor, 105-B, is currently designated as a national
historic landmark and is planned for extended preservation.

To date, approximately 300 support facilities and structures in the River Corridor have been
decommissioned and demolished. The demolition debris has been disposed in approved disposal
facilities. At the current time, about 300 facilities and structures in the River Corridor remain to
be decommissioned and demolished.
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2.7.2 Waste Sites

Since the establishment of the 100 and 300 Areas on the NPL, waste sites have been identified
and evaluated following the processes that were previously described in Sections 2.5 and 2.6.
An inventory of waste sites has been developed and is maintained in the WIDS.

Under the observational approach, large-scale cleanup began in the River Corridor in the
mid-1990s. The soil and waste sites with the highest potential to contribute to contamination of
groundwater and the Columbia River were prioritized for the first remediation efforts.
After nearly 13 years of waste site cleanup in the River Corridor, DOE is part way through the
work that is planned under the interim action RODs and the Tri-Party Agreement. Cleanup
actions at hundreds of waste sites have been completed. Much has been learned from the work
that has been conducted, which has included excavation of large liquid waste disposal sites,
burial grounds and landfills, and unplanned releases (spill sites). More than 8 million tons of
contaminated soil and debris have been excavated and disposed at the ERDF. Hundreds of
wastes sites remain that are scheduled to be addressed in the next several years, with a majority
of the cleanup work in the River Corridor anticipated to be complete by 2015.

Early cleanup actions have helped sharpen the focus of data collection efforts in recent years to
fine tune remedial actions. Efforts to understand the nature and extent of contamination beyond
the areas adjacent to reactors have been extensive and have demonstrated that the focus of early
actions on waste sites associated with reactor areas has been instrumental in addressing the
highest priority environmental risks. The Tri-Parties are at a point in the River Corridor cleanup
process to begin the transition from interim actions to final cleanup actions, using the RI/FS
process.

2.7.3 Identification of New Waste Sites

Orphan site evaluations began in the River Corridor in 2004 and have been completed for the
entire geographical area of the River Corridor. Through this systematic process, over 200 new
waste sites have been identified. These new waste sites have been added to the WIDS inventory
using the TPA-MP-14 process and have been "plugged in" to the applicable RODs based on their
location for future characterization and cleanup. In addition, observation-based discovery of new
waste sites will continue as demolition and cleanup actions are conducted in the River Corridor.

2.7.4 Groundwater Cleanup

Table 2-8 identifies the groundwater OUs with remedial actions, the type of remedy, and status.
These actions are expected to continue until RAOs are achieved or subsequent decisions are
made that set final groundwater restoration requirements. Four large pump-and-treat systems are
operated at the 100-K, 100-D, and 100-H Areas to remove hexavalent chromium from the
underlying groundwater. To date, over 7.6 billion L (2 billion gal) of groundwater have been
treated, removing nearly one ton of hexavalent chromium from the aquifer. Other technologies
have included tests of biostimulation, electrocoagulation, calcium polysulfide injection, and
in situ Redox manipulation treatment.
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Treatment technologies at 100-N Area are being tested to slow migration of strontium-90
contamination to the Columbia River. Technologies include developing an apatite mineral
barrier between the contamination source and the Columbia River to absorb and retain the
strontium-90. Also, stands of coyote willow (Salix exigua) are being tested as a method for
localized removal of strontium-90 near the river.

Current actions in the 300 Area include monitoring the conditions while natural processes act on
the levels of tritium and uranium contamination in the groundwater. Other potential treatment
technologies are also being investigated.

2.7.5 Land Use

Current land use in the River Corridor consists of waste management, environmental monitoring,
soil and groundwater remediation, and conservation and restoration activities. Present-day
exposure is limited primarily to Hanford Site employees and contractors and is controlled by
access restrictions.

The DOE's reasonably anticipated future land use is predominantly conservation/preservation in
the River Corridor's 100 and 600 Areas. The likely human receptors in these areas are part-time
users of the land and could include recreational users, tribal users, and monument workers.
In the 300 Area, DOE's reasonably anticipated future land use is industrial and the likely human
receptors could include recreational users, tribal users, and industrial workers.

The Tri-Parties have participated in multiple discussions with the many affected parties
regarding reasonably anticipated future land use. That input, including advice from the Hanford
Advisory Board, and other considerations presented in EPA's OSWER Directive No. 9355.7-04,
Land Use in the CERCLA Remedy Selection Process, for land-use planning will be used by the
Tri-Parties to support final remedy selections. The Hanford Comprehensive Land-Use Plan
(CLUP) (DOE/EIS-0222-F, Hanford Comprehensive Land-Use Plan Environmental Impact

Statement) also provides information on reasonably anticipated future land use. Figure 2-9
shows anticipated future land use as designated by the CLUP.

2.7.5.1 National Monument Designation. The stretch of the Columbia River flowing through
the Hanford Site is referred to as the Hanford Reach. It is a major nontidal, free-flowing stretch
of the Columbia River. The river, islands, gravel bars, sloughs, riparian areas, and dune field of
the Hanford Reach provide a variety of habitats that are now rare along the Columbia River due
to the extensive reservoir system, development, and agriculture. Since 1943, DOE (or its
predecessor federal entities) has held title to the lands that make up the Hanford Reach.
Administration of this unit is multi-jurisdictional and complex, with the U.S. Fish and Wildlife
Service (FWS), Bureau of Land Management, DOE, and various state and local agencies each
playing specific roles.
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Figure 2-9. National Monument Boundaries and Future Land Use
Designated by the Comprehensive Land-Use Plan.
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In 1994, the National Park Service completed the Hanford Reach of the Columbia,
Comprehensive River Conservation Study and Environmental Impact Statement (NPS 1994).
This study evaluated outstanding features of the Hanford Reach and provided recommendations
on alternatives for protecting the features. The associated ROD recommended designating the
Hanford Reach and approximately 41,279 ha (102,000 ac) of adjacent lands as a National Wild
and Scenic River and a National Wildlife Refuge, respectively (DOI 1996). In 2000, Presidential
Proclamation 7319 was signed, creating the Hanford Reach National Monument to be managed
by the FWS and DOE (65 FR 37253). The Monument was established for the purpose of
protecting the biological, historic, and scientific objects contained within.

The Hanford Reach National Monument consists of an 82.1-km (51 -m)-long unimpounded
stretch of the Columbia River and federally owned land on either side of the river with an
average width of 402 m (1,320 ft). The boundaries of the Hanford Reach National Monument,
as presented in the proclamation, are shown in Figure 2-9. They encompass approximately
78,917 ha (195,000 ac). The Monument encompasses approximately 793 km2 (306 mi2) of lands
already owned by the federal government that had previously been designated for preservation or
conservation under the CLUP (DOE/EIS-0222-F). To support continued protection of natural
and cultural resources, the proclamation stated that the Monument would not be developed for
residential or commercial use in the future (65 FR 37253).

The majority of the Monument is managed by FWS through a Permit and Memorandum of
Understanding granted by DOE (in 2001). The portion of Monument lands that are managed by
FWS are included in the Hanford Reach National Monument Comprehensive Conservation Plan

and Environmental Impact Statement (FWS 2008). The remaining Monument lands that are
managed by DOE are undergoing or supporting environmental cleanup.

2.8 EVALUATION OF CURRENT CLEANUP LEVELS

The risk information from the QRAs was used to establish IAROD cleanup levels that met the
RAGs. Cleanup levels for radionuclides were based on a maximum dose of 15 mrem/yr above
background. Cleanup levels for nonradionuclides were based on attaining MTCA regulation soil
cleanup levels. The cleanup levels were established at levels that were protective of the human
health exposure scenarios. These cleanup levels were anticipated to also be protective of
ecological receptors. One of the goals of the RCBRA ecological risk assessment is to evaluate
whether remediation completed under the current IARODs is protective of ecological receptors.

Table 2-9 shows a comparison of current residential and industrial IAROD cleanup levels for
chemical analytes evaluated in the RCBRA ecological risk assessment with current ecological
screening values. The current cleanup levels established in the IARODs are based on human
health exposure parameters developed in the QRAs or RI/FS documents. Cleanup levels in the
100 Area IARODs are based on residential or unrestricted land use. Cleanup levels in the
300 Area IARODs are based on industrial or restricted land use, with the exception of eight
outlying sites, which are subject to unrestricted land-use cleanup levels.
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The ecological screening values shown are soil-screening concentrations obtained from
Washington State cleanup regulations and EPA guidance documents. Applicable soil
background levels are also shown where they are available. In many cases, the ecological soil
screening values are lower than the IAROD cleanup levels, shown in Table 2-9 by light shading.
Table 2-9 also shows that some of the ecological screening values may not be attainable because
they are lower than background levels. Chemicals that have screening values greater than or
equal to background levels and are lower than IAROD cleanup levels are shown in Table 2-9 by
darker shading. These cases indicate chemicals where current IAROD cleanup levels may not be
protective of ecological receptors, although ecological screening values are not considered actual
cleanup levels.

Chemicals shown in Table 2-9 were evaluated for each environmental zone (Section 4.0, Upland;
Section 5.0, Riparian; Section 6.0, Near-Shore) of the conceptual site model to determine if
residual concentrations pose a potential risk to receptors in that environment. Chemicals that
indicate a potential for ecological risk were further evaluated in Section 8.0. In Section 8.0,
ecological preliminary remediation goals (PRGs) are developed for chemicals determined to
pose a risk to the environment. The PRGs are based on literature studies and field data to be
protective of specific receptors evaluated in this report.

Table 2-10 shows a comparison of current 100 and 300 Area IAROD cleanup levels for
radionuclides evaluated in the RCBRA ecological risk assessment with the radionuclide-specific
biota concentration guide (BCG) for terrestrial wildlife used for ecological screening. As
previously stated, the current cleanup levels established in the 100 and 300 Area IARODs are
based on human health exposure parameters developed in the QRAs. Cleanup levels in the
100 Area IARODs are based on residential or unrestricted land use. Cleanup levels in the
300 Area IARODs are based on industrial or restricted land use, with the exception of eight
outlying sites which are subject to unrestricted land-use cleanup levels.

The radiological screening values shown are soil screening concentrations obtained from
A Graded Approachfor Evaluating Radiation Doses to Aquatic and Terrestrial Biota
(DOE-STD-1 153-2002). Applicable soil background levels are also shown where they are
available. Values for terrestrial wildlife are used in this comparison because terrestrial wildlife
have the most restrictive BCGs and are considered the limiting ecological receptor. The last
column on the table shows the ration of the most restrictive IAROD cleanup level to the
terrestrial wildlife BCG. Values greater than 1 indicate the BCG is higher than the IAROD
cleanup level.

As can be seen on the table, the BCGs for the radionuclides are consistently above current
cleanup levels in the 100 and 300 Area IARODs. In addition, the summation of the ratio of the
most restrictive cleanup level to the BCG (sum of the fractions) for terrestrial wildlife is also
shown in the table as well as the total dose (rad/day) for all of the radionuclides. The sum of the
fractions is less than 1.0 and the total dose is less than 0.1. This indicates that cumulative
exposure from the radionuclides evaluated is also below applicable dose limits for terrestrial
wildlife. The table shows that current radiological cleanup levels established under the 100 and
300 Area IARODs for radionuclides are protective for terrestrial wildlife receptors.
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Since terrestrial wildlife are considered the most sensitive ecological receptor, the IAROD
cleanup levels for radionuclides can be considered protective of ecological receptors.

Radionuclides shown in Table 2-10 will be evaluated for each environmental zone
(Section 4.0, Upland; Section 5.0, Riparian; Section 6.0, Near-Shore) of the conceptual site
model to determine if residual concentrations pose a potential risk to receptors in that
environment. If any radionuclides indicate a potential for ecological risk, they will be further
evaluated in Section 8.0. The goals Eco PRGs are not expected to be needed for radionuclides as
current cleanup levels based on protection of human health are sufficiently low to protect the
most sensitive ecological receptors.

Final remedy selection (development of final RODs) must be completed in order for the NPL
CERCLA sites in the River Corridor to reach final closeout. Although interim remedial
measures are intended to achieve remedies that are likely to lead to a final ROD, final remedy
decisions could potentially be different than those identified by the IARODs. This RCBRA
ecological risk assessment and the companion human health risk assessment provide an
evaluation of ecological and human health risk from residual contamination at waste sites
remediated under the IARODs, yet-to-be remediated waste sites, and environmental media in the
nonoperational areas. The site-specific risk information provided by the RCBRA will be used to
support final RODs for the River Corridor.
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3.0 ECOLOGICAL RISK ASSESSMENT APPROACH

The ecological risk assessment approach is based on an overall conceptual site model (CSM), as
described below, that summarizes what is known about site conditions including the location of
contamination sources and a description of transport and exposure pathways through various
environmental media that may be important in evaluating potential exposure to ecological
receptors. This section of the report provides an overview of the approach for evaluating the
potential for ecological risks based on exposure to contaminants present in all portions of the
River Corridor.

Development of an appropriate CSM, which can include updates as new information becomes
available, ensures that all relevant exposure media and receptors are considered in the ecological
risk assessment. The CSM also provides a basis for conclusions regarding the adequacy of
available environmental data to support assessment of potential risk to ecological receptors. The
CSM is used in the screening-level ecological risk assessment (Ecological Risk Assessment
Guidancefor Superfund [ERAGS] Steps 1 and 2) and refined in the baseline ecological risk
assessment (ERAGS Steps 3 through 7) (see Figure 1-6).

This section of the report describes the following as background for the more detailed portions of
the risk assessment presented in later sections:

* Conceptual Site Model (Section 3.1)
* River Corridor Assessment Approach (Section 3.2)
* Screening-Level Ecological Risk Assessment (ERAGS Steps 1 and 2) (Section 3.3)
* Baseline Ecological Risk Assessment (ERAGS Steps 3 through 7) (Section 3.4).

3.1 CONCEPTUAL SITE MODEL

The environment in the River Corridor includes three different settings or habitats, which are
called upland, riparian, and near-shore aquatic. Risks to plants and animals are possible within
these environments if contaminants are present. There is also potential for exposures and risks to
wide-ranging wildlife across these settings; for example, if the animals move from upland to
riparian. These wildlife species are referred to as experiencing "broad-scale exposures." The
100 Area and 300 Area Component of the RCBRA Sampling and Analysis Plan (RCBRA SAP)
(DOE/RL-2005-42) was designed based on these settings and includes a variety of assessment
endpoint entities and associated measures. The U.S. Environmental Protection Agency (EPA)
guidance (Guidelinesfor Ecological Risk Assessment, EPA/630/R-95/002F) defines assessment
endpoints as explicit expressions of the actual environmental values (e.g., ecological resources)
that are to be protected (EPA/630/R-95/002F). The measures include field, laboratory, and
literature information on the potential for adverse effects for the contaminants evaluated in this
report. This section provides an overview of the generalized CSM for the River Corridor; a more
specific CSM is presented for each of the three environments in Sections 4.0, 5.0, and 6.0.
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3.1.1 Environmental Setting

The environmental setting can be described by the contaminant source areas in the three
environments and pathways for contaminant transport and fate. The resulting potentially
affected areas and receptors are briefly described below.

3.1.1.1 Upland Environment. The upland environment is the largest environmental zone of the
River Corridor and consists of land above the main channel of the Columbia River. The upland
environment is generally dry, not readily influenced by river flow, and depends largely on
precipitation for its water supply. The upland environment includes areas where Hanford Site
operations are known to have released hazardous substances that pose a threat to the environment
(waste sites) and large areas of land not directly associated with Hanford operations that are not
anticipated to be impacted by Hanford releases. The nonoperational areas in all environments
also contain some localized areas that have been potentially affected by releases of hazardous
substances including non-Hanford related sources such as early agricultural activities.

3.1.1.2 Riparian Environment. The riparian environment is an area of transition between the
aquatic and upland ecosystems. The riparian zone along the River Corridor extends from the
shoreline of the Columbia River to the point on the riverbank where upland vegetation becomes
dominant. The riparian zone is typically narrow and varies in width between the reactor areas,
depending on the slope of the riverbank. The riparian environment is typically a nonoperational
area, but contains some areas that have been potentially affected by release of hazardous
substances from the Hanford operating areas. Most of these areas that are potentially affected
include locations where groundwater emerges (e.g., groundwater that was contaminated by
migration from upland releases or from areas that were influenced by historical operations
through migration of contaminants). D-Island represents a special riparian environment
considered in the RCBRA that has been potentially affected by Hanford Site releases from
effluent pipelines. The riparian environment has also been potentially affected by
non-Hanford-related sources such as upstream mining and agricultural activities.

3.1.1.3 Near-Shore Environment. The Columbia River is the dominant aquatic ecosystem on
the Hanford Site and supports a large and diverse community of plankton, benthic invertebrates,
fish, and other communities. The near-shore environment consists of a narrow band of the
Columbia River shoreline and aquatic environment adjacent to the riparian zone. The near-shore
river environment adjacent to the Hanford Site shoreline is shallow with a mixture of boulders,
cobbles, and gravel substrate. The main channel of the Columbia River follows the left shoreline
across from the Hanford Site through much of the Hanford Reach.

The near-shore aquatic zone evaluated by the RCBRA includes the surface water of the
Columbia River from the area that is permanently inundated by river water, extending from the
low-water mark into the river to a water depth of approximately 2 m (6 ft). The near-shore
environment is a nonoperational area but contains some areas that have been potentially affected
by release of hazardous substances from the Hanford operating areas. This area is potentially
impacted by contamination from emerging groundwater that has been affected by releases from
Hanford operations. River-effluent pipelines that extend into the river channel represent a
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special set of potentially affected structures in the near-shore environment considered in the
RCBRA. Like the riparian environment, the near-shore environment has also been potentially
affected by non-Hanford related sources such as upstream mining and agricultural activities.

3.1.2 Potential Ecological Exposure Pathways

This section provides an overview of the ecological conceptual models of contaminant transport
and exposure for the RCBRA. For an ecological exposure pathway to be considered complete, it
must contain a contaminant source, contaminated media, a route of exposure, and a receptor
(EPA/540/R-97/006). Contaminant sources in the River Corridor historically included solid and
liquid wastes generated by Hanford Site reactor operations, as described in Section 2.4. In
addition to the waste sites in the upland environment, this risk assessment evaluated the potential
for ecological exposure to contaminants that may have come to be located in the riparian and
near-shore river areas of the Hanford Site. The mechanisms by which media and receptors
outside the immediate vicinity of waste sites can be adversely affected by contamination are
discussed in this section; it also identifies potentially complete ecological exposure pathways due
to contact with specific exposure points by the ecological receptors found within each of these
zones. The pathways are identified in accordance with risk assessment guidance
(EPA/540/R-97/006), as well as site-specific information for the Hanford Site.

A general understanding of the construction and operation of site facilities and recent remedial
actions is relevant for interpreting the potential for ecological risks from remediated and
yet-to-be-remediated waste sites. The waste sites were located in the upland environment and
consisted primarily of engineered features including cribs, trenches, ponds, and burial grounds.
These features are described in more detail in Section 2.0. Remediation of most of these sites
involved excavating contaminated soil and debris. The depth of excavation depended on the
depth at which the cleanup criteria were met, the depth of the original engineered structure
(if present), and the depth at which the cleanup criteria were met. Excavated waste sites were
tested to verify that interim action record of decision (IAROD) cleanup levels were met and then
backfilled to the same grade as the surrounding ground surface.

The contamination at some of the waste sites consisted only of surface structures and debris. For
these sites, remediation involved removal of the surface structures, debris, and testing to ensure
that IAROD cleanup levels were met.

Removal of contaminated materials resulted in greatly reducing the concentrations of
contaminants at all remediated waste sites (excavated or surface debris). The residual
contamination remaining is at levels protective of human health and groundwater, as described in
the IARODs. The yet-to-be-remediated waste sites are still pending cleanup actions and will be
remediated as prescribed by the IARODs in parallel with development of final cleanup actions
through the remedial investigation/feasibility study (RI/FS) process. Once final decisions are
established, cleanup actions completed under the IARODs will be evaluated.

For the purpose of the risk assessment, locations within the upland, riparian, and near-shore
aquatic zones where plants or animals may be exposed to contaminated media are treated as
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"exposure areas." The conceptual exposure models for the RCBRA include waste sites located
in upland areas and pathways associated with past releases into locations in riparian and
near-shore areas where complete exposure pathways to biota may exist. Sampling locations
were generally selected to optimize the potential for detecting residual contaminants and effects.

To simplify the conceptualization of the exposure routes across the three study zones, one model
was developed to represent the upland zone (Figure 3-1) and another to represent the combined
riparian and near-shore aquatic zones (Figure 3-2). General descriptions of the contaminant
sources and migration pathways within each study zone are provided below. The ecological
exposure modeling conducted for the RCBRA is at times localized to a specific zone. At other
times it integrates inputs from two or three ecological zones depending on the home ranges of the
receptors being evaluated, their habitat requirements, and the food sources of the selected
receptors.

3.1.2.1 Upland Zone Exposure Pathways. The primary release mechanisms in the upland
zone instrumental in transporting the contaminants from the source through environmental media
and, in turn, to potential receptors include infiltration, percolation, and subsequent leaching of
contaminants from deep soil to groundwater. In addition, generations of dust emanating from the
soil surface to ambient air from wind and direct irradiation from soil containing radioactive
contaminants also represent exposure pathways. Erosion and fluvial transport of contamination
in surface soil is also a viable transport pathway at some upland sites.

Secondary media may become contaminated through transport pathways such as biotic uptake
from soil or groundwater. These secondary contaminated media, in turn, may be contacted or
consumed by receptor species contributing to the following ecological exposure routes identified
for the upland zone:

* Dermal contact with contaminated soil

* Uptake or absorption of soil-bound contaminants

* Exposure of terrestrial vertebrates, invertebrates, and plants to external radiation emitted by
contaminated soil

* Incidental or intentional ingestion of contaminated soil or biota

* Inhalation of contaminated dust or volatilized contaminants.
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The upland ecological exposure routes that were quantified in the ecological risk assessment
include ingestion of potentially contaminated soil and biota. Upland receptors can also access
surface water from the river for drinking. Exposure from external radiation is considered by
comparing soil concentrations to radionuclide-specific biota concentration guidelines. While
there is a potentially complete exposure pathway via inhalation of fugitive dust and dermal
contact with chemicals, these are generally considered minor exposure routes for ecological
receptors (OSWER 9285.7-55). Environmental media evaluated in the upland zone included
shallow zone soil (0 to 4.6 m [0 to 15 ft] below ground surface [bgs] [WAC 174-340-7490]) and
biota (including vegetation and wildlife). Deep zone soils (greater than 4.6 m [15 ft] depth) were
not evaluated for ecological risks because exposures are typically restricted to the
biologically-active zone in soils shallower than 4.6 m (15 ft) (WAC 174-340-7490). In addition,
terrestrial plants and animals are unlikely to be exposed to groundwater in the upland zone, as
the depth to groundwater exceeds the depth of the biologically active zone where root growth
and burrowing occur. Consequently, the pathway from groundwater to terrestrial receptors is
incomplete.

3.1.2.2 Riparian Zone Exposure Pathways. The boundaries of the riparian zone are defined as
extending from the water line of the Columbia River to the upper edge of the riverbank where
upland vegetation becomes dominant. The riparian zone along the shoreline of the
Columbia River is typically narrow because of the steep riverbank. Potential sources of
contamination include seep water (upwelling of groundwater in the riparian zone) and associated
sediment. Additionally, contaminants originating from past releases in operational areas could
have been transported through several release mechanisms, affecting the soil surface within the
riparian zone.

Contaminants could have been transported to the riparian zone through surface drainage from the
following:

* Precipitation contacting surface soil or waste and running off of the associated waste site

* Landslides or slumping of contaminated soil from upland operational areas into the riparian
zone

* Fugitive dust transported through wind or work activities on the waste sites.

The primary exposure pathways and release mechanisms in the riparian zone transporting the
contaminants from the source, via environmental media, to potential receptors include the
following:

* External radiation from contaminated surface soil or sediment

* Generation of dust emanating from surface soil to ambient air from wind
* Volatilization of chemicals emanating from surface soil or sediment to ambient air at the site
* Transport of contaminants in groundwater to release locations in the riparian area (i.e., seeps)
* Shoreline seeps/springs containing contaminants.
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Sampling locations were selected near historical operating areas and in areas likely to have been
affected by contaminated source media such as surface soil, shoreline seeps, or groundwater
plumes. The sampling locations were generally selected to optimize the potential for detecting
contaminants and effects.

Through transport pathways (e.g., upwelling of groundwater in a riverbank seep), secondary
media (such as plants) may become contaminated through root uptake from soil or
groundwater/seeps. These secondary contaminated media, in turn, may be consumed by receptor
species contributing to exposure.

The following ecological exposure routes were identified for the riparian zone:

* Incidental or intentional ingestion of contaminated soil, sediment, water, or biota

* Dermal contact with contaminated soil, sediment, water, or biota

* Exposure of terrestrial and aquatic vertebrates, invertebrates, and plants to external radiation

emitted by contaminated soil or foodstuffs

* Uptake or absorption of soil-, sediment-, or water-bound contaminants

* Inhalation of contaminated dust or volatilized contaminants.

The riparian ecological exposure routes that were evaluated in the ecological risk assessment
include ingestion of contaminated soil, seep water, and biota. Exposure from external radiation
was considered by comparing soil radioactivity to radionuclide-specific biota concentration
guidelines. While there is a potentially complete exposure pathway via inhalation of fugitive
dust and dermal contact with chemicals, these are generally considered minor exposure routes for
ecological receptors (OSWER 9285.7-55).

3.1.2.3 Near-Shore Aquatic Zone Exposure Pathway. The near-shore aquatic zone is defined
as the area that is permanently inundated by river water, extending from the seasonal low-water
mark (i.e., a "green line" where the periphyton [sessile algae] remains green year round) into the
river to a water depth of about 2 m (6 ft). A near-shore study boundary depth of 2 m (6 ft) was
selected to optimize the ability to measure potential influence of emergent groundwater and other
potential Hanford Site contaminant sources within the Columbia River. Potential sources of
contamination within the near-shore aquatic zone include contamination along the
Columbia River shoreline at riverbank seeps/springs and other submerged locations where
upwelling groundwater mixes with the river water.
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The primary release mechanisms transporting the contaminants from the source, via
environmental media, to potential receptors include the following:

* Transport of contaminants in groundwater to mixing areas in the near-shore area

* Seeps containing contaminants that flow into the river

* External irradiation from surface sediment containing contaminants (receptor irradiation
from sediment replaces release and transport).

Sampling locations were selected near historical operating areas and in areas likely to have been
affected by contaminated source media such as surface soil, shoreline seeps, or groundwater
plumes. The sampling locations were generally selected to optimize the potential for detecting
contaminants and effects.

Secondary media such as surface or pore water, sediment, or biota may become contaminated
through transport pathways such as biotic uptake or upwelling of groundwater. These secondary
contaminated media, in turn, may be contacted or consumed by receptor species, contributing to
exposure.

The following ecological exposure routes were identified for the near-shore zone:

* Incidental or intentional ingestion of contaminated sediment, pore water, surface water, or
biota

* Dermal contact with contaminated sediment, biota, pore water, or surface water

* Exposure of aquatic vertebrates, invertebrates, and plants to external radiation emitted by
contaminated sediment or biota

* Uptake or absorption of sediment- or water-bound contaminants.

The near-shore ecological exposure routes that were quantified in the ecological risk
assessment include ingestion of contaminated sediment, surface water, and biota. Exposure
from external radiation was considered by comparing contaminated sediment and water to
radionuclide-specific biota concentration guidelines. While there is a potentially complete
exposure pathway via dermal contact with chemicals, this is generally considered a minor
exposure route for ecological receptors (OSWER 9285.7-55).

3.1.2.4 Broad-Scale Exposure Pathways. Broad-scale exposures and risks across two or more
of the environments represent an additional pathway that must be considered. Some of the
representative wildlife have large home ranges that are more reasonably evaluated over broad
scales of multiple environments. The broad-scale exposures integrate relevant food and abiotic
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media across environments. Incidental or intentional ingestion of contaminated soil, sediment,
surface water, or biota were identified as ecological exposure routes for broad-scale exposures.

3.2 RIVER CORRIDOR ASSESSMENT APPROACH

This section presents an overview of the assessment approach for the River Corridor. The
approach reflects consideration of historical information, current conditions, and potential
exposure pathways within and across the environments described in Section 3.1.

3.2.1 Assessment of Risk for Operational Areas in the Upland Environment

Part way through the cleanup process for the River Corridor, the current setting for the
operational areas in the upland environment includes a mix of waste sites that have been
remediated in accordance with IARODs and yet-to-be-remediated waste sites that have been
identified for action under the IARODs. These waste sites were characterized through
qualitative risk assessments (QRAs) and limited field investigations (LFIs), as previously
described in Section 2.5. The QRAs presented pre-remediation risk levels and established the
basis for action at sites scheduled for remedial action.

3.2.1.1 Yet-to-be-Remediated Waste Sites. Unacceptable risks are present in the
River Corridor at waste sites that are identified in the IARODs but have yet to be remediated.

Table 3-1 shows the ecological risk calculated in the QRA reports for several selected waste sites
based on pre-remediation conditions. The QRA risks were determined for a single receptor
(Great Basin pocket mouse) based on exposure to radionuclides using the applicable guidance at
the time. Ecological risk greater than 1 rad/day indicated the potential for unacceptable risk to
the receptor. The table also shows the ecological risk calculated for radionuclides from the same
data set using the current guidance used for the RCBRA ecological risk assessment. Under
current guidance, ecological risk greater than 0.1 rad/day indicates the potential for unacceptable
risk to terrestrial receptors.

Changes in guidance since the QRAs were developed in the mid-1990s have resulted in some
significant differences in risk values. As can be seen in Table 3-1, ecological risk values based
on current guidance may be higher than what was calculated in the QRAs. In some cases, the
resulting risk conclusions would be different than conclusions made in the QRAs. For example,
based on the QRA, a conclusion of no ecological risk was determined for the 116-D-5 and
116-H-3 waste sites. Based on current guidance used in the RCBRA, these two sites would be
above the threshold indicating potential ecological risk. However, it should be pointed out that
remediation decisions for all of the sites were determined using the human health risk results
calculated in the QRAs. Guidance on human health risk is much the same today as it was in the
mid-i 990s and indicates the potential for risk.

The original determination of the presence of unacceptable risk and basis for action at
yet-to-be-remediated waste sites is also supported by the field experiences and information
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gathered through implementation of the observation approach-based soil cleanup actions in the
River Corridor over the past 15 years. The risk associated with the quantity and type of waste
that has been excavated confirms unacceptable risks that appropriately drive CERCLA cleanup
actions.

Examples of information and observations that support the qualitative risk conclusions and basis
for action for several waste site types are summarized in Table 3-2.

Waste streams summarized in Table 3-2 represent sources of both chronic and acute risk to
human health and the environment. This information supports the conclusion that there is
currently unacceptable risk at yet-to-be-remediated waste sites in the River Corridor. In parallel
with establishing final cleanup actions for the River Corridor through the RI/FS process, DOE is
committed to continuing cleanup actions at these sites according to goals and objectives of the
IARODs. Consequently, the risks associated with the yet-to-be-remediated waste sites are not a
focus of the remainder of this report, but are discussed again in the context of conclusions and
recommendations (Section 8.0).

3.2.1.2 Remediated Waste Sites. Evaluation of ecological risks from residual contamination in
the upland environment where cleanup actions had been completed in accordance with the
IARODs is one of the focus areas for the remainder of this risk assessment report. This is
consistent with guidance (EPA/540/R-97/006, OSWER 9285.7-28P) that indicates the scope,
complexity, and focus of the ecological risk assessment should be consistent with the
remediation decisions that must be made. Ecological risk calculations and conclusions are
presented for 20 study areas associated with several remediated waste sites. Study areas
associated with remediated waste sites were selected in order to evaluate risk at locations
anticipated to have the greatest potential for residual contamination. This is intended to evaluate
whether ecological protectiveness was achieved where cleanup had been performed under the
IARODs. Risk results and conclusions for these waste sites will provide decision makers with
information on the ecological protectiveness of the current IAROD cleanup goals and
implementation process.

3.2.2 Assessment of Risk for Nonoperational Areas in the Upland Environment

Open, undisturbed areas compose more than 492 km 2 (190 mi2), or roughly 87%, of the 570-km2

(220-mi 2) area of the River Corridor. Evaluating these large amounts of open, undisturbed
spaces in the upland environment where no Hanford Site operations occurred presents unique
challenges. Nonoperational areas are evaluated through a combination of historical information,
results from environmental monitoring programs and studies, and the waste site identification
processes including the ongoing orphan sites evaluation process.

The historical and current waste site identification processes provide confidence that the areas of
greatest risk within the River Corridor are identified and addressed in accordance with
established cleanup objectives. The open and often undisturbed areas between the waste sites are
generally considered to be undifferentiated from the present day conditions at other similar
shrub-steppe environments in the region. Assumptions about the risk associated with these areas
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are supported by the results from various monitoring programs, best management practice work
control activities, and reporting requirements performed by DOE as part of its site management
responsibilities and will be discussed in the RI reports. When observations or results from
various monitoring activities indicate that this is not the case, there are processes in place as
described previously to document these discoveries as new waste sites and address them in
accordance with existing cleanup objectives.

Various surveillance and maintenance activities and monitoring programs conducted at the
Hanford Site provide information that may be useful for evaluation of the nonoperational areas.
Examples of some of these activities and programs included the following:

* Environmental Monitoring. The DOE has completed routine radiological surveys of the
river shore (PNL-3127), as well as sampling of the riverbank springs and sediment
(DOE/RL-92-12, WHC-SD-EN-TI-198, PNNL-13230). The Hanford Site annual
environmental monitoring reports document and evaluate surveillance sampling of many
media on and off the Hanford Site (e.g., vegetation, terrestrial and aquatic wildlife, air, soil,
and water) to quantify potential contaminant levels.

* Aerial Surveys. Aerial radiological surveys were completed (EGG-10617-1062) to define
areas of man-made radioactive contamination. The EGG-10617-1062 survey covered the
Hanford Site and the banks of the Columbia River downriver to McNary Dam. The radiation
levels over more than 95% of the site were reported to be due to normal levels of background
radiation. Areas of elevated radionuclide activity outside of operational areas have been
investigated and are identified in WIDS. Several slough areas along the Columbia River
showed elevated radioactivity; these areas were sampled and the radionuclide content shown
to be only slightly above background (WHC-SD-EN-TI-198).

* Air Emissions Evaluations. In 2005, an evaluation of the releases on the Hanford Site from
air emission stacks located in the 100 and 300 Areas was made (DOE/RL-2005-49) using
previous background soil sampling results, radiological surveys, and an evaluation of the
emissions (radionuclides and metals) emitted. The report concluded there were no areas of
elevated radioactivity or metals in the 100, 300, or associated 600 Areas due to aerial
deposition, other than those discrete areas already identified as waste sites in WIDS. This
information was considered, along with soil-sampling results, to evaluate the sites selected as
reference sites for the RCBRA.

* Environmental Radiation Monitoring and Assessment Program. The Washington State
Department of Health (WDOH), Division of Environmental Health has an oversight program
that independently verifies the quality of the DOE monitoring programs at the Hanford Site.
The WDOH performs this oversight by conducting split, collocated, and independent
sampling at locations having the potential to release radionuclides to the environment, or any
location that may be impacted by such releases. The WDOH uses the oversight data to
assess impacts to the public and to address public concerns related to radiation at the
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Hanford Site. The WDOH publishes an annual Hanford Site environmental oversight
program summary report.

Assessment of risks in the nonoperational areas of the upland environment is not a focus of the
remainder of this report, but is discussed again in the context of the broad-scale assessment
(Section 7.0) and the overall conclusions and recommendations (Section 8.0). In addition, a
more in-depth evaluation of these areas that are not anticipated to have been affected by
Hanford operations will be conducted as part of the remedial investigation activities for the
River Corridor. The evaluation of the nonoperational areas will include a data compilation effort
followed by evaluation of the compiled data to determine what conclusions may be drawn and
what potential data gaps exist. The results of the data compilation activities and analysis will be
summarized in the remedial investigation reports for the six River Corridor ROD decision units.
If there are additional data needs to address identified data gaps, a data quality objective (DQO)
process will be conducted to develop a sample design, and a sampling and analysis plan will be
written to guide field collection and analysis.

3.2.3 Assessment of Risk in the Riparian Environment

The riparian environment is a nonoperational portion of the Hanford Site that is potentially
affected by Hanford contaminants through transport of releases from the operational areas.
Evaluation of ecological risks in the riparian environment where releases from upland
operational areas have potentially affected the adjacent environmental media along the river
shoreline is one of the focus areas for the remainder of this risk assessment report. Ecological
risk calculations and conclusions are presented for several receptors and media that are
potentially affected by contaminant releases. Risk is evaluated at nonoperational areas that may
be affected by transport of contaminants from operational areas in order to study areas with high
potential for residual contamination. Risk results and conclusions for these potentially affected
areas provide decision makers with information on the type of risks that would be anticipated
following continued cleanup of the River Corridor.

One of the river islands, D-Island, represents a special area within the riparian environment. The
100-D Island is located in the Columbia River approximately 250 m (820 ft) offshore of the
100-D Area of the Hanford Site. The 100-D Island is a low-lying island that becomes partially
submerged due to daily fluctuations in the river level. Most of the 10-ha (25-ac) island is
covered by a layer of sediments predominated by cobbles 2.5 to 15 cm (I to 6 in.) in diameter,
and coarse sandy gravel. A coarse sandy beach is located on the downstream end of the island.
Vegetation on the higher elevations of the island consists of grass, small bushes, and a few small
trees. The following section provides a summary of available information on D-Island as well as
an evaluation of risk.

3.2.3.1 D-Island Investigation. This section summarizes two radiological surveys at the
100-D Island. The first investigation was conducted in 1992 by Westinghouse Hanford
Company. The second investigation was conducted in 1995 by the WDOH. In addition,
descriptions of other investigations of the 100-D Island can be found in the Screening
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Assessments and Requirements for a Comprehensive Assessment, Columbia River
Comprehensive Impact Assessment (DOE/RL-96-16).

Purpose and Scope. The purpose of the 100-D Island radiological surveys was to determine the
extent of detectable radiological contamination on the island and to attempt to determine the
source of the contamination. The surveys, conducted by Westinghouse Hanford Company,
involved approximately 5 ha (12.5 ac) of reconnaissance across the upstream portion of
100-D Island. The WDOH evaluation looked at particle density of speck contamination on
downstream portions of the island.

Summary of Investigation Data. From April 12 to April 18, 1992, a series of radiological
surveys were performed at the upstream half of 1 00-D Island. Radiological surveys were
completed using the Ultrasonic Ranging and Data System and conducted using both a digital
count rate meter with a sodium-iodide detector reporting in counts per minute and a dose rate
meter reporting in microroentgens per hour (pR/h). Five ha (12.5 ac) of 100-D Island were
surveyed with Ultrasonic Ranging and Data System equipment. The radiological survey
indicated low levels of cobalt-60 contamination on the island's surface. Results of the
radiological survey are published in 100-D Island USRADS Radiological Surveys Preliminary
Report - Phase II (BHI-00134). The results of the upstream survey indicate that cobalt-60
contamination on the upper end of 100-D Island does not pose a significant human health risk.

An additional radiological survey was conducted by the WDOH on a sandy downstream section
of 100-D Island in 1995. A walking survey of exposed island shoreline was conducted when
river levels were at their lowest. All surveys were performed using [tR meters suspended
approximately 2 to 4 cm (approximately 0.78 to 1.5 in.) above the ground. Background exposure
rates along the river shore ranging from 7 to 8 ptR/hr were measured. A pressurized ion chamber
was used to measure variations in background at three island locations. Ambient background
measurements recorded by the pressurized ion chamber varied from 8.8 to 9.5 jaR/hr.

Conclusions reached by the WDOH were consistent with findings of previous studies. The
ambient gamma radiation level measured at several island locations was near background.
Burial depth and contact radiation levels of excavated discrete particles were within the range of
values previously reported. No particles were found on the sandy downstream section of the
island. The number of particles per unit volume was 1.3 by 10-1 particles/m3 . Three discrete
particles were detected, and contact measurements ranged from 85 to 2,000 jaR/hr, or about 10 to
200 times greater than background levels.

The WDOH survey (WDOH/ERS-96-1 101) concluded that radiological hazards and potential
health effects from exposure to cobalt-60 particles on the downstream section of 100-D Island
are consistent with evaluations documented in previous correspondence and reports. The net
results from the survey support a conclusion that cobalt-60-contaminated particles in
downstream 100-D Island sediments do not pose significant human health risks. However, the
WDOH recommended removal of such particles if found during the course of cleanup actions.
Radiological postings are maintained in a manner consistent with Hanford Site contractor
protocols because the island is owned by DOE.
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Levels of ionizing radiation that are protective of human health have also been shown to be
protective of ecological receptors (IAEA 1992). Therefore, ecological risks from cobalt-60
particles are not expected to be significant.

3.2.4 Assessment of Risk in the Near-Shore Environment

The near-shore environment is also a nonoperational portion of the Hanford Site that is
potentially affected by Hanford contaminants through transport of releases from the operational
areas. Similar to the riparian environment, evaluation of ecological risks in the near-shore
environment focused primarily on locations where releases from upland operational areas have
potentially affected the adjacent environmental media along the river shoreline. Many of the
near-shore sampling locations are paired with sampling locations in the adjacent riparian zone.
Near-shore sampling sites are located where contaminated groundwater plumes enter the
Columbia River along the shoreline.

Ecological risk calculations and conclusions are presented for several receptors and media that
are potentially affected by contaminant releases. Risk is evaluated at nonoperational areas that
may be affected by transport of contaminants from operational areas in order to study areas with
the high potential for residual contamination. Risk results and conclusions for these potentially
affected areas provide decision makers with information on the type of risks that would be
anticipated following continued cleanup of the River Corridor.

Effluent pipelines associated with each the operating areas are also evaluated as a part of the
near-shore environment. Effluent pipelines represent a specific source of potential risk within
the near-shore environment. The following section will provide a summary of available
information on the effluent pipelines as well as an evaluation of risk.

3.2.4.1 River Effluent Pipelines. Between 1943 and 1988, water that was used during fuel
production to cool the reactors was discharged to pipelines that extended into the
Columbia River. The liquid, called effluent, entered the river through "outfall" structures located
in each of the 100 Areas of the Hanford Site. Release of cooling water through the river effluent
pipelines ended when the associated reactors and facilities were shut down beginning in the late
1960s until the late 1980s. Today, the inactive effluent pipelines remain in their original location
on or beneath the Columbia River channel bottom. The effluent pipelines comprise seven waste
sites that include 15 separate pipelines.

The five river effluent pipeline waste sites in the 100-B/C, 100-D, 100-H, 100-F, and
100-K Areas and the two effluent pipeline waste sites in the 100-N Area are summarized in
Table 3-3.

Purpose and Scope. Most of the river effluent pipelines are known or suspected to contain low
levels of residual contamination from past reactor operations. Two past characterization efforts
obtained samples of the river effluent pipelines at the 100-B/C, 100-D, and 100-F Areas
(Table 3-4). Characterization data collected during the river pipelines' evaluations were used to
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evaluate risks from contaminants within the pipelines and to propose remedial action
alternatives, such as pipeline removal.

Effluent pipelines from the 105-H Reactor could not be sampled because of high river flow
velocities and cold water temperatures. Effluent pipelines at the 100-KE Reactor,
100-KW Reactor, 105-N Reactor, and the Hanford Generating Plant (HGP) also were not
sampled. These effluent pipelines were used for discharge of nonradioactive effluent in
accordance with a National Pollutant Discharge Elimination System (NPDES) permit.

Summary of Investigation Data. In 1984, the River Discharge Lines Characterization Report
(UNI-3262) discussed samples of scale (flakes of mostly rust) from the interior surfaces and
enclosed sediment of the effluent pipelines from the 105-C, 105-DR, and 105-F Reactors. The
pipelines were also visually inspected underwater by a diver and their positions and physical
conditions were assessed. Samples of scale and sediment were analyzed for radionuclides. The
major radionuclides detected included cobalt-60, cesium-137, europium-152, europium-154, and
europium-155. Radionuclide concentrations were greater in the scale than in the sediment.
Direct beta-gamma radiation measurements were also obtained for interior and exterior pipe
surfaces. The dose rates measured for direct contact with the interior of the pipe surfaces were
low at less than 1 mrem/hr, and readings on the exterior were lower than the instrument's

detection capability.

In 1994, a comprehensive geophysical survey (WHC-SD-EN-TI-278) located and mapped the
reactor effluent pipelines. The study relied mainly on remote sensing geophysical techniques
including navigation and echo sounding, side-scanning radar, sub-bottom profiling,
seismic-reflection profiling, and ground-penetrating radar. The results indicated that the
pipelines have neither broken loose nor moved from their original locations. However, portions
of some pipelines are no longer buried and have been exposed. Exposed pipe sections were
believed to be associated with areas of turbulent flow conditions at the river bottom.

In 1995, pipe scale and sediment from the interior of the effluent pipelines from the 100-B and
1 00-D Areas were sampled and physically characterized using a robotic transporter
(BHI-00538). Analytical data from these two effluent pipelines were intended to complement
the 1984 radionuclide data (UNI-3262) and were expected to represent "worst-case" conditions
with respect to radiological contamination. This assumption was based on the long years of
pipeline service and the volume of effluent known to have been discharged from the 105-B and
105-D/DR Reactors. The samples taken in 1995 were analyzed for a larger number of
radionuclides than in the 1984 study and were also analyzed for metals and total organic carbon.

In most cases, when the results of all radionuclide analyses are decayed to 2005, the
concentrations of the samples taken in 1995 are lower than 1984 concentrations. Most metals
were at concentrations below the analytical detection limits. However, the concentrations of
total chromium and mercury were above detection limits; total chromium detections were over
1,000 ppm in the scale of some samples. Studies of similar concentrations of chromium in solids
and water in N Reactor coolant piping suggest that the chromium is not soluble (BHI-01141).
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This information suggests that chromium scale in effluent piping has limited potential for
ecological exposures.

The analytical results from the 1984 and 1995 effluent pipeline characterization studies at the
105-B, 105-C, 105-D/DR, and 105-F Reactors may reasonably be extrapolated to effluent
pipelines at the 100-H and 100-K Areas because operations among these reactors was similar.
However, operating histories for effluent pipelines 100-N-77 or 100-N-80 suggest that
contamination would only be found at negligible levels. Reactor cooling operations at the
100-N Area differed significantly from the other 100 Area reactor areas in that the
105-N Reactor used a secondary system intended to keep cooling water from becoming
contaminated. As a result, the 100-N-77 effluent pipeline primarily discharged raw river water
that was used to remove heat from the secondary cooling system at the 105-N Reactor. It also
provided a disposal method, although only on an emergency basis, for primary cooling water and
fuel storage basin water that were more likely to be contaminated. Effluent in the
1 00-N-77 effluent pipeline would have normally contained zero to very low levels of radioactive
fission products (DOE/RL-95-1 11).

The 100-N-80 effluent pipeline served the same purpose as 100-N-77, but serviced only the
HGP, a power generating facility at the 100-N Reactor area. Effluent in the 100-N-80 HGP
pipeline first passed through the 1908-NE HGP outfall structure. Analytical results for water and
sediment samples, combined with radiological survey data and process knowledge, show that the
1908-NE HGP outfall is an uncontaminated structure that currently meets required cleanup
standards. As a result, the Tri-Parties selected "continued institutional control" as the interim
action for this outfall structure under the Record ofDecision for the 100-NR-1 and 100-NR-2
Operable Units, Hanford Site, Benton County, Washington (EPA 1999). No removal action is

required (Energy Northwest 2004). The analytical results from the 1908-NE HGP outfall may
reasonably be extrapolated to the 100-N-80 HGP effluent pipeline because both sites were
exposed to the same effluent during operations.

Risk Evaluation for River Effluent Pipelines. Evaluations of human health and ecological risk
have been performed for the river effluent pipelines as they are today, located on or beneath the
river channel bottom, and for a scenario in which a pipeline section breaks away from the main
pipeline and is washed onto the shore of the river. Both the 1996 and 1998 risk assessment
efforts (BHI-00538 and BHI-01 141, respectively) relied on data collected from the 1984 and
1995 characterization work. The 1998 risk assessment (BHI-01141) presented qualitative
information on the ecological risks associated with radionuclides in pipe scale. These risks, due
to ingestion, were characterized as small to individuals and therefore of little consequence to
populations. The evaluation of human health and ecological risk performed in 1998
(BHI-01141) concluded that the concentrations of chromium and mercury in the scale and
sediment within the pipelines pose minimal ecological risk, because they have been in contact
with river water without dissolving since the reactors were shut down in 1971. Based on the
results of the 1998 risk evaluation of the pipelines under current conditions (in the river), there
were no unacceptable risks and, therefore, no requirement under CERCLA to remediate the river
effluent pipelines. However, the risk evaluation did determine that should portions of the river
pipelines become dislodged and wash ashore, there may be elevated human health risk.
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Based on the conclusions from this evaluation, the river effluent pipelines are not a focus of the
remainder of this risk assessment report. However, they will be discussed again in the context of
recommendations and conclusions (Section 8.0).

3.2.5 Assessment of Risk Across Multiple Environments

As noted above, this report also addresses broad-scale exposures and the potential for ecological
exposure and risks across two or more of the environments evaluated in this report. Some of the
representative wildlife have large home ranges that are more reasonably evaluated over broad
scales of multiple environments. The broad-scale exposures integrate relevant food and abiotic
media. The broad-scale exposures may also evaluate some non-Hanford contaminant sources (as
noted above) for the three environments.

3.3 SCREENING-LEVEL ECOLOGICAL RISK ASSESSMENT
(ERAGS STEPS 1 AND 2)

The Screening-Level Ecological Risk Assessment (SLERA) provides a general indication of the
potential for ecological risk (or lack thereof). The SLERA is discussed by EPA
(EPA 540/F-01/014) and may be conducted for the following purposes: (1) to estimate the
likelihood that a particular ecological risk exists, (2) to identify the need for site-specific data
collection efforts, or (3) to focus site-specific ecological risk assessments where warranted. The
SLERA is the first two steps of ERAGS (Figure 1-6).

A SLERA was performed for the 100 Area and 300 Area Component (BHI-01757) following the
Ecological Risk Assessment Guidance for Superfund (EPA/540/R-97/006). Abiotic data from
the following 10 areas were evaluated: 100-B/C, 100-K, 100-N, 100-D, 100-H, 100-F, 300 Area,
600 Area, Hanford townsite, and White Bluffs townsite. Analyzed abiotic media included soil
(collected for cleanup verification at remediated waste sites to a depth of 4.6 m [15 ft] bgs),
sediment, surface water, groundwater, and seep and aquifer tube water.

Groundwater, seep, and aquifer tube data were evaluated because these waters may discharge to
surface waters (i.e., the Columbia River), resulting in potential exposure to aquatic or terrestrial
receptors. Entities in the Hanford Site 100 Area and 300 Area that were evaluated in the SLERA
included soil biota communities (for radionuclides); plant, soil invertebrate, and terrestrial
wildlife communities and soil microbial function (for nonradiological analytes); and aquatic and
sediment biota communities (for radionuclides and nonradiological analytes). Maximum media
concentrations for each contaminant were used for the screening. Additionally, the maximum
nondetected concentration was evaluated to determine if detection limits were adequate.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 3-18



DOE/RL-2007-21

Ecological Risk Assessment Approach Rev. 0

Conservative measures of ecological effects (no observed effect concentrations) were used.
They included attributes such as reduced survival, fecundity, and growth, or changes in
community structure or function (DOE-RL 2004, EPA/630/P-02/004F). The following sources
were used for measures of ecological effects for screening values:

* Washington State Department of Ecology Ecological Indicator Soil Concentrations
(which include separate values for plants, soil invertebrates, and wildlife)
(Washington Administrative Code [WAC] 173-340-900, Table 749-3)

* "Water Quality Standards for Surface Waters of the State of Washington" (WAC 173-201A)

* Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous
Waste Sites (OSWER 9285.6-10)

* EPA Ecological Soil Screening Levels (OSWER 9285.7-56, 9285.7-60, 9285.7-61, 9285-63,
9285.7-64, 9285.7-65, 9285.7-67, 9285.7-69, 9285.7-70)

* A Graded Approachfor Evaluating Radiation Doses to Aquatic and Terrestrial Biota
(DOE-STD-1153-2002)

* Oak Ridge National Laboratory Toxicity Benchmark Values for Plants, Soil Invertebrates,
and Aquatic Biota (Efroymson et al. 1997a, 1997b; Suter and Tsao 1996)

* ECORISK Database, Release 2.0, ER Records Package #186, Environmental Restoration
Project (LANL 2003)

* Creation and Analysis of Freshwater Sediment Values in Washington State (Ecology 1997)

" "Development and Evaluation of Consensus-Based Freshwater Sediment Quality Guidelines
for Freshwater Ecosystems" (MacDonald et al. 2000).

These sources of screening values reflect those that were available in 2003 when the SLERA was
completed for the RCBRA. The most current screening values were used in completing the
Baseline Ecological Risk Assessment (BERA) (Sections 4.0 through 7.0).

The screening process distributed analytes into the following four categories:

* Analytes that exceeded applicable ecological values were designated as contaminants of
potential ecological concern (COPECs)

* Analytes that were below applicable ecological values were eliminated from consideration as
COPECs
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* Analytes whose nondetect value exceeded applicable ecological values were designated as
COPECs

* Analytes that did not have any applicable ecological values were eliminated from
consideration as COPECs.

Designation of terrestrial and aquatic COPECs was based on the medium in which they were
detected and, therefore, reflects transport and fate from the time of the release to the
current conditions. Terrestrial COPECs were identified based on samples collected from shallow
zone soils. Aquatic COPECs were identified based on samples collected from river water,
groundwater, sediments, and seep water. Further justification for delineating COPECs as
terrestrial or aquatic is presented in the refinement of the conceptual model (ERAGS Step 3).

The purpose of the screen was to eliminate the exposure pathways, receptors, or COPECs that
are clearly not at risk to prioritize resources on those entities that may be adversely affected by
Hanford Site contamination (EPA 540/F-01/014). The COPEC refinement process is described
in more detail in the BERA ERAGS Step 3. Additional information on the data evaluated and
the results of the SLERA are presented in Section 4.0, Section 5.0, and Section 6.0. A separate
SLERA was not conducted for the Broad-Scale Ecological Risk Assessment, as it builds upon
the information developed for the three environments.

3.4 BASELINE ECOLOGICAL RISK ASSESSMENT
(ERAGS STEPS 3 THROUGH 7)

As summarized by EPA (EPA 540/F-01/014), within the Office of Solid Waste and Emergency
Response (OSWER), the Superfund and RCRA Corrective Action cleanup programs generally
use baseline ecological risk assessments to: "(1) identify and characterize the current and
potential threats to the environment from a hazardous substance release, (2) evaluate the
ecological impacts of alternative remediation strategies, and (3) establish cleanup levels in the
selected remedy that will protect those natural resources at risk" (OSWER 9285.7-17).

The evaluation of the QRA data (pre-cleanup waste site information) in Section 3.2
addressed OSWER objective 1 for yet-to-be-remediated waste sites. The BERA described in this
section further helps to evaluate OSWER objectives 1 and 2. For remediated waste sites
considered in Section 4.0, the BERA evaluates the residual ecological risks remaining after
completion of the remedial action selected for the waste sites. It also provides information that
can be used during the feasibility studies for the various decision areas to evaluate likely
ecological impacts of alternative remediation strategies (e.g., recovery time following
disturbance). Sections 5.0 and 6.0 present an assessment of the current and potential threats to
the riparian and near-shore environments. Section 7.0 presents an assessment of the ecological
risks associated with remediated waste sites and current conditions in the riparian and near-shore
environments to broad-ranging species. Section 8.0 establishes ecological preliminary
remediation goals (PRGs) based on an evaluation of the information presented in Sections 4.0
through 7.0, along with other supporting information from the literature, which can be used in
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the feasibility studies to establish clean-up levels in each of the final RODs. This addresses
OSWER objective 3.

The BERA fulfills ERAGS Steps 3 through 7 (Figure 1-6), which are Problem Formulation
(ERAGS Step 3), Study Design and DQO Process (ERAGS Step 4), Verification of Study
Design (ERAGS Step 5), Site Investigation and Data Analysis (ERAGS Step 6), and
Risk Characterization (ERAGS Step 7). The approach taken for each step in the RCBRA BERA
is briefly discussed below; areas where a site-specific approach was taken are highlighted.
The detailed project documentation for the BERA is provided in the DQO (BHI-0 1757) and the
RCBRA SAP (DOE/RL-2005-42).

3.4.1 Problem Formulation (ERAGS Step 3)

In problem formulation, COPECs identified in ERAGS Steps 1 and 2 were used as indicator
contaminants to develop analytical suites. The analytical suites encompassing the selected
terrestrial (soil) COPECs are radionuclides, inorganic
chemicals, polychlorinated biphenyls (PCBs)/pesticides, Generic Assumptions
and semivolatile organic compounds. The analytical
suites for the aquatic COPECs were the same as the * Bioavailability of the
terrestrial COPECs with the addition of total petroleum COPECs is the same in the
hydrocarbons (TPHs) because diesel is a known environmental media as it
contaminant due to a fuel spill at 100-N. was in the literature studies.

Another component of problem formulation is to define * For inorganic chemicals,
the spatial and temporal scope of the assessment. The toxicity varies with
RCBRA includes a variety of ecological settings from chemical form (e.g., lead as
upland terrestrial locations distant from the river to aquatic lead acetate) and the
locations in the near-shore environment. Although many toxicity in the environment
ecological receptors can move between these terrestrial is assumed to be the same as
and aquatic settings, others have greater fidelity to one in the literature studies.
environment and, therefore, receive contaminant exposure

only from that environment. For the purposes of
developing assessment endpoints, the environment is considered to be either terrestrial (referring
to upland contaminant source areas) or riparian/aquatic (primarily representing the potential
exposure to contaminants in emerging groundwater).

Assessment endpoints for the terrestrial environment were developed based on the identified
ecological management goals, the conceptual site model, and trophic relationships among
terrestrial receptors. These assessment endpoints are representative of terrestrial ecological
receptors potentially at risk from contaminants in soil. In contrast, the assessment endpoints for
riparian and near-shore aquatic environments were developed in concert because of the physical
proximity of these environments, and thus the greater potential for exposure to either riparian
soils or aquatic sediments and water to all species occurring in these environments. Assessment
endpoints were initially developed as part of the DQO process (BHI-01757) and are summarized
for the upland zone, riparian zone, and near-shore aquatic zone. The assessment endpoints and
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associated measures of exposure, effects, and ecosystem/receptor characteristics were developed
in a series of risk hypotheses (DOE/RL-2005-42). These hypotheses, which are listed in the
DQO/SAP and have been modified as questions to be addressed by the BERA, are presented
separately for each environment (in Sections 4.0, 5.0, and 6.0). The risk questions were
developed based on the environment-specific conceptual models that build upon the generalized
conceptual model presented in Section 3.1.

Consideration of ecological receptors in the risk assessment requires an understanding of
relationships among biotic community members. One such relationship, trophic transfer of
contaminants, is an important element in ecological risk assessments. To develop a conceptual
model based on trophic guilds, EPA (EPA/540/R-97/006) recommends defining the functional
ecosystem components with regard to their role in the food web. Given the complexity of
trophic interactions, food webs are a simplification of the ecosystem showing broad relationships
limited to trophic transfer. At a simplified level, some organisms feed on plants (herbivores),
plants and animals (oninivores), or just animals (carnivores). More specific feeding classes exist
within a particular trophic category. Considering the terrestrial environment, for example,
herbivores are represented by granivores (seed-eating animals), folivores (stem- and leaf-eating
animals), fungivores (fungi-eating animals), and nectivores (nectar-drinking animals). Feeding
guilds have additional ecologically-important attributes (e.g., while shrubs may have leaves and
seeds that provide food, they also provide structural habitat for nesting birds). And while
nectar- and pollen-feeding animals may be relatively unimportant in terms of nutrient and energy
transfer through the food web, they are important as plant pollinators. The same generalities are
applicable to considerations of trophic linkages in the aquatic environment (e.g., many aquatic
invertebrates consume periphyton and use this autotrophic component of the aquatic food web as
a refuge from predation). Ultimately, depiction of trophic-level relationships from a functional
perspective allows for ready identification of the feeding guilds most at risk from ingestion of
contaminated plant and animal materials.

The trophic transfer framework described above is used to characterize a simplified trophic
structure for the ecological community of the RCBRA (Figure 3-3). Trophic linkages among
terrestrial and aquatic biota generally are stronger within habitats than between habitats. In

recognition of this tendency, receptors are delineated into terrestrial and aquatic near-shore food
webs. Some organisms can use both terrestrial and aquatic habitat. For example, bats and
kingbirds are aerial insectivores that live on land, but they meet their dietary demands primarily
through the consumption of emergent aquatic insects. The highest trophic level evaluated in the
BERA consists of predators that can traverse all environments.

Hanford Site-specific receptors were used as surrogates for the WAC 173-340-7490 feeding
guilds because they represent relevant ecological endpoints that also address management goals
(BHI-01757). Receptor trophic-based guilds are representative of the upland, riparian, and
near-shore environments and include decomposers, producers, and consumers (e.g., herbivores,
onmivores, insectivores, and carnivores). While categories such as omnivory and herbivory are
useful constructs to simplify a complex ecosystem, it is important to note that animals do not
typically restrict themselves to narrow food sources.
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Figure 3-3. Ecological Food Web Represented by Simplified
Feeding Guilds in the River Corridor.
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Considerable dietary overlap exists among the middle trophic levels, because all species are, to
some degree, opportunists. Other species are primarily insectivorous only at times when insects
are abundant (WDFW 2003). Given the dietary overlap, it would be an artificial distinction to
focus on a specific category. Modeling specific diets (e.g., strict herbivory) is done to set the
exposure bounds in trophic-transfer analyses, and because this is more practical than very
complex modeling that is based on limited site-specific exposure parameters.

To evaluate various assessment endpoints, adverse-effect potential is based on the toxicological
characteristics of the contaminant, the sensitivity of the receptor, and the likely degree of
exposure (WAC 173-340-7493). Regarding contaminant characteristics, most Hanford Site
contaminants are inorganic chemicals such as heavy metals and radionuclides (PNL-9394).
Invertebrates are valuable assessment endpoint entities because these organisms are intimately
associated with abiotic media (soil, sediment, and water) and have high exposure potential
(e.g., through dermal contact and ingestion), making them ideal indicators for evaluating the
adverse effects of contaminants. Because the assessment evaluates chemicals with varying
potential for biological transport and accumulation (e.g., certain inorganic chemicals like
mercury and certain organic chemicals like PCBs have high potential for bioaccumulation),
information on biological exposures through different levels of the food chain is also evaluated.

Based on overall management goals and trophic relationships among Hanford Site biota,
assessment endpoint entities were developed that are representative of terrestrial and aquatic
biota potentially at risk from contaminants (Figure 3-4). The assessment endpoint entities are
broadly representative of all exposure pathways, but particular attention is focused on the lower
and middle trophic levels given the limited role that trophic transfer of inorganic chemicals and
radionuclides plays in ecological exposure. In this manner, the receptors were selected to
optimize the potential for detecting contaminants and effects. Representative assessment
endpoint entities in the terrestrial and aquatic environments are listed in Table 3-5.

The ecological risk assessment considers the potential for ecological risk at two spatial scales.
One scale assesses risk at the local scale of the sampling locations or investigation areas (see
Sections 4.0, 5.0, and 6.0); the other considers risk at a broad scale (Section 7.0).

Table 3-6 lists the home range information for representative receptors and categorizes them into
local and broad spatial-scale animals. The mink is listed twice in Table 3-6 as it can have both a
relatively small home range and a broad home range. The relationship between home range and
body is shown in Figure 3-5, which shows the general positive relationship between these
attributes. The two aerial insectivore species with small body sizes and expansive home ranges
are exceptions to this general trend. Figure 3-5 shows the break in home range for the local and
broad-scale species, with local species foraging in an area of 0.1 to about 10 ha (0.247 to about
24.7 ac) and broad-scale species foraging over areas greater than 100 ha (247 ac). The home
range of the local species is compared to the 1-ha (2.47-ac) upland investigation area, and the
greater than 100-ha (247-ha) home range corresponds to the larger area contained in each ROD
decision area.
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Figure 3-4. Assessment Endpoint Entities that Represent the
River Corridor Food Web.
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Figure 3-5. Relationship Between Body Weight and Home Range.
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Various scales of exposure are evaluated in the RCBRA. The waste sites reflect the smaller
spatial extent and vary in size from several square meters to several hectares. As discussed in
further detail in Section 4.0, the size of the remediated waste site is one of the considerations in
site selection. Figure 3-6 displays an example waste site that is larger than the 1-ha (2.47-ac)
upland investigation area. The home ranges of the upland wildlife receptors are displayed on this
figure. Figure 3-7 shows an example riparian investigation area. The length of the riparian
investigation areas was fixed at 200 m (328.1 ft); however, the size of the riparian investigation
area was smaller than a hectare due to the narrow width of the riparian zone on the
Hanford Reach. Home ranges of the riparian wildlife receptors are displayed on this figure. The
potential for exposures to broad-scale receptors was evaluated for the ROD decision areas.
Figure 3-8 depicts the home ranges for the broad-scale species relative to an example ROD
decision area.
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Figure 3-6. Investigation Area Placement for a Remediated Waste Site
with Overlay of Local-Scale Wildlife Home Ranges.

F

C)

Li

C0
IL0

1$

% I)

f~ uP~uoA

River Corridor Baseline Risk Assessment
Volume I, Part]: Ecological Risk Assessment

March 2012

....... 41 ........

3-27



DOE/RL-2007-21

Rev. 0Ecological Risk Assessment Approach

Figure 3-7. Investigation Area Placement for a Riparian Site
with Overlay of Local-Scale Wildlife Home Ranges.
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Figure 3-8. Overlay of Broad-Area Receptor Home Ranges and
Record Of Decision Decision Areas.
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3.4.2 Study Design and DQO Process (ERAGS Step 4)

The study design was intended to satisfy data needs to test risk questions for the various
ecological receptors. Data collection consisted of sampling abiotic (e.g., soil, sediment, water)
and biotic (e.g., plant and animal) media representative of Hanford Site feeding guilds. Samples
were analyzed for suites of contaminants identified as part of the DQO process (BHI-01757).
Various field measures were collected and bioassays were also completed for all abiotic media.
Additional information on the study design is presented for each environment.

Results from the various measures used in these studies constitute lines of evidence. This
ecological risk assessment focuses on characterizing risks to assessment endpoints using a
weight-of-evidence approach to determine exposure and potential effects of hazardous
substances (Hull and Swanson 2006, Fairbrother 2003, and Menzie et al. 1996). Lines of
evidence were evaluated with regard to the magnitude of effect and degree of corroboration
among the available lines for each assessment endpoint. Types of literature toxicity information
and field measure descriptions are presented in the RCBRA DQO (BHI-01757) and RCBRA
SAP (DOE/RL-2005-42).

The following conventions were used to describe comparisons of exposures to literature effect
levels:

* Adverse effects are unlikely is associated with concentrations less than benchmarks or doses
less than no observable adverse effect levels (NOAELs).

* Low potentialfor adverse effects is associated with doses between NOAELs and lowest
observable adverse effect levels (LOAELs).

* Potentialfor adverse effects is associated with concentrations greater than benchmarks or
doses greater than LOAELs.

The following other lines of evidence involved comparisons of results for study sites to reference
sites:

* Evidencefor adverse effects is associated with statistical differences in bioassay results when
adverse effects in site media are significantly greater than reference conditions.

In addition to these lines of evidence, considerations included whether a given line of evidence
was fully or partially captured. Failure to achieve the intended goals for any line of evidence
would detract from the utility of that measure and add an uncertainty qualifier to the conclusions
for that line of evidence.

Available lines of evidence or measures for assessment endpoints were considered jointly in a
weight-of-evidence evaluation to relate measures of effects to an assessment endpoint using
primarily literature and bioassay data to assess the potential for risk to the environment.
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Weighting of measures is important when two or more lines of evidence present contradictory
findings.

All chemical and biological data related to the investigation areas, including results of chemical
analyses and bioassays, were used to characterize risk. The weight-of-evidence approach relates
measures of effects to an assessment endpoint using a balance of literature and field and
laboratory data to assess the potential for risk to the environment. The weight-of-evidence
evaluation provides a link between risk characterization and the assessment endpoints.

The initial weights of the various lines of evidence for each assessment endpoint were provided
in the RCBRA DQO (BHI-01757) and RCBRA SAP (DOE/RL-2005-42). These general
assignments of weights assumed that the desired number of sample results and analyses would be
obtained for each measure. After data were collected, the weights assigned to the lines of
evidence were reviewed based on the completeness and representativeness of the results relative
to the project objectives. Such considerations are recognized in ERAGS in terms of meeting
DQOs and changing field conditions (ERAGS Step 6).

It is also acknowledged that weighting the lines of evidence is difficult due to limitations among
the data. For example, field measures can have various degrees of uncertainty, modeled data can
be influenced by assumptions, and literature data depend on the similarity of site conditions.
Regardless of the limitations of the data, however, the risk assessment emphasizes what is known
versus what is uncertain and also emphasizes concordance or discordance among the various
lines of evidence.

In some cases, Hanford Site-specific field measures may be expected to have less uncertainty in
estimates of risk compared to the use of literature screening values based on conditions or studies
unrelated to the Hanford Site. As such, site-specific information can be given a higher
weighting.

Lines of evidence were weighted using specific data-usability criteria based on the following:

* Whether the measurement is an integrated versus single COPEC analysis
* Site-specificity
* Standardization

* Replication/repeatability of the measurement
* Variability
* Relevance to management goals.

The RCBRA builds upon and uses information from other risk assessment projects. These other
projects provided information on ecological exposures in the upland, riparian, or near-shore
environments. The related risk assessment projects are the 100-B/C Pilot, the 100-NR-2
Shoreline Evaluation, the Columbia River Component RI, and the Central Plateau Ecological
Risk Assessment. A summary of these projects and the data used in the RCBRA is provided
below. The data from these projects were imported into the project database and the sample
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results were normalized to be as comparable as possible as those collected for the RCBRA.
However, there are some differences in sample collection, processing, and chemical analyses that
may still exist for the other data sources. Such differences may lead to uncertainties in estimates
of ecological exposures and were considered in the characterization of risks in each environment
and for the broad-scale exposures. Some sample results from the other projects were marked as
not usable because of differences in sample extraction for analysis, so they were excluded
from use.

3.4.2.1 100-B/C Pilot Project Risk Assessment. The 100-B/C Pilot Project risk assessment
(100-B/C Pilot) addressed post-remediation residual contaminant concentrations in the
100-B/C Area and potential transport of those contaminants into Columbia River riparian and
near-shore environments adjacent to the remediated waste sites. The purpose of the
100-B/C Pilot was to develop a process to evaluate the protectiveness of CERCLA remedial
actions performed for the 100-B/C Area with the intent that lessons learned would be applied to
subsequent risk assessments performed within the River Corridor.

The 100-B/C Pilot characterized potential risks to human health and the environment under the
cleanup standards implemented in remedial actions performed to date. The scope of the project
included all remediated liquid and solid waste sites in the upland 100-B/C Area as well as the
riparian shoreline and near-shore Columbia River adjoining the 100-B/C Reactor operations area.

While ecological and human health risk conclusions were developed as part of the 100-B/C Pilot,
it was intended that the results of the 100-B/C Pilot risk assessment would be integrated with the
RCBRA and the conclusions evaluated within the context of new information generated by the
RCBRA.

The 100-B/C Pilot investigation yielded laboratory data for abiotic and biotic media, biological
health metrics information for selected receptors, and a compilation of numerous records that
included waste site cleanup verification results and Hanford Site monitoring data. Historical and
recent analytical data evaluated for the 100-B/C Pilot included shallow zone soil (0 to 4.6 m
[0 to 15 ft] bgs), deep zone soil (greater than 4.6 m [15 ft] bgs), surface sediment, riverbank seep
water, surface water from the Columbia River, aquifer tube water (emergent groundwater present
in interstitial gravels), groundwater, and biotic tissues. Sampling and analytical data collected
between June 1995 and January 2004 were evaluated in the risk assessment. The contaminants
of potential concern (COPCs) identified in the 100-B/C Pilot data were carried forward for
further evaluation. Sources of data for the 100-B/C Pilot investigation included the following:

* All 100-B/C Area soil analytical data maintained for remedial action projects

* All 100-B/C Area soil and water analytical data residing in the Hanford Environmental
Information System (HEIS) database, maintained by Fluor Hanford, Inc. (FH)

* Analytical results for data contained in the 100-B/C Pilot Project Data Summaryfor 2003
and 2004 (BHI-0 1724).
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Groundwater, aquifer tube, riverbank seep, and Columbia River surface water samples included
in the assessment were collected and analyzed as part of the Hanford Site monitoring program
and were reported in yearly Hanford Site environmental reports (PNNL-12088, PNNL-13230,
PNNL-13487, PNNL-13910, PNNL-14295, PNNL-14687). Additional investigative sampling
and analyses were conducted in the 100-B/C Area and reference areas during 2003 and 2004 to
support the risk assessment (results were presented in BHI-01724). Sampling under the RCBRA
SAP (DOE/RL-2005-42) was also conducted in the 100-B/C Area to complement the data
collected for shoreline investigation.

Sample collection methods and laboratory preparation/analysis methods differ among various
studies. A notable difference with data collected for the 100-B/C Pilot project involved use of a
different soil dissolution method. Soils collected for the 100-B/C Pilot used Method 3052
(hydrofluoric acid dissolution) rather than the more commonly used Method 3050 (nitric acid
digestion). Studies comparing the two soil preparation methods have shown hydrofluoric acid
dissolution results in significantly higher extraction of inorganic analytes that does not represent
levels that are available to organisms. For this reason, soil samples prepared by total dissolution
have been excluded for use in the RCBRA.

Another difference with data collected for the 100-B/C Pilot project involves reporting tissue
data in terms of dry weight versus fresh (wet) weight. Tissue data from the 100-B/C Pilot project
have been corrected to fresh weight so the results are comparable among the various studies in
order to provide a consistent and coherent set of sample results to characterize risks.

3.4.2.2 100-NR-2 Shoreline Evaluation. The 100-NR-2 shoreline evaluation was conducted
during 2005. A report titled Aquatic and Riparian Receptor Impact Informationfor the
100-NR-2 Groundwater Operable Unit (DOE/RL-2006-26) describes the objectives, methods,
and findings of the investigation. Data compiled and collected during the investigation are
relevant to evaluating ecological exposures in the near-shore and riparian environments. Key
objectives and data collected for the 100-NR-2 investigation are summarized below. In addition,
the types of data collected during the 1 00-NR-2 shoreline evaluation and their use in the RCBRA
are described.

The objective of the 100-NR-2 shoreline investigation was to evaluate the impact of groundwater
contaminant plumes in the Hanford Site's 100-NR-2 OU on adjacent aquatic and riparian
receptors. Areas investigated by the 100-NR-2 project included a strontium-90 plume area, a
suspected diesel-contaminated area, and a metals-contaminated area. The scope of the 100-NR-2
shoreline investigation was to evaluate riparian zone receptors, near-shore aquatic receptors, and
potential human exposure to contaminated seeps along the Columbia River shore.

Previous monitoring data and additional data obtained during 2005 were used for the assessment.
Data collected in 2005 met project-specific DQOs and the associated SAP. Water, sediment,
soil, and terrestrial and aquatic biota were collected during calendar year 2005 and analyzed for
COPECs including strontium-90, uranium, technetium-99, heavy metals, PCBs, and petroleum
hydrocarbons. Data collected during the 100-NR-2 investigation included analytical data for
surface water, pore water, sediment, and soils. Data were also collected for several species of
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aquatic and riparian biota including clams, clam shells, sculpin, milfoil, and periphyton in the
Columbia River, and plants, small mammals, and terrestrial invertebrates in the riparian
environment. Contaminants of potential concern identified in the 100-NR-2 data were carried
forward for further evaluation.

Analytical data compiled and collected during the 100-NR-2 shoreline investigation were
integrated into the database for the RCBRA including chemical and radionuclide concentrations
in sediment, groundwater, and biota. Field surveys of abundance and diversity of aquatic biota
from the 1 00-NR-2 shoreline investigation also were used to help develop risk conclusions for
the 100-N Area. Sampling under the RCBRA SAP (DOE/RL-2005-42) was conducted in the
100-N Area to complement the data collected for shoreline investigation.

Sample collection methods and laboratory preparation/analysis methods differ among various
studies. A difference with data collected for the 100-NR-2 shoreline investigation involves
reporting tissue data in terms of dry weight versus fresh (wet) weight. Tissue data from the
1 00-NR-2 shoreline investigation have been corrected to fresh weight so the results are
comparable among the various studies in order to provide a consistent and coherent set of sample
results to characterize risks.

3.4.2.3 Remedial Investigation of Hanford Site Releases to the Columbia River. An RI is
being conducted for the Columbia River to characterize the nature and extent of
Hanford Site-related contaminants that have come to be located within the river (beyond the
near-shore environment being assessed in the present report) and to assess the resulting risks to
ecological and human receptors. The Columbia River RI focuses on the impacts of Hanford Site
releases to the Columbia River and its users. In order to evaluate the impacts from Hanford Site
releases, it will also be important to understand the contributions of non-Hanford Site influences
to the Columbia River upstream, within, and downstream of the Hanford Site.

This task was initiated in 2004 and has included numerous scoping and planning workshops with
the regulatory agencies, trustees, stakeholders, tribal representatives, contractors, universities,
and other interested public entities. In order to make final remedial action decisions,
environmental managers require an investigation of the possibility that Hanford Site
contamination has migrated offsite and accumulated in a manner that poses an unacceptable risk
to humans or the environment. The Columbia River RI will evaluate that possibility,
characterize risk, and, along with the remainder of the RCBRA, will support final remedial
action decisions. The geographical scope of the Columbia River RI includes the river channel
and shoreline areas on the bank opposite the reactor sites. It will also include risk
characterization for the islands within the Hanford Reach and areas downstream that may have
been affected by contamination leaving the Hanford Site.

In 2005, a massive effort was undertaken to identify, compile, review, and evaluate existing
analytical (i.e., radionuclides and hazardous chemicals) and characterization data for
Hanford Site-related contaminants released to the Columbia River; data have been collected for
almost 966 km (600 mi) of the Columbia River. A summary of the process used to compile and
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classify relevant source documents and manage the data is provided in the Columbia River
Component Data Evaluation Summary Report (WCH-9 1).

The purpose of the Columbia River RI data evaluation (WCH-91) was to assist in defining the
extent of Hanford Site-related contamination within the preliminarily identified boundaries of the
Columbia River Component (CRC) (Grand Coulee Dam to Astoria, Oregon). The information
will also be used to develop an initial understanding of river conditions and contaminant
distribution within the river and several of the major tributaries.

In 2007, data that had become available since the first data evaluation exercise (WCH-91) were
added to the Columbia River RI database and further evaluated. The results of the analysis were
published in the Columbia River Component Data Gap Analysis (WCH-20 1). The primary
objective of that report was to review the adequacy of the existing Columbia River surface water
and sediment data, specifically with respect to their use in future site characterization and risk
assessments. That review was used to identify data gaps and information that will be needed to
gain a better understanding of existing levels of contaminants in river sediments; assist in the
development of a preliminary CSM; and identify information and data gaps that need to be
addressed to better understand the location, character, and long-term fate of contaminants in
sediment and surface water. It was also developed to help determine the appropriate boundaries
of the risk analysis for the Columbia River.

3.4.2.4 Central Plateau Ecological Risk Assessment. Over the past several years, RL has
undertaken several ecological studies and risk assessment activities in the Central Plateau of the
Hanford Site including risk assessment activities undertaken to support cleanup decision-making
under CERCLA. Beginning in 2003, a series of ecological sampling and risk assessment
activities were planned and scoped with the participation of the EPA, Ecology, the Tribes, and
other stakeholders. The intent of these activities was to produce a Central Plateau-wide
assessment of ecological risks that would support cleanup decision-making for waste sites under
CERCLA.

The DOE has developed a cleanup completion framework for the Hanford Site
(DOE/RL-2009-10), and a more detailed strategy for the cleanup of the Central Plateau
(DOE/RL-2009-8 1). The cleanup approach that is outlined in these documents substantially
influences how ecological risks should be incorporated into a Central Plateau cleanup
decision-making process.

A data compilation and status report titled Central Plateau Ecological Risk Assessment Data
Package is currently in preparation. The report will be a Tri-Party Agreement secondary
document. The data compilation report will present a status of the risk assessment activities in
the Central Plateau and will describe the transition to the risk assessment approach that supports
the Central Plateau cleanup completion strategy. Ecological risk conclusions will not be
presented in the data compilation report, but will be incorporated into the risk assessments
supporting the Central Plateau decision documents. Description of the procedures for
developing ecological PRGs will be included in the data compilation report; those procedures are
closely aligned with the development of PRGs developed for the RCBRA.
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Reference site data from the CP ERA that are relevant to the River Corridor study area and
project objectives were used in this report. Additional information on reference sites is provided
in Appendix B.

3.4.3 Verification of Study Design (ERAGS Step 5)

Collection of environmental samples presents a number of inherent challenges. In general,
obtaining a complete set of abiotic media samples (e.g., soil, water) is less difficult than
sampling biotic media (e.g., fish tissue, plant tissue). In some cases, targeted species were
uncommon or difficult to sample in the amounts needed for all analytical suites. Weather
conditions, worker safety, seasonal or annual variations in abundance, and other environmental
factors limited plant or animal availability or site accessibility. In other cases, the characteristics
of the biotic tissue itself interfered with sample extraction or analysis and made it difficult to
obtain planned quantitation limits. Completion of bioassays or collection of field measures
sometimes did not meet the planned requirements. Where acquisition of the samples or data was
not possible as originally planned, the RCBRA project implemented the following contingencies
and supplemental sampling insofar as possible to meet the requirements for abiotic and
biotic data:

* No amphibian samples were obtained from the onsite sampling areas during the 2005-2006
sampling season due to very high river flows that washed out the sampling areas. Amphibian
sampling during the second season (2006-2007) of the shoreline assessment was successful
and included onsite and reference areas.

* The contingency for avian samples was implemented by collecting swallows during the
second season (2006-2007) of sampling because insufficient numbers of kingbirds were
available for sampling due to nest predation.

* Supplemental fish sampling was conducted in 2008 to improve the data quality of the
PCB analyses.

* Supplemental sediment sampling was conducted in 2007 to replace rejected hexavalent
chromium data.

* Supplemental soil sampling and seedling germination testing were completed in 2008 to
replace seedling germination test results that were determined to be unusable based on an
expert review of the bioassays. All other bioassays were determined to be usable.

The ecological risk assessment used MUL TI INCREMENT sampling (MIS) techniques to
characterize contaminants in soil, as described in the RCBRA SAP (DOE/RL-2005-42).
MUL TI INCREMENT sampling is a special type of composite sampling that has been applied
for characterizing a variety of environmental media. This method was designed to obtain

* MULTIINCREMENRis a registered trademark of EnviroStat, Inc.
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representative estimates of the average contaminant concentrations associated with the
remediated waste sites and control the sampling fundamental error and the grouping and
segregation errors associated with measuring soil concentrations (Ramsey et al. 1989,
Pitard 1993, Gy 1998, EPA/600/R-03/027, Gerlach et al. 2002, and Ramsey 2004). The MIS
technique was an efficient way to characterize large upland and riparian locations for potential
ecological risk to populations. Collection and analysis of soil using MIS to represent the
remediated waste site or reference site is appropriate because the statistical parameter of interest
is the mean concentration (Ecology 92-54). The fall 2005 sampling event, which assessed soil at
20% of the investigation areas and represented all nine environment and site type combinations,
was conducted as a performance assessment. The purpose of the performance assessment was to
provide information on the "between-sample" and "between-investigation area" variability in
contaminant concentrations. Variability of the MIS replicates at each of the sites was low,
generally less than 20% relative standard deviation.

3.4.4 Site Investigation and Data Analysis (ERAGS Step 6)

Results from the site investigation are presented for each environment. Some components of
data analysis are common to all environments and are summarized below; specific details
applicable to different environments are presented in Sections 4.0, 5.0, and 6.0. The contaminant
refinement process went from suites identified for sampling in the RCBRA SAP
(DOE/RL-2005-42) to COPCs, based on statistical evaluations of background and reference data
and on comparisons of representative concentrations to screening values. This process is
consistent with EPA guidance for ecological risk assessments (EPA 2001). The risks were then
characterized on the basis of soil, sediment, and water ecological screening values; toxicity
reference values (TRVs); and exposure parameters from various sources.

3.4.4.1 Contaminants of Potential Concern Refinement. Selection of the appropriate COPCs
was critical to preparing an assessment that was representative of risks resulting from Hanford
Site operations and useful for making remedial action decisions. Contaminant of potential
concern selection occurred through a process that was deliberate, systematic, and based on
established selection criteria. The risk assessment must be able to differentiate between
background materials, nonsite-related materials, and contaminants directly related to site
processes or materials. A consequence of not establishing an appropriately focused list of
Hanford Site-related contaminants for this type of assessment could be that the calculated risks
related to Hanford operations may fail to consider the contribution from non-Hanford Site
constituents or their background concentrations as a component of the total concentration on site.
Examples of such constituents include naturally occurring metals and radionuclides and
ubiquitous man-made contaminants such as certain persistent organic pollutants and
radionuclides related to global fallout from atmospheric testing. This section describes the
approach developed to identify and focus the COPCs identified for the risk assessment
evaluation. A more detailed discussion of the implementation of this process is also described
separately for each environment in Sections 4.0, 5.0, and 6.0.

The approach used for COPC refinement was built upon approaches and methods for COPC
selection presented in the Tri-Party-approved RCBRA SAP (DOE/RL-2005-42). The RCBRA
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SAP outlines a process for focusing contaminants based on comparing mean concentrations at
waste sites or operational areas to background or reference sites using conclusions and data
summaries from limited field investigation, cleanup verification packages (CVPs), Hanford Site
monitoring, and related projects. This process is consistent with guidance pertaining to selection
of COPCs for risk assessment (OSWER 9285.701A).

The COPC refinement process included a number of complementary steps and criteria, which
began with a pre-selected list of contaminants that would be excluded and a list that would be
included, as determined and agreed upon among the Tri-Parties. The exclusion and inclusion
lists recognized and took advantage of the knowledge gained through decades of Hanford Site
characterization and cleanup work that has preceded this assessment.

Additional selection steps included evaluating all of the data according to detection status,
statistical comparisons of Hanford Site data to background and reference site data, and an
analyte-specific evaluation. The analyte-specific evaluation was used when the results of various
statistical comparisons were not consistent and focused on specific analytes that needed
additional evaluation to determine if they met the criteria to be identified as COPCs. The
analyte-specific evaluation integrated a variety of information, such as the magnitude and
significance of statistical comparison results, process knowledge, results in other media, and
results for similar analytes, to support a conclusion on COPC identification.

The following sections provide additional information on the COPC refinement process used in
this ecological risk assessment. Specific information on COPC refinement for detected analytes
is provided separately for each environment in Sections 4.0, 5.0, and 6.0.

Exclusions. Some analytes were excluded from consideration as COPCs by agreement among
the Tri-Parties, based on relevant Hanford Site data. Separate exclusion lists were developed for
soil and for groundwater contaminant plumes.

The exclusion lists were based on the following types of analytes:

* Radionuclides with a half-life of less than 3 years: Radionuclides with half-lives less than
3 years would not be present as a result of historical Hanford Site operations due to
radioactive decay that would have occurred since operations ceased.

* Essential nutrients: Essential nutrients that are present at relatively low concentrations and
are toxic only at high concentrations need not be considered in a quantitative risk assessment
(OSWER 9285.701A).

* Water quality or soil physical property measurements: These analytes were measured to
obtain information on water quality or soil properties to understand potential confounding
factors for bioassays conducted for soil, sediment, or water, or to interpret their influence on
the toxicity of COPCs (e.g., grain size for soils, water hardness for metals effects).
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0 Background radionuclides: Background radionuclides potassium-40, radium-226,
radium-228, thorium-228, thorium-230, and thorium-232 were identified by consensus of
Tri-Party managers as not directly related to Hanford operations or processes.

The list of excluded analytes is provided in Table 3-7.

Inclusions. Certain analytes were included as COPCs based on evaluation of the commonly
reported analytes in waste site cleanup verification reports or based on the most prevalent
contaminants in the groundwater plumes. The COPC inclusion list (Table 3-8) reflects the
following kinds of contaminants that the Tri-Parties agreed would need to be addressed in this
risk assessment in order to prepare a meaningful and effective regulatory document:

* Waste site (soil and related media) analytes: The list of contaminants evaluated in the
CVP/remaining sites verification package (RSVP) reports was compiled for waste sites in the
100 Area and the 300 Area. Some contaminants were reported in only a single report, and
others were reported in nearly all CVP/RSVP documents. To develop the inclusion list for
the 100 Area and 300 Area, the frequency of reporting for analytes was ranked, and those
analytes reported at one-third or more of the waste sites were placed on the 100 Area
inclusion list. The 300 Area list was developed by removing those 100 Area analytes that
were not reported in at least one of the 300 Area waste sites.

* Key plume (groundwater and related media) analytes: The list of key plume
contaminants in the Hanford Site Groundwater Monitoring for Fiscal Year 2006
(PNNL-16346) was compiled for the 100 Area and the 300 Area. Some contaminants were
reported in only a single area, and others were reported in nearly all areas.

Nondetected Analytes. Analytical results for soil, sediment, water, and biota collected for the
RCBRA investigation were evaluated against the quality criteria specified in the Quality
Assurance Project Plan (QAPP) of the RCBRA SAP (DOE/RL-2005-42). As a measure of data
quality, analytical results identified as nondetects in the RCBRA data set were compared to the
laboratory required detection limits prescribed in the QAPP. Analytes for which all results were
nondetects reported at values higher than the prescribed detection limit were identified for
additional consideration and were labeled as "uncertain COPC." The results associated with the
"uncertain COPCs" for which the nondetect result exceeded the target PQL from the
RCBRA SAP were identified as uncertainties in the risk analysis. Additional information on
COPC refinement for nondetected analytes is provided separately for each environment in
Sections 4.0, 5.0, and 6.0.

Detected Analytes. Detected analytes were the dominant focus of COPC refinement. Statistical
and narrative analysis of detected analytes were used to determine the COPC list. The COPC list
was determined by sorting the detected analytes into the following groups:

* Analytes present at concentrations that were statistically different from the reference site and
background data based on multiple tests were identified as COPCs. Demonstration of
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statistical difference was based on p-values less than or equal to 0.05 for all of the following
tests that are applicable (minimum of two applicable tests): Gehan, quantile, slippage, and
chi-square detection frequency.

* Analytes present at concentrations that were not statistically different from the reference site
and background data based on multiple tests were not COPCs. Lack of statistical difference
is based on p-values greater than 0.05 for all of the following tests that are applicable
(minimum of two applicable tests): Gehan, quantile, slippage, and chi-square detection
frequency.

* Analytes that were determined not to be COPCs based on the analyte-specific evaluation.
This evaluation included an assessment of the range of the detected concentrations at study
sites compared to reference sites, consistency in soil sample results for each remediated
waste site, consistency in statistical results within and between sample media, detection
frequency, and status as a preferred inclusion list analyte.

* Analytes that were identified as COPCs based on the analyte-specific evaluation. This
evaluation included an assessment of the range of the detected concentrations at study sites
compared to reference sites, consistency in soil sample results for each study site,
consistency in statistical results within and between sample media, detection frequency, and
status as a preferred inclusion list analyte.

Analyte-Specific Evaluation. COPC refinement in the upland, riparian, and near-shore
environments emphasized sample results in the primary environmental media. The results of
statistical tests using data from all study site sampling locations and media were supplemented
by review of results in the primary media for individual sampling locations and decision areas to
identify COPCs. Factors such as mobility, interspecies variability, uncertainty in uptake and
depuration rates, and other temporal influences are reasons that biotic tissues were not
considered primary media. The analyte-specific evaluation for each environment included the
following components:

* Status on the inclusion list was considered for retaining an analyte as a COPC.

* Emphasis was placed on reference site concentrations, as these were used as comparison
values for the exposure evaluation. A difference from reference concentrations demonstrates
that there is a biologically meaningful range of exposure levels for gradient analyses. The
slippage test was used as the most definitive test for showing a difference in the range of
concentrations at operational areas compared to reference sites. Cases where there were
outliers at the reference sites were noted because these outliers could interfere with the
conclusions of the slippage test or the visual interpretation of the box plots.

* The results of abiotic media and biotic tissue statistical tests were considered, but emphasis
was placed on differences in the abiotic media.
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* Box plots showing sample results for the primary media by ROD area and for each upland or
riparian site were reviewed to identify concentration shifts for a particular location and to
identify outliers. Concentration shifts are indicated by differences in the interquartile range
(the position of the box) or by the range of concentrations in the upper quartile (points that
plot above the box). Analytes that showed a concentration shift for an ROD area or location
were identified as COPCs. Outlier points were indicated on the plots by data that fell outside
of the whiskers on the plots. A significant outlier, particularly in an abiotic medium at a
study site, is a factor used to decide if an analyte should be retained as a COPC. The plots
also helped to determine if the detected concentrations fell with the range of the nondetects;
these analytes were not retained as COPCs.

* The box plots showing biotic tissue sample results were reviewed to identify outliers as
described above. A significant outlier is a factor used to decide if an analyte should be
retained as a COPC. The plots also helped to determine if the detected concentrations fall
with the range of the nondetects; these analytes were not retained as COPCs.

3.4.4.2 Computation of Representative Concentrations. Thousands of laboratory results
were used in this assessment to estimate exposure of ecological receptors to Hanford Site
contaminants and to estimate the potential health risks to those receptors. From the large body of
individual analytical results from the many samples collected, it was necessary to calculate a
concentration of each COPC that represents the body of relevant data. Calculation of those
representative concentrations took into consideration the spatial and temporal scale upon which
receptors may be exposed as well as the expected exposure pathways. Field sampling was
designed to support exposure estimates of this kind, and the relevance and appropriateness of
existing data from other sources was evaluated in these terms as well. Representative
concentrations calculated from the body of raw analytical data were then used directly in the
ecological risk exposure assessment.

The assessments of ecological risk within this report included an evaluation of the reasonable
maximum exposure (RME) and the central tendency exposure (CTE). An RME scenario
assesses risk to ecological receptors whose behavioral characteristics may result in higher
potential exposure than seen in the average individual. A CTE exposure characterizes potential
risk to an average member of the population. The inclusion of both RME and CTE calculations
provides a semiquantitative measure of the range of expected risks that may occur under a
particular exposure scenario. The CTE and RME provide risk managers with estimates of the
average and "high average" (or reasonable "worst case") exposures that can be expected
to occur. Even though they are intended to represent a conservative estimate of risk, RME
scenarios should not be composed of upper-bound estimates of every parameter included
(EPA/230/02-89/042), otherwise conservatism will compound into an unrealistic upper-bound
risk estimate.

The statistical methods for calculating the upper confidence limit (UCL) of the mean for use
as RME values in risk assessment have evolved over time. Earlier EPA guidance
(EPA/540/R-92/003) provided methods for calculating UCLs assuming that the data being used
had been derived from a normal or lognormal statistical distribution. That guidance also allowed
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for use of the maximum concentration in cases where the UCL was larger than the maximum
value. This early approach was deficient in several ways. Since 2002, EPA has released
versions of the ProUCL software to address technical and computational issues associated with
calculating UCLs from environmental data. Many of these techniques have been possible due to
advances in computer hardware and software since the original EPA guidance was released in
1992. An accepted process for calculating analyte concentrations in environmental media is
needed so that RME risks can be calculated. In general, the process described in the following
sections follows EPA guidance as provided in the Pro UCL Version 4.0 User Guide
(EPA/600/R-07/038) and ProUCL technical guidance (EPA/600/R-07/041).

The following issues need to be considered for determining the most appropriate methods for
estimating representative concentrations for CTE and RME scenarios:

* What was the intended use of the sample results (what were the DQOs)?

* How many sample results are available for the exposure unit?

* Are the data censored (are there nondetect sample results)?

* What estimation methods are mathematically stable for the data being evaluated and,
therefore, provide reasonable estimates of the mean and upper bound on the mean?

The following sections provide additional information on the factors and issues that are
important for estimating representative concentrations for CTE and RME scenarios.

Data Sets and Exposure Units. Every representative concentration used in the risk assessment
has an associated spatial scale to which the underlying data apply. Risk assessment results
derived from the representative concentration pertain to that spatial scale. Spatial scales are
designated as exposure units, or exposure areas, in a risk assessment. These are commonly
defined on a volumetric basis for abiotic media. For example, RCBRA MIS samples represented
the top 15.2 cm (6 in.) of soil within an area of about 1 ha (2.47 ac). Sediment samples were
collected from the biologically active 0- to 10.2-cm (0- to 4-in.) zone and, in the case of samples
collected from operational areas, represented conditions within the area where groundwater
contaminant plumes enter the Columbia River. For biotic media, an exposure unit is a function
of the home range of the sampled species. This can vary from less than 1 ha (2.47 ac) to several
hectares or more (e.g., avian species like kingbirds). A crosswalk of spatial scale and the
RCBRA data sets used to evaluate representative concentrations for the ecological risk
assessment is provided in Table 3-9. In the case of the RCBRA data, the ultimate spatial scale
for calculation of representative concentrations depends upon the outcome of data analysis
indicating the presence of significantly different concentrations among sampling locations. The
spatial scale is related to conceptual site model and influences the method used to estimate
representative concentrations largely though the number of samples, the number of detected
samples, and the skewness of the sample dataset at a particular scale.
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For some of the data groups and sample media combinations shown in Table 3-9, sampling was
not always performed with the intention of calculating a UCL. In these cases, there may not be
enough samples available to adequately estimate the RME. Many of these samples were
collected to represent "worst-case" or upper-bound conditions. Other times the data were used
within an assessment context that considered multiple lines of evidence, and protectiveness was
considered among the other measures evaluated.

Treatment of Censored Values. A nondetect is an analytical sample result where the
concentration is deemed to be lower than could be reliably identified and quantified using the
method employed by the analytical laboratory. A value is reported, and a qualifier is assigned,
indicating that the sample concentration was smaller than that value. The data are essentially
"censored" at this value, so nondetect results are referred to as censored data.

Nondetects may correspond to concentrations that were actually or virtually zero, or they may
correspond to values that were larger than zero but below the laboratory's ability to provide a
reliable measurement. All approaches to working with nondetects use substitution values to
estimate the sample results that might have been obtained with a more sensitive analytical
method.

Methods Used. This section provides an overview of the technical approach for calculating
means and UCLs on the mean for the RCBRA. The decision logic for choosing an appropriate
statistical method was largely based on the number of detected samples and the variability of the
available samples for the spatial scale of interest. The process was based on EPA guidance as
presented in ProUCL user guide and technical guidance (EPA/600/R-07/038,
EPA/600/R-07/04 1).

In Calculating Upper Confidence Limitsfor Exposure Point Concentrations at Hazardous Waste

Sites (OSWER 9285.6-10), EPA recommended using the average concentration to represent "a
reasonable estimate of the concentration likely to be contacted over time" (EPA/230/02-89/042)
and "because of the uncertainty associated with estimating the true average concentration at a
site," recommended that the 95% UCL on the mean be used for assessing a reasonable maximum
exposure. There are many parametric and nonparametric methodologies available for calculating
UCLs. Representative concentrations are based on the mean and UCL using both parametric and
nonparametric methodologies in cases in which the number of detected samples, n', is greater
than 4. To provide robustness to distributional assumptions, outliers, and methodology
instabilities, the median of the calculated means and the median of the calculated UCLs were
used as the CTE and RME, respectively. Methods differed based on the number of detected
sample results, as described below. The methods for identifying CTE and RME representative
concentrations based on the number of detections were developed with input from the
Tri-Parties.
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Small Number of Detected Sample Results. The following is a summary of the approaches for
calculating representative concentrations for detect sample sizes (n') from 0 to 4:

* n'= 0; then no CTE, no RME
* n'= 1; then the detected result is used for the CTE and RME value
* n'= 2; then maximum detect is used for the CTE and RME value
* n'= 3 or 4; then the average is the CTE and the maximum detect is used as RME.

Large Number of Detected Sample Results. For data sets with five or more detects, three
statistical methods are used to calculate the mean and the UCL. The methods employed for
calculating these representative concentrations are largely based on simulation studies presented
in the ProUCL technical guidance document (EPA/600/R-07/038). In addition, the strongest
theoretical basis for calculating a UCL on the mean is the central limit theorem that points to a
Student's t-estimation approach. ProUCL, in some cases, recommends estimating the UCL by
two approaches and taking the maximum of the estimates. Here, a similar type of approach was
followed in which the median of the three following UCLs was used as the RME, estimated by
using the methods presented below.

* Normal statistical distribution
* Gamma statistical distribution

* Nonparametric methods.

Normal Statistical Distribution. As discussed above, the normal distribution has a strong
theoretical basis related to the central limit theorem. The properties of the normal distribution
have been well studied and, as discussed in the ProUCL technical guidance (EPA/600/R-07/041),
the minimum variance unbiased estimates of the mean and the variance are respectively given by
the sample mean and sample variance. Simulation studies have shown that for normally
distributed data sets, a UCL of the unknown mean based upon Student's t-distribution is optimal.
Therefore, the UCL calculated based on the Student's t is presented as one of the estimates of the
UCL. For situations that include nondetects, the nondetects are replaced with one-half of the
detection limit to impute concentrations prior to mean and UCL estimation.

Gamma Statistical Distribution. For parametric approaches, the particular mean and UCL
estimation methodology used depends on the distributional assumptions made for the population
that generated the data. ProUCL recommends avoiding "the use of a lognormal model even
when the data appear to be lognormally distributed" because "its use often results in incorrect
and unrealistic statistics of no practical merit" (EPA/600/R-07/038). ProUCL further notes that
"the gamma distribution is better suited to model positively skewed environmental data sets"
based on the following:

* The conclusion that use of a gamma distribution results in reliable and stable UCL values for
datasets without nondetects

* The fact that there is no need to transform the data and back-transform the resulting statistics.
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The gamma distribution also has the advantage that it can be used to model normally distributed
data. Given the above, the assumption is made that concentration data are gamma distributed,
and that the gamma shape and scale parameters can be used to estimate the UCL, based on the
following two methods (EPA/600/R-07/041):

* Approximate gamma 95% UCL
* Adjusted gamma 95% UCL.

Table 3-10 provides the parameter estimation decision logic based on the gamma shape
parameter, k, and the number of observations, n (EPA/600/R-07/041). For situations that include
nondetects, a gamma regression on order statistics (ROS) approach is used to impute
concentrations prior to mean and UCL estimation.

Regression on order statistics is a parametric approach for imputing nondetect concentrations.
Regression on order statistics estimates a linear model of the detected sample values versus the
quantiles from a hypothesized probability distribution and then uses this linear model to assign
values for the nondetects. The quantiles can be based on an assumed distribution such as a
normal, lognormal, or gamma. The first step in computing the quantiles is to compute the
plotting positions or percentiles. For example, in the case of one detection limit for the gamma
distribution, ProUCL computes the plotting position for the ith ordered sample value as (i-2)/ln.
The gamma quantiles are then computed using the probability statement P(X < q(i)) = (i - 2) /n,
i = 1, 2, ... , n , where X represents a gamma random variable. Details for computing plotting
positions for multiple detection limits can be found in Nondetects and Data Analysis: Statistics
for Censored Environmental Data (Helsel 2005). Once the model is fit, values for the
nondetects can be imputed and combined with the detected concentrations, and a mean and UCL
can be estimated using a parametric UCL method.

Given the use of a linear model, at least two detected observations are needed to estimate the
model. However, the reliability of the assignment is highly dependent on the number of detected
values. ProUCL recommends using at least 8 to 10 detected values for a reliable model.

One advantage is that the ROS can handle multiple detection limits. With multiple detection
limits, ROS can assign values for nondetects that are higher than some detected values.
Although this may appear to be a disadvantage, it can also be seen as an advantage given that
there is a nonzero probability that a nondetect value is actually above the detection limit.

Nonparametric Methods. The mean and the UCL is also estimated using various
nonparametric methods following a decision logic related to the standard deviation of the
log-transformed data. This logic is described in Table 3-11. In cases with low variation among
the sample results, the logic defaults to the Student's t method. In the case of nondetects, the
mean (and standard deviation for the Chebyshev approaches) is estimated using the
Kaplan-Meier estimator.
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Kaplan-Meier is a nonparametric approach for estimating the mean and standard deviation of
censored data that is commonly used in survival analysis. The Kaplan-Meier method provides
an estimate of the sample distribution functions, adjusting for censored data. The Kaplan-Meier
estimate of the sample distribution function is calculated as follows (EPA/600/R-07/041):

F(x)=1,

F(x)= H
jAx, >x n j

F(x)= F(x')

F(x)= 0

x x'

x n x X'

xmi m x< x'

0 x sx

x
x'i

n;
xmn

a vector of n samples
a vector of n' distinct detected samples
the number of detects at x'
the number of samples < x'
the minimum value of x.

The Kaplan-Meier estimate of the population mean is given by:

p , =Zx4 (x ) -F(x 1 ) with x, = 0.

The Kaplan-Meier estimate of the standard error of the mean is given by:

2 n-k n'-I 2

n-k-i '=1 ',
M 1 i

nil(nil - mi,)

where k is the number of nondetects and:

j-1

The Kaplan-Meier parameter estimates can then be used to estimate the UCL parametrically or
the mean estimator can be used in a bootstrap resampling algorithm. An advantage of
Kaplan-Meier is that it can handle multiple detection limits.
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Supplemental Representative Concentrations for Uncertainty Analysis. This protocol was
supplemented with calculations for censored COPCs based on all sample results. These
calculations were used in the uncertainty analysis. Nondetects were used "as is" and were not
replaced. This implies the use of a sample-specific reporting limit for chemicals and a
method-specific minimum detectable activity for radionuclides. The following is a summary of
the supplemental representative concentrations calculations based on the number of sample
results (detects and nondetects).

* No detected sample results: no representative concentrations.

* From one to four sample results (at least one detect): use all values to estimate representative
concentrations as either an average or maximum of the values.

* If the data set contains five or more sample results, then three statistical methods (normal,
gamma, nonparametric) were used to calculate the mean and the UCL of the mean based on
all data (detects and nondetects). In this case, the nondetect sample results were used "as-is"
(no replacement values).

The approaches described above provide both a parametric and nonparametric estimate of the
mean and 95% UCL. The representative concentrations decision logic was largely based on
simulation studies presented in the ProUCL technical guidance document (EPA/600/R-07/038),
while the strongest theoretical basis for calculating a UCL on the mean is the central limit
theorem that points to a Student t estimation approach. ProUCL in some cases recommends
estimating the UCL by two approaches and taking the maximum of the estimates. Here, a
similar type of approach was followed in which the median of the three UCLs, estimated by
using the methods presented above, was used as the RME.

3.4.5 Risk Characterization (ERAGS Step 7)

ERAGS Step 7, risk characterization, is risk estimation, risk integration, and uncertainty
analysis. Multiple lines of evidence were employed to assess risks to the assessment endpoint
entities evaluated in this report. The results and relative weights for these measures are
discussed in risk characterization.

There are some generic uncertainties that are inherent to every ecological risk assessment. For
example, literature screening values for survival, growth, or reproduction are used in the
assessment. The use of literature toxicity reference values involves uncertainty in the
extrapolation from dose response in test organisms to species occurring onsite based on the
following:

* Test conditions (e.g., temperature, humidity)

* Laboratory toxicity studies are typically focused on a single contaminant, whereas conditions
in the field typically involve contaminant mixtures
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* Bioavailability (laboratory studies typically represent maximum bioavailability, whereas
conditions in the field, such as weathering and sorption, decrease bioavailability over time)

* Toxic form (e.g., valence)

* Relatively short-term laboratory exposure compared to chronic exposure to contaminants in
the field

* Similarity in toxic response.

Therefore, literature toxicity information could overestimate risk to certain COPECs
(e.g., literature bioassays based on bioavailable forms of inorganic chemicals). In addition, some
COPECs may act synergistically and, therefore, the potential for effects or risks could be
understated. Lastly, literature toxicity data are missing for some COPECs, thus risk could be
underestimated.

The outcome of risk characterization provides ecological risk-based PRGs for consideration in
making risk-management decisions (ERAGS Step 8). At this step, the risk assessment moves
beyond screening with conservative screening values and uses defensible, site-specific
information on ecological effects for risk characterization.

3.5 SUMMARY

The conceptual model for the RCBRA identifies known and potential sources of contamination
based on site history, process knowledge, and characterization and remediation activities
performed to date. The CSM was developed in the context of past and current assessment,
characterization, and remedial activities at the Hanford Site. Liquid waste disposal sites and
burial grounds have been identified as the dominant contributors of contaminants to the
Hanford Site environment and remediation was prioritized to address these sites first in the
CERCLA process. Major chemicals and radionuclides used in Hanford Site operations and
resultant waste streams have been documented for decades. Information from these historical
records in addition to recent characterization information were used to refine and validate the
CSM through the risk-assessment process.

Physical attributes of the site, such as climate, topography, soil structure, and dominant flow of
groundwater, are also a part of the CSM. Because groundwater underlying the River Corridor
moves toward the Columbia River, it is important to consider contaminants that have migrated
via groundwater to the riparian and near-shore aquatic zones. Environmental attributes of the
River Corridor including upland, riparian, and near-shore habitat types and species present define
the environmental setting for the site and were used to develop conceptual exposure models.
Ecologically, it is important to understand the environmental setting of the River Corridor
because site use by specific receptors varies based on species' needs. Understanding the trophic
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organization of the upland, riparian, and near-shore environments is also important for testing
assumptions of contaminant transfer and subsequent risks to all levels of receptor species.

This CSM describes the sources of contamination and the environmental transport and exposure
pathways between contaminant sources and applicable ecological receptors. Representative
ecological receptors were selected as assessment endpoint entities for each environment and to
address broad-scale exposures. Sampling locations and associated measures were generally
selected to optimize the potential for detecting contaminants and effects. Particular attention was
focused on the lower and middle trophic levels. Most Hanford-related contaminants are
inorganic chemicals and radionuclides, and there is limited transfer of these constituents between
the trophic levels.

The process used for the SLERA (ERAGS Steps 1 and 2) and the BERA (ERAGS Steps 3
through 7) followed EPA guidance for CERCLA. Specifically, existing data were evaluated in
the SLERA and the results of the SLERA were used to identify key COPECs, receptors, and
exposure pathways. This information led to developing the BERA for the River Corridor.
Several meetings and workshops were used to obtain regulator, Natural Resource Trustee, and
public input on the assessment endpoints and associated measures. The sampling results were
also reviewed during meetings and workshops, and input was obtained on the draft risk
characterization approaches. Comments were received and dispositioned on previous drafts of
this report. This approach was consist with ERAGS that included several scientific management
decision points (Figure 1-6) as interim process checks on the approaches taken for site-specific
ecological risk assessment.

Risk characterization includes COPC/COPEC refinement to go from the analytical suites to
COPECs evaluated in the three environments and for broad-scale exposures. Risks were
evaluated based on representative concentrations calculated using methods consistent with EPA
guidance. Representative concentrations were calculated for all COPECs to assess exposure and
effects.

The outcome of risk characterization provides ecological risk-based PRGs that will be used by
risk managers to support final risk management decisions for the River Corridor.
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4.0 EVALUATION OF ECOLOGICAL RISKS
IN THE UPLAND ENVIRONMENT

This section describes the ecological risk assessment methods and results for 20 study sites
associated with remediated waste sites and 10 reference sites located in the upland environment
of the River Corridor. This material was developed in accordance with the planning and decision
documentation for the RCBRA (e.g., data quality objective summary reports [DQOs]
[BHI-01757], Risk Assessment Work Planfor the 100 Area and 300 Area Component of the
RCBRA [DOE/RL-2004-37], and 100 Area and 300 Area Component of the RCBRA Sampling
and Analysis Plan [SAP] [DOE/RL-2005-42]). The assessment endpoints and associated
measures, data inputs, analyses, and exposure calculations for the upland environment for the
RCBRA are presented. The primary guidance followed in this volume of the report is Ecological
Risk Assessment Guidance for Superfund: Process for Designing and Conducting Ecological
Risk Assessments (Interim Final) (ERAGS) (EPA/540/R-97/006); this section provides the
technical information supporting Steps 1 through 7 of ERAGS for the upland environment (see
Section 1.0 for more information on ERAGS).

Section 4.1 presents introductory materials including a road map for this section of the report.
Section 4.2 contains the screening-level ecological risk assessment (SLERA) for the upland
environment. Section 4.3 presents the upland baseline ecological risk assessment (BERA).
Section 4.4 contains a summary of risk conclusions for the representative remediated waste sites
studied in the upland environment and discusses how the conclusions from these representative
remediated waste sites can be applied to other waste sites in the River Corridor. Uncertainties
associated with these conclusions are highlighted.

4.1 INTRODUCTION

The upland environment ecological risk assessment evaluated operational area waste sites. Such
sites are either remediated or yet-to-be remediated waste sites. Remediated waste sites were
evaluated to address the following questions:

* Are cleanup levels currently established under the interim action records of decision
(IARODs) protective of human health and the environment?

* Are residual conditions for cleanup actions completed under the IARODs protective of
human health' and the environment?

* What are the uncertainties associated with the risk results and conclusions?

1 Human health risks are evaluated in Volume I.
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Figure 4-1 presents the eight steps of the ERAGS process that were followed for the upland
environment and shows the corresponding sections and appendices where information on that
step can be found in this document.

ERAGS Steps 1 and 2 provide an SLERA using data available at the time the SLERA was
completed (BHI-01757). Based on information from the SLERA, the project proceeded to the
BERA. The BERA is Steps 3 through 7 of ERAGS and focused on evaluation of 20 study sites
associated with remediated waste sites. Risk conclusions for these remediated waste sites will be
applied to final cleanup decisions for the River Corridor.

4.2 SCREENING-LEVEL ECOLOGICAL RISK ASSESSMENT

The RCBRA SLERA evaluated existing soil and tissue data from 10 operational areas within the
River Corridor as part of the DQO Summary Report (BHI-01757). Abiotic and biotic data were
available for the following operational areas: 100-B/C, 100-K, 100-D, 100-F, 100-H, 100-K,
100-N, 300 Area, Hanford townsite (100-IU-6), and White Bluffs townsite (100-IU-2). Data on
325 chemical and radiological analytes were evaluated for the 10 operational areas. These data
were collected for a variety of purposes by several different projects. Therefore, the number of
analytes and detection levels measured at each individual site varied depending upon the specific
needs of the project with which they were historically associated. However, these data were of
sufficient quality for the purposes of the SLERA.

Entities in the Hanford Site 100 Area and 300 Area that were evaluated in the SLERA include
soil biota communities (for radionuclides); plant, terrestrial invertebrate, and terrestrial wildlife
communities and soil microbial function (for nonradiological analytes); and aquatic and
sediment biota communities (for radionuclides and nonradiological analytes). Maximum media
concentrations for each contaminant were used for the screening. Additionally, the maximum
nondetected concentrations were screened to determine if detection limits were adequate.

The screening process distributed analytes into four categories:

* Analytes that exceeded applicable ecological benchmarks were designated as contaminants
of potential ecological concern (COPECs)

* Analytes that were below applicable ecological benchmarks were eliminated from
consideration as COPECs

* Analytes whose nondetect value exceeded applicable ecological benchmarks were designated
as COPECs

* Analytes for which applicable ecological benchmarks were not available were eliminated
from consideration as COPECs.
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Figure 4-1. Application of the ERAGS Process to the Upland Environment.
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In the planning meetings for the RCBRA, project participants (U.S. Environmental Protection
Agency [EPA], Washington State Department of Ecology [Ecology], U.S. Department of Energy
[DOE], and tribal and stakeholder groups) were concerned about the representativeness of the
data used for the SLERA. Participants were not confident the historical data fully captured all
spatial variability and potential contaminants associated with Hanford operations. To address
this potential issue, the project elected to measure for suites of contaminants in the abiotic and
biotic media collected under RCBRA. The COPECs identified by the SLERA results were used
as indicator contaminants to determine which suites of contaminants would be measured.

With the exception of volatile organic chemicals, which are not expected to persist in arid soils
or surface water of the Hanford Site, suite analyses were performed for potential contaminants
associated with the Hanford Site upland soils and biotic tissues. Specifically, data were collected
for all chemicals associated with a particular analytical method for the following potential
contaminant groups: inorganic chemicals, polychlorinated biphenyls (PCBs) and pesticides,
semivolatile organic compounds (SVOCs), and radionuclides. With the exception of volatile
organic compounds (VOCs), all major contaminant suites were included in the data collection
methodology outlined in the RCBRA SAP (DOE/RL-2005-42). The analytical suites for all the
soils and terrestrial tissues targeted in the RCBRA SAP are provided in Table 4-1.

4.3 BASELINE ECOLOGICAL RISK ASSESSMENT

The BERA fulfills ERAGS Steps 3 through 7 (Figure 4-1), which are Problem Formulation
(ERAGS Step 3), Study Design and DQO Process (ERAGS Step 4), Field Verification of
Sampling Design (ERAGS Step 5), Site Investigation and Data Analysis (ERAGS Step 6), and
Risk Characterization (ERAGS Step 7). The detailed project documentation for the BERA is
provided in the DQO Summary Report (BHI-0 1757) and the RCBRA SAP (DOE/RL-2005-42).

4.3.1 Problem Formulation (ERAGS Step 3)

This section addresses the BERA problem formulation, which is Step 3 of ERAGS. Problem
formulation was presented in the RCBRA DQO summary report and RCBRA SAP (BHI-01757,
DOE/RL-2005-42), and it included identifying contaminant suites, defining the conceptual
exposure model, and selecting assessment endpoints. The upland ecological risk assessment
contaminant suites based on the indicator COPECs are identified in Table 4-1.

The primary ecological remediation goal for Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) sites is to reduce ecological risks to levels
that will result in the recovery and maintenance of healthy local populations and communities of
biota (OSWER 9285.7-28P, Issuance of Final Guidance: Ecological Risk Assessment and Risk
Management Principlesfor Superfund Sites). The specific purpose of this ecological risk
assessment is to characterize the potential for adverse effects on plants and animals that may be
exposed to residual contamination remaining after remediation of River Corridor waste sites.
This assessment focuses on contaminants that are associated with Hanford Site-related
operations and is intended to support CERCLA decision-making. In addition, management goals

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 4-4



Evaluation of Ecological Risks DOE/RL-2007-21
in the Upland Environment Rev. 0

for the River Corridor include considering impacts to state or federally listed threatened or
endangered species, protecting rare habitats, and minimizing contaminant loading (or
bioaccumulation) into biota (BHI-01757).

The characterization of ecological risks in this report is structured around upland (this section),
riparian (Section 5.0), and near-shore (Section 6.0) exposure zones in accordance with the
assessment endpoints developed for these environments. To limit repetition of information from
earlier sections, components of the problem formulation presented elsewhere (e.g., site
description and the conceptual model, Section 3.0) are discussed only briefly here.

4.3.1.1 Assessment Endpoints. EPA guidance (Guidelines for Ecological Risk Assessment
[EPA/630/R-95/002F]) defines assessment endpoints as explicit expressions of the actual
environmental values (e.g., ecological resources) that are to be protected. Useful assessment
endpoints define both the ecological entity (e.g., species, ecological resources, habitat type) and
attributes (e.g., reproductive success, survival, growth) for the entity. Assessment endpoint
entities were selected as representative species in a simplified food web. Assessment endpoints
were developed from ecological management goals and an understanding of the Hanford Site
conceptual exposure model, including trophic relationships among ecological receptors.

Plants and invertebrates are valuable assessment endpoint entities because these organisms are
intimately associated with soil and have high exposure potential (e.g., through dermal contact),
making them ideal indicators for evaluating the adverse effects of soil contaminants. Because
the assessment also evaluates chemicals with varying potential for biological transport and
accumulation (e.g., certain inorganic chemicals like mercury and certain organic chemicals like
PCBs have high potential for bioaccumulation), information on biological exposures through
different levels of the food chain is evaluated.

Thus, species are intended to be representative of biota potentially at risk from contaminant
exposures within and between exposure zones. For the terrestrial upland environment,
representative species include lower trophic-level producers, invertebrates, and middle
trophic-level birds and mammals as follows:

Representative Terrestrial Upland Receptors.

* Lower trophic level
- Plants and terrestrial invertebrates

* Middle trophic level
- Herbivores: California quail and pocket mouse
- Omnivores: meadowlark and deer mouse
- Invertivores: killdeer and grasshopper mouse.
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These representative receptors were evaluated for study sites associated with upland remediated
waste sites. Figure 4-2 provides an overview of the assessment endpoint entities (representative
receptors) and the types of measures used to assess ecological risk. Potential for exposure and
effects across environments is considered in Section 7.0. For example, the red-tailed hawk is
assumed to capture mammalian prey at upland waste sites or riparian nonoperational areas and
uses the river as a source of drinking water.

4.3.1.2 Consideration of Threatened and Endangered Species and Migratory Birds.
Various terrestrial species are recognized by state or federal agencies as having special status
based on the species' risk of extinction. Threatened and endangered species are considered at
risk and, as such, they were not identified for sacrificial sampling and subsequent analyses for
the risk assessment effort. Data for selected surrogate species were required for contaminant or
biological characterization based on the guild in which the special-status species were identified
(Table 5-1 of DOE/RL-2004-37). The list of state and federally listed species of concern
(including candidate, sensitive, and monitored species) thought or known to occur on the
Hanford Site is updated regularly in PNNL-6415. No plants, invertebrates, amphibians, reptiles,
or mammals on the Federal list of threatened and endangered wildlife and plants are known to
occur on the Hanford Site (PNNL-SA-41467).

Washington State's Natural Heritage Program (PNNL-SA-41467) lists eight plant species
(Columbia milkvetch, dwarf evening primrose, Hoover's desert parsley [Loeflingia], persistent
sepal yellowcress, Umtanum desert buckwheat, White Bluffs bladderpod, and white eatonella)
and five bird species (American white pelican [Pelecanus erythrorhynchos], bald eagle
(Haliaeetus leucocephalus), ferruginous hawk [Buteo regalis], sandhill crane [Grus canadensis],
and greater sage grouse [Centrocercus urophasianus]) as threatened or endangered.

As discussed in Section 1.3.7, the RCBRA addresses potential impacts on migratory birds based
on the Migratory Bird Treaty Act of 1918 (MBTA). The MBTA prohibits unregulated "taking"
of migratory birds, and the RCBRA evaluates ecological effects on representative species of
migratory birds.

4.3.1.3 Risk Questions and Measures. Risk questions for the upland environment focused the
investigation on components of the ecosystem that have the greatest potential for exposure to
Hanford Site-related contaminants. Questions to be addressed were initially developed as
hypotheses as part of the DQO process (BHI-01757).
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Figure 4-2. Summary of Measures and Species Evaluated
in the Upland Environment.
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A series of risk hypotheses were then developed in the RCBRA SAP (DOE/RL-2005-42). These
hypotheses were recently simplified and consolidated to a series of open-minded questions to
avoid a potential bias in the way that they are addressed. Terrestrial upland risk questions were
developed to determine if indicator COPECs in the soil may adversely affect the assessment
endpoints. To address one of the overall questions, "Are residual conditions for cleanup actions
completed under the IARODs protective of human health and the environment?", the specific
questions for the upland zone are as follows:

* Do contaminant concentrations in shallow-zone soils decrease plant survival or growth as
implemented through the cleanup actions?

* Do contaminant concentrations in shallow-zone soils affect terrestrial invertebrate survival?

* Do contaminant concentrations in shallow-zone soils and food decrease bird or mammal
survival, growth, or reproduction?

Evaluation of the risk questions that were posed for the upland environment measures provide
information for decision-making.

4.3.2 Study Design and DQO Process (ERAGS Step 4)

This ecological risk assessment focused on characterizing risks to assessment endpoints using a
weight-of-evidence approach to determine exposure and potential effects of hazardous
substances, as recommended by Fairbrother (2003), Hull and Swanson (2006), and
Menzie et al. (1996). Individual lines of evidence or measures for assessment endpoints were
considered jointly to relate measures of effects to assessment endpoints. Weighting of measures
is important when two or more lines of evidence present contradictory findings. Chemical and
biological data related to the study site, including results of chemical analyses and field studies,
were used to characterize risk. Several other parameters, such as relative population size and
rare-plant habitat suitability, were evaluated to qualitatively characterize the environment. The
weight-of-evidence evaluation provides a link between risk characterization and the assessment
endpoints.

The initial weights of the various lines of evidence for each assessment endpoint were provided
in the RCBRA DQO and RCBRA SAP, based on the following logic:

* Comparisons of abiotic media to ecological screening levels or benchmark levels were given
the lowest weight. The rationale was that these measures are protective levels and may not
be representative of site-specific conditions.

* Field measures were initially given medium weight because these measures have inherently
greater variability, but were clearly more relevant to site-specific conditions. The primary
objective of field sampling was to collect biota for contaminant analyses. Field measures
were recorded as qualitative information on the ecological conditions at the study sites.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 4-8



Evaluation of Ecological Risks DOE/RL-2007-21
in the Upland Environment Rev. 0

For more definitive information on ecological populations these studies would have to be
repeated over multiple seasons using mark-and-recapture techniques to obtain population
density and demographic parameters. For these reasons, ecological field measures are not
used to assess the potential for ecological risk. Field measures are provided as qualitative
information on the ecological condition at the study sites.

* Modeled or measured exposures to contaminants were also given medium weight because
they include some site-specific information but rely on literature measures of toxicity.

* Laboratory measures (toxicity tests) were given the highest weight because they used site
materials and performed testing under controlled conditions. Laboratory measures integrated
exposure to multiple contaminants.

These general assignments of weights assume that the desired numbers of sample results and
analyses were obtained for each measure. After data were collected, the weights assigned to the
lines of evidence were reviewed based on the completeness and representativeness of the results
relative to the project objectives. Such considerations are recognized in ERAGS in terms of
meeting DQOs and changing field conditions (ERAGS Step 6).

It is acknowledged that weighting lines of evidence is difficult, due to limitations among the
data. For example, field measures can have various degrees of uncertainty, modeled data can be
influenced by assumptions, and literature data depend on the similarity of site conditions.
Regardless of the limitations of the data, however, the risk assessment emphasizes what is known
versus what is uncertain and also emphasizes concordance or discordance among the various
lines of evidence.

In many cases, Hanford Site-specific field measures are expected to have less uncertainty in
estimates of risk compared to the use of literature values based on conditions or studies unrelated
to the Hanford Site. As such, site-specific information can be given a higher weighting.

Lines of evidence were weighted with specific data-usability criteria based on the following:

* Whether the measurement is an integrated versus single COPEC analysis
* Site-specificity
* Standardization
* Replication/repeatability of the measurement
* Variability
* Relevance to management goals.
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4.3.2.1 Study Site Selection. The upland assessment evaluated ecological risks at study sites
associated with 20 remediated waste sites selected from 85 waste sites2 that had been remediated
at the time that the study was designed (DOE/RL-2005-42, Appendix C). The 85 candidate
waste sites had been remediated through 2004 and met the cleanup goals specified in the
IARODs. The 85 candidate remediated waste sites included several high-priority waste sites that
presented a high potential to spread contamination to groundwater and the Columbia River. The
candidate waste sites also included representatives of the different types of waste sites being
remediated under the IARODs. Remediated waste sites in the 100-B/C Area were not included
in the pool of 85 candidate remediated waste sites because remediated waste sites in the
100-B/C Area had been previously studied for potential ecological risks in the
100-B/C Pilot Project. Data for 100-B/C Pilot Project are included in the exposure evaluation to
upland terrestrial receptors as discussed below.

Figure 4-3 provides an overview of the remediated waste site selection process. Remediated
waste sites were classified into two categories. The first category was remediated/backfill
waste sites. These remediated waste sites had been excavated to remove contamination to
cleanup levels specified by the applicable IAROD, backfilled with clean fill from an approved
borrow pit, and revegetated with native plant species. To promote the reintroduction and
colonization of native plant species, backfilled upland CERCLA waste sites were revegetated
with the goal of reestablishing sagebrush/Sandberg's bluegrass communities with a mixture of
other native grasses and forbs adapted to rocky soils. At the time the RCBRA SAP was being
prepared, 71 remediated/backfill sites were considered based on site size, access, and the
presence of a biotic community. However, about two-thirds of these remediated waste sites did
not have sufficient ecological recovery (Figure 4-3). These sites were eliminated from the study
due to the absence of desired receptors for sampling. Sites that had been revegetated about 2 to
3 years earlier generally exhibited sufficient ecological recovery to support the required
sampling.

Of the remaining 24 remediated/backfill waste sites, 10 were considered suitable for sampling
based on an adequate level of ecological recovery, minimal or no disturbance in neighboring
areas, and the size of the site being roughly equal to or greater than the 1-ha (2.47-ac) study site
targeted for the upland environment (Table 4-2 gives a summary of each remediated waste site
selected for study). As discussed in Section 3.0, the 1-ha (2.47-ac) study site was intended to
provide information on ecological exposures and the potential for adverse ecological effects on
birds and small mammals. In some cases the 1-ha (2.47-ac) study site was smaller than the
remediated waste site area, and in other cases the remediated waste site was roughly equal to the
study site. More information on the locations selected as study sites is provided in ERAGS
Step 5 (Field Verification of Sampling Design).

2 DOE/RL-2005-42, Appendix C, Table C-I lists 90 remediated waste sites, but 5 sites were considered in
combination with closely neighboring waste sites.
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Figure 4-3. Remediated Waste Site Selection Process Overview.

85
Candidate waste sites with cleanup verification

sample results

71
Candidate remediated/backfill

waste sites

14
Candidate remediated/native soil

waste sites

14
Sites eliminated

for logistical
reasons1

47
Sites eliminated

based on insufficient
ecological recovery2

10
Sites

selected

4
Sites eliminated

for logistical
reasons1

5
Low to moderate

residual
contamination

5
High residual

contamination

5
Low to moderate

residual
contamination

1
Waste site was small in size or adjacent to ongoing remedial activities.

2 Recently reinediated sites with insufficient time for revegetation and development of animal communities.

The second category was remediated/native soil waste sites where there was removal of surface
debris and only minimal surface disturbance during remediation to achieve residual
contamination levels that met the requirements of the applicable IAROD. The biotic community
at these minimally disturbed sites was not significantly disturbed during remediation, so
revegetation was not needed at these sites. At the time of selection, 14 remediated/native soil
sites were evaluated for study based on site size and access. Ten of these sites were selected for
study.

While all of the waste sites had been verified to meet the cleanup criteria specified in the
applicable IARODs, there were differences in the concentrations of indicator contaminants
remaining in the soil at these sites with some sites showing slightly higher residual levels for
some indicator contaminants than other sites. Among the 10 remediated waste sites selected in
each category, 5 sites were selected with relatively elevated residual contaminant concentrations,
and 5 sites were selected with moderate to low residual contaminant concentrations based on the
cleanup verification sampling results. This selection was made for both the remediated/backfill
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waste sites and the remediated/native waste sites using the cleanup verification sampling data
collected after the sites were remediated.

Remediated waste sites were selected based on both ecological and residual contaminant criteria.
Differences based on site category (remediated/native soil or remediated/backfill) or based on
residual contaminants are highlighted as part of risk characterization for these 20 selected sites.

The upland study sites are associated with remediated waste sites that represented backfill and
native soil conditions and ecologically similar reference sites as follows:

" Study sites

- Study sites associated with 10 highly disturbed, remediated/backfilled, and revegetated
waste sites where soil, plant, invertebrate, and small mammal samples were collected and
associated ecological characteristics were measured

- Study sites associated with 10 minimally disturbed remediated/native soil waste sites
where soil, plant, invertebrate, and small mammal samples were collected and associated
ecological characteristics were measured

* Reference sites (see Appendix B for more information on reference site selection)

- Five native soil reference sites that had minimal disturbance and were distant from waste
sites (and thus are expected to have minimal or no contamination), where soil, plant,
invertebrate, and small mammal samples were collected, and associated ecological
characteristics were measured

- Five backfill reference sites, which were parts of borrow pits that had been inactive for
decades and had started the path toward ecological recovery (and are expected to have
minimal or no contamination), where soil, plant, invertebrate, and small mammal samples
were collected, and associated ecological characteristics were measured. Because the
parts of these borrow pits had not been used for many years, the backfill used for the
remediated liquid waste sites evaluated in the upland environment did not originate from
these reference site locations.

Figures 4-4 and 4-5 show photographs of example remediated waste sites and reference sites
studied for the upland environment. Figure 4-6 shows the locations of the remediated waste sites
and reference sites included in this study. Figure 4-6 also displays the 100-B/C Pilot as a general
sample location. Additional information on the relevant upland data included in this
supplemental investigation is provided in Section 4.3.2.11. As discussed in Section 3.0, using
study sites that were 1 ha in area was intended to provide information on ecological exposures
and the potential for adverse ecological effects on birds and small mammals. More information
on the locations selected as study sites is provided in ERAGS Step 5 (Field Verification of
Sampling Design; Section 4.3.3).
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Figure 4-4. Examples of Native Soil Remediated Waste Sites and
Reference Sites.

CP Ref 2 Native Soil Reference Site

600-132 Remediated/
Native Soil Waste Site

600-139 Remediated/Native Soil Waste Site
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Figure 4-5. Examples of Backfilled Remediated Waste Sites and
Reference Sites.

Pit 23 Backfill Reference Site

100-D-22 Remediated/
Backfill Waste Site

1607-D2 Remediated/Backfill Waste Site
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Figure 4-6. Location of Remediated Waste Sites and Reference Sites
Studied for the Upland Environment.
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4.3.2.2 Background and Reference Site Data. Establishing "background" or ambient
concentrations of contaminants is fundamental to ecological risk assessment. Data collected
from "reference sites" are used as complementary information to Hanford Site background levels
and provide the lower range of the contamination gradient. The background and reference site
data were also used as part of the contaminant of potential concern (COPC) refinement process.
Contamination gradients represent a range of concentrations from low to high. Background and
reference site data should establish the lower end of contaminant concentrations in gradient
analyses. Gradient analyses were visualized as scatter plots that showed trends in sample results.
Statistical analyses determined if there was a significantly increasing or decreasing trend. For
example, a decreasing trend in survival versus contaminant concentrations (lower survival with
high contaminant concentrations) might be observed. Gradient analyses were used along with
other information to draw conclusions about risk and potential causal factors.

History of Soil Background Value Development for the Hanford Site. Background locations
are defined by the EPA as those locations not influenced by the releases from a contaminated site
(EPA/540/R-01/003). The concentrations of substances at background locations are relevant to
this assessment and to remedial action decisions because CERCLA does not typically require
cleanup to concentrations below background.

In addition, Ecology (1994) gives the following examples of background:

* Metals and radionuclides that occur in the bedrock, sediment, and soils due to the geologic
processes that formed them (naturally occurring levels)

* Low concentrations of some organic compounds such as PCBs and radionuclides present due
to global distribution of these substances (anthropogenic or area background). These
concentrations of hazardous substances are consistently present in the environment in the
vicinity of a site as the result of human activities unrelated to releases from that site.

The outcome of the background characterization studies was documented in three reports
(DOE/RL-92-24, DOE/RL-95-55, DOE/RL-96-12). The background study included a DQO
process following EPA guidance and approved SAPs (DOE/RL-92-24, Vol. 1). The results of
the background study are used by DOE and its contractors in Hanford Site cleanup, as well as by
federal and state regulatory agencies. These data are referred to as "area background" in this risk
assessment.

Washington State background samples cover the entire state and provide concentrations for
13 inorganic chemicals (aluminum, arsenic, beryllium, cadmium, chromium, copper, iron, lead,
manganese, mercury, nickel, selenium, and zinc [Ecology 1994]); samples collected from
locations in the area around the Hanford Site were termed "regional background." Figure 4-7
shows the locations of the Hanford Area background samples and Washington State regional
background samples.
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Figure 4-7. Location of Hanford Area and Washington State
Regional Background Soil Samples.
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Reference Site Selection Rationale. To help facilitate characterization of risks due to
contamination from a Superfund site, data from the site are normally compared to data from
similar areas not affected by contamination. EPA describes a reference site used for ecological
risk assessment purposes as a location that is ecologically similar to the Superfund site,
preferably nearby, and that is either least affected or altogether unaffected by the Superfund site
contamination. EPA further states:

The investigator should try to locate the reference site as close as possible to the
Superfund site so that the reference site will accurately reflect the site's condition.
Yet the reference site should lie at a great enough distance from the Superfund
site to be unaffected by site contamination. (EPA/540-F-94-012)

The proximity of a reference site to the Superfund site, in other words, must be close enough so
that characteristics such as geology, climate, and habitat remain comparable to the site
conditions. Introducing variables other than the presence or absence of contamination between
the site and reference sampling locations, such as a change in soil chemistry or vegetation, is
likely to confound the interpretation of results. Therefore, the reference sites used in this
ecological risk assessment were selected based on both general ecological characteristics and
absence of contamination, and are intended to represent areas of lowest impact or lowest
measured concentrations.

Because this risk assessment evaluated ecological risk in three different types of environments
and because of the large number of study areas, multiple reference locations were selected in the
upland, riparian, and near-shore areas to cover the range of substrate types and habitat
conditions. A summary of the reference sites selected for the upland environment is provided
below.

Upland Reference Sites. Ten upland reference sites were selected. Because reference sites and
study sites were selected based on their ecological characteristics (plant species and cover),
statistical comparisons of plant measures between study sites and reference sites are expected to
yield no differences. Five upland reference sites were located within "native" (mostly
undisturbed) habitat areas. These are shown in Figure 4-6 and include Saddle Mountain,
Vemita South, McGee Ranch, Central Plateau Ref 2, and Yakima Ridge 2. These sites are
ecologically similar to remediated waste sites that required minimal surface disturbance. The
soils are less coarse than backfilled areas and are vegetated with a mix of both native and
nonnative species such as rabbitbrush (Chrysothamnus nauseousus), Sandberg's bluegrass
(Poa sandbergii), and cheatgrass (Bromus tectorum). Figures 4-8 and 4-9 are photographs of the
Vemita South and Saddle Mountain upland reference sites.
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Figure 4-8. Vernita South Upland Reference Site.

Figure 4-9. Saddle Mountain Upland Reference Site.
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The other five upland reference areas were located within uncontaminated borrow pits, which are
disturbed areas used to acquire backfill material for remediated waste sites. These reference sites
are shown in Figure 4-6, and include Pit 9, Pit 14, Pit 18, Pit 23, and Pit 24. They are
ecologically similar to remediated waste sites that undergo significant amounts of excavation,
contaminated soil removal, and application of imported backfill. These remediated waste sites
are usually within or near the reactor/operations areas. The fill material used during both the
initial construction of the facilities and during post-remediation backfill came from one of
several borrow pits on the Hanford Site, which usually contain coarse materials such as sandy
cobble and have naturally revegetated. Figures 4-10 and 4-11 are photographs of the Pit 9 and
Pit 18 upland reference sites.

Comparisons of Reference Site Concentrations to Background Concentrations. Although
reference site data and background data are expected to be similar for most analytes, reference
site comparisons were prepared to verify their comparability. In addition to evaluating reference
site data against background concentrations, the data were also compared to reference site data
collected for other DOE projects. These included the Central Plateau Environmental Risk
Assessment (CPERA) and the Surface Environmental Surveillance Project (SESP).

Background and reference comparison data sources are summarized in Table 4-3. To understand
variation in contaminant concentrations and comparability of background and reference data,
data pertaining to the RCBRA investigation were compared to similar data from a variety of
sources. Data sources were categorized as "area background (i.e., Hanford Site background),"
"Washington State background (i.e., regional background)," "reference," or "reference
comparison." Background data consisted of published values for natural background of soil
metals in the state of Washington (Ecology 1994) and established Hanford Site background
values for metals and radionuclides in soil (DOE/RL-92-24, DOE/RL-95-55, DOE/RL-96-12).
Reference site data are available for the RCBRA project or the CPERA. Reference comparison
data consisted of data collected as part of the SESP or special studies or data collected by the
near-facility monitoring project. Each of the reference comparison data sets was categorized by
its data source.

Appendix B presents statistical and graphical comparisons of the background and reference site
data sources listed in Table 4-3. The general conclusion from these analyses is that although the
concentration ranges of many analytes for various background and reference site data sources
overlap, there are many statistically significant differences among data sources. In general, there
are more significant differences in the results for inorganic chemicals (metals) compared to the
radionuclide results.
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Figure 4-10. Pit 9 Upland Reference Site.

Figure 4-11. Pit 18 Upland Reference Site.
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Following is a brief summary of the comparisons for frequently detected radionuclides in
reference site soil and inorganic chemicals measured in Washington State background soils.

* Radionuclides

- Seven radionuclides were frequently detected in upland or riparian reference soil:
cesium-137, plutonium-238, plutonium-239/240, strontium-90, uranium-233/234,
uranium-235, and uranium-238.

- Lower concentrations of the uranium isotopes were measured in upland reference soils
compared to Hanford Site background. Concentrations of the other radionuclides were
similar to background.

* Inorganic chemicals (metals and metalloids) measured in Washington State background soils

- Thirteen inorganic chemicals (metals/metalloids) were measured in Washington State
background soils: aluminum, arsenic, beryllium, cadmium, chromium, copper, iron, lead,
manganese, mercury, nickel, selenium, and zinc.

- Upland reference soil concentrations were less than Washington State regional
background for five of these inorganic chemicals (aluminum, beryllium, cadmium,
manganese, and selenium). The concentrations of eight inorganic chemicals (arsenic,
chromium, copper, iron, lead, mercury, nickel, and zinc) in upland reference soil were not
different from Washington State regional background levels.

The comparisons presented in Appendix B show that background data source is important.
These results indicate that given the difference in concentrations among various data sources
evaluated in Appendix B, sample results from these data sources should not be combined for the
purposes of identifying COPCs. An exception is that reference site samples collected for the
Central Plateau project were comparable in concentrations and in sample collection and
laboratory analytical methods. These data were combined with the reference site data for the
purpose of identifying COPCs. In addition, these results show that concentrations of inorganic
chemicals measured in upland reference sites are not different or less than those measured in
Washington State background soils.

4.3.2.3 Soil Characterization. Soil is the fundamental exposure medium for plants and animals
in the terrestrial environment. Soil samples were collected from study sites associated with
remediated waste sites and from reference sites using MUL TI INCREMENT* sampling (MIS)
methodology. This method is designed to obtain representative estimates of the average
contaminant concentrations in the study sites associated with remediated waste site and control
the sampling fundamental error and the grouping and segregation errors associated with
measuring soil concentrations (Ramsey et al. 1989, Pitard 1993, Gy 1998, EPA/600/R-03/027,
Gerlach et al. 2002, and Ramsey 2004). Soil MIS represents surface soils of the 0- to 15-cm

* MULTIINCREMENR is a registered trademark of EnviroStat, Inc.
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(0- to 6-in.) depth interval. The soil MIS samples were collected using a systematic random
design (i.e., systematic grid sampling with a random start) from 50 locations across each of the
1-ha (2.47-ac) study sites. Collection and analysis of composite samples to represent the study
sites associated with a remediated waste site or the reference site is appropriate when the
statistical parameter of interest is the mean concentration (Ecology 92-54, Statistical Guidance
for Ecology Site Managers, pages 28-29). Although exposure to deeper soils may occur, it is
much more likely that receptor exposure to COPECs in soils reflects the uppermost soil layer.
The DQO report (BHI-01757) provides additional information on the potential for ecological
exposures to various soil depths. Figure 4-12 shows samplers collecting an MIS soil sample at
an upland site. Analyses and field measurements conducted for soils are listed in Table 4-4.
Additional details on specific analyses performed for soils are presented in Appendix C-i.

Figure 4-12. Collecting MULTI INCREMENr Sampling
Soil Samples at an Upland Site.

41

4.3.2.4 Toxicity Testing. Bioassays provide information on ecological effects associated with
contaminants in soil. The species tested were selected to be representative of receptors
potentially at risk in this environment; they included one plant species and one invertebrate
species.

Seedling Germination and Growth. Sandberg's bluegrass germination and growth bioassay
was conducted using American Society for Testing and Materials (ASTM) methods. The plant
bioassays for terrestrial soils used Sandberg's bluegrass as an ecologically relevant test
organism. The test methods for Sandberg's bluegrass were performed based on the Standard
Guidefor Conducting Terrestrial Plant Toxicity Tests (ASTM E 1963-02). Bluegrass seeds were
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obtained from Native Grass Seeds in Cornville, Arizona. Hydration was accomplished via
subirrigation. For the bluegrass tests, 50 seeds per concentration were used with five replicate
test chambers per concentration and 10 seeds planted per chamber. Based on lessons learned
during previous tests, double planting of seeds was eliminated, and, therefore, subsequent
thinning was not required. Tests were terminated 14 days post-germination. The following data
were recorded: number of seedlings, shoot appearance, shoot height, root appearance, root
length, percent survival, shoot weight (wet and dry), root weight (wet and dry), total mass (wet
and dry), shoot height, and root length.

In addition, based on the documentation of potential rare plant habitat occurrence in the upland
zone, discrete soil samples were collected to evaluate contaminant concentrations and potential
phytotoxicity in the locations where rare plant habitat occurred. The potential phytotoxicity of
the soil from these discrete locations was evaluated by screening the analytical results of the
discrete samples for potential phytotoxicity. Bioassays were planned for these discrete soil
samples, but were not conducted.

For MIS samples, the initial 30 sets of bluegrass bioassays conducted in 2006 for the upland
environment were not usable based on an independent subject matter expert review
(Kapustka 2007). The bioassay laboratory did not document that it followed all required quality
assurance (QA) protocols for the seedling germination test. These results can be located in the
"not usable" portion of the project database. Ten upland locations (three reference sites and
study sites associated with seven remediated waste sites) were resampled for toxicity testing in
May 2008.

Nematode Survival. ASTM E2172-01, Standard Guide for Conducting Laboratory Soil
Toxicity Tests with the Nematode Caenorhabditis elegans, is a standard invertebrate toxicity test
for soils. An independent subject matter expert review confirmed that the requirements of the
ASTM method were followed (Kapustka 2007). Because bioassays must provide ecologically
relevant information, the ubiquitous nematode is a suitable test organism for assessment of
upland soils. Soil was collected for three laboratory replicates from each of the study sites
associated with upland remediated waste sites and from reference sites. The soil samples were
checked for the presence/absence of organic material, and the samples were sieved using
screening intervals (No. 200 [silt/clay], 100 [fine sand], 50 [medium sand], 30 [coarse sand],
16 [very coarse sand], and eight [granule] screens) to determine clay and silt fractions. Soil was
hydrated to a standard level and allowed to equilibrate for seven days. Soil samples submitted
for toxicity testing were also analyzed for geochemical parameters (e.g., pH, organic matter,
particle size) to help interpret the results of the toxicity tests.

4.3.2.5 Plant Contaminant Analyses. Samples of two dominant plant species were collected in
each study site or reference site for uptake of contaminants representative of Hanford Site legacy
material, although the same two species were not collected from every site. At least one of the
two dominant species collected was representative of deep-rooted plants. Figure 4-13 shows a
view looking north at the 600-204 remediated waste site. Figure 4-14 shows a view looking
north at the 300-49 remediated waste site.
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Figure 4-13. View Looking North at Study Site Associated
with the 600-204 Remediated Waste Site.

Figure 4-14. View Looking North at Study Site Associated
with the 300-49 Remediated Waste Site.
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Dominant vegetation was collected for contaminant analyses to assess both risks to the plants
and to the consumers of plants. Vegetation samples were collected using pre-cleaned stainless
steel snipping shears to cut samples of the current year's growth. After removing excess dirt and
debris, the vegetation was rinsed thoroughly with de-ionized water and placed directly into
plastic bags. Samples were combined into separate bags for each sampled species, resulting in
two composite samples for each study site or reference site. Figure 4-15 shows a sampler
collecting vegetation at an upland site. Analyses and field measurements conducted for biotic
media are listed in Table 4-5. Additional details on specific analyses performed for plants are
presented in Appendix C-i.

Figure 4-15. Collecting Vegetation at an Upland Site.

Plant Cover and Diversity Survey. Line transects and modified Daubenmire plots
(Daubenmire 1959) were used to estimate canopy cover and plant community attributes. The
purpose of these surveys was primarily to determine the dominant species at each study site or
reference site for contaminant analyses. This information supports the exposure evaluation for
middle trophic-level wildlife. The plant surveys also provide a snapshot of information on the
ecological conditions at study sites compared to reference sites. The following vegetation
attributes were measured: percent bare ground (rock and soil), presence of cryptogams, species
richness (number of species), and species composition of canopy cover. Both line transects and
modified Daubenmire plots were used at all upland sites. The modified Daubenmire method
used a 20-cm by 50-cm (8-in. by 20-in.) quadrant frame that was systematically placed along a
tape on permanently located transects. The x and y dimensions of each study site or reference
site were taken, and a total of 24 plots were evenly spaced and surveyed across each site. For
either method of recording vegetation cover type, the dominant plants were noted.

River Corridor Baseline Risk Assessment
Volume 1, Part 1: Ecological Risk Assessment

March 2012 4-26



Evaluation of Ecological Risks
in the Upland Environment

DOE/RL-2007-21

Rev. 0

This information was used in consideration of plant collection for tissue analysis. Figure 4-16
shows a plant cover and diversity survey being conducted at an upland site.

Figure 4-16. Conducting a Plant Cover and
Diversity Survey at an Upland Study Site.
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Plant diversity was calculated from Daubenmire data using the Shannon diversity index (H),
a metric commonly used to characterize species diversity in biological communities
(Equation 4-1). Shannon's index accounts for both abundance and evenness of the
species present. The proportion of species i relative to the total number of species (pt) is
calculated and then multiplied by the natural logarithm of this proportion (In pi). The resulting
product is summed across species, and multiplied by -1:

H = - I ln p, Equation 4-1

Shannon diversity index
proportion of the total number of species
natural logarithm of p;.
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In contrast to summation by species relative proportion, however, all plant community
calculations were based on relative percent cover. In this investigation, cover was estimated
visually. It is important to note that the same investigators collected these data to minimize
observer bias. Plant cover surveys occurred from late March 2006 to late May 2006, and data
collection for study sites and reference sites occurred in about the same time period to ensure
comparability of the information.

4.3.2.6 Rare Plant Survey. A survey was performed in 2006 to evaluate the presence or
absence of rare plants in the study sites associated with upland remediated waste sites.
Representative plots were established in the upland environment and were surveyed intensively
for this project; reference sites were not included in this survey (WCH-139, 100 Area and
300 Area Component of the River Corridor Baseline Risk Assessment Spring 2006 Data
Compilation, Appendix C, "Threatened and Endangered Plant Species Report").

4.3.2.7 Terrestrial Invertebrate Tissue Concentrations. Terrestrial invertebrates such as
darkling beetles, harvester ants, termites, and spiders represent the soil biota guild specified in
WAC 173-340-7493 ("Site-Specific Terrestrial Ecological Evaluation Procedures"). These
invertebrates were collected in each study site associated with upland remediated waste sites and
from reference sites primarily to measure contaminant concentrations in their tissues. This
information supports the exposure evaluation for middle trophic-level wildlife.

Pitfall traps and hand-collection techniques were used to collect samples. Pitfall traps were
placed near the center of each study site or reference site to reduce the possibility of sampling
organisms from offsite. All invertebrates caught during trapping were collected, weighed by
major taxonomic group, and then combined for each sampling area for contaminant analyses.
Pitfall traps were left open until sufficient sample mass was obtained or until the pitfall traps no
longer collected invertebrates. The number of trap-days and mass collected were recorded for a
relative measure of invertebrate abundance. Figure 4-17 shows a pitfall trap at an upland site.
Figure 4-18 shows an example of invertebrates collected in a pitfall trap.

If a sufficient sample mass was not obtained from the pitfall traps, ground-dwelling invertebrates
were opportunistically collected by hand within each examined study site or reference site.
Invertebrate samples collected from the field were reviewed for general taxa identification and
prepared for laboratory analysis. Samples were segregated into major groups (e.g., beetles,
spiders, crickets), enumerated, and weighed. Invertebrate samples were rinsed before processing
for contaminant analysis, but they were not depurated (not cleansed of intestinal contents).
Analyses and field measurements conducted for biotic media are listed in Table 4-5. Additional
details on specific analyses performed for terrestrial invertebrate media are presented in
Appendix C-1.
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Figure 4-17. A Pitfall Trap Located at
an Upland Site.

Figure 4-18. Invertebrates Collected in a Pitfall Trap.
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4.3.2.8 Invertebrate Relative Abundance. Because terrestrial invertebrate sample mass
collected from pitfall traps in upland areas was limited, additional organisms had to be collected
by hand, which precluded estimating relative abundance in an unbiased manner. These results
are not shown. Hand-collected invertebrates are likely biased to larger, more visible, and slower
moving organisms. This bias could affect the contaminant concentrations obtained for terrestrial
invertebrates. Thus, uncertainty is recognized for invertebrate relative abundance and COPEC
concentrations in invertebrates; this information was considered as part of the uncertainty
analysis for the upland environment.

4.3.2.9 Mammal Field Measures and Tissue Contaminant Analysis. Small mammal
sampling was accomplished using live traps placed in an array in the center of the remediated
study site or reference site. The purpose of this trapping study was primarily to collect animals
at each study site or reference site for contaminant analyses. Field measures were not used to
characterize risk because there is significant uncertainty associated with a single field campaign
to collect animals compared to the information obtained from a multi-season study with more
definitive demographic information. This information supports the exposure evaluation for
middle trophic-level wildlife and also the exposure evaluation for broad-ranging wildlife (see
Section 7). Species composition, relative abundance, gender, and reproductive status provide
qualitative information on the ecological conditions at study sites compared to reference sites.
Trapping was conducted between February and June, when animals were most active. Typically
one or two trap lines, each consisting of 10 Sherman live traps (8 cm [3 in.] wide by 9 cm
[3.5 in.] high by 23 cm [9 in.] long), were placed parallel with the edges of an array set up to
accommodate the shape of the study site or reference site. Identical trapping methods were used
in similar habitats at reference locations. Traps were spaced systematically 10 m (33 ft) apart,
and the number of trap lines varied according to the habitat being sampled. The grid location for
the trap where each animal was captured was noted in the field logbook. Figure 4-19 shows a
live trap set up at an upland site.

Trapping arrays were limited to one habitat type when possible. The animals were trapped over
enough nights to obtain at least six mice from each study site or reference site. To the extent
possible, the same species was sampled at all study sites or reference sites. The number of
trap-nights required to get at least six animals per species was recorded to provide a relative
measure of animal density/abundance. Other species were captured if insufficient numbers of a
single species of mice were obtained. Information on species, age, sex, and reproductive status
(subadults/adults, and nonscrotal males/scrotal males and nonlactating/lactating females) body
weights (±2.0 g), general external condition (any gross deformities, hair loss, infections,
lesions, etc.) was examined on captured animals. Animals captured and released (nontarget
animals) were marked so that the total number of new captures per trap-night could be used to
represent relative abundance estimates.
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Figure 4-19. A Live Trap Set Up at an Upland Site.

After animals were collected, they were processed for contaminant analysis. This involved
examining the animal for morphological abnormalities and then removing the liver and the
kidney from the carcass. Livers and kidneys together were combined, and carcasses were
combined with tissues of several animals to obtain sufficient sample mass for the contaminant
suites. Composite liver/kidney and carcass samples were analyzed for contaminants. Analyses
and field measurements conducted for biotic media are listed in Table 4-5. Additional details on
specific analyses performed for mammal media are presented in Appendix C-i.

4.3.2.10 Data Quality Considerations. To ensure that the laboratory analytical data collected
during the ecological investigation were adequate to support risk assessment and environmental
decision-making, EPA guidance pertaining to the appropriate type, quantity, and quality of
environmental data was followed. The DQO process was used throughout the development of
the Risk Assessment Work Plan for the 100 Area and 300 Area Component of the RCBRA
(DOE/RL-2004-37) and RCBRA SAP (DOE/RL-2005-42) to accomplish this objective
(EPA/540/1-89/002, EPA/540/R-97/006, EPA/540/R-92/003).

Quality Assurance Requirements. Appendix C-I describes these QA requirements and
provides a detailed discussion of the data reviews conducted for the RCBRA data. Additional
information on data quality of RCBRA and non-RCBRA data sources, in terms of acceptability
and usability, is provided in Appendix C-2. General data quality considerations for the RCBRA
data include the QA requirements for analytical samples, completeness of analytical
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sample results, and sample representativeness. Six criteria were used to evaluate the data
supporting the risk assessment.

Criterion 1: Data Sources - Overall quality and level of detail in report
Criterion 2: Documentation - Formal documentation of procedures
Criterion 3: Analytical Methods - Analytical methods used and detection levels achieved
Criterion 4: Data Quality Indicators - Assessment of data quality indicators
Criterion 5: Data Review - Data review, validation, and QA
Criterion 6: Data Reporting - Data history and overall apparent data quality.

Each data set used in the RCBRA was evaluated for these six criteria, and each of the data sets
was assigned to one of the following four levels of usability, based on the following evaluation:

Level A: Acceptable, unrestricted use
Level B: Acceptable, some use restrictions may apply
Level C: Conditionally acceptable for limited uses
Level D: Conditionally acceptable, use with caution.

Appendix C-2 lists the results of this procedure for each of the data sets used in the RCBRA. All
of the data collected under the RCBRA SAP (DOE/RL-2005-42) were assigned Level A, as were
most of the other data sources. The assignment of a level does not preclude or endorse the use of
a data set for a particular purpose, but rather is intended to alert users to potential limitations in
the data. The main factors affecting usability of these data for this report were differences in
quantitation limits among various data sources.

Quality Assurance requirements are also provided in the RCBRA SAP (DOE/RL-2005-42)
(Section 2.0 of the SAP is the quality assurance project plan [QAPP]). The QAPP section of the
RCBRA SAP specifies the target quantitation limits (practical quantitation limits [PQLs]) and
duplicate requirements for analytical samples. The PQLs were evaluated for nondetected
analytes as part of the COPC refinement process. Nondetected analytes that did not meet PQLs
are discussed as uncertainties in Sections 4.0, 5.0, 6.0, and 7.0 of this report. Laboratory
duplicate samples were used to validate the data. For the purposes of statistical analyses, the
field or laboratory duplicates were not used to calculate representative concentrations in order to
avoid over-representing certain sample locations in the exposure assessment.

Completeness of Data Collection and Analysis. Data collection for an ecological risk
assessment includes sampling of abiotic and biotic media. Collection of environmental samples
presents a number of inherent challenges. In general, obtaining a complete set of abiotic media
samples (e.g., soil, water) is less difficult than sampling biotic media (e.g., plant, invertebrate,
and small mammal). In some cases, targeted species were uncommon or difficult to sample in
the amounts needed for all analytical suites. Weather conditions, worker safety, seasonal or
annual variations in abundance, and other environmental factors can have unexpected impacts on
sample media accessibility. In other cases, the characteristics of the biotic tissue itself may
interfere with sample extraction or measurement and make it difficult to achieve planned
quantitation limits. There are also cases where execution of bioassays or collection of field

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 4-32



Evaluation of Ecological Risks DOE/RL-2007-21
in the Upland Environment Rev. 0

measures did not meet the planned requirements. Where acquisition of the samples or data was
not possible as originally planned, the RCBRA project implemented contingencies and
supplemental sampling to meet the requirements for abiotic and biotic data. These contingencies
and supplemental sampling activities included the following for the upland environment:

* Supplemental soil sampling and seedling germination testing was completed in 2008 in order
to replace seedling germination test results that were determined to be unusable after QA
review of the bioassays conducted in 2006. All other bioassays were determined to
be usable.

* Relative abundance of terrestrial invertebrates was not obtained. Hand collected specimens
were combined with the specimens collected using systematic sampling methods (pitfall
traps) in order to have adequate sample volume for the laboratory tissue analysis. The effort
taken to hand collect samples was not recorded because these samples were collected
opportunistically. Combining the samples to meet sample mass requirements affected the
ability to determine relative abundance of the species.

At the conclusion of each sampling effort, field activities and details pertaining to sample
analysis were documented in a summary report. These reports provide detailed descriptions of
conditions encountered during sample collection for each field campaign and include the
following:

* 100 Area and 300 Area Component of the RCBRA Fall 2005 Data Compilation (WCH-85)

* 100 Area and 300 Area Component of the River Corridor Baseline Risk Assessment
Spring 2006 Data Compilation (WCH- 139)

* Inter-Areas Component of the River Corridor Baseline Risk Assessment Sampling Summary
(WCH-274).

These reports and other supporting information and documents can be found on the Internet at
http://www.washingtonclosure.comn/projects/environmental protection/mission completion/proj
ect library/.

Sampling Representativeness. Selection of sampling locations and field execution of the
sampling plan were designed to characterize as accurately as possible exposure of targeted
receptors for Hanford Site contamination. As described in Section 3.0 of the RCBRA SAP
(DOE/RL-2005-42), upland, riparian, and near-shore aquatic sampling sites were targeted to
include areas expected to contain areas of residual contamination. For example, upland sampling
plots were configured to overlap excavation side-slope and layback areas associated with
remediated waste sites.
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4.3.2.11 Other Data Used in the Ecological Risk Assessment. This section presents an
overview of other Hanford Site data not collected specifically for the RCBRA Ecological Risk
Assessment, but identified as relevant to this assessment. Sources of supplemental analytical
data collected as a part of other DOE projects or programs are described below.

100-B/C Pilot Project Risk Assessment. The 100-B/C Pilot Project Risk Assessment Report
(DOE/RL-2005-40) (100-B/C Pilot) yielded analytical data for abiotic and biotic media,
biological health metrics information for selected receptors, and numerous records of
contaminants in abiotic media from a compilation of cleanup verification results and
Hanford Site monitoring data. Historical and recent analytical data evaluated for the
100-B/C Pilot that were relevant to the upland ecological risk assessment were shallow-zone soil
(0 to 4.6 m [0 to 15 ft] bgs) and biotic tissues. Sampling and analytical data collected between
June 1995 and January 2004 were evaluated in the 100-B/C Pilot. The following sources of data
were included for the 100-B/C Pilot investigation:

* All 100-B/C Area soil data maintained for remedial action projects

* All 100-B/C Area soil analytical data residing in the Hanford Environmental Information
System (HEIS) database

* Analytical results for data contained in the 100-B/C Pilot Project Data Summaryfor 2003
and 2004 (BHI-0 1724).

These data were used to evaluate risks to upland receptors in the 100-B/C Area. Six sample
locations associated with three remediated waste sites (116-B-11, 116-C-1, and 1 16-C-5) were
sampled for contaminants in soil, plants, terrestrial invertebrates, and small mammals. Some
overlap in 100-B/C Pilot data with the other data sources was encountered. Information on the
criteria and process used for making determinations of data usability and for ranking of data
sources is provided in Appendix C-1.

Upland biotic tissue concentrations collected for the RCBRA were reported on a fresh-weight
basis. However, results for some analytes (namely metals) in upland biota from the
100-B/C Pilot were reported on a dry-weight basis. Where analytical results for biotic tissues
were reported in terms of dry weight, these results were converted to fresh weight for use in
exposure modeling using percent moisture values published in DOE/RL-2005-40. Biota tissue
concentrations were converted to fresh weight using Equation 4-2.

fresh weight = dry weight * 100 - percent moisture Equation 4-2
100
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Percent moisture by species and tissue for 100-B/C Pilot data are reported as follows:

* Cheatgrass (root) - 71.4%
* Cheatgrass (root/shoot) - 69.5%
* Gray rabbitbrush (shoots) - 75.6%
* Russian thistle (root) - 71.4%
* Russian thistle (root/shoot) - 69.5%
* Russian thistle (shoots) - 75.6%
* Terrestrial invertebrate (wholeorg) - 60.l1%
* Deer mouse (liver) - 71.4%
* Great basin pocket mouse (liver) - 71.4%
* Mouse (wholeorg) - 60.1 %.

In some cases, these measured moisture contents of biota differ from those reported in the
ecological literature (see synopsis in Wildlfe Exposure Factors Handbook [WEFH],
[EPA/600/R-93/187]). Thus, application of site-specific moisture contents can lead to
differences in the resulting tissue concentrations (in fresh weight units) compared to the
ecological literature. These differences were evaluated in the uncertainty analysis for middle
trophic-level wildlife.

Central Plateau Ecological Risk Assessment. The Central Plateau Ecological Risk Assessment
(CPERA) considers the potential for ecological risk from waste sites located in the Central
Plateau of the Hanford Site. Sampling methods, analytical suites, and other ecological measures
used in the Central Plateau were consistent with those measured and evaluated for the RCBRA
project. Media collected and analyzed for the CPERA included terrestrial soil, vegetation,
invertebrates, and small mammals. These Central Plateau data were used to supplement RCBRA
information on reference site conditions, to identify COPCs, and also used in the gradient
assessments. Additional information on the types of samples collected and the analyses
performed using Central Plateau data is provided in Appendix C-1.

These data were provided electronically from various Hanford Site data repositories, including
the HEIS database and other sources. Integrating laboratory data from multiple sources to
support a single study presents a number of challenges that are described below.

Duplication. The project-specific analytical data sources listed above were developed
independently by multiple contractors. Because Hanford Site data may be formatted or
configured for electronic storage with slight differences from one contractor to another, but are
stored in common Hanford Site repositories (e.g., HEIS), it is possible for duplicate entries of a
given sample to occur. Likewise, it is also possible for the database to appear to contain
duplicate results for a specific analyte in a given sample. For example, laboratory analysis
sometimes produces two results for a particular analyte, because two different methods are
available and were performed. In either of these cases, the most appropriate result (based on the
source of the information or on the preferred analytical method) was retained for use in risk
characterization, and the other was flagged and not used in the risk calculations.
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It was important for the RCBRA project that the data are carefully reviewed and a data set is
constructed that contained only a single entry of each pertinent sample result, and also to ensure
that it contained all of the relevant analyses associated with that sample. In cases where data
were identified as truly duplicative and not appropriate for inclusion in risk characterization,
the data were flagged in the database as "GiSdT not useable." Results such as these were
flagged during development of the risk assessment data set, rather than removed, in order to
maintain transparency. Appendix C-I of this report provides additional detail on the data
sources and the data importing process used to support this ecological risk assessment.

Metadata. Along with laboratory analytical data, databases contain other information,
sometimes referred to as "metadata." Metadata can include information such as the location
where a sample was collected or the depth at which the collection occurred, among other things.
Integration of the data from the different sources required "normalization" of the metadata,
where possible, in order to create consistency and allow the data to be used. The units used to
report analytical results (e.g., mg/kg, pCi/g) often needed to be normalized when multiple data
sources were integrated. Occasionally, a sample result in the databases lacked critical
information like geographic location (coordinates), in which case the data were flagged and were
not used for risk calculations. Accurate sample location information is important for supporting
final remedial action decisions within a given operational area. Where normalization was
possible, the changes aided greatly in the ease of data presentation and interpretation.

Data Quality. The QA and quality control (QC) measures performed in sample collection and
laboratory analysis are typically identified on a project-specific basis. Consequently, the QA/QC
varies among datasets and is reviewed when results from a variety of databases are integrated.
Generally, data used to support cleanup on the Hanford Site were collected according to
approved SAPs that included a QAPP. As stated previously, a review was conducted for each
data set used in the RCBRA to determine its usability according to six different criteria. The
criteria used and the review of the data sets is provided in detail in Appendix C-2.

4.3.3 Field Verification of Sampling Design (ERAGS Step 5)

Field verification of sampling design (ERAGS Step 5) considers the actual location of the study
sites based on the field conditions, the ability to obtain adequate sample mass for all planned
tissue analyses, and the information obtained from the MIS performance assessment sampling.

4.3.3.1 Field Notes on Study Site Locations. Risk assessment study sites for MIS and
ecological sampling were chosen based on several factors, including the type of remediation that
had been accomplished (i.e., complete excavation and backfill with clean material, also known as
"Remediated/Backfill Sites"; or spot cleanup with no backfill sites, called "Remediated/Native
Soil Sites"), the amount and type of vegetation present, the potential for finding a range of
residual contamination after meeting the cleanup criteria, and the geographic distribution across
the 100 Area, 300 Area, and 600 Area.
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Remediated Backfill Sites. Remediated backfill sites had been completely excavated and
backfilled with clean material. The following general criteria were used to determine the
location and shape of the study site:

* Access to the perimeter of the excavation. The sidewalls of the original excavation had
been sampled for residual contamination. The study site boundaries were designed to extend
slightly over the excavation so that plants growing over the excavation sidewalls would be
rooted in areas of residual contamination. The remainder of the study site extended along the
excavation boundary, including adjacent areas undisturbed by the excavation.

* Age, density, and type of vegetation. Sites were selected with denser vegetation and older
plants since they would have deeper and more extensive root systems. If possible, sites were
selected with plant species that had deeper roots (such as sagebrush, rabbitbrush, or
tumblemustard).

* Small mammal activity. A visual survey for rodent burrows was made to determine the
small mammal activity on the site. The study was located to maximize the ability to sample
small mammals living on and burrowing into areas with residual contamination.

* Historical contamination. Sites were also chosen based on knowledge of historical
contamination and amount of residual contamination as determined by cleanup verification
sampling results.

* Sites were chosen to represent the operating areas. Sites were selected to represent as
many of the operating areas as feasible. The 100-K and 100-B/C Areas were the only
operating areas not sampled by the RCBRA for upland ecological media. The 100-B/C Area
had been sampled by the 100-B/C Pilot Project, and these data have been included in the
assessment. The 100-K Area was not sampled due to lack of suitable remediated waste sites
at that time.

Field notes on the 10 study sites associated with remediated backfill waste sites selected for
ecological investigations in the upland environment are presented below. This section includes
several photographs to show relative position and location of each study site. However, the
photographs were taken at different times and may not represent the actual field conditions at the
time the study sites were established and sampled.

116-N-3. The 116-N-3 crib and trench served as a liquid disposal facility for N Reactor liquid
effluent (Figure 4-20). The original waste site spanned 2.2 ha (5.4 ac),and was excavated to a
depth of 4.6 m (15 ft). Site contaminants identified for this site included americium-241,
cobalt-60, cesium-137, europium-154, europium-155, nickel-63, plutonium-239/240,
strontium-90, mercury, and nitrate. The waste site was associated with a known strontium plume
that extended beyond its borders, with contamination migration to the northwest toward the
Columbia River. Strontium can be mobile in environmental media and may accumulate in
terrestrial and aquatic organisms.
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Figure 4-20. Location of the Study Site Associated with the
116-N-3 Remediated Waste Site.
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The study site location, adjacent to and on the side toward the river where the liquid waste first
entered the disposal trench, was selected in an area of potential residual contamination. The
study site associated with the 116-N-3 remediated/backfilled waste site was 1 ha (2.47 ac) in
size. The study site location was shifted toward the river to capture established vegetation with
deeper root systems in the area of potential residual contamination. This site was selected in
consultation with the regulatory agencies.

100-D-48:2. Study site 100-D-48:2 is associated with a remediated and backfilled waste site
formerly containing the D and DR Reactor cooling water effluent pipelines (Figure 4-2 1). These
side-by-side reactor effluent pipeline sites were representative of effluent pipeline sites at each of
the reactor areas. Many millions of gallons of highly contaminated effluent had passed through
them, and most were known or suspected to have leaked into the surrounding soil. The original
site size (combined with 100-D-49:2) was 2.0 ha (4.9 ac) with a maximum excavation depth of
about 6 m (20 ft). Contaminants identified for this site included cobalt-60, cesium-137,
europium-152, europium-154, plutonium-239/240, stronium-90, uranium-233/234, uranium-238,
and hexavalent chromium.

The vegetation and animal activity at these remediated sites appeared to be maturing quickly,
providing good samples for measuring potential uptake into the food chain. The 100-D-48:2
study site was designed to be parallel to the pipelines and "straddle" the unexcavated soils
between the two pipeline sites, while also capturing the edges of the excavations for both
pipelines. The study site associated with the 100-D-48:2 remediated/backfilled waste site was
1 ha (2.47 ac) in size.

100-D-49:2. The 100-D-49:2 study site is associated with a remediated and backfilled waste site
formerly containing the DR Reactor cooling water effluent pipelines (Figure 4-2 1). The original
waste site excavation size, combined with 100-D-48, was 2.0 ha (4.9 ac) with a maximum
excavation depth of about 6 m (20 ft), in parallel excavations. Contaminants identified for this
site included cobalt-60, cesium-137, europium-152, europium-154, plutonium-239/240,
strontium-90, uranium-233/234, uranium-238, and hexavalent chromium.

The study site for 100-D-49:2 was chosen to capture the outside area of the excavation and
included older vegetation that had not been disturbed by remedial activities. The study site
associated with the 100-D-49 remediated/backfilled waste site was 1 ha (2.47 ac) in size.

116-DR-1&2. The 116-DR-1&2 effluent trenches excavation was originally 0.97 ha (2.39 ac) in
area, with an excavation depth of 5 m (16.4 ft) (Figure 4-2 1). The study site was located on the
edge of multiple remedial action sites on the east side of the 100-D Area retention basins, and
captured the 1 16-DR-1&2 Liquid Waste Disposal Trench, 1 16-DR-9 Retention Basin, and
100-D-4 and 100-D-22 Sludge Trenches. Contaminants reported for this site included
americium-241, cobalt-60, cesium-137, europium-153, europium-154, europium-155, nickel-63,
plutonium-238, plutonium-239/240, strontium-90, and hexavalent chromium.
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Figure 4-21. Location of the Study Sites Associated with the 116-DR-1&2,
1607-D2:1, 100-D-48:2, and 100-D-49:2 Remediated Waste Sites.
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The study site had light vegetation consisting of grasses and sagebrush mostly undisturbed by the
remedial activities except where it bordered the adjacent excavations. The exposed surface area
was sand and river rock. During sample collection it was noted that three strata layers existed
within most increment soil cores of 0 to 15 cm (0 to 6 in.). No difficulties or anomalies were
encountered during the collection process. The study site associated with the 1 16-DR-1&2
remediated/backfilled waste site was 1 ha (2.47 ac) in size.

1607-D2:1. The 1607-D2:1 Tile Field is an excavated, backfilled site that originally was part of
a widespread 100-D Area septic system (Figure 4-2 1). The original site footprint was 0.12 ha
(0.27 ac) with an excavation depth of 3.4 m (11.2 ft). Contaminants identified for this site
included uranium-235, uranium-238, europium- 152, hexavalent chromium, lead, mercury,
bis(2-ethylhexyl)phthalate, total PCBs, and Aroclor-1260.

The study site associated with the 1607-D2:1 waste site was placed adjacent to several
remediated waste sites, including the 1607-D2 Septic Tank on the south side; the
100-D-21 Sludge Trench, the 116-DR-9 Retention Basin on the east side, the lower end of the
100-D-48:2 effluent pipelines, the 1 16-D-7 Retention Basin, and the 100-D-20 Sludge Trench on
the west side. Vegetation at the study site was predominately cheatgrass, with some sagebrush.
The study site associated with the 1607-D2:1 remediated/backfilled waste site was 1 ha (2.47 ac)
in size.

1607-H2. The 1607-H2 Septic System consisted of about 0.5 ha (1.2 ac) of septic system, drain,
and piping. The original excavation (5.6 m [18.3 ft] deep) had been remediated and backfilled.
Contaminants identified for this site included cesium-137, cobalt-60, strontuim-90, uranium-235,
uranium-238, uranium-233/234, SVOCs, arsenic, lead, mercury, hexavalent chromium,
chromium (total), and PCBs. The 1607-H2 excavation had been revegetated with rapidly
maturing plants and showed evidence of animal burrowing. Many older sagebrush plants
adjacent to the excavation were also included in the study site. The study site associated with the
1607-H2 remediated/backfilled waste site was 1 ha (2.47 ac) in size (Figure 4-22).

116-F-1. This remediated/backfilled site was also known as the "Lewis Canal" and had received
emergency cooling water from the 105-F Reactor, which then drained toward the river in this
open canal. The waste site area was 2.5 ha (6.2 ac). Contaminants identified for this site
included carbon-14, cesium-137, cobalt-60, europium-154, europium-154, arsenic, and
hexavalent chromium. The remediated waste site itself had little vegetation growth, but the
adjacent area had moderate to heavy growth and rodent activity (Figure 4-23). The study site
associated with the 116-F-I remediated/backfilled waste site was 1 ha (2.47 ac) in size. The
study site incorporated both the edge of the excavation on the north and west sides with the
established vegetation on the east side.
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Figure 4-22. Location of the Study Site Associated with the
1607-H2 Remediated Waste Site.
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Figure 4-23. Location of the Study Sites Associated with the
116-F-I Remediated Waste Site.
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100-F-2. The 100-F-2 waste site, also known as the "Strontium Gardens," was an experimental
garden site of approximately 0.04 ha (0.09 ac). Contaminants identified for this site were
cesium-137 and strontium-90. The original contamination (cesium-137 and strontium-90 in
millicurie levels) was applied to the surface soil to study uptake by vegetation and migration
through the soil column. The site was remediated and backfilled to a depth of about 1.6 m
(5.2 ft). The area to the north and east of the waste site had also been part of the 100-F Area
Experimental Animal Farm and had held pens for livestock grazing.

Because of the small size of the original waste site relative to the 1-ha (2.47-ac) study site, the
entire waste site was included within the study site boundary, including the area that had been
used for livestock grazing. The site had dense grass covering most of the area with few sparse
areas of relatively low vegetation. In the areas with dense grass, root mass extended below the
surface down to 15 cm (6 in.) and retained higher moisture content than previously sampled
sites. The study site associated with 100-F-2 remediated/backfilled waste site was 1 ha (2.47 ac)
in size (Figure 4-24).

618-4. The 618-4 burial ground is located north of the 300 Area (Figure 4-6). The site received
waste materials from metal fabrication processes in the 300 Area. Contaminants identified for
this site included arsenic, lead, and total uranium. Asbestos and PCBs were also found at some
locations. The waste site area was 0.74 ha (1.83 ac) and was excavated and backfilled to a
maximum depth of 11 m (36 ft). The perimeter showed moderate to dense growth of grasses,
shrubs, and rodent activity. The study area was positioned to characterize areas of potential
residual contamination along the northern and eastern perimeter of the remediated site. The
study site associated with the 618-4 remediated/backfilled waste site was 1 ha (2.47 ac) in size
(Figure 4-25).

300-49. The 300-49 waste site was a landfill covering an area of 0.69 ha (1.7 ac). This site was
reported to have received laboratory waste and had three small, shallow excavations to remove
buried debris to a depth of 3 m (9.8 ft). Contaminants identified for this site included cobalt-60,
uranium-234, uranium-235, uranium-238, arsenic, thallium, benzo(a)pyrene, chrysene, and
PCBs. The 300-49 study site was positioned on the upper edge of the river bank in an area that
exhibited a large amount of animal activity and moderate grass and shrub cover over the entire
sampling site. The study site associated with the 300-49 remediated/backfilled waste site was
0.625 ha (1.54 ac) in size (Figure 4-25).

Remediated Native Soil Sites. The second broad category of study sites is associated with
waste sites that had received cleanup of surface debris and contamination (e.g., decaying
batteries, oil stains, etc.). Remediation may have included minor surface excavation, but not to
the extent that backfill was needed to restore the site. The shapes of the study sites associated
with remediated native soil sites are more variable and were positioned to capture areas of
residual surface debris. Little vegetation had been disturbed during the remedial actions, making
the selection of sites based on habitat condition easier. While the original waste sites and
associated debris usually had irregular shapes, the study sites were "squared-off' to
facilitate sampling.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 4-44



Evaluation of Ecological Risks
in the Upland Environment

DOE/RL-2007-21

Rev. 0

Figure 4-24. Location of the Study Site Associated with the
100-F-2 Remediated Waste Site.
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Figure 4-25. Location of the Study Sites Associated with the
618-4 and 300-49 Remediated Waste Sites.
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The following general criteria were used to determine the location and shape of the study site:

* Age, density, and type of the vegetation. Sites with denser vegetation and older plants
were selected, because they would have deeper and more extensive root systems. If possible,
sites were selected with plant species that had deeper roots (such as sagebrush, rabbitbrush,
or tumblemustard).

* Small mammal activity. A visual survey for rodent burrows was made to determine the
small mammal activity on the site. The study was located to maximize the ability to sample
small mammals living on and burrowing into areas with residual contamination.

* Historical contamination. Sites were also chosen based on knowledge of historical
contamination and amount of residual contamination as determined by cleanup verification
sampling results.

Field notes on the 10 study sites associated with remediated native soil waste sites selected for
ecological investigations in the upland environment are presented below. This section includes
several photographs to show relative position and location of each study site. However, the
photographs were taken at different times and may not represent the actual field conditions at the
time the study sites were established and sampled.

600-131. The 600-131 White Bluffs Water Station and Special Fabrication Shops and
Warehouse waste site consisted of surface debris and anomalies that were removed for site
remediation with a maximum excavation depth of approximately 1.7 m (5.6 ft). Contaminants
identified for this site included arsenic, barium, chromium, lead, cadmium, and TPH. The study
site associated with the 600-131 remediated/native soil waste site was 1 ha (2.47 ac) in size
(Figure 4-26). The mapped outline of the 600-131 waste site was a concrete pad, with only a
thin (~ 2.54 to 5.1 cm [I to 2 in.]) layer of soil on top and not suitable for soil sampling.
However, another building site was located to the east of the concrete pad extending in the same
direction as the proposed grid. There was surface debris (including old batteries, paint chips, and
oil spots) along the old building site extending to the northwest. The 1-ha (2.47-ac) study site
was positioned in this area of surface debris in consultation with the lead regulatory agencies.

600-132. The 600-132 White Bluffs Construction Contractor Shop Landfill was an open borrow
pit containing scattered debris, broken concrete, and metal pieces over an area of approximately
1.8 ha (4.4 ac). Contaminants identified for this site included arsenic, barium, cadmium,
chromium, lead, selenium, TPH, Aroclor-1260, bis(2-ethylhexyl)phthalate, and
di-n-butylphthalate. The original boundary for this waste site was based on areas of visible
surface debris. The north side of 600-132 included some debris (concrete, wire) on top of the
ground surface. The south end of the waste site showed evidence of buried debris (e.g., yellow
bricks and paint chips). Nearby, the 600-190 and 600-201 waste sites also had surface debris of
paint chips and other debris. The study site associated with some or all of three
remediated/native soil waste sites was 1 ha (2.47 ac) in size. The study site was located based on
visual observations of concentrated paint chip debris and other buried materials (Figure 4-26).
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Figure 4-26. Location of the Study Sites Associated with the
600-131, 600-132, and 628-1 Remediated Waste Sites.
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628-1. The 628-1 White Bluffs Burn Pit included an 0.28-ha (0.69-ac) area of miscellaneous
surface debris. Surface debris at the site was removed to a depth of 0.37 m (1.2 ft).
Contaminants listed for this site included arsenic, barium, chromium, and lead. The burn pit
had old paint and tar removed during remedial actions. The study site was located based
on visual observation of scattered debris in the area. The study site associated with the
628-1 remediated/native soil waste site and adjacent similar habitat was 1 ha (2.47 ac) in size
(Figure 4-26).

600-139. This site was the location of the White Bluffs Automotive Repair Shop and scattered
piles of debris assumed to be related to the repair shop. Battery fragments, engine parts, and oil
stains had been observed in this area. The original site footprint was about 0.06 ha (0.15 ac).
Surface debris and anomalies were removed from the site to a depth of 0.41 m (1.34 ft).
Contaminants identified for this site included arsenic, barium, chromium, lead, sulfide and TPH.
The study site was located based on visible "bare areas" mixed within the vegetated habitat. The
habitat was areas of vegetation mixed with areas of bare gravel and soil. The study site
associated with the 600-139 remediated/native soil waste site was 1 ha (2.47 ac) in size
(Figure 4-27).

Figure 4-27. Location of the Study Sites Associated with the
600-139, 600-171, and 600-181 Remediated Waste Sites.
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600-171. This site is a combination of multiple locations in the old White Bluffs townsite, and
included the locations of several warehouses, offices, and a tool maintenance building. Because
no contamination was known to have been released at these locations, the 600-171 waste site was
"Not Accepted" in WIDS for further consideration of residual contamination. This study site
was selected to confirm the earlier conclusion of no released contamination and to give an
indication of the potential for contamination at other locations in the old White Bluffs and
Hanford townsite areas. The study site associated with the 600-171 remediated/native soil waste
site was 1 ha (2.47 ac) in size (Figure 4-27 shows just one point included within the entire
600-171 waste site).

600-181. This site was the White Bluffs Oil Dump, a 0.03-ha (0.07-ac) area of discarded oil
waste that had been remediated in 2003. Debris and asphalt-like material were removed from the
site during remediation as well as removal of oil-stained soil to a depth of 0.3 m (0.98 ft).
Contaminants reported for this site included arsenic, barium, cadmium, chromium, lead, and
TPH. The study site associated with the 600-181 remediated/native waste site was 1 ha (2.47 ac)
in size (Figure 4-27).

600-204. The 600-204 waste site was the Hanford Townsite Burn and Burial Trench. The study
site was located to encompass the trench and burning area and adjacent habitat to the east and
west. The original trench footprint was approximately 0.3 ha (0.98 ac) and was 4.6 m (15 ft)
deep. Remediation activities did not excavate much deeper than the original trench floor, and the
trench was left open (not backfilled) after remediation. Contaminants identified for this site
included arsenic, barium, cadmium, chromium, lead, and TPH. The study site associated with
the 600-204 remediated/native soil waste site was 1 ha (2.47 ac) in size (Figure 4-28).

600-208. This waste site includes 18 individual pond sites used to dispose of waste water from
the old Hanford Construction Camp Steam Plants. This study site encompassed one of the pond
sites that also contained some buried debris. The approximate size of the pond is 0.2 ha
(0.49 ac). The waste water ponds constituting 600-208 were declared to be "No Action" for
CERCLA remedial action. While there was no evidence of any hazardous materials being
disposed of to any ponds from the steam plants, the risk assessment samples were collected
to confirm there was no residual contamination. The study site associated with the
600-208 remediated/native waste site was 1 ha (2.47 ac) in size (Figure 4-29).
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Figure 4-28. Location of the Study Site Associated with the
600-204 Remediated Waste Site.

I3

I

t

I

4

I

| MIS Hectare

Waste Site

moommK::: Meters
0 25 50 100

River Corridor Baseline Risk Assessment
Volume 1, Part 1: Ecological Risk Assessment

March 2012

; Tj

-

179000.NIX,R I --"

Vilre

4-51



Evaluation of Ecological Risks
in the Upland Environment

DOE/RL-2007-21

Rev. 0

Figure 4-29. Location of the Study Site Associated with the
600-208 Remediated Waste Site.
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600-23. This isolated waste site was partially excavated to remove buried debris thought to be
waste from 100-K Area laboratories and discarded equipment from the 300 Area. Since the
debris had been buried inside a previous backfill borrow pit, no additional backfill material was
used to refill the excavation. The study site was located to encompass the area where the debris
had been removed and the excavation replanted. The study site associated with the
600-23 remediated/native soil waste site was 1 ha (2.47 ac) in size (Figure 4-30).

JA Jones. The JA Jones site is a depression a few miles north of the 300 Area (Figure 4-6). The
waste site had been used as a disposal area for construction debris, including 7 to 10 pickup loads
of paints and solvents. Radioactively contaminated soils were also suspected to have been
disposed of (and later removed) at this site in 1980. The 600-1 waste site borders the JA Jones
site on the east, effectively making one larger site. Remediation of the JA Jones site removed
debris from both sites.

The site was a large excavation pit with sparse vegetation consisting of grass and sagebrush with
a few bitterbrush plants. The exposed surface area was generally rocky with sand. The sidewalls
of the excavation area were included as part of the study site and 0- to 15-cm (0- to 6-in.) soil
cores were collected in accordance with a random sampling grid. No difficulties or anomalies
were encountered during the soil collection process. The study site is smaller to match the
smaller area of the depression (about 0.5 ha [1.2 ac]) and keep the vegetation and soils sampled
consistent (Figure 4-31).

4.3.3.2 Field Notes on Reference Site Locations. Field notes on the reference sites selected for
the upland environment are provided in Section 2.2.2 of Appendix B.

4.3.3.3 Biotic Sample Collection Field Notes. Adequate sample mass was collected for all
target analytical suites for plants (two species per site) and small mammals (organ [liver-kidney]
and carcass) and for laboratory analysis of terrestrial invertebrate tissues for inorganic chemicals
(one composite sample per site) at almost all study sites. However, there was insufficient sample
mass of terrestrial invertebrates for laboratory analysis of tissues for organic chemicals
(semivolatiles and pesticides) and radionuclides at most study sites.

4.3.3.4 MIS Soil Performance Assessment. The fall 2005 sampling event, which assessed soil
at 20% of the study sites representing all nine environment and site type combinations, was
conducted as a performance assessment (WCH-85). The purpose of the performance assessment
was to provide information on the "between-sample" and "among investigation-area" variability
in contaminant concentrations. The MIS methodology uses ~50 increments of soil, one from
each section of the grid established over the study site. Each soil increment was collected from
the 0- to 15-cm (0- to 6-in.) depth. The soil was sieved to remove any particles and organic
materials larger than 2 mm (0.08 in.). Each MIS sample result represents the average
concentration for the study site or reference site. The main assumption made to develop the
number of MIS replicates needed to characterize the sites was the assumed variability among
MIS results for contaminants measured in soil.
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Figure 4-30. Location of the Study Site Associated with the
600-23 Remediated Waste Site.
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Figure 4-31. Location of the Study Site Associated with the
JA Jones Remediated Waste Site.
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The results of the performance assessment were used to evaluate the adequacy of the number of
samples and increments per study site by providing information on the variability among
replicate MIS results. The complete performance assessment is provided as Appendix D to
WCH-139, and the following text provides summary information from that assessment. Data
analysis for the performance assessment followed Figure 2-2 in DOE/RL-2005-42. The first step
in the assessment was to determine if the RCBRA SAP indicator contaminants were detected.
Detected indicator contaminants were then evaluated to determine if they were present at levels
greater than PQLs or Hanford Site background. If they were detected above these levels, then
the concentrations were reviewed relative to human health cleanup levels from
DOE/RL-2005-42, Table 2-2 (unrestricted soil cleanup levels). Contaminants that were not
detected and contaminants with concentrations less than PQLs or Hanford Site background did
not warrant further consideration in the performance assessment. Contaminants that exceeded
these criteria were retained for evaluation against cleanup levels.

4.3.3.5 Summary statistics and data distribution plots for the indicator contaminants were
reviewed in the performance assessment. Reviewing these plots led to identifying the following
five indicator contaminants for upland soils, among those identified in the RCBRA SAP, that had
concentrations either greater than or approaching cleanup levels and thus warranted further
analyses in the performance assessment:

* Arsenic
* Hexavalent chromium
* Lead
* Benzo(a)pyrene
* Uranium-233/234.

Tables 4-6 through 4-10 provide a summary of the standard deviation for each of these five
contaminants for upland study sites. Calculations of the standard deviation with nondetects
replaced by 0 and nondetects replaced by half of the PQL are provided as points of comparison.

In general, the number of MIS replicates needed to characterize the mean concentration for the
site decreases as the variability among replicates decreases. The standard deviation of the
replicates is a measure of variability, as shown in the statistical power calculations considered in
the RCBRA SAP and in WCH-139 Appendix D. One site was noted during MIS collection to
have surface and subsurface debris. This site, 600-13 1, had high and variable levels of lead.
Otherwise the standard deviations are small compared to the mean MIS sample results and the
differences in concentrations among the five replicate MIS per site were small. For example, the
lead standard deviations were 30% or less of the mean of the MIS results except for site 600-131
(Table 4-8). Given the variability among the replicates for sites sampled during the performance
assessment, five replicates were considered adequate to estimate the mean within the statistical
tolerances considered in the performance assessment.
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Therefore, collecting five MIS replicates was shown to be effective at providing an estimate of
average concentration of contaminants over the study area. MIS does not provide resolution on
localized, higher concentrations, but it does provide information for evaluating ecological
exposures across the study site. This approach was appropriate for an assessment based on
quantifying exposures to ecological populations. Therefore, statistics based on only
MIS samples were used as representative concentrations for upland study sites
(roughly 1 ha [2.47 ac]).

4.3.4 Site Investigation and Data Analysis (ERAGS Step 6)

ERAGS Step 6 presents the information used to characterize exposure and effects. This step
provides the information that is used in Risk Characterization (ERAGS Step 7) to link between
exposure to contaminants and observed effects on plants or animals in field or laboratory studies
(EPA/910/R-97/005). Toxicity bioassays described in this section provide a valuable link
between exposure and effects.

The data evaluated in this report were compiled into a project database. The database included a
variety of ways to access sample results. The sample collection locations of the data used in the
assessment could be viewed on an interactive map. Figure 4-32 provides an example of the
information available on the interactive map.

4.3.4.1 Results of External Radiation Dosimeters. As part of the risk assessment sample
design, the project deployed environmental dosimeters as a quantitative measure of the total
external radiation field at the upland and riparian study sites. The dosimeters provide a measure
of external exposure to ecological receptors from gamma-emitting radionuclides. Appendix C-3
provides additional information and evaluations of the field radiation measures. The dosimetry
results differed among the sites although the set of five dosimeters at a given site generally
recorded similar results. When the dosimetry data from the upland or riparian study areas are
each compared with their respective reference area data, one can see that the external doses
measured are similar between study and reference sites and are not statistically different.
External doses were also greater in the upland compared to riparian environments. The highest
dose rate was measured at an upland reference site (Yakima Ridge 2), and dose readings higher
than most others were also reported for the 1 16-N-3 and 600-208 waste sites. In conclusion, the
results from the dosimeters showed that there were no gross differences in external radiation
exposure when comparing the upland study sites to reference sites. More conclusive information
on radionuclide exposures and the potential for ecological risks is provided from the soil and
tissue sample results (presented below).

4.3.4.2 Soil and Tissue Sample Results. Results for soil and biotic tissues evaluated at the
study sites (10 associated with remediated/backfill waste sites and 10 associated with
remediated/native waste sites) and the associated reference sites in the upland environment are
summarized in Tables 4-11 through 4-15. The samples were collected in accordance with
DOE/RL-2005-42 as described in Section 4.3.2 of this report. Additional samples collected for
the 100-B/C Pilot were also used.
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Figure 4-32. Example of Interactive Map Showing Sample Locations.
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Table 4-11 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in surface soil samples
collected at 20 study sites and 10 reference sites in the upland environment. The number of
sample results reflects the 5 MIS replicate samples collected at each site (5 replicates times
30 sites or 150 samples) and 13 discrete soil samples collected from 6 sites. These data are used
to determine the COPCs and COPECs evaluated at the study sites and reference sites, as
described in the following sections. The MIS data were also used in the exposure evaluation for
plants, terrestrial invertebrates, and middle trophic-level wildlife. The discrete soil samples were
collected in areas of rare plant habitat and were used to identify COPCs for all receptors, to
identify COPECs for plants, and for the plant exposure and effects evaluation.

Table 4-12 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in surface soil samples collected at
remediated waste sites in the 100-B/C upland environment. These samples were evaluated
separately because the analytical methods and sample collection/processing differs from similar
samples collected for the RCBRA project. These data were used to determine if additional
COPCs and COPECs needed to be evaluated at the study sites and reference sites. These data
were also used in the exposure evaluation for plants, terrestrial invertebrates, and middle
trophic-level wildlife.

Table 4-13 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in surface soil samples collected at the
Central Plateau reference sites (both onsite and offsite). Most analytes were measured in only
one of the two Central Plateau onsite reference sites. These MIS data were used to determine the
COPCs evaluated at the study sites for the RCBRA. This process is described in the following
sections.

Table 4-14 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in the plant tissue
samples collected at 20 study sites and 10 reference sites in the upland environment. The
number of sample results reflects the 2 composite samples collected at each site (2 replicates
times 30 sites or 60 samples). These data were used to determine the COPCs evaluated at the
study sites and reference sites. These data also were used in the exposure evaluation for middle
trophic-level wildlife.

Table 4-15 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in 24 plant tissue samples collected at
remediated waste sites in the 100-B/C upland environment. These samples were evaluated
separately because the analytical methods and sample collection/processing differed from the
RCBRA. These data were used to determine if additional COPCs needed to be evaluated. These
data were also used in the exposure evaluation for middle trophic-level wildlife.

Table 4-16 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in the terrestrial
invertebrate tissue samples collected at 20 study sites associated with remediated waste sites and
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10 reference sites in the upland environment. The number of sample results reflected the single
composite sample collected at each site (30 sites, which is equal to 30 samples). Due to sample
mass limitations, terrestrial invertebrates were primarily analyzed for metals. This is consistent
with the priority for analytical suites identified in the RCBRA SAP (metals, PCBs, and
radionuclides). These data were used to determine the COPCs evaluated at the study sites and
reference sites. These data were also used in the exposure evaluation for middle trophic-level
wildlife.

Table 4-17 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in four terrestrial invertebrate tissue
samples collected at remediated waste sites in the 100-B/C upland environment. These samples
were evaluated separately because the analytical methods and sample collection/processing
differed from the RCBRA. These data were used to determine if additional COPCs needed to be
evaluated. These data were also used in the exposure evaluation for middle trophic-level
wildlife.

Table 4-18 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in the small mammal
organ (liver/kidney) tissue samples collected at 20 study sites associated with remediated waste
sites and 10 reference sites in the upland environment. The number of sample results reflects the
single composite sample collected at each site (20 study sites plus 10 reference sites and
1 reference site had 2 samples [one additional sample] or 31 samples). These data were used to
determine the COPCs evaluated at the study sites and reference sites and for the exposure
evaluation for middle trophic-level wildlife.

Table 4-19 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in the small mammal
carcass samples collected at 20 study sites associated with remediated waste sites and
10 reference sites in the upland environment. The number of sample results reflects the single
composite sample collected at each site (20 study sites plus 10 reference sites and 1 reference site
had 2 samples [1 additional sample] or 31 samples). These data were used to determine the
COPCs evaluated at the study sites and reference sites. These data were also used in the
exposure evaluation for middle trophic-level wildlife.

Table 4-20 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in 19 small mammal tissue (brain, liver,
or carcass) samples collected at remediated waste sites in the 100-B/C upland environment.
These samples were evaluated separately because the analytical methods and sample
collection/processing differed from the RCBRA. These data were used to determine if additional
COPCs needed to be evaluated at the study sites and reference sites.

4.3.4.3 COPC Refinement. Selection of the appropriate COPCs is critical to preparing an
assessment that is representative of risks resulting from Hanford Site operations and useful for
making remedial action decisions. COPC selection should occur through a process that is
deliberate, systematic, and based on established selection criteria. The risk assessment must be
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able to differentiate between background materials, nonsite-related materials, and contaminants
directly related to remediated waste sites. This section describes the approach developed to
identify and focus the COPCs for the remediated waste sites in the upland environment portion
of the risk assessment evaluation.

The approach used for COPC refinement builds upon approaches and methods for COPC
selection presented in the Tri-Party-approved RCBRA SAP (DOE/RL-2005-42) described in
Section 3.4.4 of this report. The RCBRA SAP outlined a process for focusing contaminants
based on comparing mean concentrations at study sites to background or reference sites using
conclusions and data summaries from limited field investigation, cleanup verification packages
(CVPs), Hanford Site monitoring, and related projects. The process is consistent with guidance
pertaining to selection of COPCs for risk assessment (EPA/540/1-89/002, EPA 540/F-01/014,
RAGS Part A, Chapter 5, "Data Evaluation"). Figure 4-33 provides an overview of the COPC
refinement process, which is briefly described below.

The COPC refinement process includes a number of complementary steps and criteria, including
a pre-selected list of contaminants that was excluded and a list that was included, as determined
and agreed upon among the Tri-Parties. The exclusion and inclusion lists recognize and take
advantage of the knowledge gained through decades of Hanford Site characterization and
cleanup work that has preceded this assessment.

Additional selection steps included evaluation of detection status, statistical comparisons of
Hanford Site data to background and reference site data, evaluation of potential toxicity, and an
analyte-specific evaluation. The analyte-specific evaluation integrated a variety of information
(such as the magnitude and significance of statistical comparison results, sample results in other
media, and sample results for similar analytes) to support a conclusion on COPC identification
when the results of statistical comparisons were inconclusive. These evaluations were conducted
using quantitative methods and by dividing the analytes into workable groups for these
individual analyses. The quantitative methods provided valuable information for the included
analytes and also provided a sound technical basis for eliminating less relevant analytes from the
quantitative risk assessment.

Exclusions. Some analytes have been excluded from consideration as COPCs by agreement
among the Tri-Parties and are based on relevant Hanford Site data. Separate exclusion lists have
been developed for remediated waste sites and groundwater contaminant plumes.

The exclusion lists are based on the following types of analytes:

* Radionuclides with a half-life of less than 3 years. Radionuclides with half-lives less than
3 years would not be present as a result of historical Hanford Site operations due to
radioactive decay that would have occurred since operations ceased.
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Figure 4-33. Contaminant of Potential Concern Refinement Process Flow Diagram.
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Essential nutrients. Essential nutrients that are present at relatively low concentrations and are
toxic only at high concentrations need not be considered in a quantitative risk assessment
(EPA/540/1-89/002).

* Water quality or soil physical property measurements. These analytes were measured to
obtain information on water quality or soil properties to understand potential confounding
factors for bioassays conducted for soil, sediment, or water, or to interpret their influence on
the toxicity of COPCs (e.g., grain size for soils, water hardness for metals effects).

* Background radionuclides. Potassium-40, radium-226, radium-228, thorium-228,
thorium-230, and thorium-232. These background radionuclides were identified by
consensus of Tri-Party managers as not directly related to Hanford Site operations or
processes.

Inclusions. Certain analytes were included as COPCs based on evaluation of the commonly
reported analytes in waste site cleanup reports or based on the most prevalent contaminants in
the groundwater plumes. The inclusion list reflects those contaminants that the Tri-Parties have
agreed are a priority to address in this risk assessment in order to prepare meaningful and
effective regulatory documents. The list of contaminants evaluated in the CVP/remaining sites
verification package (RSVP) reports was compiled for waste sites in the 100 Area and the
300 Area. Some contaminants were reported in only a single report, and others were reported in
nearly all CVP/RSVP documents. To develop the inclusion list for the 100 Area and 300 Area,
the frequency of reporting for analytes was ranked, and those analytes reported at one-third or
more of the waste sites were placed on the 100 Area inclusion list. The 300 Area list was
developed by removing those 100 Area analytes that were not reported in at least one of the
300 Area waste sites.

Nondetected Analytes. Analytical results for soil and biota collected for the RCBRA
investigation were evaluated against the quality criteria specified in the RCBRA SAP QAPP
(DOE/RL-2005-42). As a measure of data quality, analytical results identified as nondetects in
the RCBRA data set were compared to the laboratory-required detection limits prescribed in the
QAPP. Analytes for which all results were nondetects, reported at values higher than the
prescribed detection limit, were identified for additional consideration and were labeled as
"uncertain COPC." The results associated with the "uncertain COPCs" for which the nondetect
result exceeded the target PQL from the RCBRA SAP were identified as uncertainties in the risk
analysis (Figure 4-33). Table 4-21 contains a summary of analytes that did not meet target PQLs
in soil, and Table 4-22 contains a summary of analytes that did not meet target PQLs in one or
more tissues. Appendix D-1 provides additional supporting information on the comparison of
nondetected analytes versus target PQLs. Some of the analytes listed in Tables 4-21 and 4-22
had maximum detection limits less than soil or tissue concentrations considered to be protective
of ecological receptors; these analytes are not considered in the uncertainty analysis.
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The remaining analytes are as follows:

* Soil uncertainty analytes

- Four PCBs: Aroclor-1016, Aroclor-1221, Aroclor-1232, Aroclor-1242

- Four pesticides: delta-benzene hexachloride (BHC), gamma-BHC, heptachlor epoxide,
toxaphene

- Two semivolatile organics: 1,2-dichlorobenzene, 1,2,4-trichlorobenzene.

* Biotic tissue uncertainty analytes

- Three inorganic chemicals: antimony, beryllium, tin

- Seven PCBs: Aroclor-1016, Aroclor-1221, Aroclor-1232, Aroclor-1242, Aroclor-1248,
Aroclor-1254, Aroclor-1260

- One radionuclide: europium-154.

Detected Analytes. After the exclusion list was applied, detected analytes were the focus of
COPC refinement. Statistical analyses and the analyte-specific evaluation were used to
determine the COPC list. The COPC list was determined by sorting the detected analytes into
the following four groups:

* Analytes present at concentrations that were statistically different from the reference site and
background data based on multiple tests; these analytes were identified as COPCs.
Demonstration of statistical difference was based on p-values less than or equal to 0.05 for all
of the following tests that are applicable (minimum of two applicable tests): Gehan, quantile,
slippage, and chi-square detection frequency. These tests are described below.

* Analytes present at concentrations that were not statistically different from the reference site
and background data based on multiple tests; these analytes were not COPCs. Lack of
statistical difference is based on p-values greater than 0.05 for all of the following tests that
are applicable (minimum of two applicable tests): Gehan, quantile, slippage, and chi-square
detection frequency. These tests are described below.

* Analytes that were determined not to be COPCs based on the analyte-specific evaluation.
Note that analytes requiring further evaluation are those with only a single statistical test or
those with multiple tests, and the results of these tests are not concordant. This evaluation
included an assessment of the range of the detected concentrations at study sites compared to
reference sites, consistency in soil sample results for each remediated waste site, consistency
in statistical results within and between sample media, detection frequency, and status as a
preferred inclusion list analyte.
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0 Analytes that were identified as COPCs based on the analyte-specific evaluation. Note that
analytes requiring further evaluation are those with only a single statistical test or those with
multiple tests and the results of these tests are not concordant. This evaluation included an
assessment of the range of the detected concentrations at study sites compared to reference
sites, consistency in soil sample results for each study site, consistency in statistical results
within and between sample media, detection frequency, and status as a preferred inclusion
list analyte.

Statistical Tests. Background comparisons are possible for selected analytes in soil based on
the availability of appropriate data. In the case of soil data, background data include natural
background for Washington State (eastern region) for selected inorganic chemicals and
Hanford Site background for selected radionuclides and inorganic chemicals. For analytes with
background data from multiple sources, the Hanford Site background data were used in
preference to Washington State (eastern region) background data.

Reference site comparisons were used to evaluate detected analytes in soil and tissue. Although
reference site soil data and background soil data are similar for most analytes, both comparisons
were performed. Reference sites are necessary for constituents and media not included in the
various sources for background levels. Additional information relating to background and
reference site data is provided in Section 4.3.2 and Appendix B of this report.

The study site and reference site soil data were composite samples, and thus represented the
average concentration in the sampled area. Some potential bias was introduced by comparing
background samples that were generally discrete or by comparing grab samples to composite
data. However, running a suite of statistical tests is a rigorous way of comparing contaminated
site analyte concentrations to background, and this approach has been recommended in several
papers (e.g., EPA/540/1-89/002; Gilbert and Simpson 1990, 1992). This approach represents an
enhancement over the comparison of site data to a single statistic of background (e.g., the
90th percentile) because all fixed percentiles will be exceeded with some frequency.

Four statistical tests were used because the kind of differences detected by each test differs, and
the overall results of the tests are complementary. The statistical tests employed for the
background and reference site comparisons, including data adequacy requirements, are discussed
in greater detail below.

Overall Concentration Shift. Wilcoxon rank sum (WRS) test (tests for shift in central
tendency of the data). The Gehan test is used in this report and is a variation on the WRS that
uses a statistically robust method for ranking nondetect values. These tests are used to detect
differences in the interquartile range of the data (25th percentile to the 75th percentile), or the
range represented by the box in box and whisker plots. These tests detect an overall shift in site
data compared to background or reference. The Gehan test is used when nondetects are
relatively frequent (greater than 10% and less than 50%). It handles data sets with nondetects
reported at multiple detection limits in a statistically robust manner (Gehan 1965, Millard and
Deverel 1988). The Gehan test was not performed if either of the two data sets had more
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than 50% nondetects. The WRS test performs a test for a difference between two populations of
data (Gilbert 1987). This is a nonparametric method that relies on the relative rankings of data
values. Knowledge of the precise form of the population distributions is not necessary. The
WRS test has less power than the two-sample t test when the data originate from a normal
distribution, but the assumptions are not as restrictive. This version of the WRS test uses the
Gehan approach for ranking (Gehan 1965, Millard and Deverel 1988). When some of the data
are "censored" or reported as below a detection limit, the Gehan approach assigns ranks to the
combined set of detects and nondetects in a statistically robust manner. The Gehan approach
defaults to standard ranks when the dataset contains no censored data (nondetects). The Gehan
ranking approach is recommended in EPA-sponsored workshops and publications due to its
broad applicability to environmental data sets (Gilbert and Simpson 1990, 1992).

Shift in Upper Range of Concentrations. Quantile test (tests for difference in upper
percentiles versus background). This test evaluates the upper range of data sets and is sensitive
to a small number of observations from one or more sites being greater than background. Thus,
the quantile test complements the WRS test and provides a greater chance to detect differences
among a small set of sample results. The quantile test is applied at a pre-specified quantile or
threshold. The 80 th percentile was chosen for this project. The test cannot be performed if
more than 80% (or, in general, more than the chosen percentile) of the combined data are
nondetected values. The quantile test determines whether more of the observations in the top
20% (chosen percentile) of the combined data set come from the site data set than would be
expected by chance, given the relative sizes of the site and background or reference data sets.
If the relative proportion of the two populations being tested is different in the top 20% of the
data than in the remainder of the data, the distributions may be partially shifted due to a subset of
site data. This test is capable of detecting a statistical difference when only a small number of
site concentrations are elevated (EPA/230/R-94/004). The quantile test is the most useful
distribution shift test for sites at which samples from a release represent a small fraction of the
overall data collected. Thus, the quantile test is sensitive to concentration shifts based on a
fraction of the study sites that are pooled for statistical analyses. The quantile test is applied at a
prespecified quantile or threshold. The quantile test is more powerful than the WRS
(i.e., Gehan) test for detecting differences when only a small percentage of the concentrations are
elevated.

Differences in Maximum Concentrations. Slippage test (tests for difference in upper range
of data compared to background). The slippage test evaluates the highest values and could detect
as few as one elevated measurement in the site data (dependent on the number of sample results
in the data sets). Thus, the slippage test complements the WRS test and the quantile test and will
detect a difference in concentration from a single sample or a single site. The slippage test was
not performed if there were no detected concentrations in the background or reference data set,
but was performed if the data set contained at least a single detected sample result. The slippage
test (Gilbert and Simpson 1990) is a nonparametric test appropriate for comparing between data
sets with low detection rates. This test is based on the maximum observed concentration in the
background data set and the number ("n") of site concentrations that exceed the maximum
concentration in the background set (Gilbert and Simpson 1990). The result (p-value or
significance level) of the slippage test is the probability that "n" site samples (or more) exceed
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the maximum background concentration by chance alone. The test accounts for the number of
sample results in each data set (number of sample results from the site and number of sample
results from background) and determines the probability of "n" (or more) exceedances if the two
data sets came from identical distributions. This test is similar to a "hot measurement" test, a
comparison of the maximum site value to an upper percentile or threshold calculated from the
background data, in that it evaluates the largest site measurements. It is more useful than a
"hot measurement" comparison because it is based on a statistical hypothesis test, not simply on
a statistic calculated from the background distribution. Because the slippage test evaluates the
maximum concentration, it is sensitive to detecting an elevated concentration at a single study
site, even if they are pooled for statistical analyses.

Difference in Detection Frequency. The chi-square test is an assessment of detection
frequency. It is used to determine if site data have a greater frequency of detections compared to
background and/or reference site data sets. The chi-square assessment is useful for comparing
differences between data sets for analytes that are not frequently detected. It was used in concert
with the other tests to help determine differences between site and background and/or reference
site data sets when detection frequency was low. The chi-square test (Zar 1984) is used in
conjunction with 2 by 2 contingency tables to test for differences in categorical data. It
represents the measure of association between two dichotomous variables and so indicates the
strength of correlation, or lack thereof indicating independence. In the case of detection rate, it
tests whether the frequency of occurrence of detects in a dataset is independent of the category of
that dataset (e.g., whether the dataset originates from a study site or background locations).
The chi-square test does not consider the magnitude of the analyte - only the frequency of
detection. The box plots were reviewed to determine if the difference in detection frequency was
also associated with a difference in the range of study site versus reference site concentrations.

COPC Refinement Results. Risk analyses for the RCBRA were based on an initial data
evaluation and SLERA of cleanup verification samples collected for each site and presented in
the site-specific CVP or RSVP report (as described in Section 4.2). The SLERA was
documented in more detail as part of the DQO summary report (BHI-01757) and identified the
contaminant analytical suites for the upland environment. By using the full analytical suites,
more than 160 analytes were measured in a variety of abiotic and biotic media. The following
contaminant analytical suites were measured in the upland environment:

* Inorganic chemicals - 35 analytes
* Organic chemicals (PCBs, pesticides, or semivolatile organic chemicals) - 103 analytes
* Radionuclides - 23 analytes.

The results of the statistical comparisons to background and reference sites for soil and
comparison to reference site for biotic tissues are presented in Tables 4-23 through 4-33. Data
evaluated for the RCBRA project were soil, plant tissue, terrestrial invertebrate tissue, small
mammal organ (liver/kidney) tissue, and small mammal carcass tissue. Tables 4-23 through
4-33 present the count of samples, maximum concentration, and the significance (p-value) for up
to four statistical tests for each comparison set. Tests with p-values less than 0.05 indicate a

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 4-67



Evaluation of Ecological Risks DOE/RL-2007-21
in the Upland Environment Rev. 0

statistical difference. If multiple tests can be run based on a sufficient detection frequency and
the results of the p-values are concordant (all less than 0.05 or all greater than 0.05), then the
analyte is grouped as a COPC or not a COPC based on these tests. In cases where no tests or one
test could be run or the p-values are discordant, then the analyte is identified for further
evaluation. COPC status for this last group of analytes was determined using an analyte-specific
evaluation. Note that an analyte may not be different from reference or background for soil but
an uncertainty for plant tissues, and was considered in the analyte-specific evaluation for all
sample media.

Data evaluated from the 100-B/C Pilot are soil, plant tissue, and terrestrial invertebrate tissue.
The 100-B/C Pilot statistical results were reviewed to determine if the COPCs retained by the
analyses of the RCBRA data should be augmented by any additional analytes. This comparison
resulted in the addition of the following COPCs: aluminum, beryllium, manganese, selenium,
and zinc.

Contaminant of potential concern refinement in the upland environment emphasized sample
results in soil as the primary environmental medium. The results of statistical tests using data
from all study sites associated with remediated waste site sampling were supplemented by
review of soil results for each study site in order to identify COPCs. Factors such as mobility,
interspecies variability, uncertainty in uptake and depuration rates, and other temporal influences
are reasons that biotic tissues were not considered primary media. The analyte-specific
evaluation for the upland environment included the following components:

* Status on the inclusion list resulted in retaining an analyte as a COPC.

* Emphasis was placed on comparisons to reference site concentrations because these were
used as comparison values for the exposure evaluation. A difference from reference
concentrations demonstrates that there is a biologically meaningful range of exposure levels
for gradient analyses. The slippage test is the most definitive test for showing a difference in
the range of concentrations at study sites compared to reference sites. Cases where there
were outliers at the reference sites were noted because these outliers could interfere with the
conclusions of the slippage test or the visual interpretation of the box plots.

* The results of soil and biotic tissue statistical tests were considered, but emphasis was placed
on differences in soil, as this is the primary contaminated medium.

* The box plots showing soil sample results for each study site were reviewed. These plots
(which are in Appendix D-2) were reviewed to identify concentration shifts for a particular
location and to identify outliers. Concentration shifts are indicated by differences in the
interquartile range (the position of the box) or by the range of concentrations in the upper
quartile (points that plot above the box). Analytes that showed a concentration shift for a
study site were identified as COPCs. Outlier points are indicated on the plots by sample
results that lie outside of the whiskers on the plots. A significant outlier, particularly in soil
at a study site, is a factor used to decide if an analyte should be retained as a COPC.
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The plots also help to determine if the detected concentrations fall with the range of the
nondetects; these analytes were not retained as COPCs.

0 The box plots showing biotic tissue sample results were reviewed. These plots are in
Appendix D-3. The plots were reviewed to identify outliers as described above. A
significant outlier is a factor used to decide if an analyte should be retained as a COPC.
The plots also help to determine if the detected concentrations fall within the range of the
nondetects; these analytes were not retained as COPCs.

To further illustrate the COPC refinement process, two examples are summarized below. One
example is where a COPC was identified based on the analyte-specific evaluation, and the other
example is where a COPC was eliminated based on the analyte-specific evaluation.

COPC Refinement Example - Arsenic. Arsenic concentrations in plant and mammal
(organs and carcass) samples were not different from reference site concentrations. Soil
concentrations were different from reference (one of three statistical tests), but were not different
from background (all four statistical tests). Thus, statistical results for soil are not conclusive.
However, the concentrations of arsenic in soil at study sites associated with four remediated
waste sites (116-F-1, 1607-H2, 600-171, and 600-208) were greater than other study sites or
reference sites; thus, arsenic was retained as a COPC. The statistical tests for arsenic in
invertebrates were also not conclusive (two of four tests suggest differences). However, the
range of study site arsenic concentrations in invertebrates is greater than at reference as indicated
by the slippage test, which also indicates that arsenic should be retained as a COPC.

COPC Refinement Example - Molybdenum. There were no statistical differences for
invertebrate or mammal tissues. Plant concentrations were higher at selected study sites, but
differences from reference were less than a factor of 3 (four different study sites had the four
highest plant concentrations [1 16-N-3, 300-49, 600-23, 600-208]). Study site soil concentrations
were not statistically different from reference sites (all three statistical tests), but study site
concentrations were greater than background (two of three statistical tests). However, there was
no statistical difference in maximum soil concentrations at study sites compared to the
background data (slippage test was not significant). Thus, there was only weak evidence to
suggest molybdenum was elevated relative to background and strong evidence indicating it was
not elevated with respect to reference. Thus, molybdenum was not retained as a COPC.

Table 4-23 presents the results of statistical comparisons of soil analytes measured at 20 study
sites associated with remediated waste sites compared to background and reference site
concentrations.

Table 4-24 presents the results of statistical comparisons of soil measured at 100-B/C Pilot
remediated waste sites compared to background and reference site concentrations. Tin was
identified as a COPC based on the soil statistical tests. Plutonium-238 was not detected in
RCBRA soil samples, but it was detected at a higher frequency in 100-B/C Pilot soil samples
compared to reference sites. However, the range of plutonium-238 in 100-B/C Pilot soil samples
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was not different than reference site levels, and it is not identified as a COPC. The other six
100-B/C Pilot soil analytes (cesium-137, curium-244, europium-152, europium-154,
plutonium-239/240, and strontium-90) were considered in the analyte-specific evaluation.

Table 4-25 presents the results of statistical comparisons of plant tissue measured at
20 study sites associated with remediated waste sites compared to reference site concentrations.

Table 4-26 presents the results of statistical comparisons of plant tissue measured at
100-B/C Pilot remediated waste sites compared to reference site concentrations. There were
11 analytes identified for further evaluation (antimony, beryllium, cadmium, lead, manganese,
mercury, nickel, thallium, uranium, cesium-137, and strontium-90). Results for these analytes
are considered in the analyte-specific evaluation, unless the RCBRA statistical comparisons
indicated that the analyte was retained as a COPC.

Table 4-27 presents the results of statistical comparisons of terrestrial invertebrate tissue
measured at 20 study sites associated with remediated waste sites compared to reference site
concentrations.

Table 4-28 presents the results of statistical comparisons of terrestrial invertebrate tissue
measured at 100-B/C Pilot remediated waste sites compared to reference site concentrations.
Seven analytes were identified for further evaluation (aluminum, cadmium, copper, manganese,
mercury, thallium, and zinc). Results for these analytes were considered in the analyte-specific
evaluation, unless the statistical comparisons indicated that the analyte was retained as a COPC.

Tables 4-29 and 4-30 present the results of statistical comparisons of mammal organ
(liver/kidney) and mammal carcass (without organs) tissue measured at 20 study sites associated
with remediated waste sites compared to reference site concentrations.

Tables 4-31 and 4-32 present the results of statistical comparisons of mammal organ (liver,
brain) and mammal carcass tissue measured at 100-B/C Pilot waste sites compared to reference
site concentrations. Nine analytes were identified for further evaluation for mouse organs
(aluminum, antimony, beryllium, cadmium, chromium, lead, mercury, selenium, and thallium).
Results for these analytes were considered in the analyte-specific evaluation, unless the statistical
comparisons indicated that the analyte was retained as a COPC.

The COPC status for all analytes is summarized in Table 4-33 based on the information in
Tables 4-23, 4-25, 4-27, 4-29, and 4-30. Table 4-33 also presents the count of samples and the
maximum detected concentration in soil, plant tissue, terrestrial invertebrate tissue, and mammal
tissue at study sites. Six radionuclides (cesium-137, curium-244, europium-152, europium-154,
plutonium-239/240, and strontium-90) were greater than background or reference in
100-B/C Pilot soil samples and are included as COPCs. Five inorganic chemicals (aluminum,
beryllium, manganese, selenium, and zinc) were added as COPCs based on statistical differences
of 100-B/C Pilot tissues to reference tissues. The analyte-specific evaluation that supports the
assignment of COPC status is provided in Table 4-34.
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4.3.4.4 COPEC Refinement. The COPC lists were further refined to develop a COPEC list for
the upland environment. The process to identify COPECs is summarized in Figure 4-34. The
UCL of the mean (i.e., reasonable maximum exposure [RME]) concentrations of detected sample
results for COPCs in MIS soil measured at upland study sites were compared to the lowest
available (most protective) ecological risk screening values for each taxonomic group (plants,
invertebrates, and wildlife). In addition, the representative concentrations from discrete soil
samples collected in rare plant habitat were compared to ecological risk screening values for
plants. A COPC was retained as a COPEC if the soil concentration was greater than the
ecological risk screening value or if there was no screening value for a receptor group (plants,
invertebrates, and wildlife). COPCs that lack screening values for any receptor group were
retained as COPECs and evaluated in the gradient analyses discussed in the risk characterization
(Section 4.3.5). Also, as shown in Figure 4-34, additive effects for radionuclides and PAHs were
also evaluated using the ratio of the RME to the screening value for each COPC in these analytes
groups. If the resulting HI or SOF is greater than 1.0, then all COPCs in that analyte group were
retained as COPECs.

The protocol for calculating the UCL of the mean (representative concentration for RME)
distinguishes between data sets with fewer than five detects and data sets with five or more
detects.

The following is a synopsis of how the representative concentrations were calculated for various
categories of the number of detects:

* No detects: No representative concentrations.

* One or two detects: Use the maximum detected value as both the central tendency exposure
(CTE) and RME representative concentrations.

* Three or four detects: Use only the detected values to estimate representative concentrations
as either an average (CTE) or maximum detect as the RME of the detected sample results.

* If the data set contains five or more detects, then three statistical methods were used to
calculate the mean (CTE) and the UCL of the mean (RME) based on all data (detects and
nondetects). Nondetect sample results were substituted with a replacement value based on
the regression-on-order statistics method.

Additional information on representative concentration calculations is provided in Section 3.4.4,
because these statistical methods apply to multiple environments and sample media. The
representative concentrations used in the upland environment are provided in electronic format in
Appendix D-4. The representative concentrations in the upland environment were calculated for
the data summarized in this section and used for COPC refinement above.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 4-71



Evaluation of Ecological Risks DOE/RL-2007-21
in the Upland Environment Rev. 0

Figure 4-34. Contaminant of Potential Ecological Concern Refinement
Process Flow Diagram.
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Summaries of the data support and methods used for calculating representative concentrations
for chemicals or radionuclides are provided in Table 4-35. Table 4-35 shows that most of the
representative concentrations for the RCBRA data are based on small sample sizes (one or two
detects), but that about 24% of the RCBRA soil values are based on five or more detects. In
general there were five or more detects for biotic tissue for samples collected for the
100-B/C Pilot project. Table 4-36 summarizes the ratio of the maximum detect to the RME
concentration for the sampled upland media (soil and biotic tissues). Most of the RME
concentrations are similar to the maximum detect. Table 4-37 lists those maximum detects that
are more than twice or less than half of the RME. Most of these analyte and site combinations
where the RME is very different from the maximum are for biotic tissue samples collected for
the 100-B/C Pilot project.

The sources for soil screening values used for COPEC refinement (Figure 4-34) are Ecology
(WAC 173-340-900, Table 749-3), the EPA ecological soil screening levels (Eco-SSLs)
(OSWER 9285.7-55), the Biota Dose Assessment Committee (BDAC) (DOE-STD-1 153-2002;
DOE/EH-0676, RESRAD-BIOTA: A Toolfor Implementing a Graded Approach to Biota Dose
Evaluation, User's Guide, Version 1) for radionuclides, and other sources of ecological
screening values (e.g., ECORISK Database [LA-UR-08-06673]). The lowest available screening
value from these sources was used for each receptor group. The data sources for the screening
values were selected based on defined quality criteria: values set forth by Washington State law,
nationally accepted values from the EPA, and peer-reviewed literature from a DOE source, or
other peer-reviewed scientific literature. Screening values are available for most of the COPCs
listed in Table 4-34, and these screening values are presented in Table 4-38. We note an
exception was applied to uranium (both the calculated total and inorganic forms) for which a
more recent compilation of soil screening values from Sheppard et al. (2005) was used for plants
and invertebrates. The uranium soil screening level for wildlife was calculated based on the
toxicity information compiled for preliminary remediation goals and the exposure model
provided in WAC Tables 749-4 and 749-5. PAHs and radionuclides have the potential for a
common mode of action within each of those groups, so additive ecological risks were evaluated
for each of these two COPC groups. Other COPCs (inorganic and organic chemicals) are
evaluated on an individual analyte basis. The RME (either the UCL of the mean concentrations
of detected sample results or maximum detect) for COPCs in soil measured at upland study sites
were compared to the screening values for each taxonomic group (plants, invertebrates, and
wildlife) to determine COPECs. Development of COPECs has the benefit of focusing the
assessment on those contaminants that are most likely to present ecological risks. A detailed
assessment of the potential for ecological risks is not needed for COPCs with soil concentrations
that are less than ecological benchmarks.

The basic screening result in this step of COPEC refinement is to determine if the RME (either
the UCL of the mean soil concentration or maximum detect) for a particular COPC is greater
than the soil screening value for that COPC. The COPC was retained as a COPEC if the soil
concentration was greater than the screening value or if there was a data gap for a receptor group
(plants, invertebrates, wildlife). COPCs for which screening values were unavailable for any
receptor group were retained as COPECs and were evaluated in the gradient analyses discussed
in the risk characterization section. Screening results are presented in Table 4-39 for all COPCs
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retained following the earlier screening step (results in Table 4-34), except for PAHs
and radionuclides. Table 4-39 presents the count of RME soil concentrations for each COPC
(there is 1 RME concentration per study site; 20 for RCBRA and 1 for the 100-B/C Pilot); the
maximum RME concentration; and the soil screening values for plants, terrestrial invertebrates,
and wildlife. Table 4-39 also provides the results of COPEC selection and the decision rationale
(reason) for each COPC.

Radionuclides and PAHs were evaluated based on additive effects within each group. Additive
effects were evaluated for PAHs using a hazard index (HI) approach (Equation 4-3), which sums
the ratios of the PAH concentrations at a site to the relevant PAH Eco-SSL. Low-molecular-
weight (LMW) and high-molecular-weight (HMW) PAHs were grouped and evaluated
separately. Low-molecular weight compounds have fewer than four aromatic rings, and
high-molecular weight compounds have four or more aromatic rings (OSWER 9285.7-78).
Table 4-40 indicates the molecular weight group of each PAH measured at study sites. An HI
greater than 1.0 may indicate a potential for ecological effects from the PAH group. Table 4-40
presents the count of RME soil concentrations for each PAH (there is one RME concentration
per study site); the maximum RME concentration for the study sites; the soil screening values for
plants, terrestrial invertebrates, and wildlife; the ratio for each PAH COPC; and the HI values for
these receptors. Table 4-40 also provides the COPEC status for each PAH.

n

HI = Exposurej / Screening Valuej Equation 4-3

where:

Exposurej = exposure concentration for PAH in soil
Screening Valuej = EPA Eco-SSL for low or high molecular weight PAH.

Additive effects for radionuclides were evaluated using the sum-of-fractions (SOF) method
(Equation 4-4) where the ratio of radionuclide concentrations to the relevant BCG was summed
and multiplied by the target dose limit to calculate the dose in rad/day for each receptor. A dose
greater than the target dose limit indicates the potential for adverse ecological effects from
radionuclides. Table 4-41 presents the count of RME soil concentrations for each radionuclide
(there is 1 RME concentration per study site if the radionuclide was measured; 20 total for the
RCBRA upland study sites and one for 100-B/C Pilot), the maximum RME concentration, the
soil screening values for plants and wildlife, and the SOF and dose for these receptors.

Dose = Target dose limit * Exposurej / Level 1 BCGj Equation 4-4
j=1

where:

Target dose limit = 0.1 rad/day for terrestrial wildlife and 1 rad/day for terrestrial plants
Exposurej = exposure concentration for radionuclides in soil
Level 1 BCGj = default soil BCG for radionuclidej.
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The results of COPEC refinement based on soil MIS and discrete soil samples in rare plant
habitat are summarized below for various analyte groups.

Inorganic Chemicals. Comparison of upland study site concentrations to plant, invertebrate,
and wildlife screening values led to eliminating beryllium as a COPEC. Aluminum
concentrations were greater than soil screening values, but it was eliminated as a COPEC based
on the Eco-SSL (OSWER Directive 9285.7 60, 2003, Ecological Soil Screening Levelsfor
Aluminum: Interim Final), which indicates that aluminum is not toxic at circumneutral soil pH
(pH>5.5), which is consistent with measurements of soil pH at study sites. The other inorganic
chemicals were retained as COPECs based on soil concentrations exceeding screening values or
based on lacking one or more screening values. No additional inorganic chemical COPECs were
identified in the discrete soil samples in rare plant habitat.

Herbicides, Pesticides, Semivolatile Organic Compounds. Comparison of study site
concentrations to plant, invertebrate, and wildlife screening values led to eliminating
alpha-chlordane and gamma-chlordane as COPECs. The other organic chemicals were retained
as COPECs based on soil concentrations exceeding screening values or based on lacking one or
more screening values. No additional organic chemical COPECs were identified in the discrete
soil samples in rare plant habitat.

Polychlorinated Biphenyls. Screening values were available for plants and wildlife. Toxicity
to invertebrates represents an uncertainty because benchmarks were not available for them.
Wildlife benchmarks were exceeded at one or more locations; plant benchmarks were not
exceeded. Thus, PCBs were retained as COPECs for evaluation in the upland environment
because of the uncertainty associated with risks to terrestrial invertebrates and the potential for
risk to wildlife.

Polycyclic Aromatic Hydrocarbons. The EPA Eco-SSLs for PAHs consider the potential for
risk from HMW and LMW PAHs. Eco-SSLs were available for terrestrial invertebrates and
mammals; the potential for ecological risk was evaluated by summing the ratio of the PAH
concentration to the relevant PAH Eco-SSL, which is equivalent to an HI (HI-PAH-LMW and
HI-PAH-HMW) for PAHs. The EPA did not identify sufficient toxicity data to develop
Eco-SSLs for plants, but review documents suggest that PAH or total petroleum hydrocarbons
(TPH) constituents are not exceptionally phytotoxic (Efroymson et al. 2004; Kapustka 2004a,
2004b). The maximum acenaphthene soil concentration (0.37 mg/kg) was greater than plant
screening value (0.25 mg/kg), and all other soil concentrations were less than the screening
value. We note that the WAC Table 749-3 plant screening is 20 mg/kg or about 80 times greater
than the lowest screening value. Given the wide range in available screening values for this
PAH and the lack of evidence for phytotoxicity for this class of chemicals, PAHs were not
retained on the basis of the plant screening evaluation. If the HI-PAH-LMW or HI-PAH-HMW
was less than 1.0, no potential for adverse ecological effects was indicated for that class of
PAHs. This evaluation resulted in the following information:
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* Terrestrial invertebrates: HI-PAH-LMW was 0.21, and the HI-PAH-HMW was 0.52;
thus, no potential for adverse ecological effects on terrestrial invertebrates was indicated.

* Wildlife: HI-PAH-LMW was 0.06, and the HI-PAH-HMW was 8.5; thus, potential for
adverse ecological effects on wildlife from HMW PAH was indicated, and these nine COPCs
were retained as COPECs.

Radionuclides. The BCGs developed by the BDAC provide benchmarks to evaluate the
potential for adverse ecological effects to plants and terrestrial animals from radionuclides in
soil. The BCGs are concentrations in soil that are predicted to equal a dose threshold or radiation
dose associated with no adverse effects in plants or animals. Dose thresholds for terrestrial
receptors are 1.0 rad/day for plants and 0.1 rad/day for animals. The potential for adverse
ecological effects was evaluated by summing the ratio of radionuclide concentrations to the
relevant BCG and multiplying by the dose limit to calculate the dose in rad/day for each
receptor. This evaluation resulted in the following information:

* Plants: Dose was less than the 1 rad/day dose limit (maximum was 0.002 rad/day for MIS
and 0.0002 rad/day for discrete soil samples collected in rare plant habitat); no potential for
adverse ecological effects on plants was indicated.

* Terrestrial animals: Dose was less than the 0.1 rad/day dose limit (maximum was
0.014 rad/day); no potential for adverse ecological effects on terrestrial animals was
indicated.

Because the doses to upland biota calculated from radionuclides in soil were less than the dose
limits of 0.1 rad/day to animals or 1 rad/day to plants, radionuclides were not retained as
COPECs requiring further evaluation in the upland environment BERA. This result is consistent
with the previous evaluation of the IAROD cleanup levels presented in Section 2.8. Table 2-12
showed a comparison of the IAROD cleanup levels for radionuclides to the BCG levels. The
comparison showed that the IAROD cleanup levels for radionuclides were protective of
terrestrial ecological receptors. The results of COPEC development for remediated waste sites in
the upland environment confirm this conclusion. Waste sites cleaned up to the IAROD cleanup
levels for radionuclides are protective of terrestrial receptors.

4.3.4.5 Benchmarks/Toxicity Reference Values. Benchmark and toxicity reference values
were identified for further evaluation of COPECs. The toxicity information collected for this
assessment reflects the most current and relevant studies available. For plants and invertebrates,
detected concentrations in exposure media (soil) were compared to effect levels for direct
exposure to COPECs. For wildlife, modeled oral exposure through the diet and soil pathways
was compared to COPEC-specific effect levels.
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Effect levels for plants and invertebrates are termed benchmarks, which refer to concentrations
of COPECs in soil that are associated with little or no toxicity for plants or invertebrates. This
assessment employed benchmarks that may be associated with an adverse effect on plants or
invertebrates based on lowest observed effect concentrations or the equivalent. Benchmarks
were selected from sources with high relevance to the Hanford Site, such as the Washington
State Ecological Indicator Soil Concentrations (WAC Table 749-3) or EPA's ecological soil
screening levels (Eco-SSL; http://www.epa.gov/ecotox/ecossl/). Values in WAC 173-340-900,
Table 749-3, were originally based on toxicity data on plants (ES/ER/TM-85/R3) and
invertebrates (ES/ER/TM-126/R2) compiled by the Oak Ridge National Laboratory. In contrast,
Eco-SSLs represent the most current literature on ecological effect levels of chemicals in soil,
below which adverse effects on plants or invertebrates are unlikely. Eco-SSLs were compiled
using a systematic and peer-reviewed process, so they represent ecological screening values that
can be used with high confidence.

Because EPA Eco-SSLs represent benchmarks associated with high confidence, given the
rigorous means by which they were derived, they represent the state of the science in ecological
risk assessment screening values as generally recognized by professionals in this field.
Benchmarks selected in Oak Ridge compilations have an associated confidence rating that
depended upon the number of studies used to derive the benchmark.

Figure 4-35 shows the steps used in this study to select appropriate benchmarks for further
evaluation of each COPEC. The first step in benchmark selection was to determine if a
benchmark was available from the WAC or Eco-SSLs. If no benchmark was available from
these sources, then no benchmark was selected. We note that there are some cases where a
screening value was available for a COPEC, but there was no benchmark. The reason is that
screening values used in this assessment included values from the Los Alamos National
Laboratory EcoRisk database (http://www.lanl.gov/environment/cleanup/ecorisk.shtml), but
these values were not considered as benchmarks. Screening values from the Los Alamos
National Laboratory EcoRisk database have been converted to no effect levels based on
application of uncertainty factors or reflect no effect concentrations from the literature. As such,
these screening values are more conservative than the benchmarks used for risk characterization
in this assessment. Contaminants of potential ecological concern for which screening values
were available but benchmarks were not identified were hexavalent chromium (plants and
invertebrates), uranium (invertebrates), aldrin (plants), and endrin aldehyde (plants).

If a benchmark was available from WAC or Eco-SSLs and the confidence rating was moderate
or high, then the lowest value available was selected. If there was low confidence in the only
value available, then published literature was consulted to determine if any values with high
confidence were available. If so, then that value was selected; otherwise, the low confidence
value from WAC Table 749-3 was selected as the only information available for this COPEC
and receptor.
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Figure 4-35. Benchmark Selection Process.
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Details on the exposure evaluation are provided for plants, invertebrates, and middle

trophic-level birds and mammals. A range of effect levels is presented for plants and
invertebrates (Tables 4-42 and 4-43) and effect levels (also referred to as toxicity reference
values [TRVs]) for wildlife (Tables 4-44 and 4-45) to inform risk management. Tables 4-42 and
4-43 provide information on the soil constituent (COPEC), chemical form, citation for the

primary study, test species, duration, soil pH, soil organic matter ( generic effect endpoint,
specific endpoint, effect level, confidence in effect level, theLOA secondary sourc e effect
levels, any applicable notes on effect level selection, and the selected benchmarks. Tables 4-44
and 4-45 provide information on the soil constituent (COPEC), chemical form, citation for the

primary study, test species and body weight, generic effect endpoint, specific endpoint,
uncertainty factors applied, uncertainty factor type, NOAEL, LOAEL, secondary source for the
effect levels, any applicable notes on effect level selection, and the selected effect levels. By
definition, no-effect levels from the same toxicity study are less than exposures associated with
the lowest-effect levels.
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4.3.5 Risk Characterization (ERAGS Step 7)

This section presents ERAGS Step 7, risk characterization, which includes risk estimation,
risk description, and uncertainty analysis.

Results from the various measures employed in this investigation constitute lines of evidence.
Lines of evidence were evaluated with regard to the magnitude of effect and degree of
corroboration among the other lines for each assessment endpoint. Types of literature toxicity
information and field measure descriptions are presented in Section 4.3.4.

The following conventions are used to describe comparisons to literature effect levels:

" "Adverse effects are unlikely" is associated with concentrations less than benchmarks or
doses less than NOAELs.

* "Low potential for adverse effects" is associated with doses between NOAELs and LOAELs.

* "Potential for adverse effects" is associated with concentrations greater than benchmarks or
doses greater than LOAELs.

Other lines of evidence involved comparisons of results for study sites associated with study site
to reference sites:

0 "Evidence for adverse effects" is associated with statistical differences in bioassay results
that show decreased germination or growth for plants or reduced survival for nematodes
when comparing study sites to reference sites.

In addition to these lines of evidence, consideration was given to whether a particular line of
evidence was fully or partially captured in the sampling and field measurements. Failure to
achieve the intended goals for any line of evidence would detract from the utility of that measure
and add an uncertainty qualifier to the conclusions for that line of evidence.

4.3.5.1 Plants. The evidence for exposure and effects is discussed below for the measures used
to evaluate risk to plants from Hanford Site contaminants.

Soil Characterization. Soil is the primary exposure medium for plants in the upland
environment. The concentrations of COPECs are presented graphically in box plots (see
Appendix D-2). The representative concentrations of COPECs at study sites associated with
remediated waste sites were tabulated (as measures of exposure) for comparison with
benchmarks or to bioassay results (as measures of effects). Both CTE and RME concentrations
based on the MIS replicates were compared to phytotoxicity benchmarks; the CTE
concentrations (i.e., the single replicate MIS sample that was paired with the phytotoxicity
reanalyses) were used for soil gradient analysis versus phytotoxicity measures. As noted
previously, soil MIS values used for CTE exposure were the average concentrations for each

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 4-79



Evaluation of Ecological Risks DOE/RL-2007-21
in the Upland Environment Rev. 0

COPEC from five multi-increment soil samples per location (study site or reference site). There
were also sufficient soil data for most sites and COPECs (at least three detected sample results
are required) to estimate the RME for soil MIS based on the maximum or upper confidence limit
(UCL) of the mean concentration. The discrete soil samples collected from study sites were
evaluated in the plant exposure evaluation. The representative concentrations evaluated for
plants are included as an electronic attachment (Appendix D-4).

Literature Values for Survival, Growth, or Reproduction. A literature review was performed
to compile benchmarks for upland COPECs (Section 4.3.4.5). The compilation encompassed
effects levels for plants that are representative of receptors at the Hanford Site, insofar as
possible. Most of the published toxicological data represent results of tests with single
chemicals. Toxicity information such as this may be expressed as concentrations in soil
associated with the presence or absence of effects. One measure of the potential for adverse
effects of upland COPECs on plants is based on comparisons of soil COPEC concentrations to
these soil phytotoxicity benchmarks. The results of the analysis are presented as benchmark
HQs, which are the soil concentration (both CTE and RME) divided by the effect level. A
benchmark HQ greater than 1.0 suggests the potential for adverse ecological effects.

Measured soil COPEC concentrations were used for the calculation of phytotoxicity benchmark
HQs, which were computed by dividing soil concentration by the applicable receptor/analyte
effect level (Equation 4-5). Adverse effects are inferred by the ratio of exposure to effect levels
(or soil phytotoxicity benchmarks) when the ratio is greater than 1.0.

Benchmark HQ[receptor, analyte] = Concentration[so0 l] / Benchmark[receptor, analyte] Equation 4-5

Table 4-46 presents benchmark HQ information for terrestrial plants at study sites and reference
sites, the maximum CTE and RME soil MIS or discrete concentrations, and the benchmark HQ
values based on the CTE and RME. Both CTE and RME soil concentrations were less than the
benchmarks for 11 COPECs (Aroclor-1254, Aroclor-1260, Aroclor-1262, barium, cadmium,
calculated total uranium, chromium, copper, mercury, silver, and uranium [inorganic]); adverse
effects on plants are unlikely for these COPECs. For the remaining COPECs, there was either a
data gap for the benchmark, or the benchmarks were exceeded. Additional information on
COPECs for which soil concentrations exceeded plant benchmarks is presented in Table 4-47,
which presents all site and COPEC combinations where either the CTE or RME soil
concentrations exceeded the benchmarks and reference concentrations (including antimony,
arsenic, boron, lead, selenium, tin, and zinc). Both study sites and the reference sites had
benchmark HQs greater than 1.0 for one or more of these COPECs. Although concentrations of
manganese were greater than benchmarks, concentrations at reference sites were greater than
study sites, and results for this COPEC are not presented in Table 4-47. Benchmark HQ results
for all COPECs and sites are provided in an electronic attachment to Appendix D-5.

Diversity and Abundance from Plant Surveys. Qualitative information on the plant
community was collected in the field. This information was used to identify the most common
plant species at each site so that these species could be sampled for analysis of contaminants
in tissues. As discussed in Study Site Selection (Section 4.3.2.1), only sites with an established
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vegetational community were selected for sampling. While this allowed for assessing
contaminant uptake from soil to plants and further up the food web, the approach may have
biased against observing effects at sites where contamination was adversely affecting plant
establishment. Consequently, ecological measure comparisons between study sites and reference
sites are provided only as supplemental data.

Plant diversity, richness, and total cover at Hanford terrestrial upland sites are summarized in
Table 4-48. The table highlights values that are more than 20% different from the average of
the reference sites because 20% is a commonly used threshold for biologically significant
differences. Some of the reference sites differ by 20% or more from the reference site average
(and are also highlighted); differences of 20% were commonly noted among study sites
associated with study sites for various plant community measures. Plots of these measures of the
upland terrestrial plant community, such as the percentages of litter, rock, bare ground, and
cryptogamic crust, are presented in Appendix D-6.

The following is a synopsis of the average values and statistical significance (p-value<0.05) of
selected plant community measures for remediated/backfill study sites and backfill reference
sites:

* Plant diversity: study = 1.2; reference = 1.4; p-value = 0.16
* Plant species richness: study = 10.4; reference = 11.2; p-value = 0.51
* Percent bare ground: study = 30%; reference = 27%; p-value = 0.74
* Percent alien species cover: study = 3 3 %; reference = 2 0%; p-value = 0.14
* Percent native species cover: study = 5 %; reference = 10%; p-value = 0.17
* Percent litter cover: study = 19%; reference = 11%; p-value = 0.08
* Percent shrub cover: study = 1%; reference = 5 %; p-value = 0.02
* Percent cryptogamic cover: study = 2 %; reference = 6 %; p-value = 0.04
* Percent total canopy cover: study = 3 8 %; reference = 2 9 %; p-value = 0.26.

The following is a synopsis of the average values and statistical significance (p-value<0.05) of
selected plant community measures for remediated/native soil study sites and native soil
reference sites:

* Plant diversity: study = 1.3; reference = 1.4; p-value = 0.60
* Plant species richness: study = 10.7; reference = 9.6; p-value = 0.52
* Percent bare ground: study = 26%; reference = 40%; p-value = 0.06
* Percent alien species cover: study = 2 8 %; reference = 14%; p-value = 0.09
* Percent native species cover: study = 16%; reference = 2 4 %; p-value = 0.008
* Percent litter cover: study = 14%; reference = 2 0%; p-value = 0.08
* Percent shrub cover: study = 8 %; reference = 13%; p-value = 0.13
* Percent cryptogamic cover: study = 8 %; reference = 12%; p-value = 0.36
* Percent total canopy cover: study = 45%; reference = 3 8 %; p-value = 0.31.
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In summary, the remediated/native soil study site plant cover measures show one statistical
difference (out of nine comparisons) from native soil reference site plant cover measures; there is
a greater percentage of native plants on undisturbed (reference) native soil sites. Two of the nine
remediated/backfill waste site plant community measures, cryptogamic cover and shrub cover,
are statistically lower on study sites associated with remediated/backfill waste sites. Figure 4-36
is an overlay plot of the normalized plant community measures and shows differences in
cryptogamic cover, shrub cover, and native species cover among remediated/backfill study sites
and native soil reference sites. While no conclusions can be made at this time, these
observations provide baseline information on the plant communities present at the time of the
investigations.

Rare Plant Surveys (and Planned Toxicity Tests). Representative survey plots were
established within the 20 study sites associated with remediated waste sites (10 upland
remediated/backfill and 10 remediated/native soil) and sampled intensively for this study;
reference sites were not included in the inventory. No rare plants were observed in the upland
sites during the survey. Some potential rare plant habitat (defined as open, sand-dominated
substrate [WCH-139, Appendix D, p. 6]) was noted at six of the 20 upland study sites
(1607-D2:1, 116-DR-1&2, 600-139, 600-171, 600-181, and 618-4). The potential habitat at two
study sites (116-DR-1&2 and 600-139) was 5% or less of the site, and the extent of the potential
rare plant habitat at the other sites was between 20% and 30% of the site (see Table 4-48 for rare
plant habitat area at each study site). Both remediated/native soil and remediated/backfill study
sites had suitable rare plant habitat. To evaluate the potential for ecological exposures to plants
at these potential rare plant habitat areas, 13 discrete soil sample locations were collected and
analyzed for contaminants, but not evaluated with bluegrass bioassays. Thus, phytoxicity
information based on the bluegrass toxicity test represents a data gap. These discrete soil data
were included in the ecological exposure assessment for plants, but were evaluated separately
from the MIS soil data. Thus, rare plants were not observed, and potential rare plant habitat is
absent from most of the study sites. Those areas with potential habitat have been further
characterized, and all of this information has been considered in the ecological risk assessment.

Measured Plant Tissue Concentrations. Plant tissue concentrations of COPECs provide
information on contaminant uptake and bioavailability from soil. While this site-specific
measure was planned to carry a higher weight as a line of evidence, it is ranked low due to issues
with elevated detection limits associated with the tissue samples. Further information on the
detection limits in plant tissue compared to target PQLs is provided in Appendix D-1. Tissue
sample results for upland COPECs are presented in Appendix D-3. The tissue concentrations for
these COPECs form the concentration gradient for evaluating ecological effects to wildlife in the
upland environment. Several analytes were detected in RCBRA plant tissues, but excepting
boron and dieldrin, statistical differences between study sites associated with remediated waste
site concentrations and reference site concentrations for COPECs were not noted (see
Table 4-49).
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Figure 4-36. Overlay Plot of Normalized Plant Community Measures.
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A positive relationship between plant tissue concentrations and soil concentrations is an
indication of COPEC uptake into the food chain. Such relationships have been frequently
documented in the literature (e.g., BJC/OR-133, Empirical Modelsfor the Uptake ofInorganic
Chemicalsfrom Soil by Plants) and form the basis for simple wildlife exposure models used to
calculate soil-based ecological screening values. However, plant tissue concentrations of
COPECs (fresh weight) did not correlate with soil MIS concentrations except for one COPEC
(copper, summarized in Table 4-49; plots are presented in Appendix D-7).

Table 4-49 presents a summary of the linear and log-linear regression analyses of plant tissue
versus soil concentration for COPECs, the number of sites with detected concentrations for soil
and tissues, and the explained variance of the linear and loglinear models (r-squared) and the
statistical significance (p-value). Table 4-49 also provides an estimate of the ratio of plant tissue
concentration in fresh weight to the soil concentration. Table 4-49 indicates if concentrations of
the COPEC were greater than reference in soil, plant tissue, both media, or neither medium. If
the COPEC concentrations were elevated in both media, then there was more of a signal for the
regression analyses to evaluate. Otherwise the regression evaluated variation within background
levels in one or the other medium. The lack of statistical relationships of surface soil
concentrations and tissues may also indicate that biological exposures reflect deeper soils. The
statistical analyses were based on sites where the COPEC was detected in both plants and soil
and further assumes that surface soil concentrations are representative of contaminant exposures
to plants. The analysis evaluated trends in average concentrations at study sites and does not
consider exposure and uptake into biota at scales smaller than the investigation area. To ensure
that biologically significant regressions are considered, only those regressions with at least five
results were further evaluated. This is consistent with the minimum sample size required to
calculate the upper confidence level of the mean as the representative concentration. Although
linear regression produces results with as few as three or four pairs of results, such minimal
sample sizes are associated with very low statistical power and, therefore, low confidence in the
result. There were insufficient detections in plant tissue to support linear regression analyses for
most COPECs. Only one COPEC, copper, with sufficient detects was statistically significant.

Germination and Growth from Toxicity Testing. Bluegrass bioassay tests were conducted on
MIS surface soil samples collected from seven study sites and three reference sites in the upland
environment. The study sites were selected based on elevated lead and/or boron concentrations
measured in earlier sampling. Two of the seven study sites were remediated/backfill and the
others were remediated/native sites. Table 4-50 shows the number of sample results, detection
information, range of detected values, and range of nondetect values for all analytes measured in
10 surface soil samples collected at 7 study sites and 3 reference sites in the upland environment.
These samples were collected specifically to evaluate phytotoxicity associated with
concentrations of upland COPECs. All but one test type (initial bluegrass studies) met quality
requirements for a valid ASTM test, and an independent expert reviewed and supported toxicity
test conclusions, confirming the scientific validity of these studies (Kapustka 2007).
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There were insufficient study sites associated with each remediated waste site type
(remediated/backfill and remediated/native soil) to test for statistical differences. There was a
range in germination and growth results. Using data for individual replicates (n = 5) per site
(n = 10), plant bioassay results are shown in box plots for the study sites associated with
remediated waste sites and reference site soils (Figures 4-37 through 4-45). Note that there were
insufficient sites studied to split the bioassay results into four groups (native soil study site and
reference, backfill study site, and reference).

Figure 4-37 displays germination results for the 5 replicates for each of the 10 study sites tested
(seven study sites and three reference sites). There was no statistically significant difference in
mean seed germination based on the Student's t-test (p-value>0.05).

Figure 4-38 displays seedling stem height results for the 5 replicates for each of the 10 study
sites tested (7 study sites and 3 reference sites). There was no statistically significant difference
in mean seedling stem height based on the Student's t-test (p-value>0.05).

Figure 4-37. Sandberg's Bluegrass Germination
at Hanford Upland Study Sites.
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Percent germination for reference site replicates (n = 15) and remediated waste site (study site) replicates (n = 35). Most of the
study sites (n = 5 of 7) and all of the reference sites (n = 3) were native soil; remediated/backfill waste sites (n = 2) are
represented by the symbol "x." Seedling germination takes on discrete values based on between 0 and 5 seeds germinating per
pot. The graph has the replicate values plotted, but overlap at these possible fractions: 0%, 2 0%, 40%, 60%, 80%, 100%. No
significant difference based on t-test (a 0.05); study sites were not different from reference (p = 0.09).
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Figure 4-38. Sandberg's Bluegrass Stem Height
at Hanford Upland Study Sites.

75
E
F

.21 50

E

0 25

0-

I
I

9

Reference Study Site
Site Type

Stem height for reference site replicates (n = 15) and remediated waste site (study site) replicates (n = 35). Most of
the study sites (n = 5 of 7) and all of the reference sites (n = 3) were native soil; remediated/backfill waste sites
(n = 2) are represented by the symbol "x." No significant difference based on t-test (a = 0.05); study sites were not
different from reference (p = 0.1).

Figure 4-39. Sandberg's Bluegrass Root Length
at Hanford Upland Study Sites.
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Root length for reference site replicates (n = 15) and remediated waste site (study site) replicates (n = 35). Most of
the study sites (n = 5 of 7) and all of the reference sites (n = 3) were native soil; remediated/backfill waste sites
(n = 2) are represented by the symbol "x." Significant difference based on t-test (a = 0.05); study sites were greater
than reference (p <0.0001).
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Figure 4-40. Sandberg's Bluegrass Shoot Mass (wet)
at Hanford Upland Study Sites.
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Shoot mass (wet) for reference site replicates (n = 15) and remediated waste site (study site) replicates (n = 35).
Most of the study sites (n = 5 of 7) and all of the reference sites (n = 3) were native soil; remediated/backfill waste
sites (n = 2) are represented by the symbol "x." Significant difference based on t-test (et= 0.05); study sites were
less than reference (p = 0.007).

Figure 4-41. Sandberg's Bluegrass Shoot Mass
(dry) at Hanford Upland Study Sites.
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Shoot mass (dry) for reference site replicates (n = 15) and remediated waste site (study site) replicates (n = 35).
Most of the study sites (n = 5 of 7) and all of the reference sites (n = 3) were native soil; remediated/backfill waste
sites (n = 2) are represented by the symbol "x." No significant difference based on t-test (a = 0.05); study sites were
not different from reference (p = 0.23).
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Figure 4-42. Sandberg's Bluegrass Root Mass
(wet) at Hanford Upland Study Sites.
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Root mass (wet) for reference site replicates (n = 15) and remediated waste site (study site) replicates (n = 35). Most
of the study sites (n = 5 of 7) and all of the reference sites (n = 3) were native soil; remediated/backfill waste sites
(n = 2) are represented by the symbol "x." No significant difference based on t-test (a = 0.05); study sites were not
different from reference (p = 0.21).

Figure 4-43. Sandberg's Bluegrass Root Mass
(dry) at Hanford Upland Study Sites.
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Root mass (dry) for reference site replicates (n = 15) and remediated waste site (study site) replicates (n = 35). Most
of the study sites (n = 5 of 7) and all of the reference sites (n = 3) were native soil; remediated/backfill waste sites
(n = 2) are represented by the symbol "x." No significant difference based on t-test (a = 0.05); study sites were not
different from reference (p = 0.16).
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Figure 4-44. Sandberg's Bluegrass Total Mass
(wet) at Hanford Upland Study Sites.
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Total biomass (wet) for reference site replicates (n = 15) and remediated waste site (study site) replicates (n = 35).
Most of the study sites (n = 5 of 7) and all of the reference sites (n = 3) were native soil; remediated/backfill waste
sites (n = 2) are represented by the symbol "x." Significant difference based on t-test (a = 0.05); study sites were
less than reference (p = 0.01).

Figure 4-45. Sandberg's Bluegrass Total Mass
(dry) at Hanford Upland Study Sites.
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Total biomass (dry) for reference site replicates (n = 15) and remediated waste site replicates (n = 35). Most of the
study sites (n = 5 of 7) and all of the reference sites (n = 3) were native soil; remediated/backfill waste sites (n = 2)
are represented by the symbol "x." No significant difference based on t-test (a = 0.05); study sites were not different
from reference (p = 0.57).

River Corridor Baseline Risk Assessment
Volume I, Part]: Ecological Risk Assessment

March 2012

-I

I
I

I

i
*

4-89



Evaluation of Ecological Risks DOE/RL-2007-21
in the Upland Environment Rev. 0

Figure 4-39 displays seedling root length results for the 5 replicates for each of the 10 study sites
tested (7 study sites and 3 reference sites). Study site replicate roots were statistically longer on
average compared to reference site replicates (Student's t-test, p-value<0.05), but this difference
implies an enhancement and not an adverse effect.

Figure 4-40 displays seedling shoot mass (wet weight) results for the 5 replicates for each of the
10 study sites tested (7 study sites and 3 reference sites). Study site replicates shoots
(fresh weight) were, on average, lighter than reference site replicates (Student's t-test,
p-value<0.05), and this difference suggests an adverse effect.

Figure 4-41 displays seedling shoot mass (dry weight) results for the 5 replicates for each of the
10 study sites tested (7 study sites and 3 reference sites). There was no statistically significant
difference in mean seedling shoot mass (dry weight) based on the Student's t-test (p-value>0.05).

Figure 4-42 displays seedling root mass (wet weight) results for the 5 replicates for each of the
10 study sites tested (7 study sites and 3 reference sites). There was no statistically significant
difference in mean root mass (wet weight) based on the Student's t-test (p-value>0.05).

Figure 4-43 displays seedling root mass (dry weight) results for the 5 replicates for each of the
10 study sites tested (7 study sites and 3 reference sites). There was no statistically significant
difference in mean root mass (dry weight) based on the Student's t-test (p-value>0.05).

Figure 4-44 displays seedling total mass (wet weight) results for the 5 replicates for each of the
10 study sites tested (7 study sites and 3 reference sites). Study site replicates shoots/roots
(fresh weight) had less mass on average than reference site replicates (Student's t-test,
p-value<0.05), and this difference suggests an adverse effect.

Figure 4-45 displays seedling total mass (dry weight) results for the 5 replicates for each of the
10 study sites tested (7 study sites and 3 reference sites). There was no statistically significant
difference in total root mass (dry weight) based on the Student's t-test (p-value>0.05).

It should be noted that the various measures evaluated in the germination and seedling growth
test are not independent - either based on plant physiology, life history strategies, or
mathematical relationships among these measures. For example, the fresh weight measures are
related to the dry weight measures with the difference being the amount of moisture in plant
tissues. Total mass is the sum of shoots and roots. Seeds vary in their likelihood to germinate
and in the relative allocation to either roots or shoots. Lots of native plant seeds may vary more
than agricultural varieties that have been selected for more uniform germination and growth
properties. Such variation has been measured between seed batches of Sandberg's bluegrass,
and variation within seed batches can also be expected. In summary, overall differences in mean
root length (study sites associated with study sites were longer than reference), shoot wet weight,
and total wet weight (plants associated with study sites had less mass than reference-site plants)
were observed, but mean germination, mean root weight, and all dry weight measures did not
differ. Thus, in summary, two measures had statistical differences consistent with adverse
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effects; one measure indicated enhancement, and the remaining six measures were not
statistically different.

The next step in evaluating the potential for adverse effects of COPECs on plants was an
examination of relationships between seedling measures and concentrations of COPECs or
confounding factors. Significant negative correlations using the site averages of bioassay and
COPEC results were observed across the 10 study sites with valid plant bioassay results. The
valid bioassays were from sites that were all sampled using MIS to obtain soil for COPEC
analyses and plant bioassays. Discrete soil samples were also collected in rare plant habitat, but
there are no bioassay results associated with these samples. For each bioassay endpoint
(e.g., germination), linear and nonlinear regressions between the mean bioassay measure and the
mean analyte results were conducted for 10 pairs of bioassay measures and COPEC
concentrations.

Table 4-51 provides a summary of the significance levels of these linear regressions, including a
count of the regressions for each analyte (nine endpoints), the minimum p-value (statistical
significance), the maximum p-value, and the number of statistically significant regressions
(p-value<0.05, out of nine possible endpoint regressions) for each analyte (COPEC or
confounding factor). Table 4-51 indicates if concentrations of the COPEC were greater than
reference in soil. If the COPEC concentrations were elevated in soil, then there was more of a
signal for the regression analyses to evaluate. Otherwise the regression evaluated variation
within background levels in soil. To ensure that biologically significant regressions are
considered, only those regressions with at least five sample results are reported. This is
consistent with the minimum sample size required to calculate the upper confidence level of the
mean as the representative concentration. Although linear regression produces results with as
few as three or four pairs of results, such minimal sample sizes are associated with very low
statistical power and, therefore, low confidence in the result. Other analyses (e.g., the ecological
exposure evaluation) evaluate each site and each COPEC individually.

Table 4-51 provides the statistically significant linear regression models for COPECs with
negative relationships with phytotoxicity measures (lead, manganese, and zinc) and confounding
factors with either positive or negative relationships with phytotoxicity measures (nitrogen in
nitrite and nitrate, nitrogen in ammonia, Kjeldahl total nitrogen, fluoride, potassium, pH, percent
moisture, and fraction medium sand). Note that concentrations of manganese at study sites are
not statistically greater than reference, indicating some uncertainty in a dose-response
relationship with phytotoxicity measures given the lack of the contaminant signal in soil. Note
that only sample results summarized in Table 4-50 are paired with the phytotoxicity measures,
which means that there are no sample results for the following COPECs: Aroclor-1254,
Aroclor-1260, Aroclor-1262, beta-1,2,3,4,5,6-hexachlorocyclohexane, calculated total uranium,
DDE, DDT, dichloroprop, dieldrin, endosulfan I, endosulfan II, endosulfan sulfate, hexavalent
chromium, and methoxychlor. In addition, there were insufficient detections to evaluate
relationships between phytotoxicity measures and concentrations of nine COPECs (antimony,
cadmium, chrysene, dibenz[a,h]anthracene, mercury, selenium, silver, tin, and uranium
[inorganic]). Scatter plots of the bioassay results versus COPECs and confounding factors are
provided in Appendix D-8.
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The average phytotoxicity measures and the average concentrations of selected COPECs and
confounding factors are presented in Table 4-52. This table highlights values that are more
than 20% different from the average of the reference sites because 20% is a commonly used
threshold for biologically significant differences. Differences among the reference sites as well
as differences between the study sites associated with study sites and reference sites are
commonly noted for the phytotoxicity measures.

Weight of Evidence. The terrestrial plant component of the ecological risk assessment is
broadly representative of the potential effects of Hanford Site contaminants on plants. The lines
of evidence are rare plant surveys, the results of a bioassay, comparison of soil concentrations to
plant benchmarks, and measurement of COPEC concentrations in soil and plant tissue.

Multiple lines of evidence were used to assess risks to plants, and the results are summarized in
Table 4-53. The weights for these measures are discussed below.

Rare Plant Surveys (and Planned Toxicity Tests). No rare plants were observed at any of
the study sites, but there was potential habitat for rare plants. This habitat was sampled for
COPECs, and the potential for exposure was evaluated. Field surveys of rare plant presence or
absence were to be ranked high as a line of evidence because these surveys were to be linked to
plant bioassays. However, no bioassays were conducted on these soils, and their omission
represents a data gap.

Germination and Growth Effects from Toxicity Testing. Considering upland plant
bioassay results from upland study site soils, the data indicate that there are adverse relationships
with germination versus lead soil concentrations, stem height versus zinc concentrations, and
root length versus manganese; relationships are also observed between phytotoxicity measures
and confounding factors (fluoride and fraction medium sand). This line of evidence was ranked
medium based on completing this test at only 10 instead of the planned 30 sites. Originally in
the RCBRA SAP, this line of evidence was ranked high because it is a site-specific measure that
is standardized and accepted, can integrate multiple COPECs, and has ecological relevance to
plant populations.

Literature Values for Survival, Growth, or Reproduction. Comparisons of COPEC
concentrations in soil to phytotoxicity benchmarks indicate there is the potential for adverse
effects to plants from COPECs at study sites. Literature values are appropriate in many cases
and form the basis of screening-level ecological risk assessments because they are typically
based on peer-reviewed literature and databases. However, the weight assigned for comparison
to literature values is low, as this information is not site-specific to the chemical forms and
mixtures of COPECs present at upland sites. Literature values may also be based on a single
species and could have less relevance to the broad array of species found at the Hanford Site.

Measured Plant Tissue Concentrations. Several analytes were detected in RCBRA plant
tissues, but statistical differences between study site concentrations and reference site
concentrations for COPECs were not noted. There was a statistically significant, positive
relationship between copper concentrations in plant tissues and soil concentrations.
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The detection limits for some organic chemicals in plants make it difficult to draw definitive
conclusions regarding plant uptake. The target PQLs for three COPECs (antimony, lead, and
Aroclor-1254) were also not met in plant tissue analyses. This line of evidence was ranked low
based on the detection limits for organic chemicals and three COPECs in plant tissues.

Uncertainty Analysis. Limitations associated with the risk assessment data and methodologies
for plants in the upland zone of the RCBRA are summarized qualitatively in Table 4-54. Known
uncertainties and data gaps associated with the screening and focused risk evaluations are
summarized, and their implications for estimating potential adverse effects and conclusions are
noted. The qualitative uncertainty analysis identifies specific causes of uncertainties and
evaluates their potential impact on risk estimates.

Terrestrial Plant Risk Summary. In the data collected for the risk assessment, concentrations
of some COPECs in soil exceeded plant benchmarks, indicating that effects in plants might
occur. Soil concentrations for antimony, arsenic, boron, lead, selenium, tin, and zinc were
greater than benchmarks and reference concentrations suggesting a potential for adverse effects.
The antimony benchmark was exceeded at one remediated waste site (600-132). The arsenic
benchmark was exceeded at two study sites. The boron benchmark was exceeded at all 21 study
sites (including the 100-B/C Pilot study site) and 10 reference sites. The lead benchmark was
exceeded at five study sites. The selenium benchmark was exceeded at a single study site
(JA Jones). Soil concentrations of tin are greater than benchmark at 100-B/C Pilot, suggesting a
potential for adverse effects. The zinc benchmark was exceeded at 10 study sites and 4 reference
sites.

However, the other lines of evidence indicate that COPECs do not adversely affect upland plants.
Bioassay results using Sandberg's bluegrass showed evidence for adverse effects based on
differences in two of nine plant bioassay measures (total [shoot and root] wet mass and wet shoot
mass) based on comparisons of study sites and reference sites. In addition, statistically
significant trends were noted for three COPECs and three phytotoxicity measures. Germination
rates were lower at sites with higher concentrations of lead. Roots were shorter at sites with
higher concentrations of manganese, and stems were shorter with higher concentrations of zinc.
However, there were more relationships of phytotoxicity measures and confounding factors
(mostly nutrients and soil properties) than with COPECs, creating uncertainties about the
potential for cause-and-effect relationships of COPECs and adverse effects on plants.

In addition, some COPECs were detected in plants, but tissue concentrations generally did not
differ between upland study sites and reference sites (boron was higher at study sites), and only
copper correlated with soil concentrations. Therefore, although soil concentrations are greater
than plant benchmarks for some COPECs, the weight attributed to this line of evidence is low,
and benchmark HQ results do not overwhelm the conclusions of the other lines of evidence.

A summary of plant risk characterization results and uncertainties for all upland plant COPECs is
presented in Table 4-55. The seven COPECs that have exposures exceeding an effect level and
reference concentrations or have a significant negative trend with plant measures are the key
COPECs for terrestrial plants and are discussed below. Unless otherwise noted, the observations
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for these COPECs are based on the exposure evaluation results for 21 study sites (including the
100-B/C Pilot study site) and gradient analyses for 7 study sites (those sites resampled for plant
bioassays):

* Antimony: Concentrations of antimony exceeded the benchmark (5 mg/kg) by about 20% at
a single remediated/native soil study site (6.1 mg/kg at 600-132), so it may cause adverse
effects in plants there or at similar sites. The next-largest antimony soil concentration was
1.4 mg/kg. Most of the antimony soil detections were at remediated/native soil study sites.
There were insufficient detections of antimony in soil and plant tissues to draw conclusions
regarding gradients with plant measures.

* Arsenic: The maximum soil concentration (14 mg/kg at 600-171) was roughly 40% greater
than the benchmark (10 mg/kg), and overall soil concentrations (12 mg/kg) also were greater
than the benchmark at 116-F-1. There were no relationships of arsenic concentrations in
plant tissues to those in soil, and there were no negative relationships of phytotoxicity
measures to arsenic in soil.

* Boron: Soil concentrations for boron were greater than the benchmark (0.5 mg/kg) at all
study sites and reference sites. The maximum concentration of boron in soil was 36 mg/kg at
a study site (1607-H2). There were no relationships of boron concentrations in plant tissues
to those in soil, and there were no negative relationships of phytotoxicity measures to boron
in soil.

* Lead: Soil concentrations of lead were greater than benchmark (50 mg/kg) at five study
sites. The maximum concentration of lead was 510 mg/kg at 600-13 1. One of the nine
phytotoxicity measures showed evidence for adverse effects based on a concentration
gradient with lead, but there were more relationships of phytotoxicity measures and
confounding factors (soil properties and nutrients).

* Selenium: Selenium concentrations in soil were greater than the benchmark (0.52 mg/kg) at
a single remediated/native soil study site (0.73 mg/kg at JA Jones). Selenium was also
detected at two other study sites (0.24 mg/kg at 600-131 and 0.31 mg/kg at 100-F-2) and at a
reference site (1.2 mg/kg at Saddle Mountain) in a sample collected to pair with
phytotoxicity measurements. There were insufficient detections of selenium in soil and plant
tissues to draw conclusions regarding gradients with plant measures.

* Tin: Soil concentrations were greater than the benchmark (50 mg/kg) for the 100-B/C Pilot
study sites only. The maximum tin soil concentration was 94 mg/kg, and the next-largest tin
soil concentration was 27 mg/kg. Tin was infrequently detected (20% overall) in study-site
or reference-site soil, and there were insufficient detections to draw conclusions regarding
relationships with plant tissue concentrations or phytotoxicity measures.

* Zinc: Soil concentrations of zinc were greater than the benchmark (50 mg/kg) at 10 study
sites and 4 reference sites. The maximum study site concentration of zinc in soil was
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88 mg/kg at a study site (600-139). One of the nine phytotoxicity measures showed evidence
for adverse effects based on a concentration gradient with zinc, but there were more
relationships of phytotoxicity measures and confounding factors (soil properties and
nutrients).

4.3.5.2 Invertebrates. The evidence for exposure and effects is discussed below for the
measures used to evaluate risk to terrestrial invertebrates from Hanford Site contaminants.

Soil Characterization. Terrestrial invertebrates receive exposure to COPECs primarily through
soil. Soil sample results for upland COPECs are presented in Appendix D-2. The representative
concentrations for COPECs in study sites associated with remediated waste sites were tabulated
(as measures of exposure) for comparison with benchmarks or to bioassay results (measures of
effects). Both CTE and RME concentrations based on MIS data were compared to terrestrial
invertebrate benchmarks; the CTE concentrations based only on MIS data were also used for soil
gradient analysis versus invertebrate tissue concentrations or bioassay measures.

Literature Values for Survival, Growth, or Reproduction. A literature review was performed
to compile benchmarks for upland COPECs (Section 4.3.4.5). The compilation encompassed
effect levels for terrestrial invertebrates that are representative of receptors at the Hanford Site,
insofar as possible. Most of the published toxicological data represent results of tests with single
chemicals. Toxicity information such as this may be expressed as concentrations in soil
associated with the presence or absence of effects. These soil toxicity benchmarks for
invertebrates are one measure of the potential for adverse effects of soil COPEC concentrations
to terrestrial invertebrates.

Data used for the calculation of terrestrial invertebrate benchmark HQs consisted of measured
soil COPEC concentrations and literature-derived benchmarks. Soil values used for CTE
exposure are the average concentrations for each COPEC from five multi-increment soil samples
per study site or reference site. There were also sufficient soil data for most sites and COPECs
(at least three detected sample results are required) to estimate the RME for soil based on the
maximum or upper confidence of the mean concentration. Hazard quotients for terrestrial
invertebrates were computed by dividing soil concentration by the applicable receptor/analyte
effect level (Equation 4-5). Potential for adverse effects is inferred by the ratio of exposure to
effect levels (or terrestrial invertebrate benchmarks).

Table 4-56 presents benchmark HQ information at study sites and reference sites for terrestrial
invertebrates, the maximum CTE and RME soil concentrations, and the HQ values based on the
CTE and RME. There were 16 COPECs (antimony, arsenic, benzo[a]anthracene,
benzo[a]pyrene, benzo[b]fluoranthene, benzo[ghi]perylene, benzo[k]fluoranthene, cadmium,
chromium, chrysene, dibenz[a,h]anthracene, indeno[1,2,3-cd]pyrene, lead, pyrene, selenium, and
zinc) for which both CTE and RME soil concentrations were less than the benchmarks; adverse
effects on invertebrates are unlikely for these COPECs. Concentrations of manganese were less
than the benchmark at study sites, but were greater than the benchmark at reference sites. For
the remaining COPECs, there was either a data gap for the benchmark, or the benchmark was
exceeded. Additional information on COPECs for which soil concentrations exceeded terrestrial
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invertebrate benchmarks at study sites is presented in Table 4-57. This table presents the
four site and COPEC combinations for which either the CTE or RME (or both) soil
concentrations exceeded the benchmarks at study sites. The COPECs listed in Table 4-57 are
barium, copper, and mercury. Study sites associated with both remediated/backfill and
remediated/native soil sites had HQ greater than 1.0 for one or more of these COPECs
(Table 4-57). The HQ results for all COPECs and sites are provided in an electronic attachment
to Appendix D-5.

Measured Terrestrial Invertebrate Tissue Concentrations. Terrestrial invertebrate tissue
concentrations provide information on contaminant uptake and may also indicate the
bioavailability of these COPECs. Tissue sample results for upland COPECs are presented in
figures in Appendix D-7. Several analytes were detected in RCBRA terrestrial invertebrate
tissues, and statistical differences of study site concentrations to reference site concentrations for
COPECs were noted for arsenic, copper, manganese, and zinc (Table 4-58).

A positive relationship between terrestrial invertebrate tissue concentrations and soil
concentrations is an indication of COPEC uptake into the food chain. Such relationships have
been frequently documented in the literature (e.g., Sample et al. 1999, Sample et al. 1998a) and
form the basis for simple wildlife exposure models used to calculate soil-based ecological
screening values. However, except for arsenic and cadmium, terrestrial invertebrate tissue
concentrations of COPECs did not correlate with soil concentrations (summarized in Table 4-58
and plots are presented in Appendix D-7). Table 4-58 presents a summary of the linear and
loglinear regression analyses of terrestrial invertebrate tissue versus soil concentration for
COPECs, the number of sites with detected concentrations in both soil and tissue, the explained
variance of the model (r-squared), and the statistical significance (p-value). Table 4-58 also
provides an estimate of the ratio of invertebrate tissue concentration in fresh weight to the soil
concentration. Table 4-58 indicates if concentrations of the COPEC were greater than reference
in soil, invertebrate tissue, both media, or neither medium. If the COPEC concentrations were
elevated in both media then there was more of a signal for the regression analyses to evaluate.
Otherwise the regression evaluated variation within background levels in one or the other
medium. The statistical analyses were based on sites where the COPEC was detected in both
invertebrates and soil and further assumes that surface soil concentrations are representative of
contaminant exposures to invertebrates. The analysis evaluated trends in average concentrations
at study sites and does not consider exposure and uptake into biota at scales smaller than the
investigation area. To ensure that biologically significant regressions were considered, only
those regressions with at least five results were further evaluated. This is consistent with the
minimum sample size required to calculate the upper confidence level of the mean as the
representative concentration. Although linear regression produces results with as few as three or
four pairs of results, such minimal sample sizes are associated with very low statistical power
and therefore low confidence in the result. Other analyses (e.g., the ecological exposure
evaluation) evaluate each site and each COPEC individually. There were insufficient detections
in terrestrial invertebrate tissue to support linear regression analyses for most COPECs. Only
terrestrial invertebrate tissue concentrations of arsenic and cadmium were statistically
significantly correlated with soil concentrations and also had sufficient detects for a meaningful
biological relationship.
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Relative Abundance of Terrestrial Invertebrates. For terrestrial invertebrates, hand picking
of organisms was necessary to gain sufficient mass for analytical COPC measurements. While it
facilitated the laboratory analyses, this collection approach precluded field data-based estimates
of relative abundance as a line of evidence.

Survival During Toxicity Testing. Standard Guide for Conducting Laboratory Soil Toxicity
Tests with the Nematode Caenorhabditis elegans (ASTM E2172-01) is a standard invertebrate
toxicity test for soils that measures nematode survival. The results for the nematode bioassay are
presented graphically in Figure 4-46. There are no statistically significant differences in
nematode survival among study sites associated with backfill, native soil, and associated
terrestrial upland reference sites.

Figure 4-46. Nematode Survival (percent) at Upland
Environment Study Sites.

110-
100-

90-

80- -

>70- -

60-

S50- -

E 40-
z 30-

20-

10-

0- I I

RBF RBF-Ref RNS RNS-Ref

site type

Nematode survival for replicates (n = 3/site) at remediated waste sites (study sites) and at reference sites. "RBF" refers to
remediated/backfill study sites (n = 10), "RBF-Ref' refers to backfill reference sites (n = 5), "RNS" refers to remediated/native
soil study sites (n = 10) and "RNS-Ref' refers to native soil reference sites (n = 5). Nematode survival takes on discrete values
based on between 0 and 10 nematode surviving per replicate. The graph has the replicate values plotted but overlap at these
possible fractions: 0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%. No significant differences observed for
nematode survival among the site types; analysis of variance, p =0.26, n = 90.

Evaluating relationships between nematode survival and concentrations of COPECs or
confounding factors is the next step in evaluating the potential for adverse effects. Table 4-59
provides a summary of the linear regression models, including a count of values for each analyte,
the explained variance of the model (r2), and the p-value (statistical significance) for the bioassay
results. Table 4-59 indicates if concentrations of the COPEC were greater than reference in soil.
If the COPEC concentrations were elevated in soil, then there was more of a signal for the
regression analyses to evaluate. Otherwise the regression evaluated variation within background
levels in soil. To ensure that biologically significant regressions are considered, only those
regressions with at least five results are reported. This is consistent with the rule applied to
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calculating representative concentrations and suggests that although linear regression produces
results with as few as three or four pairs of results, such minimal sample sizes are associated with
very low statistical power and, therefore, confidence in the result. Other analyses (e.g., the
ecological exposure evaluation) evaluate each site and each COPEC individually. Nematode
survival was not correlated with concentrations of any COPECs, but was correlated with chloride
and percent moisture (confounding factors). There were insufficient detections to evaluate
relationships between nematode survival and concentrations of eight COPECs (Arolcor-1262,
beta-1,2,3,4,5,6-hexachlorocyclohexane, dieldrin, endosulfan I, endosulfan II, endosulfan sulfate,
selenium, and silver). Scatter plots of the bioassay results versus COPECs and confounding
factors are provided in Appendix D-8.

Average nematode survival and the statistically significant confounding factors (average percent
moisture and chloride) are presented in Table 4-60. The table highlights indicate nematode
survival values that are more than 20% different from the average of the reference sites because
20% is a commonly used threshold for biologically significant differences. Greater than 20%
differences in nematode survival are uncommon among the tested sites.

4.3.5.3 Weight of Evidence. The terrestrial invertebrate component of the ecological risk
assessment is broadly representative of the potential effects of Hanford Site contaminants on
invertebrates. The lines of evidence are measurement of COPEC concentrations in soil and
invertebrates and the results of a bioassay. Attempts were made to evaluate diversity and
abundance of invertebrates using pitfall traps. However, insufficient numbers were collected to
allow evaluation of this line of evidence. Results for these lines of evidence are summarized in
Table 4-61, and the weights for each line are discussed below.

Survival During Toxicity Testing. There were no statistical differences of nematode survival
between study sites and reference sites and no significant relationships of COPECs in soil with
nematode survival. This line of evidence is weighted high based on the data completeness (no
rejected or missing data), site specificity for COPEC concentrations and mixtures, and high
relevance of the test organism to Hanford Site soil biota.

Literature Values for Survival, Growth, or Reproduction. Comparisons of COPEC
concentrations in soil to invertebrate soil benchmarks indicated there is the potential for adverse
effects for terrestrial invertebrates from barium, copper, and mercury at study sites associated
with remediated waste sites. Literature values are appropriate in many cases and form the basis
for evaluating ecological risks because they are typically based on peer-reviewed literature and
databases. However, the weight assigned to comparison with literature values is low because
this information is not site-specific to the chemical forms and mixtures of COPECs present at
these sites. Literature values may also be based on a single species and could have less relevance
to the broad array of species found at the Hanford Site.

Measured Terrestrial Invertebrate Tissue Concentrations. Some COPECs (arsenic and
cadmium), but not most, were detected in terrestrial invertebrates at concentrations that were
correlated with soil concentrations. However, there is bias towards larger and less mobile
specimens introduced by hand collecting invertebrates for tissue analyses. The detection limits
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for some analytes and one COPEC (tin) in invertebrates make it difficult to draw definitive
conclusions regarding biological uptake. This line of evidence was ranked low based on the lack
of detections in invertebrate tissues for many upland COPECs and the possibility of bias due to
sample collection methods.

Relative Abundance of Terrestrial Invertebrates. Hand picking organisms disabled field
data-based estimates of relative abundance as a line of evidence. This line of evidence was not
included in the weight-of-evidence evaluation.

Uncertainty Analysis. Limitations associated with the risk assessment data and methodologies
for the terrestrial invertebrate evaluation are summarized qualitatively in Table 4-62. Known
uncertainties and data gaps associated with the screening and focused risk evaluations are
summarized, and their implications for estimating potential adverse effects and conclusions are
noted.

Terrestrial Invertebrate Risk Summary. In the data collected for the risk assessment,
concentrations of barium, copper, and mercury in soil were greater than terrestrial invertebrate
benchmarks and reference concentrations, so adverse effects on terrestrial invertebrates could
occur (Table 4-63).

There were no indications of differences in risk between study sites associated with remediated
waste sites and reference sites based on the higher weighted line of evidence (bioassay results),
and nematode survival did not negatively correlate with concentrations of COPECs in soil
(Table 4-63). Some COPECs were detected in invertebrates; however, except for arsenic and
cadmium, concentrations of COPECs in invertebrates at study sites did not correlate with soil
concentrations. Hand picking invertebrates was necessary to gain sufficient mass for analytical
COPEC measurements. While this practice facilitated laboratory analyses, the collection
approach precluded using estimates of relative abundance as a line of evidence.

The three COPECs (barium, copper, and mercury) for which exposures exceeded an effect level
and reference concentrations are the key COPECs for terrestrial invertebrates and are discussed
below. Unless otherwise noted, the observations for these COPECs are based on the exposure
evaluation results for 21 study sites and gradient analyses for 20 study sites (all but the
100-B/C Pilot study site).

* Barium: Barium exceeded the benchmark (330 mg/kg) at one study site (410 mg/kg at
1607-H2) and thus has a potential for adverse effects on invertebrates. There was no
statistically significant relationship between barium soil concentrations and terrestrial
invertebrate tissue concentrations. There was no relationship between soil barium
concentrations and nematode survival; soil from the site with the highest CTE (358 mg/kg)
was included in the bioassay.

* Copper: Concentrations of copper in soil exceeded the benchmark (50 mg/kg) at one study
site (58 mg/kg at 600-139), so there is potential there for adverse effects on invertebrates.
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The magnitude of the benchmark exceedance was low (maximum benchmark HQ was 1.2).
There was no statistically significant relationship between concentrations in terrestrial
invertebrate tissues and those in soil. There also was no relationship between nematode
survival and soil concentrations, and soil from the site with the highest CTE (45.6 mg/kg)
was included in the bioassay.

0 Mercury: Soil concentrations of mercury were greater than the benchmark (0.1 mg/kg) at
two study sites (0.14 mg/kg at 300-49 and 0.14 mg/kg at 628-1). The magnitude of the
benchmark exceedances was low; both benchmark HQs were 1.4. There was no statistically
significant relationship between terrestrial invertebrate tissue concentrations or nematode
survival and mercury soil concentrations; soil from the site with the highest CTE
(0.136 mg/kg) was included in the bioassay.

4.3.5.4 Wildlife. The evidence for exposure and effects is discussed below for the measures
used to evaluate risk to middle trophic-level wildlife from Hanford Site contaminants. Field
ecological measures of the small mammal community are presented as qualitative information on
the status of these populations. Estimated dietary contaminant exposures and COPEC
concentrations in small mammal tissues are compared to ecological effects levels for diet or
tissues. This information provides an indication of the potential for risk on wildlife
from COPECs.

Measures of Ecosystem/Receptor Characteristics. The main objective for collecting small
mammals from each study site was to provide a measure of exposure to small mammals and their
predators. Qualitative field measures were collected for the RCBRA in the process of trapping
and harvesting animals for chemical analyses. These field measures do not represent the rigor
typically associated with population studies. Therefore, these field measures are provided only
for supporting information. Taking the total number of animals and dividing by trapping effort
(i.e., trapping frequency) provides a measure of the relative abundance of small mammals at each
study site. Information also was collected on animal gender and reproductive status to provide
some information on small-mammal population structure associated with study sites and
reference sites.

Field measures of relative abundance and demographic information from the small-mammal
trapping are summarized in Appendix D-6. Plots of these measures are also presented in
Appendix D-6. The following is a synopsis of the average values and statistical significance
(p-value<0.05) of selected mammal community measures for study sites associated with
remediated/backfill waste sites and backfill reference sites:

* Relative abundance of small mammals: study = 20 animals/100 trap-nights;
reference = 18 animals/100 trap-nights; p = 0.60

* Female small mammals: study = 1.9 animals/site; reference = 2.6 animals/site; p = 0.21

* Male small mammals: study = 3.4 animals/site; reference = 2.8 animals/site; p = 0.77
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* Adult small mammals: study = 5.3 animals/site; reference = 5.6 animals/site; p = 0.81

* Juvenile small mammals: study = 0.5 animals/site; reference = 1.2 animals/site; p = 0.28

* Reproductively active mammals: study = 3.9 animals/site; reference = 3.8 animals/site;
p = 0.92.

The following is a synopsis of the average values and statistical significance (p-value<0.05) of
selected mammal community measures for study sites associated with remediated/native soil
waste sites and native soil reference sites:

* Relative abundance of small mammals: study = 13 animals/100 trap-nights;
reference = 23 animals/100 trap-nights; p<0.001

* Female small mammals: study = 2.2 animals/site; reference = 2.0 animals/site; p = 0.77

* Male small mammals: study = 3.0 animals/site; reference = 3.2 animals/site; p = 0.67

* Adult small mammals: study = 5.2 animals/site; reference = 5.2 animals/site; p = 1.0

* Juvenile small mammals: study = 0.8 animals/site; reference = 0.8 animals/site; p = 1.0

* Reproductively active mammals: study = 3.7 animals/site; reference = 4.2 animals/site;
p = 0.48.

Measures of Exposure. This aspect of the assessment provides information for quantifying
ecological exposure to contaminants in soil and diet. Ecological exposure analysis characterizes
potential or actual contact or co-occurrence of receptor species with COPECs
(EPA/630/R-95/002F). The principle aspect of the middle trophic-level exposure is the
measurement of COPEC concentrations in soil, plants, and invertebrate prey. The exposure
evaluation was based on the food intake rates and diet preference of representative bird and
mammal species. Exposure was calculated from the measured, average concentrations of
COPECs in food for each upland study site or reference site.

Concentrations of COPECs in animal tissue provide exposure information for evaluating
ecological effects of contaminants on wildlife in the upland environment. Tissue sample results
for upland COPECs are presented in figures in Appendix D-2. Study site soil, plant, and
invertebrate contaminant concentrations were discussed above, and these data are evaluated in
the exposure model discussed below. Differences in mammal organ (liver/kidney) or carcass
concentrations between study sites and reference sites would be evidence of differences in
exposure. However, with the exception of lead (carcass), manganese (organ) and selenium
(organ), COPEC concentrations in mammalian tissues do not differ statistically at study sites
compared to reference sites (Tables 4-64 and 4-65).
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A positive relationship between mammal tissue concentrations and soil concentrations is an
indication of biological uptake of COPECs through the food chain. Such relationships have been
frequently documented in the literature (e.g., Sample et al. 1998a) and form the basis for simple
wildlife exposure models used to calculate soil-based ecological screening values. Mammal
carcass tissue concentrations of boron and lead were correlated with soil concentrations
(Table 4-64), but there were no other statistically significant relationship of mammal organs or
mammal carcass concentrations and soil concentrations (plots are presented in Appendix D-7).

Table 4-64 presents a summary of the linear and loglinear regression analyses of mammal organ
(liver/kidney) tissue versus soil concentration for COPECs: the number of sites with detected
concentrations for soil and tissue, the explained variance of the linear and loglinear models
(r-squared), and the statistical significance (p-value). Table 4-65 presents a similar summary of
the linear and loglinear regression analyses of mammal carcass (without organs). Tables 4-64
and 4-65 also provide estimates of the ratio of mammal tissue concentration in fresh weight to
the soil concentration. Tables 4-64 and 4-65 indicate if concentrations of the COPEC were
greater than reference in soil, animal tissue, both media, or neither medium. If the COPEC
concentrations were elevated in both media, then there was more of a signal for the regression
analyses to evaluate. Otherwise the regression evaluated variation within background levels in
one or the other medium. The statistical analyses are based on sites where the COPEC was
detected in both mammals and soil and further assumes that surface soil concentrations are
representative of contaminant exposures to biota.

The regression analyses (Tables 4-64 and 4-65) pool results from all species sampled at the study
site or reference site and do not consider exposure and uptake into biota at scales smaller than the
investigation area. Per the approved RCBRA SAP, only inorganic chemicals were measured in
organs, as it is known that organs concentrate some metals. To ensure that biologically
significant regressions are considered, only those regressions with at least five results are further
evaluated. This is consistent with the minimum sample size required to calculate the upper
confidence level of the mean as the representative concentration. Although linear regression
produces results with as few as three or four pairs of results, such minimal sample sizes are
associated with very low statistical power and, therefore, low confidence in the result. Other
analyses (e.g., the ecological exposure evaluation) evaluate each site and each COPEC
individually. There were insufficient detections in mammal tissue to support regression analyses
for most COPECs. The regressions can either be positive, meaning higher soil correlated to
higher tissue concentrations, or negative, meaning higher soil concentrations correlated to lower
tissue concentrations. Lead and boron were statistically significant and positively correlated
between soil and small mammal carcasses. The correlation of boron in mammal carcass tissue to
boron in soil is based largely on the 1607-H2 waste site having the extreme value in both tissue
and soil.

Measures of Effect. Measures of effect consisted of tissue effect levels and exposures
associated with adverse effects on reproduction, survival, or growth. A literature review was
performed to compile TRVs for upland COPECs (Section 4.3.4.5). The compilation
encompassed effects levels for wildlife that are representative of receptors at the Hanford Site,
insofar as possible. Most of the published toxicological data represent results of tests with
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single chemicals. Toxicity information such as this may be expressed as concentrations in soil or
diet or as dietary doses associated with the presence or absence of effects. The potential for
ecological risk to wildlife was assessed by comparing dietary exposure to TRVs. Both NOAELs
and LOAELs were used for middle trophic-level wildlife to provide a range of possible effects
for risk managers.

Risk Estimation and Description. Risk estimation and description evaluated small mammal
field measures (e.g., relative abundance, gender ratio) for the upland ecological community and
comparisons of dietary exposure and tissue concentrations to levels associated with adverse
effects on reproduction, survival, or growth.

Field Measures. Mammal relative abundance was not different at native soil sites compared
to backfill sites. Relative abundance was lower at native soil sites compared to native soil
reference sites. Gross anomalies, such as tumors, were not observed in field-caught mice. This
information was considered only qualitatively in the assessment of risk to mammals.

Dietary Exposure. Wildlife are exposed to COPECs primarily through oral exposure.
Consumption of surface water is not included in upland exposure modeling; surface water
ingestion pathway is evaluated for broad-ranging receptors (Section 7.0).

The oral exposure model used for wildlife is from the Wildlfe Exposure Factors Handbook
(EPA/600/R-93/187a) and is provided in Equation 4-6:

Doseo,, = Dose(,,, + Dose ni = Cso,, - I.Jil - AUF + Cfod -I fod -AUF Equation 4-6

where:

Doseora = the estimated oral daily dose for a COPEC (mg/kg/day)

Dose0 il = the estimated soil daily dose for a COPEC (mg/kg/day)

Csoil = the concentration of chemical constituent x in soil (mg/kg dry weight)

Isoil = the normalized daily soil ingestion rate (kg of soil/[kg of body weight/day],
simplified to kg/kg/day in subsequent equations)

AUF = the area use factor that represents the fraction of soil or food ingested from a
contaminated area (this fraction is set to 1)

Doseood = the estimated food daily dose for a COPEC (mg/kg/day)
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Cfood = the concentration of COPEC in food (mg/kg fresh weight, simplified to
mg/kg-fw)

Ifood = the normalized daily dietary ingestion rate (kg of food [fresh weight]/[kg of
body weight/day], simplified to kg-fw/kg/day in subsequent equations).

Given an organism's normalized daily ingestion rate, this model provides an estimate of the oral
exposure associated with a COPEC concentration in soil and food. Soil ingestion is calculated as
a fraction of dietary intake. An implicit assumption of this model is that the bioavailability of the
COPEC from soil is comparable to the bioavailability of the contaminant in the toxicological
experiment. The area use factor of one corresponds to the equality between receptor home range
and the size of the 1-ha (2.47-ac) study sites. Because little information currently exists on
bioavailability conversions (EPA/120/R-07/001), a bioavailability term was not included in the
general wildlife exposure model, and bioavailability was considered to be 100%. This is a
protective approach to estimating ecological exposure.

Considering the mobility of wildlife receptors, it is logical to proportion their exposure to a
contaminated site relative to their use of that site. For example, in the course of daily foraging,
the site may represent a small fraction of the total areas where the animal forages. In these
calculations, it is assumed that an animal receives all of its exposure from the site. This is a
reasonable assumption for the upland representative receptors based on the 1-ha (2.47-ac) upland
study site and the home range for these species (see Section 3.3). Exposure was calculated for
each COPEC, each receptor, and each site in the upland environment.

Equation 4-6 assumes that a single food type is ingested. Assessment endpoint-specific exposure
modeling must be defined for herbivores, insectivores, and omnivores. Exposure evaluation is
based on site-specific soil COPEC data and on COPECs detected in potential food items sampled
for tissue analyses: plants and terrestrial invertebrates.

Biological tissue data are reported as fresh weight. Because the Wildlife Exposure Factors
Handbook (EPA/600/R-93/187a) calculations for body-weight normalized food ingestion rates
are on a dry-weight basis, dietary constituents must undergo dry-to-wet weight conversions.
Food ingestion rates are expressed as kilograms of food (wet weight) per kilogram of body
weight (wet weight) per day (kg/kg-day). Dietary composition (e.g., proportion of diet
consisting of various plant or animal materials), often measured by stomach-content analyses, is
expressed as percentage of total intake. This convention facilitates comparison with
contaminant concentrations in dietary items reported on a wet-weight basis. Parameters required
for calculations of the general wildlife exposure model, conversions and other elements of the
model are provided for wildlife assessment endpoints in Table 4-66, and a summary of the
exposure parameters for middle trophic-level representative receptors is also provided in the
table. It is important to note that exposure parameters provided generally represent conservative
upper estimates of potential exposure.

Data used for the calculation of wildlife HQs consisted of measured COPEC concentrations from
soil and tissue. Generally, only the CTE or mean values are available for upland representative
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species food exposure pathways. Soil values used for CTE exposure were the average
concentrations for each COPEC from five multi-increment soil samples per study or reference
site. There were also sufficient soil data for most sites and COPECs (at least three detected
sample results are required) to estimate the RME for soil based on the maximum or upper
confidence of the mean concentration (see Section 3.4 for more information). Site-specific plant
and terrestrial invertebrate tissue concentrations were used for middle-level trophic herbivore,
omnivore, and invertivore CTE exposure calculations. Two plant samples were collected from
each location, and the detected result or the greater of the two detected results were used in
herbivore and omnivore dose calculations. A single composite sample of terrestrial invertebrates
was collected from each location and the sample result, if the COPEC was detected, was used in
exposure calculations. Pathways and representative concentrations evaluated in the wildlife HQ
calculation for upland receptors are listed in Table 4-67.

For wildlife, there is oral exposure via multiple pathways. The wildlife HQ is calculated for each
pathway contribution by dividing the dose from that pathway by the TRV (Equation 4-7).

HQpathway = Dosepathway / TR V[receptor, analyte] Equation 4-7

For wildlife with exposure to multiple pathways, HQs from each pathway were summed to
determine the summed HQ or total HQ for each COPEC, site, and receptor combination.
Wildlife TRVs with references for upland COPECs are provided in Section 4.3.4.5.

Table 4-68 presents HQ information at study sites and reference sites based on NOAELs and
LOAELs for all middle trophic-level birds and mammals and the minimum and maximum
ecological exposures (soil and food) among the receptor species. The pathway HQs for soil and
food are calculated based on Equation 4-6 (to convert media concentrations to dose) and
Equation 4-7 (converts the dose to HQ). Both the CTE and RME ecological exposures for
22 COPECs (Aroclor-1260, Aroclor-1262, barium, benzo[a]anthracene, benzo[a]pyrene,
benzo[b]fluoranthene, benzo[ghi]perylene, benzo[k]fluoranthene,
beta-1,2,3,4,5,6-hexachlorocyclohexane, cadmium, calculated total uranium, chromium,
chrysene, dibenz[a,h]anthracene, DDT, hexavalent chromium, indeno[1,2,3-cd]pyrene,
methoxychlor, pyrene, silver, tin, and zinc) were less than the NOAEL and LOAEL. Adverse
effects on wildlife are unlikely for these COPECs. Ecological exposures for antimony,
manganese, mercury, and selenium had an HQ greater than 1.0 for reference sites and exposures
were greater than study sites. For the remaining COPECs, there is either a data gap for the
NOAEL or the LOAEL, or one of these effect levels is exceeded.

Additional information on COPECs for which soil and/or pathway doses exceeded wildlife effect
levels for each species is presented in Tables 4-69 through Table 4-74. The tables present all site
and COPEC combinations for upland wildlife where either the CTE or RME exposures exceeded
the NOAEL or LOAEL and study site exposures were greater than reference. The COPECs
listed in Table 4-69 through Table 4-74 are Aroclor-1254, arsenic, boron, copper, DDE, dieldrin,
endosulfan sulfate, lead, and uranium (inorganic). Both remediated/backfill and
remediated/native soil study sites and the associated reference sites had HQ greater than 1.0 for
one or more of these COPECs. Antimony, manganese, mercury, and selenium are not shown
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because ecological exposures are equal to or greater in reference sites compared to study sites.
HQ results for all COPECs and sites are provided in an electronic attachment to Appendix D-5.

California quail HQs are based on comparing estimated exposure from soil and diet (soil
ingestion and 100% plant diet) to COPEC-specific TRVs for birds. There was one COPEC
(lead) with a NOAEL-based HQ (for the RME at one study site [600-131]) greater than 1.0 for
the California quail, which suggests a low potential for adverse effects (Table 4-69). Exposure
to lead in soil was the dominant pathway. The magnitude of the NOAEL-based HQs was
relatively small; the maximum HQs were less than 2.0. No LOAELs were exceeded for the
California quail.

Pocket mouse HQs are based on comparing COPEC exposure from soil and diet (soil ingestion
and 100% plant diet) to COPEC-specific TRVs for mammals. There was one COPEC (dieldrin)
with LOAEL-based HQs greater than 1.0 for the pocket mouse, which suggests a potential for
adverse effects (Table 4-70). Plant ingestion was the dominant pathway for this COPEC. The
dieldrin LOAEL-based HQ was greater than 1.0 at two study sites (600-139 and 600-204;
Table 4-70). There were six COPECs (arsenic, boron, copper, DDE, dieldrin, and uranium
[inorganic]) with NOAEL-based HQs greater than 1.0 for the pocket mouse, which suggests a
low potential for adverse effects.

Meadowlark HQs are based on comparing COPEC exposure from soil and diet (soil ingestion
and 37% plant and 63% terrestrial invertebrate diet) to COPEC-specific TRVs for birds.
NOAEL-based HQs were greater than 1.0 for one COPEC (copper) for the meadowlark, which
suggests a low potential for adverse effects (Table 4-71). No LOAELs were exceeded for the
meadowlark.

Deer mouse HQs are based on comparing COPEC exposure from soil and diet (soil ingestion and
50% plant and 50% terrestrial invertebrate diet) to COPEC-specific TRVs for mammals. There
were two COPECs (copper and dieldrin) with LOAEL-based HQs greater than 1.0 for the deer
mouse, which suggests a potential for adverse effects (Table 4-72). Copper LOAEL-based HQs
were greater than 1.0 at one study site (600-139), and dieldrin LOAEL-based HQs were greater
than 1.0 at two study sites (600-139 and 600-204). Arsenic, boron, copper, DDE, dieldrin,
endosulfan sulfate, and uranium (inorganic) NOAEL-based HQs were greater than 1.0 for the
deer mouse, which suggests a low potential for adverse effects.

Killdeer HQs are based on comparing COPEC exposure from soil and diet (soil ingestion and
100% terrestrial invertebrate diet) to COPEC-specific TRVs for birds. There were two COPECs
(copper and lead) with LOAEL-based HQs greater than 1.0 for the killdeer, which suggests a
potential for adverse effects (Table 4-73). The copper LOAEL-based HQ was greater than 1.0 at
the 100-B/C Pilot sites and one study site (600-139). The lead LOAEL-based HQ was greater
than 1.0 at one study site (600-131). Three COPECs (Aroclor-1254, copper, and lead) had
NOAEL-based HQs greater than 1.0 for the killdeer, which suggests a low potential for adverse
effects.
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Grasshopper mouse HQs are based on comparing COPEC exposure from soil and diet (soil
ingestion and 100% terrestrial invertebrate diet) to COPEC-specific TRVs for mammals. There
were three COPECs (copper, endosulfan sulfate, and uranium [inorganic]) with NOAEL-based
HQs greater than 1.0 for the grasshopper mouse, which suggests a low potential for adverse
effects (Table 4-74). No LOAELs were exceeded for the grasshopper mouse.

Tissue Effect Levels: Cadmium concentrations in small mammal liver-kidney
(combined samples) were compared to the literature-derived liver tissue effects threshold
(Hunter et al. 1989, Figure 4-47). Mean cadmium small mammal organ concentrations at study
sites were not greater than at reference sites and were well below the cadmium tissue effect
levels. Chromium concentrations in small mammal liver-kidney combined samples were
compared to the literature-derived liver tissue effects threshold (Puls 1990, Figure 4-48). Mean
chromium small mammal organ concentrations at study sites were not greater than at reference
sites and were well below the chromium tissue effect levels. Lead concentrations in small
mammal liver-kidney combined samples were compared to the literature-derived liver tissue
effects threshold (Ma 1996, Figure 4-49). Mean lead concentrations in small mammal organ at
study sites were not greater than at reference sites and were well below the lead tissue effect
levels. Selenium concentrations in small mammal liver-kidney combined samples was compared
to the literature-derived selenium tissue effects threshold (Clark 1987, Figure 4-50). Mean
selenium small mammal organ concentrations at study sites were not greater than at reference
sites and were well below the selenium tissue effect levels. There were no tissue effect levels for
other upland wildlife COPECs.

Figure 4-47. Cadmium Tissue Effect Levels for
Small Mammal Livers.
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"Study sites" refers to representative concentrations (central tendency exposure) for RCBRA upland study sites (n = 20) and
100-B/C Pilot (-). "Reference" refers to RCBRA upland reference sites (n = 10). The line represents a no-effect level in livers
(3.9 mg/kg wet weight; Hunter et al. 1989). Liver no-effect concentration originally reported in dry weight; wet-weight
conversion used 71.4% moisture for mouse livers collected for the 100-B/C Pilot Project. Solid symbols are detected
concentrations; open symbols are nondetected concentrations. There were limited detections in mouse organs, so representative
concentrations for nondetected concentrations were calculated using detection limits.

River Corridor Baseline Risk Assessment
Volume I, Part]: Ecological Risk Assessment

March 2012 4-107



Evaluation of Ecological Risks
in the Upland Environment

DOE/RL-2007-21

Rev. 0

Figure 4-48. Chromium Tissue Effect Levels for
Small Mammal Livers.
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"Study sites" refers to representative concentrations (central tendency exposure) for RCBRA upland study sites (n = 20) and
100-B/C Pilot ( -). "Reference" refers to RCBRA upland reference sites (n = 10). The line represents a no-effect level in livers
(1 mg/kg wet weight; Puls 1990). Liver no-effect concentration originally reported in dry weight; wet-weight conversion used
71.4% moisture for mouse livers collected for the 100-B/C Pilot Project. Solid symbols are detected concentrations; open
symbols are nondetected concentrations. There were limited detections in mouse organs, so representative concentrations for
nondetected concentrations were calculated using detection limits.

Figure 4-49. Lead Tissue Effect Levels for
Small Mammal Livers.
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"Study sites" refers to representative concentrations (central tendency exposure) for RCBRA upland study sites (n = 20) and
100-B/C Pilot (- ). "Reference" refers to RCBRA upland reference sites (n = 10). The line represents a no-effect level in livers
(1.43 mg/kg wet weight; Ma 1996). Liver no-effect concentration originally reported in dry weight; wet-weight conversion used
71.4% moisture for mouse livers collected for the 100-B/C Pilot Project. Solid symbols are detected concentrations; open
symbols are nondetected concentrations. There were few detections of lead in mouse organs, so representative concentrations for
nondetected concentrations were calculated using detection limits.
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Figure 4-50. Selenium Tissue Effect Levels for
Small Mammal Livers.
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"Study sites" refers to representative concentrations (central tendency exposure) for RCBRA upland study sites (n = 20) and
100-B/C Pilot (-). "Reference" refers to RCBRA upland reference sites (n = 10). The line represents a no-effect level in livers
(71.5 mg/kg wet weight; Clark 1987). Liver no-effect concentration originally reported in dry weight; wet-weight conversion
used 71.4% moisture for mouse livers collected for the 100-B/C Pilot Project. Solid symbols are detected concentrations; open
symbols are nondetected concentrations. There were limited detections in mouse organs, so representative concentrations for
nondetected concentrations were calculated using detection limits.

Weight of Evidence. The middle trophic-level component of the ecological risk assessment is
broadly representative of the potential effects of Hanford Site contaminants on birds and
mammals. Representative species are California quail, western meadowlark, killdeer, pocket
mouse, deer mouse, and grasshopper mouse. The quantitative lines of evidence are ecological
exposure evaluation through measured COPEC concentrations in soil and food, measured tissue
concentrations in small mammals, and tissue effect levels. Multiple lines of evidence were
employed to assess risks to wildlife, and the results are summarized in Table 4-75. The weights
for these measures are discussed below.

Dietary Exposure Evaluation. The potential for adverse ecological effects in wildlife was
assessed by comparing estimated dietary exposures to effect levels. Effect levels were available
for all COPECs except for dichloroprop, which was considered in the uncertainty analysis.
The weight assigned to comparison with literature-derived values is medium because dietary
exposure is based on concentrations in potential food items measured at each study site, and the
size of the study site is similar to the home range of the representative species. Food ingestion
rates and the amount of incidental soil ingestion are from the literature. The toxicity information
also was from the literature, so this information is not site-specific to the chemical forms and
mixtures of COPECs present at these sites. Literature values may also be based on a single
species and could have less relevance to the broad array of species found at the Hanford Site.
Literature values are appropriate because they are typically based on peer-reviewed literature and
databases. There were some abstractions in the exposure assessment. For example, the sampled
plant tissues were the current year's growth, and the actual diet for the herbivorous animals is
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primarily seeds. Thus, there is an assumption that green plant material adequately represents
concentrations in seeds. There is one study that measured concentrations of heavy metals in soil,
seeds, and harvester ants (Del Toro et al. 2010). For example, the lead concentrations in soil
were about 170 mg/kg, and the concentration in seeds was about 7 mg/kg-dwt, which
corresponds to a ratio of about 4%. This ratio compares favorably to the range of lead
concentrations in plants and soil among the Hanford Site upland data (see Figure D7-27 in
Appendix D-7).

Measured Tissue Concentrations. Concentrations of some COPECs in mammal tissues
were greater at study sites associated with remediated waste sites compared to reference sites.
Lead and boron had positive, significant relationships with soil concentrations, which would be
consistent with contaminant transport from soil through the food chain. The detection limits for
some COPECs in mammals make it difficult to draw definitive conclusions regarding uptake of
COPECs in animals. This line of evidence was ranked low based on the detection limits in
animal tissues for some upland COPECs.

Tissue Effect Levels. COPECs in small mammal livers/kidneys were compared to the
threshold for tissue effects based on literature data (Hunter et al. 1989, Puls 1990, Ma 1996,
Clark 1987). Liver tissue effect levels for cadmium, chromium, lead, and selenium were
available for comparison; no other liver tissue effect levels were available for COPECs.
As shown in Figures 4-47 to 4-50, these COPECs in mammal liver tissues did not exceed their
tissue level. This line of evidence is ranked low mainly because it is not site-specific on
chemical forms and does not consider the potential effects of multiple COPECs.

Uncertainty Analysis. Limitations associated with the risk assessment data and methodologies
for the upland evaluation of the RCBRA are presented for each line of evidence and summarized
qualitatively in Table 4-76 for middle trophic-level animals. Known uncertainties and data gaps
associated with the screening and focused risk evaluations are summarized, and their
implications for estimating potential adverse effects and conclusions are noted.

Middle Trophic-Level Vertebrate Risk Summary. There is a potential for adverse effects to
birds from dietary exposure to copper and lead (LOAEL-based HQ values greater than 1.0), and
there also is a low potential for adverse effects to birds from mercury, selenium, and
Aroclor-1254 in the diet (NOAEL-based HQs greater than 1.0). Estimated copper and lead
exposures to the killdeer were greater than the LOAEL at study sites associated with waste sites
but not at reference sites.

The evaluation for potential adverse effects from COPECs on small mammals, a focal taxon of
this investigation, included examination of animals for gross morphological anomalies,
bioaccumulation of COPECs in tissues, and comparison of estimated dietary exposures to
NOAELs and LOAELs. Anomalies were not evident in field-collected animals, and there was
only limited evidence of contaminant uptake. Significant positive correlations of concentrations
of COPECs in small mammal tissue versus soil were noted only for boron and lead, and
COPECs in small mammal tissue at upland study sites were all below levels of concern.
LOAEL-based selenium HQs for small mammals were greater than 1.0 at study sites and
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reference sites; thus, the same potential for risk is possible at both study sites and reference sites.
Copper and dieldrin HQs in small mammals were greater than 1.0 only at study sites and suggest
a potential for adverse effects from these COPECs on small mammals. Estimated exposures of
mammals to antimony, arsenic, boron, copper, manganese, mercury, selenium, uranium
(inorganic), DDE, dieldrin, and endosulfan sulfate exceeded NOAELs, which suggests a low
potential for adverse effects from these COPECs in the diet.

A summary of middle trophic-level vertebrate risk characterization results and uncertainties for
all upland COPECs is presented in Table 4-77. Estimated exposures for nine COPECs exceeded
an effect level and exposures at study sites were greater than at reference sites. These are the key
COPECs for middle trophic-level vertebrates and are discussed below. Unless otherwise noted,
the observations for these COPECs are based on the exposure evaluation results for 21 study
sites and gradient analyses for 20 study sites (all but the 100-B/C Pilot study site):

* Arsenic: Arsenic exposures estimated for the deer mouse and the pocket mouse at study sites
exceeded the NOAEL but not the LOAEL, and thus present a low potential for adverse
effects to small mammals. The magnitude of the HQs was low with a maximum HQ of 1.5 at
study sites (the maximum reference HQ was 0.9).

* Boron: Estimated exposures to boron exceeded the NOAEL (but not LOAEL) for
deer mouse and pocket mouse and thus present a low potential for adverse effects to
mammals. The deer mouse NOAEL was exceeded at study sites, whereas the pocket mouse
NOAEL was exceeded at both study sites and reference sites. The magnitude of the HQs
was also low; the maximum HQ was 2.4 at study sites (the maximum reference site HQ
was 1.1).

* Copper: Estimated copper exposures exceeded the LOAEL for deer mouse and killdeer and
thus represent a potential for adverse effects to middle trophic-level vertebrates.
LOAEL-based HQs were greater than 1.0 at 600-139 and the 100-B/C Pilot sites. The
magnitude of the HQs was low (maximum HQ at study sites was 1.1; maximum HQ at
reference sites was 0.8). The NOAEL was exceeded for five wildlife species (killdeer,
meadowlark, deer mouse, grasshopper mouse, and pocket mouse) at both study sites and
reference sites. The magnitude of the NOAEL-based HQs was moderate (maximum study
site HQ was 3.1; maximum HQ at reference sites was 2.1) for all receptors and sites.

* Lead: Estimated exposures to lead exceeded the LOAEL for killdeer and thus represent a
potential for adverse effects to birds. The killdeer LOAEL was exceeded at one study site
(600-13 1). The magnitude of the LOAEL-based HQ was low (2.2 at a study site; the
maximum reference site HQ was 0.1). Lead also exceeds the NOAEL for killdeer and
California quail at two study sites (600-131 and 600-139).
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* Uranium (inorganic): Estimated exposures to uranium exceeded the NOAEL but not the
LOAEL for small mammals (pocket mouse, deer mouse, and grasshopper mouse); thus, it has
a low potential for adverse effects on mammals. NOAEL-based HQs were greater than 1.0 at
study sites, but the magnitude of the HQs was low (the maximum study site HQ was 1.9; the
maximum reference site HQ was 0.5).

* Aroclor-1254: Aroclor-1254 exposure exceeded the NOAEL for the killdeer; thus, there is a
low potential for adverse effects to middle trophic-level vertebrates. NOAEL-based HQs
were greater than 1.0 only at one remediated/native soil waste site (600-132); the
NOAEL-based HQs were 1.1 for the killdeer based on the RME. All the NOAEL-based HQs
based on CTE were less than 1.0. Aroclor-1254 was not detected in soil or biota at upland
reference sites.

* DDE: Estimated exposures to DDE exceeded the NOAEL, but not the LOAEL, for the
pocket mouse and deer mouse, and it thus has a low potential for adverse effects to
mammals. NOAEL-based HQs were greater than 1.0 at study sites associated with both
remediated/native soil and remediated/backfill study sites and at backfill reference sites. The
magnitude of the HQs was also low; the maximum study site HQ was 2.2 (the maximum
reference site HQ was 1.4). DDE was not measured at the 100-B/C Pilot study site.

* Dieldrin: Estimated dieldrin exposure exceeded the NOAEL and LOAEL for the deer mouse
and pocket mouse and thus represents a potential for adverse effects on mammals. The
deer mouse and pocket mouse LOAEL was exceeded at two study sites (600-139 and
600-204), with moderate magnitude LOAEL-based HQs (maximum of 6.6). Dieldrin
exposures also exceeded the NOAEL for the pocket mouse and deer mouse at a third study
site (600-23). Dieldrin was not measured at the 100-B/C Pilot study site, and dieldrin was
not detected in soil or biota at upland reference sites.

* Endosulfan sulfate: Estimated exposures to endosulfan sulfate exceeded the NOAEL for the
deer mouse and grasshopper mouse and thus present a low potential for adverse effects to
middle trophic-level vertebrates. NOAEL-based HQs were greater than 1.0 at one
remediated/native soil study site (600-208). There is no mammalian LOAEL, but the
magnitude of the maximum NOAEL-based HQ was low (equal to 3), and, therefore,
exceedance of lowest effect level for mammals is not likely. Note that endosulfan sulfate
was not measured at the 100-B/C Pilot study site.

4.4 UPLAND ENVIRONMENT CONCLUSIONS

This ecological risk assessment evaluated risks to an array of assessment endpoints at 20 study
sites associated with remediated waste sites and 10 reference areas using multiple measures of
exposure, effect, and ecosystem/receptor characteristics. The waste sites studied were selected
from high-priority waste sites remediated at the time the study was developed and are
representative of the types of waste sites and remedial actions addressed by the IARODs.
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The overall objective of this assessment was to determine whether the interim actions conducted
in accordance with the IARODs are protective of ecological receptors in the upland environment.
The goal of remedial actions under CERCLA is to reduce ecological risks to levels that will
result in the recovery and maintenance of healthy populations and communities of biota. This
section presents a summary of risk conclusions for the representative remediated waste sites
studied in the upland environment and discusses how the conclusions from these remediated
waste sites can be applied to other waste sites in the River Corridor that are yet to be remediated.
Uncertainties associated with these conclusions also are discussed.

To meet the objectives of the risk assessment, the analyses focused on addressing the following
questions:

* Are cleanup levels currently established under the IARODs protective of human health 3 and
the environment as implemented through the cleanup actions?

* Are residual conditions for cleanup actions completed under the IARODs protective of
human health and the environment?

* What are the uncertainties associated with the risk results and conclusions?

The following information summarizes the results provided by analytical results and studies for
each of the COPECs and each of the assessment endpoints (plants, terrestrial invertebrates, and
middle trophic-level wildlife) to answer those questions. Soil and biotic tissue analytical results
for the upland environment were obtained from the RCBRA project and the 100-B/C Pilot
project. Soil bioassays were obtained from the RCBRA project. In some cases, the data
obtained from the studies did not fully meet the requirements of the regulator-approved RCBRA
SAP for this project. These discrepancies are discussed as uncertainties.

4.4.1 Are Cleanup Levels Currently Established under the IARODs
Protective of Human Health and the Environment?

Based on evaluation of upland assessment endpoints, 13 of the 39 COPECs identified in
Section 4.3.4.4 may present some level of risk for 1 or more of the assessment endpoint entities.
Risk results that are relevant to specific COPECs are the comparison of COPEC concentrations
to plant or terrestrial invertebrate benchmarks or the results of wildlife exposure analyses. To
address the overall question as to whether cleanup levels under the IARODs are protective of
human health and the environment, three specific additional questions were addressed for the
identified assessment endpoints of the upland environment; those questions are the subheads for
the section below. Evaluation of ecological significance of risks focused on benchmarks and
LOAELs.

' Human health risks are evaluated in Volume I.
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4.4.1.1 Do Contaminant Concentrations in Shallow Zone Soils Decrease Plant Survival or
Growth? Potential effects on terrestrial plants were evaluated using rare plant surveys, the
results of a bioassay, and comparison of soil concentrations to plant benchmarks.

No rare plants were observed at any of the study sites, but there was potential habitat for rare
plants. This habitat was sampled for COPECs, and the potential for exposure and adverse effects
was evaluated by comparing COPEC concentrations to benchmarks.

Concentrations of some COPECs in soil exceeded plant benchmarks, indicating that effects on
plants might occur. Soil concentrations for antimony, arsenic, boron, lead, selenium, tin, and
zinc were greater than benchmarks and reference concentrations, suggesting a potential for
adverse effects. The antimony benchmark was exceeded at one remediated waste site (600-132).
The arsenic benchmark was exceeded at two study sites. The boron benchmark was exceeded at
all 21 study sites and all 10 reference sites. The lead benchmark was exceeded at five study
sites. The selenium benchmark was exceeded at a single study site (JA Jones). Soil
concentrations of tin are greater than benchmark for the 100-B/C Pilot samples. The zinc
benchmark was exceeded at 10 study sites and 4 reference sites.

However, the other lines of evidence indicate that most COPECs do not adversely affect upland
plants. Bioassay results using Sandberg's bluegrass showed evidence for potential adverse
effects based on differences in two of nine plant bioassay measures (total [shoot and root] wet
mass and wet shoot mass) when study sites were compared to reference sites. In contrast, one of
nine plant bioassay measures showed better performance at study sites compared to reference
sites, and the other six measures were not different at study sites compared to reference sites. In
addition, statistically significant trends were noted for three COPECs and three phytotoxicity
measures. Germination was lower at sites with higher concentrations of lead. Roots were
shorter at sites with higher concentrations of manganese, and stems were shorter at sites with
higher concentrations of zinc. There were no negative relationships of plant bioassay measures
with soil concentrations of the remaining COPECs. There were more relationships of
phytotoxicity measures and confounding factors (mostly nutrients and soil properties) than with
COPECs, creating uncertainties about the potential for cause-and-effect relationships of COPECs
and adverse effects on plants.

In addition, some COPECs were detected in plants, but tissue concentrations generally did not
differ between upland study sites and reference sites (boron was higher at study sites), and only
copper correlated with soil concentrations. Therefore, although soil concentrations are greater
than plant benchmarks for some COPECs, the weight attributed to this line of evidence is low,
and benchmark HQ results do not overwhelm the conclusions of the other lines of evidence.

A summary of plant risk characterization results and uncertainties for all upland plant COPECs is
presented in Table 4-78. There are seven COPECs that have exposures that exceeded an effect
level and reference concentrations or have a significant negative trend with plant measures; these
are the key COPECs for terrestrial plants and are discussed below. Unless otherwise noted, the
observations for these COPECs are based on the exposure evaluation results for 21 study sites
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(including the 100-B/C Pilot study site) and gradient analyses for 7 study sites (those sites
resampled for plant bioassays):

* Antimony: Concentrations of antimony exceeded the benchmark (5 mg/kg) by about 20% at
a single remediated/native soil study site (6.1 mg/kg at 600-132), so it may cause adverse
effects in plants there or at similar sites. The next-largest antimony soil concentration was
1.4 mg/kg. Most of the antimony soil detections were at remediated/native soil study sites.
There were insufficient detections of antimony in soil and plant tissues to draw conclusions
regarding gradients with plant measures.

* Arsenic: The maximum soil concentration (14 mg/kg at 600-171) was roughly 40% greater
than the benchmark (10 mg/kg), and overall soil concentrations (12 mg/kg) also were greater
than the benchmark at 116-F-1. There were no relationships of arsenic concentrations in
plant tissues to those in soil, and there were no negative relationships of phytotoxicity
measures to arsenic in soil

* Boron: Soil concentrations for boron were greater than the benchmark (0.5 mg/kg) at all
study sites and reference sites. The maximum concentration of boron in soil was 36 mg/kg at
a study site (1607-H2). There were no relationships of boron concentrations in plant tissues
to those in soil, and there were no negative relationships of phytotoxicity measures to boron
in soil.

* Lead: Soil concentrations of lead were greater than benchmark (50 mg/kg) at five study
sites. The maximum concentration of lead was 510 mg/kg at 600-13 1). One of the nine
phytotoxicity measures showed evidence for adverse effects based on a concentration
gradient with lead, but there were more relationships of phytotoxicity measures and
confounding factors (soil properties and nutrients).

* Selenium: Selenium concentrations in soil were greater than the benchmark (0.52 mg/kg) at
a single remediated/native soil study site (0.73 mg/kg at JA Jones). Selenium was also
detected at two other study sites (0.24 mg/kg at 600-131 and 0.31 mg/kg at 100-F-2) and at a
reference site (1.2 mg/kg at Saddle Mountain) in a sample collected to pair with
phytotoxicity measurements. There were insufficient detections of selenium in soil and plant
tissues to draw conclusions regarding gradients with plant measures.

* Tin: Soil concentrations were greater than the benchmark (50 mg/kg) for the 100-B/C Pilot
study sites only. The maximum tin soil concentration was 94 mg/kg, and the next-largest tin
soil concentration was 27 mg/kg. Tin was infrequently detected (20% overall) in study-site
or reference-site soil, and there were insufficient detections to draw conclusions regarding
relationships with plant tissue concentrations or phytotoxicity measures.

* Zinc: Soil concentrations of zinc were less than the benchmark (50 mg/kg) at 10 study sites
and 4 reference sites. The maximum study site concentration of manganese in soil was
88 mg/kg at a study site (600-139). One of the nine phytotoxicity measures showed evidence
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for adverse effects based on a concentration gradient with zinc, but there were more
relationships of phytotoxicity measures and confounding factors (soil properties and
nutrients).

4.4.1.2 Do Contaminant Concentrations in Shallow Zone Soils Affect Terrestrial
Invertebrate Survival? Potential effects on terrestrial invertebrates were evaluated using the
results of a bioassay and comparison of COPEC concentrations in soil to invertebrate
benchmarks.

Concentrations of some COPECs in soil were greater than terrestrial invertebrate benchmarks,
so adverse effects on terrestrial invertebrates could occur. Soil concentrations of barium, copper,
and mercury exceeded benchmarks and reference concentrations; this suggests a potential for
adverse effects.

There were no indications of differences in risk between study sites associated with remediated
waste sites and reference sites based on the higher weighted line of evidence (bioassay results).
Nematode survival did not negatively correlate with concentrations of COPECs in soil. Some
COPECs were detected in invertebrates; however, except for arsenic and cadmium,
concentrations of COPECs in invertebrates at study sites did not correlate with soil
concentrations. Hand picking invertebrates was necessary to gain sufficient mass for analytical
COPEC measurements. While this practice facilitated laboratory analyses, the collection
approach precluded using estimates of relative abundance as a line of evidence.

Terrestrial invertebrate risk characterization results for all upland COPECs are summarized in
Table 4-78. Three COPECs (barium, copper, and mercury) for which exposures exceeded an
effect level and reference concentrations are the key COPECs for terrestrial invertebrates and are
discussed below. Unless otherwise noted, the observations for these COPECs are based on the
exposure evaluation results for 21 study sites and gradient analyses for 20 study sites (all but the
100-B/C Pilot study site).

* Barium: Barium exceeded the benchmark (330 mg/kg) at one study site (410 mg/kg at
1607-H2), and thus has a potential for adverse effects on invertebrates. There was no
statistically significant relationship between barium soil concentrations and terrestrial
invertebrate tissue concentrations. There was no relationship between soil barium
concentrations and nematode survival; soil from the site with the highest CTE (358 mg/kg)
was included in the bioassay.

* Copper: Concentrations of copper in soil exceeded the benchmark (50 mg/kg) at one study
site (58 mg/kg at 600-139), so there is potential there for adverse effects on invertebrates.
The magnitude of the benchmark exceedance was low (maximum benchmark HQ was 1.2).
There was no statistically significant relationship between concentrations in terrestrial
invertebrate tissues and those in soil. There also was no relationship between nematode
survival and soil concentrations, and soil from the site with the highest CTE (45.6 mg/kg)
was included in the bioassay.
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Mercury: Soil concentrations of mercury were greater than both the benchmark (0.1 mg/kg)
at two study sites (0.14 mg/kg at 300-49 and 0.14 mg/kg at 628-1). The magnitude of the
benchmark exceedances was low; both benchmark HQs were 1.4. There was no statistically
significant relationship between terrestrial invertebrate tissue concentrations or nematode
survival and mercury soil concentrations; soil from the site with the highest CTE
(0.136 mg/kg) was included in the bioassay.

4.4.1.3 Do Contaminant Concentrations in Shallow Zone Soils and Food Decrease Bird or
Mammal Survival, Growth, or Reproduction? Exposure and potential effects to middle
trophic-level wildlife were evaluated using information on dietary contaminant exposures and
COPEC concentrations in small mammal tissues compared to ecological effects levels for diet
or tissues.

There is a potential for adverse effects to birds from dietary exposure to copper and lead
(LOAEL-based HQ values greater than 1.0), and there also is a low potential for adverse effects
to birds from mercury, selenium, and Aroclor-1254 in the diet (NOAEL-based HQs greater
than 1.0). Estimated copper and lead exposures to the killdeer were greater than the LOAEL at
study sites associated with waste sites but not at reference sites.

The evaluation for potential adverse effects from COPECs on small mammals, a focal taxon of
this investigation, included examination of animals for gross morphological anomalies,
bioaccumulation of COPECs in tissues, and comparison of estimated dietary exposures to
NOAELs and LOAELs. Anomalies were not evident in field-collected animals, and there was
only limited evidence of contaminant uptake. Significant positive correlations of concentrations
of COPECs in small mammal tissue versus soil were noted only for boron and lead, and
COPECs in small mammal tissue at upland study sites were all below levels of concern.
LOAEL-based selenium HQs for small mammals were greater than 1.0 at study sites and
reference sites; thus, the same potential for risk is possible at both study sites and reference sites.
Copper and dieldrin HQs in small mammals were greater than 1.0 only at study sites and suggest
a potential for adverse effects from these COPECs on small mammals. Estimated exposures of
mammals to antimony, arsenic, boron, copper, manganese, mercury, selenium, uranium
(inorganic), DDE, dieldrin, and endosulfan sulfate exceeded NOAELs, which suggests a low
potential for adverse effects from these COPECs in the diet.

A summary of middle trophic-level vertebrate risk characterization results and uncertainties for
all upland COPECs is presented in Table 4-78. Estimated exposures for nine COPECs exceeded
an effect level, and exposures at study sites were greater than at reference sites. These are the
key COPECs for middle trophic-level vertebrates and are discussed below. Unless otherwise
noted, the observations for these COPECs are based on the exposure evaluation results for
21 study sites and gradient analyses for 20 study sites (all but the 100-B/C Pilot study site):

* Arsenic: Arsenic exposures estimated for the deer mouse and the pocket mouse at study sites
exceeded the NOAEL but not the LOAEL, and thus present a low potential for adverse
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effects to small mammals. The magnitude of the HQs was low with a maximum HQ of 1.5 at
study sites (the maximum reference HQ was 0.9).

* Boron: Estimated exposures to boron exceeded the NOAEL (but not LOAEL) for
deer mouse and pocket mouse and thus present a low potential for adverse effects to
mammals. The deer mouse NOAEL was exceeded at study sites, whereas the pocket mouse
NOAEL was exceeded at both study sites and reference sites. The magnitude of the HQs
was also low; the maximum HQ was 2.4 at study sites (the maximum reference site HQ
was 1.1).

* Copper: Estimated copper exposures exceeded the LOAEL for deer mouse and killdeer and
thus represent a potential for adverse effects to middle trophic-level vertebrates.
LOAEL-based HQs were greater than 1.0 at 600-139 and the 100-B/C Pilot sites. The
magnitude of the HQs was low (maximum HQ at study sites was 1.1; maximum HQ at
reference sites was 0.8). The NOAEL was exceeded for five wildlife species (killdeer,
meadowlark, deer mouse, grasshopper mouse, and pocket mouse) at both study sites and
reference sites. The magnitude of the NOAEL-based HQs was moderate (maximum study
site HQ was 3.1; maximum HQ at reference sites was 2.1) for all receptors and sites.

* Lead: Estimated exposures to lead exceeded the LOAEL for killdeer and thus represent a
potential for adverse effects to birds. The killdeer LOAEL was exceeded at one study site
(600-13 1). The magnitude of the LOAEL-based HQ was low (2.2 at a study site; the
maximum reference site HQ was 0.1). Lead also exceeds the NOAEL for killdeer and
California quail at two study sites (600-131 and 600-139).

* Uranium (inorganic): Estimated exposures to uranium exceeded the NOAEL but not the
LOAEL for small mammals (pocket mouse, deer mouse, and grasshopper mouse); thus, it has
a low potential for adverse effects on mammals. NOAEL-based HQs were greater than 1.0 at
study sites, but the magnitude of the HQs was low (the maximum study site HQ was 1.9; the
maximum reference site HQ was 0.5).

* Aroclor-1254: Aroclor-1254 exposure exceeded the NOAEL for the killdeer; thus, there is a
low potential for adverse effects to middle trophic-level vertebrates. NOAEL-based HQs
were greater than 1.0 only at one remediated/native soil waste site (600-132); the
NOAEL-based HQs were 1.1 for the killdeer based on the RME. All the NOAEL-based HQs
based on CTE were less than 1.0. Aroclor-1254 was not detected in soil or biota at upland
reference sites.

* DDE: Estimated exposures to DDE exceeded the NOAEL, but not the LOAEL, for the
pocket mouse and deer mouse, and it thus has a low potential for adverse effects to
mammals. NOAEL-based HQs were greater than 1.0 at study sites associated with both
remediated/native soil and remediated/backfill study sites and at backfill reference sites.
The magnitude of the HQs was also low; the maximum study site HQ was 2.2 (the maximum
reference site HQ was 1.4). DDE was not measured at the 100-B/C Pilot study site.
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* Dieldrin: Estimated dieldrin exposure exceeded the NOAEL and LOAEL for the deer mouse
and pocket mouse and thus represents a potential for adverse effects on mammals.
The deer mouse and pocket mouse LOAEL was exceeded at two study sites (600-139 and
600-204), with moderate magnitude LOAEL-based HQs (maximum of 6.6). Dieldrin
exposures also exceeded the NOAEL for the pocket mouse and deer mouse at a third study
site (600-23). Dieldrin was not measured at the 100-B/C Pilot study site, and dieldrin was
not detected in soil or biota at upland reference sites.

* Endosulfan sulfate: Estimated exposures to endosulfan sulfate exceeded the NOAEL for the
deer mouse and grasshopper mouse and thus present a low potential for adverse effects to
middle trophic-level vertebrates. NOAEL-based HQs were greater than 1.0 at one
remediated/native soil study site (600-208). There is no mammalian LOAEL, but the
magnitude of the maximum NOAEL-based HQ was low (equal to 3), and therefore
exceedance of lowest effect level for mammals is not likely. Note that endosulfan sulfate
was not measured at the 100-B/C Pilot study site.

The risk results are summarized for plants, terrestrial invertebrates, and for middle trophic-level
wildlife in Table 4-79, which also presents uncertainties associated with these assessment
endpoint entities.

4.4.2 Are Residual Conditions for Cleanup Actions Completed Under the IARODs
Protective of Human Health and the Environment?

Eleven COPECs (antimony, arsenic, barium, boron, copper, lead, mercury, selenium, tin, zinc,
and dieldrin) were identified as posing a potential for adverse effects for one or more assessment
endpoints at the level of assessment specified (i.e., benchmark for plants and invertebrates;
LOAEL for birds and mammals). These COPECs have been carried forward to Section 8.0 for
development of ecological preliminary remediation goals (PRGs). It should be noted, however,
that additional COPECs may be identified in Sections 5.0, 6.0, or 7.0 for which ecological PRGs
also may need to be developed.

Table 4-80 shows the linkage for the upland risk results for key COPECs with a potential for
adverse effects based on exceedance of benchmarks or lowest effect levels (LOAEL). Boron,
selenium, and zinc are not presented in Table 4-80 because they were found to be greater than
effect levels at both study sites and reference sites. It can be noted that most of the study sites
listed in Table 4-80 are remediated solid waste sites (8 of 10 solid waste sites [either
nonradioactive solid waste or radioactive solid waste], 2 of 9 study sites associated with
remediated liquid waste sites [except at 100-B/C Pilot study sites]). This information suggests
the IAROD cleanups of solid waste sites, particularly nonradioactive sites, may not be adequate
for protection of the environment. This information is further considered in Section 8.0 along
with the conclusions from the riparian, near-shore, and broad-scale ecological risk assessments.
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4.4.3 What are the Uncertainties Associated With the Risk Results and Conclusions?

Known uncertainties and data gaps associated with these risk evaluations are summarized, and
their implications for estimating potential adverse effects and conclusions are noted in
Table 4-79. The qualitative uncertainty analysis identifies specific causes of uncertainties and
evaluates their potential impact on risk estimates.

Uncertainties identified for the listed COPECs and for the assessment endpoint entities include
detection limits that did not meet RCBRA SAP requirements, obtaining phytotoxicity
measurements at 10 instead of 30 sites, and the lack of terrestrial invertebrate relative abundance
information. In addition, plant bioassays planned for discrete soil samples collected from rare
plant habitat, but no bioassays were conducted on these soils and their omission represents a data
gap from the approved RCBRA SAP (DOE-RL 2005-42). None of these uncertainties represents
a critical loss of information. The 10 sites selected for phytotoxicity measures were based on
reviewing the available soil contaminant information and comparing soil concentrations to
phytotoxicity benchmarks from WAC 173-340, Table 749-3. Terrestrial invertebrate abundance
information was not obtained, but contaminant levels in terrestrial invertebrate tissue were
measured, and the potential for risk was evaluated using the nematode bioassay. Thus, there is
sufficient redundancy in the measures available for plant and invertebrate assessment endpoint
entities that sound conclusions can be drawn regarding the potential for differences in ecological
risk at study sites versus reference sites. For wildlife, the key uncertainties are associated with
estimated exposure levels based on uptake through the food chain and with effect levels for site-
specific receptors.

For all endpoints, exposure was based on the average concentrations for each study site using
MIS results for soil or composite sample results for biotic tissues. Thus, exposure is integrated
to the entire site incorporating high and low concentrations. There are uncertainties in applying
the results of these studies to cases where discrete samples are collected or to sites that are
heterogeneous, and the average may not adequately represent exposure to some individuals or
populations.

4.4.4 Overall Conclusions

The strength of the different kinds of information for assessing ecological risks and the
uncertainties associated with each result must be weighted to develop an overall conclusion
about the potential for ecological risks at the sites studied in the upland environment. As
presented in the RCBRA SAP and consistent with EPA guidance (OSWER Directive
9285.7-28P), site-specific information on exposure and effects is preferred to literature
information and is, therefore, given a higher weight in the risk assessment.

The upland ecological risk assessment followed ERAGS (EPA/540/R-97/006) and related
guidance (EPA/540/F-01/014), which included steps to refine contaminants, develop a
conceptual site model, and identify assessment endpoint entities. The upland ecological risk
assessment started with a SLERA that defined indicator contaminants and associated analytical
suites. The upland BERA evaluated all analytes in these contaminant suites and identified
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COPCs based on concentrations measured in soil and biotic media. Contaminants of potential
concern were refined to COPECs based on a comparison of soil concentrations to ecological
screening values. This process identified COPECs that were further evaluated using various
lines of evidence. This process emphasizes contaminants with potential for adverse effects on
ecological receptors. It is important to note that no radionuclides were retained as COPECs in
the upland BERA because the dose based on the Tier 1 BCGs was less than the relevant dose
limits (Table 4-4 1). Radionuclides are key contaminants for the River Corridor and were the
focus of the remedial actions completed under the IARODs. Radionuclides and other
contaminants considered in the IARODs are summarized in Section 8.0, and, as appropriate,
ecological PRGs are presented for these IAROD contaminants. Please refer to Volume II of this
risk assessment for information on human health risks associated with upland COPCs.

The following statements are based on the higher-weighted, site-specific measures evaluated for
the upland ecological risk assessment:

* One indication of adverse effects was that two of the nine plant bioassay endpoints (shoot
and total [wet] biomass) were lower at study sites compared to reference sites. In addition,
measures of plant growth from the bioassay were negatively correlated soil concentrations of
three COPECs. Decreased germination was correlated with increased soil lead, decreased
root length was correlated with increased soil manganese, and decreased stem height was
correlated with increased soil zinc. Comparisons to benchmarks and reference
concentrations showed exceedances for antimony, arsenic, boron, lead, selenium, tin, and
zinc, suggesting potential for adverse effects.

* Evidence for adverse effects in invertebrates is lacking based on comparisons of measures of
effect (e.g., nematode survival) obtained for study sites compared to reference sites. There
was also a lack of statistical relationships of nematode survival to COPEC concentrations in
soil. Comparisons to benchmarks and reference concentrations showed exceedances for
barium, copper, and mercury, suggesting potential for adverse effects.

* For comparison of COPEC exposures to literature effect levels in wildlife, nine COPECs
exceeded the NOAEL values and reference, indicating a low potential for adverse effects.
Three COPECs (copper, lead, and dieldrin) also exceeded the LOAEL values and exposures
at reference sites, indicating a potential for adverse effects.

Results from the risk assessment presented in this section have been further considered in
Section 8.0, along with the conclusions from the riparian, near-shore, and broad-scale ecological
risk assessments, toward the development of ecological PRGs for protection of the environment.
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5.0 EVALUATION OF ECOLOGICAL RISKS IN THE
RIPARIAN ENVIRONMENT

This section describes the ecological risk assessment methods and results for 18 study sites and
7 reference sites in the riparian environment of the River Corridor. This material was developed
in accordance with the approved planning and decision documentation for the RCBRA (e.g., data
quality objectives [DQOs] [BHI-0 1757], risk assessment work plan [DOE/RL-2004-37], and
sampling and analysis plan [SAP] [DOE/RL-2005-42]). The assessment endpoints and
associated measures, data inputs, analyses, and exposure calculations for the riparian
environment for the RCBRA are described. The primary guidance followed in this volume of
the report is Ecological Risk Assessment Guidance for Superfund: Process for Designing and
Conducting Ecological Risk Assessments, Interim Final (ERAGS) (EPA/540/R-97/006); this
section provides the technical information supporting Steps 1 to 7 of ERAGS for the riparian
environment (see Section 1.0 for more information on ERAGS).

Section 5.1 presents introductory materials including a road map for this section of the report.
Section 5.2 is the riparian screening-level ecological risk assessment, or SLERA. Section 5.3 is
the riparian baseline ecological risk assessment, or BERA. Section 5.4 presents a summary of
risk conclusions for the study sites in the riparian environment and discusses how the
conclusions from these representative study sites can be applied to the rest of the riparian areas in
the River Corridor. Uncertainties associated with these conclusions are highlighted.

5.1 INTRODUCTION

The riparian environment ecological risk assessment evaluated the nonoperational portion of the
Hanford Site along the Columbia River that may have been affected by Hanford Site
contaminants due to its proximity to the operational areas. Riparian sites were evaluated to
address the following questions:

* Is there risk to human health' and the environment under current conditions?

* What are the uncertainties associated with the risk results and conclusions?

Figure 5-1 presents the eight steps of the ERAGS process that were followed for the riparian
environment and shows the corresponding sections and appendices where information on that
step can be found in this document.

1 Human health risks are evaluated in Volume I.
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Figure 5-1. Application of the ERAGS Process to the Riparian Environment.
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ERAGS Steps 1 and 2 provide a summary of the SLERA using available data at the time the
SLERA was completed which was 2004 (BHI-01757). Based on information from the SLERA,
the project proceeded to the baseline ecological risk assessment, or BERA. The BERA is Steps 3
through 7 of ERAGS and focused on studies of 18 representative study sites. Risk conclusions
for these study sites will be applied to final cleanup decisions in the River Corridor.

5.2 SCREENING-LEVEL ECOLOGICAL RISK ASSESSMENT

The RCBRA SLERA evaluated existing sediment and water data from 10 operational areas
within the River Corridor as part of the DQO Summary Report (BHI-01757). Abiotic data were
available for the following operational areas: 100-B/C, 100-K, 100-D, 100-F, 100-H, 100-K,
100-N, 300 Area, Hanford townsite (100-IU-6), and White Bluffs townsite (100-IU-2). Data on
325 chemical and radiological analytes were evaluated for the 10 operational areas. These data
were collected for a variety of purposes by several different projects. Therefore, the number of
analytes and detection levels measured at each individual site varied depending upon the specific
needs of the project with which they were historically associated. However, these data were of
sufficient quality for the purposes of the SLERA.

Groundwater, seep, and aquifer tube data were evaluated because these waters may discharge to
surface waters (i.e., the Columbia River), resulting in potential exposure to aquatic or terrestrial
receptors. Other than radiological surveys of the riparian environment, contaminant
concentrations in the riparian zone soil were lacking. Thus, the results of the SLERA for
sediment and water were used to develop indicator contaminants for both riparian and near-shore
ecological receptors. Entities in the Hanford Site 100 Area and 300 Area that were evaluated in
the SLERA included aquatic and sediment biota communities (for radionuclides and
nonradiological analytes). Maximum media concentrations for each contaminant were used for
the screening. Additionally, the maximum nondetected concentrations were screened to
determine if detection limits were adequate.

The screening process distributed analytes into four categories as follows:

* Analytes that exceeded applicable ecological screening values were designated as
contaminants of potential ecological concern (COPEC)

* Analytes that were below applicable ecological screening values were eliminated from
consideration as COPECs

* Analytes whose nondetect value exceeded applicable ecological screening values were
designated as COPECs

* Analytes for which applicable ecological screening values were not available were
eliminated from consideration as COPECs.
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In the planning meetings for the RCBRA, project participants (U.S. Environmental Protection
Agency [EPA], Washington State Department of Ecology [Ecology], U.S. Department of Energy
[DOE], Tribal and stakeholder groups) were concerned about the representativeness of the data
used for the SLERA. Participants were not confident the historical data fully captured all spatial
variability and potential contaminants associated with Hanford operations. To address this
potential issue, the project elected to measure for suites of contaminants in the abiotic and biotic
media collected under RCBRA. The COPECs identified by the SLERA results were used as
indicator contaminants to determine which suites of contaminants would be measured.

With the exception of volatile organic chemicals, which are not expected to persist in arid soils
or surface water of the Hanford Site, suite analyses were performed for potential contaminants
associated with the Hanford Site riparian soils and biotic tissues. Specifically, data were
collected for all chemicals associated with a particular analytical method for the following
potential contaminant groups: inorganic chemicals, polychlorinated biphenyls (PCBs) and
pesticides, semivolatile organic compounds (SVOCs), and radionuclides. With the exception of
volatile organic compounds, all major contaminant suites were included in the data collection
methodology outlined in the RCBRA SAP (DOE/RL-2005-42). The analytical suites for all the
soils and terrestrial tissues targeted in the RCBRA SAP are provided in Table 5-1.

5.3 BASELINE ECOLOGICAL RISK ASSESSMENT

The BERA fulfills ERAGS Steps 3 through 7 (Figure 5-1), which are Problem Formulation
(ERAGS Step 3), Study Design and DQO Process (ERAGS Step 4), Field Verification of
Sampling Design (ERAGS Step 5), Site Investigation and Data Analysis (ERAGS Step 6), and
Risk Characterization (ERAGS Step 7). The detailed project documentation for the BERA is
provided in the DQO Summary Report (BHI-0 1757) and the RCBRA SAP (DOE/RL-2005-42).

5.3.1 Problem Formulation (ERAGS Step 3)

This section addresses the BERA problem formulation, which is Step 3 of ERAGS. Problem
formulation was presented in the RCBRA DQO summary report and SAP (BHI-01757,
DOE/RL-2005-42), and it included identifying contaminant suites, defining the conceptual
exposure model, and selecting assessment endpoints. The riparian ecological risk assessment
contaminant suites based on the indicator COPECs were identified in Table 5-1.

The primary ecological remediation goal for CERCLA sites is to reduce ecological risks to levels
that will result in the recovery and maintenance of healthy local populations and communities of
biota (OSWER 9285.7-28P, Issuance of Final Guidance: Ecological Risk Assessment and Risk
Management Principlesfor Superfund Sites). The specific purpose of this ecological risk
assessment is to characterize potentially adverse effects on plants and animals that may be
exposed to residual contamination in areas that may have been affected by Hanford Site
operations in the River Corridor. This assessment focuses on contaminants that are associated
with Hanford Site-related operations and is intended to support CERCLA decision-making.
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In addition, management goals for the River Corridor include considering impacts to state or
federally listed threatened or endangered species, protecting rare habitats, and minimizing
contaminant loading (or bioaccumulation) into biota (BHI-0 1757).

The characterization of ecological risks in this report is structured around upland (Section 4.0),
riparian (this section), and near-shore (Section 6.0) exposure zones in accord with the assessment
endpoints developed for these environments. To limit repetition of information from earlier
sections, components of the problem formulation presented elsewhere (e.g., site description and
the conceptual model, Section 3.0) are discussed only briefly here.

5.3.1.1 Assessment Endpoints. The EPA guidance (Guidelinesfor Ecological Risk
Assessment, EPA/630/R-95/002F) defines assessment endpoints as explicit expressions of the
actual environmental values (e.g., ecological resources) that are to be protected. Useful
assessment endpoints define both the ecological entity (e.g., species, ecological resources, habitat
type) and attributes (e.g., reproductive success, survival, growth) for the entity. Assessment
endpoint entities were selected as representative species in a simplified food web. Assessment
endpoints were developed from ecological management goals and an understanding of the
Hanford Site conceptual exposure model including trophic relationships among ecological
receptors.

Plants and invertebrates are valuable assessment endpoint entities because these organisms are
intimately associated with soil and have high exposure potential (e.g., through dermal contact),
making them ideal indicators for evaluating the adverse effects of soil contaminants. Because
the assessment also evaluates chemicals with varying potential for biological transport and
accumulation (e.g., certain inorganic chemicals like mercury and certain organic chemicals like
PCBs have high potential for bioaccumulation), information on biological exposures through
different levels of the food chain are evaluated.

Thus, species are intended to be representative of biota potentially at risk from contaminant
exposures within and between exposure zones. For the riparian environment, representative
species include lower trophic-level producers (including threatened and endangered species 2),
invertebrates, and middle trophic-level birds and mammals, as follows:

* Lower trophic level
- Plants and terrestrial invertebrates

* Middle trophic level
- Herbivores: California quail and pocket mouse
- Omnivores: meadowlark and deer mouse
- Invertivores: eastern and western kingbird and grasshopper mouse.

2 Threatened and endangered plant species include persistent sepal yellowcress (Rorippa columbiae), lowland
toothcup (Rotala ramosior), and halfchaff awned sedge (Lipocarpha aristulata).
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These representative receptors were evaluated for riparian study sites. Figure 5-2 provides an
overview of the assessment endpoint entities (representative receptors) used to assess ecological
risk. Potential for exposure and effects across environments is considered in Section 7.0. For
example, the red-tailed hawk is assumed to capture mammalian prey at upland waste sites or
riparian nonoperational areas and uses the river as a source of drinking water.

5.3.1.2 Consideration of Threatened and Endangered Species and Migratory Birds.
Various species are recognized by state or federal agencies as having special status based on the
species' risk of extinction. Threatened and endangered species are considered at risk and, as
such, they were not identified for sacrificial sampling and subsequent analyses for the risk
assessment effort. Data for selected surrogate species were required for contaminant or
biological characterization based on the guild in which the special-status species were identified
(Table 5-1 of DOE/RL-2004-37). The list of state and federally listed species of concern
(including candidate, sensitive, and monitored species) thought or known to occur on the
Hanford Site is updated regularly in Hanford Site National Environmental Policy Act (NEPA)
Characterization (PNNL-6415). No plants, invertebrates, amphibians, reptiles, or mammals on
the Federal list of threatened and endangered wildlife and plants are known to occur on the
Hanford Site (PNNL-SA-41467).

Washington State's Natural Heritage Program (PNNL-SA-41467) lists eight plant
(Columbia milkvetch, dwarf evening primrose, Hoover's desert parsley, Loeflingia, persistent
sepal yellowcress, Umtanum desert buckwheat, White Bluffs bladderpod, and white eatonella)
and five bird (American white pelican [Pelecanus erythrorhynchos], bald eagle [Haliaeetus
leucocephalus], ferruginous hawk [Buteo regalis], sandhill crane [Grus canadensis], and greater
sage grouse [Centrocercus urophasianus]) species listed as threatened or endangered.

As discussed in Section 1.3.7, the RCBRA addresses potential impacts on migratory birds based
on the Migratory Bird Treaty Act of 1918 (MBTA). The MBTA prohibits unregulated "taking"
of migratory birds, and the RCBRA evaluates ecological effects on representative species of
migratory birds.

5.3.1.3 Risk Questions and Measures. Risk questions for the riparian environment focused the
investigation on components of the ecosystem that have the greatest potential for exposure to
Hanford Site-related contaminants. Questions to be addressed were initially developed as
hypotheses as part of the DQO process (BHI-01757).
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Figure 5-2. Summary of Endpoints and Measures Evaluated
in the Riparian Environment.
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A series of risk hypotheses were then developed in the RCBRA SAP (DOE/RL-2005-42). These
hypotheses were more recently simplified and consolidated to a series of open-minded questions
to avoid a potential bias in the way that they are addressed. Riparian risk questions were
developed to determine if indicator COPECs in the soil may adversely affect the assessment
endpoints. To address one of the overall questions, "Are residual conditions for cleanup actions
completed under the interim action records of decision (IARODs) protective of human health
and the environment as implemented through the cleanup actions?" the specific questions for the
riparian zone are as follows:

* Do contaminant concentrations in riparian soils decrease plant survival or growth?

* Do contaminant concentrations in riparian soils affect terrestrial invertebrate survival?

* Do contaminant concentrations in riparian soils and food decrease bird or mammal survival,
growth, or reproduction?

Evaluation of the risk questions that were posed for the riparian environment provides
information for decision-making.

5.3.2 Study Design and DQO Process (ERAGS Step 4)

This ecological risk assessment focused on characterizing risks to assessment endpoints using a
weight-of-evidence approach to determine exposure and potential effects of hazardous
substances, as recommended by Fairbrother (2003), Hull and Swanson (2006), and
Menzie et al. (1996). Individual lines of evidence or measures for assessment endpoints were
considered jointly to relate measures of effects to assessment endpoints. Weighting of measures
is important when two or more lines of evidence present contradictory findings. Chemical and
biological study data related to the study sites, including results of chemical analyses and
bioassays, were used to characterize risk. Several other parameters, such as relative population
size and rare-plant habitat suitability, were evaluated to qualitatively characterize the
environment. The weight-of-evidence evaluation provides a link between risk characterization
and the assessment endpoints.

The initial weights of the various lines of evidence for each assessment endpoint were provided
in the RCBRA DQO and SAP, based on the following logic:

* Comparisons of abiotic media to ecological benchmarks were given the lowest weight. The
rationale was that these measures are protective levels and may not be representative of
site-specific conditions.

* Field measures were initially given medium weight because these measures have inherently
greater variability, but were clearly more relevant to site-specific conditions. The primary
objective of field sampling was to collect biota for contaminant analyses. Field measures
were recorded as qualitative information on the ecological conditions at the study sites.
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For more definitive information on ecological populations, these studies would have to be
repeated over multiple seasons using mark-and-recapture techniques to obtain population
density and demographic parameters. For these reasons, ecological field measures are not
used to assess the potential for ecological risk. Field measures are provided as qualitative
information on the ecological condition at the study sites.

* Modeled or measured exposures to contaminants were also given medium weight because
they include some site-specific information but rely on literature measures of toxicity.

* Laboratory measures (toxicity tests) were given the highest weight because they used site
materials and performed testing under controlled conditions. Laboratory measures integrated
exposure to multiple contaminants.

These general assignments of weights assumed that the desired numbers of sample results and
analyses were obtained for each measure. After data were collected, the weights assigned to the
lines of evidence were reviewed based on the completeness and representativeness of the results
relative to the project objectives. Such considerations are recognized in ERAGS in terms of
meeting DQOs and changing field conditions (ERAGS Step 6).

It is acknowledged that weighting lines of evidence is difficult, due to limitations among the
data. For example, field measures can have various degrees of uncertainty, modeled data can be
influenced by assumptions, and literature data depend on similarity of site conditions.
Regardless of the limitations of the data, however, the risk assessment emphasizes what is known
versus what is uncertain and also emphasizes concordance or discordance among the various
lines of evidence.

In many cases, Hanford Site-specific field measures are expected to have less uncertainty in
estimates of risk compared to the use of literature values based on conditions or studies unrelated
to the Hanford Site. As such, site-specific information can be given a higher weighting.

Lines of evidence were weighted with specific data-usability criteria based on the following:

* Whether the measurement is an integrated versus single COPEC analysis
* Site specificity
* Standardization
* Replication/repeatability of the measurement
* Variability
* Relevance to management goals.

5.3.2.1 Study Site Selection. The riparian assessment evaluated ecological risks at 18 study
sites potentially affected by contamination from Hanford Site sources. Eleven study sites were
selected from locations that may be adjacent to or directly affected by known contaminated
media (groundwater seeps and springs, soil, sediment). These sites were located along the
Columbia River shoreline near the operating areas (100-B/C, 100-K, 300 Area, etc.) and
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included six sites with relatively elevated contaminant concentrations and five sites with
relatively low contaminant concentrations. Historic data and radiation surveys were used to
determine the general contaminant levels at each site.

In addition, seven study areas were selected to represent the riparian environment along the
Columbia River shoreline between the operating areas. These sites were selected in areas of
known groundwater plumes and river sediment deposition. Another consideration for selecting
these sites was the presence of rare plant and avian habitat. Twenty-seven candidate locations
were evaluated in order to select these seven potentially impacted sites that are evaluated in the
RCBRA.

Historically, there have been few investigations of the riparian environment on the Hanford Site.
The RCBRA investigation area includes a range of locations along the Hanford Site portion of
the Columbia River shoreline and at upstream reference locations. Sample locations were placed
in every major shoreline depositional area on the Hanford Reach. Sample locations in the
riparian environment were as follows:

" Study sites (18 total)

- Eleven potentially impacted locations associated with Hanford Site operating areas where
soil, plant, invertebrate, and small mammal samples were collected and associated
ecological characteristics were measured

- Seven potentially impacted locations between the Hanford Site operating areas where
soil, plant, invertebrate, and small mammal samples were collected and associated
ecological characteristics were measured.

* Reference sites

- Seven locations not affected by Hanford Site contamination where soil, plant,
invertebrate, and small mammal samples were collected and associated ecological
characteristics were measured.

Figure 5-3 shows a map of the study sites and reference sites in the riparian environment.
Figure 5-3 also displays the 100-B/C Pilot and 100-NR-2 shoreline assessment as sample
locations. Additional information on the relevant riparian data included in these supplemental
investigations is provided in Section 5.3.2.13. As discussed in Section 3.0, using study sites that
were 200 m long was intended to provide information on ecological exposures and the potential
for adverse ecological effects on birds and small mammals. More information on the locations
selected as study sites is provided in ERAGS Step 5 (field verification of sampling design;
Section 5.3.3).
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Figure 5-3. Map of the Study Sites and Reference Sites in the Riparian Environment.
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5.3.2.2 Background and Reference Site Data. Establishing "background" or ambient
concentrations of contaminants is fundamental to ecological risk assessment. Data collected
from "reference sites" are used as complementary information to Hanford Site background levels
and provide the lower range of the contamination gradient. The background and reference site
data were also used as part of the COPC refinement process. Contamination gradients represent
a range of concentrations from low to high. Background and reference site data should establish
the lower end of contaminant concentrations in gradient analyses. Gradient analyses were
visualized as scatter plots that showed trends in sample results. Statistical analyses determined if
there was a significantly increasing or decreasing trend. For example, a decreasing trend in
survival versus contaminant concentrations (lower survival with high contaminant
concentrations) might be observed. Gradient analyses were used along with other information to
draw conclusions about risk and potential causal factors.

History of Soil Background Value Development for the Hanford Site. Background locations
are defined by the EPA as those locations not influenced by the releases from a contaminated site
(EPA/540/R-01/003). The concentrations of substances at background locations are relevant to
this assessment and to remedial action decisions because CERCLA does not typically require
clean up to concentrations below natural levels of background.

In addition, Ecology publication 94-115, Natural Background Soil Metals Concentrations in
Washington State, gives the following examples of background:

* Metals and radionuclides that occur in the bedrock, sediment, and soils due to the geologic
processes that formed them (naturally occurring levels)

* Low concentrations of some organic compounds such as PCBs and radionuclides present due
to global distribution of these substances (anthropogenic or area background). These
concentrations of hazardous substances are consistently present in the environment in the
vicinity of a site as the result of human activities unrelated to releases from that site.

The outcome of the background characterization studies was documented in three reports
(DOE/RL-92-24, DOE/RL-95-55, DOE/RL-96-12). The background study included a DQO
process following EPA guidance and approved SAPs (DOE/RL-92-24, Vol. 1). The results of
the background study are used by DOE and its contractors in Hanford Site cleanup, as well as by
federal and state regulatory agencies. These data are referred to as "area background" in this risk
assessment.

Washington State background samples cover the entire state and provide concentrations for
13 inorganic chemicals (Ecology publication 94-115; aluminum, arsenic, beryllium, cadmium,
chromium, copper, iron, lead, manganese, mercury, nickel, selenium, and zinc); samples
collected from locations in the area around the Hanford Site were termed "regional background."
Figure 5-4 shows the locations of the Hanford Area background samples and Washington State
regional background samples.
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Figure 5-4. Location of Hanford Area and Washington State
Regional Background Samples.
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Reference Site Selection Rationale. To help facilitate characterization of risks due to
contamination from a Superfund site, data from the site are normally compared to data from
similar areas not affected by contamination. The EPA describes a reference site used for
ecological risk assessment purposes as a location that is ecologically similar to the Superfund
site, preferably nearby, and that is either least affected or altogether unaffected by the Superfund
site contamination. The EPA further states:

The investigator should try to locate the reference site as close as possible to the
Superfund site so that the reference site will accurately reflect the site's condition.
Yet the reference site should lie at a great enough distance from the Superfund
site to be unaffected by site contamination. (EPA/540/F-94-012)

The proximity of a reference site to the Superfund site, in other words, must be close enough so
that characteristics such as geology, climate, and habitat remain comparable to the site
conditions. Introducing variables other than the presence or absence of contamination between
the site and reference sampling locations, such as a change in soil chemistry or vegetation, is
likely to confound the interpretation of results. Therefore, the reference sites used in this
ecological risk assessment were selected based on both general ecological characteristics and
absence of contamination, and are intended to represent and areas of lowest impact or lowest
measured concentrations.

Because this risk assessment evaluated ecological risk in three different types of environments
and because of the large number of study areas, multiple reference locations were selected in the
upland, riparian, and near-shore areas to cover the range of substrate types and habitat
conditions. A summary of the reference sites selected for the riparian environment is provided
below.

Riparian Reference Sites. Seven riparian reference sites were selected and are located on
the Columbia River upstream of the Hanford Site, as shown in Figure 5-3. Riparian reference
sites were selected that were as similar as possible to the riparian study sites located downstream
on the Hanford Site. The slope of the bank from the upland boundary to the river varies from
site to site and influences the width of the riparian zone. Flatter sections of the shoreline that are
adjacent to the river result in wider and more frequently flooded riparian areas. For example,
riparian areas adjacent to the 100-F Area and 100-H Area sloughs are much flatter and wider
than those below the 1 00-D Area, which are much steeper and narrower. The vegetation within
the riparian study sites are characterized by a mix of reed canary grass (Phalaris arundinacea),
mulberry trees (Morus alba), and willows (Salix spp.). Riparian bird monitoring stations were
also selected. Bird monitoring stations were located based on the presence of trees as nesting
locations. Twelve reference bird monitoring and sampling locations were selected. Figures 5-5
and 5-6 are photographs of the Rip 14 and Rip 16 riparian reference sites, respectively.
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Figure 5-5. Rip 14 Riparian Reference Site.

Figure 5-6. Rip 16 Riparian Reference Site.
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Comparisons of Reference Site Concentrations to Background Concentrations. Although
reference site data and background data are expected to be similar for most analytes, reference
site comparisons were completed to verify their comparability. In addition to evaluating
reference site data against background concentrations, the data were also compared to reference
site data collected for other DOE projects. These included the Central Plateau Environmental
Risk Assessment (CPERA) and the Surface Environmental Surveillance Project (SESP).

Background and reference comparison data sources are summarized in Table 5-2. There are no
riparian background data; thus, comparisons include both riparian and upland environment soil
concentrations to provide a context for COPC refinement in the riparian environment. To
understand variation in contaminant concentrations and comparability of background and
reference data, data pertaining to the RCBRA investigation were compared to similar data from a
variety of sources. Data sources were categorized as "area background (i.e., Hanford Site
background)," "Washington State background (i.e., regional background)," "reference," or
"reference comparison." Background data consisted of published values for natural background
of soil metals in the State of Washington (Ecology publication 94-115) and established
Hanford Site background values for metals and radionuclides in soil (DOE/RL-92-24,
DOE/RL-95-55, DOE/RL-96-12). Reference site data are available for the RCBRA project or
the CPERA. Reference comparison data consisted of data collected as part of the SESP or
special studies or data collected by the near-facility monitoring project. Each of the reference
comparison data sets was categorized by its data source.

Appendix B presents statistical and graphical comparisons of the background and reference site
data sources listed in Table 5-2. The general conclusion from these analyses is that although the
concentration ranges of many analytes for various background and reference site data sources
overlap, there are many statistically significant differences among data sources. In general, there
are more significant differences in the results for inorganic chemicals (metals) compared to the
radionuclide results. Following is a brief summary of the comparisons for frequently detected
radionuclides in reference site soil and inorganic chemicals measured in Washington State
background soils:

* Radionuclides

- Seven radionuclides were frequently detected in riparian reference soil: cesium-137,
plutonium-238, plutonium-239/240, strontium-90, uranium-233/234, uranium-235, and
uranium-238.

- Lower concentrations of cesium-137, strontium-90, and uranium-235 isotopes were
measured in riparian reference soils compared to Hanford Site background.
Concentrations of the other radionuclides were not statistically different.
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Inorganic chemicals (metals and metalloids) measured in Washington State background soils

- Thirteen inorganic chemicals (metals/metalloids) were measured in Washington State
background soils: aluminum, arsenic, beryllium, cadmium, chromium, copper, iron, lead,
manganese, mercury, nickel, selenium, and zinc.

- Riparian reference soils had lower concentrations of five of these inorganic chemicals
(aluminum, beryllium, iron, manganese, and selenium) compared to Washington State
regional background. The concentrations of chromium and copper in riparian reference
soil were not different from Washington State regional background levels. Riparian
reference soils had greater concentrations than Washington State regional background for
the remaining six inorganic chemicals (arsenic, cadmium, lead, mercury, nickel, and
zinc).

The comparisons presented in Appendix B show that background data sources is important.
These results indicate that given the difference in concentrations among various data sources
evaluated in Appendix B, sample results from these data sources should not be combined for the
purposes of identifying COPCs. In addition, these results show that concentrations of inorganic
chemicals measured in riparian reference sites generally differ from those measured in
Washington State background soils.

5.3.2.3 Soil Characterization. Soil is the fundamental exposure medium for plants and animals
in the terrestrial environment. Soil samples were collected from study sites and from reference
sites using MUL TI INCREMENT* sampling (MIS) methodology. This method was designed to
obtain representative estimates of the average contaminant concentrations in the study site and
control the sampling fundamental error and the grouping and segregation errors associated with
measuring soil concentrations (Ramsey et al. 1989, Pitard 1993, Gy 1998, EPA/600/R-03/027,
Gerlach et al. 2002, and Ramsey 2004). Soil MIS represents surface soils of the 0- to 15-cm
(0- to 6-in.) depth interval. The soil MIS were collected using a systematic random design
(i.e., systematic grid sampling with a random start) from 50 locations across each of the 200-m
(656-ft)-long investigation areas. The width of each area was determined using characteristics of
the landscape; the upper boundary was defined by vegetation and topography, whereas lack of
riparian vegetation and river level defined the lower boundary. Collection and analysis of soil
composite samples to represent study sites or reference sites is appropriate where the statistical
parameter of interest is the mean concentration (Ecology 92-54, Statistical Guidancefor Ecology
Site Managers, pp. 28-29). Although exposure to deeper soils may occur for burrowing animals
or deep-rooted plants, it is much more likely that receptor direct exposure to COPECs in soils
reflects the uppermost soil layer. The DQO report (BHI-01757) provides additional information
on the potential for ecological exposures to various soil depths. Figure 5-7 shows samplers
collecting an MIS soil sample at riparian site Rip 5 near the 100-K Area. Analyses and field
measurements conducted for soils are listed in Table 5-3. Additional details on specific analyses
performed for soils are presented in Appendix C-1.

MULTIINCREMENT" is a registered trademark of EnviroStat, Inc.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 5-17



Evaluation of Ecological Risks in the
Riparian Environment

DOE/RL-2007-21

Rev. 0

Figure 5-7. Sampler Collecting a MULTIINCREMENe* Soil Sample at
Riparian Site Rip 5 Near the 100-K Area.

5.3.2.4 Toxicity Testing. Bioassays provide information on ecological effects associated with
contaminants in soil. The species tested were selected to be representative of receptors
potentially at risk in this environment; they included one plant species and one invertebrate
species.

Seedling Germination and Growth. Sandberg's bluegrass germination and growth bioassay
was conducted using American Society for Testing and Materials (ASTM) methods. The plant
bioassays for terrestrial soils used Sandberg's bluegrass as an ecologically relevant test
organism. The test methods for Sandberg bluegrass were performed based on the Standard
Guidefor Conducting Terrestrial Plant Toxicity Tests (ASTM E1963-02). Bluegrass seeds were
obtained from Native Grass Seeds, Cornville, Arizona. Hydration was accomplished via
subirrigation. For the bluegrass tests, 50 seeds per soil MIS were used with 5 replicate test
chambers per soil MIS and 10 seeds planted per chamber. Based on lessons learned during
previous tests, double planting of seeds was eliminated, and, therefore, subsequent thinning was
not required. Tests were terminated 14 days post-germination. The following data were
recorded: number of seedlings, shoot appearance, shoot height, root appearance, root length,
percent survival, shoot weight (wet and dry), root weight (wet and dry), total mass (wet and dry),
shoot height, and root length.

In addition, based on the documentation of rare plant species occurrence in the riparian zone,
discrete soil samples were collected to evaluate contaminant concentrations and potential
phytotoxicity in the locations where rare plants were observed. Specifically, rare plant species,
lowland toothcup (Rotala ramosior; state threatened), awned halfchaff sedge
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(Lipocarpha aristulata; state threatened), and chaffweed (Centunculus minimus; state potential
concern), were identified in the riparian area at the sites RCBRA 2a, 2f, 2j, 21, 3b, and 5c Rip.
The potential phytotoxicity of soil from these discrete locations was evaluated using the
Sandberg's bluegrass germination and growth bioassay.

Bluegrass bioassays were conducted based on soil samples collected in 2006 and 2007. The
15 sets of bluegrass bioassays conducted in 2006 for the riparian environment were not usable
based on an independent subject matter expert review (Kapustka 2007). The bioassay laboratory
did not document that it followed all required quality assurance (QA) protocols for the 2006
seedling germination tests. These results can be located in the "not usable" portion of the project
database. All 11 sets of riparian bluegrass bioassays conducted in 2007 were usable.

Nematode Survival. ASTM E2172-01, Standard Guide for Conducting Laboratory Soil
Toxicity Tests with the Nematode Caenorhabditis elegans, is a standard invertebrate toxicity test
for soils. An independent subject matter expert review confirmed that the requirements of the
ASTM method were followed (Kapustka 2007). Because bioassays must provide ecologically
relevant information, the ubiquitous nematode is a suitable test organism for assessment of
riparian soils. Soil was collected for three laboratory replicates from each of the study sites and
reference sites. The soil samples were checked for the presence/absence of organic material, and
the samples were sieved using screening intervals (No. 200 [silt/clay], 100 [fine sand],
50 [medium sand], 30 [coarse sand], 16 [very coarse sand], and 8 [granule] screens) to determine
clay and silt fractions. Soil was hydrated to a standard level and allowed to equilibrate for
7 days. Soil samples submitted for toxicity testing were also analyzed for geochemical
parameters (e.g., pH, organic matter, particle size) to help interpret the results of the toxicity
tests.

5.3.2.5 Plant Contaminant Analyses. Samples of two dominant plant species were collected
from each study site or reference site for uptake of contaminants representative of Hanford Site
legacy materials although the same two species were not collected from every site. At least one
of the two dominant species collected was representative of deep-rooted plants. The dominant
herbaceous species collected was reed canary grass, and the dominant shrub species collected
was white mulberry.

Dominant vegetation was collected for contaminant analyses to assess both risks to the plants
and to the consumers of plants. Vegetation samples were collected using pre-cleaned stainless
steel snipping shears to cut samples of the current year's growth. After removing excess dirt and
debris, the vegetation was rinsed thoroughly with de-ionized water and placed directly into
plastic bags. Samples were combined into separate bags for each sampled species, resulting in
two composite samples for each study site or reference site. Figure 5-8 shows a sampler
collecting vegetation at a riparian site. Analyses and field measurements conducted for RCBRA
biotic media are listed in Table 5-4. Additional details on specific analyses performed for
RCBRA plants are presented in Appendix C-1.
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Figure 5-8. Sampler Collecting Vegetation at a Riparian Site
Near the 100-B/C Area.

5.3.2.6 Plant Cover and Diversity Survey. Line transects and modified Daubenmire plots
(Daubenmire 1959) were used to estimate canopy cover and plant community attributes. The
purpose of these surveys was primarily to determine the dominant species at each study site or
reference site for contaminant analyses. This information supports the exposure evaluation for
middle trophic-level wildlife. The plant surveys also provide a snapshot of information on the
ecological conditions at study sites compared to reference sites. The following vegetation
attributes were measured: percent bare ground (rock and soil), presence of cryptogams, species
richness (number of species), and species composition of canopy cover. Both line transects and
modified Daubenmire plots were used at all riparian sites. The modified Daubenmire method
used a 20-cm by 50-cm (8-in. by 20-in.) quadrant frame that was systematically placed along a
tape on permanently located transects. The x and y dimensions of each study site or reference
site were taken, and a total of 24 plots were evenly spaced and surveyed across each site. For
either method of recording vegetation cover type, the dominant plants were noted. This
information was used in consideration of plant collection for tissue analysis.

Plant diversity was calculated from Daubenmire data using the Shannon diversity index (H), a
metric commonly used to characterize species diversity in biological communities
(Equation 5-1). Shannon's index accounts for both abundance and evenness of the species
present. The proportion of species i relative to the total number of species (pi) is calculated and
then multiplied by the natural logarithm of this proportion (lnpi). The resulting product is
summed across species and multiplied by -1:
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H=-Yp,np Equation 5-1
j=1

where:
H = Shannon diversity index

pi = proportion of the total number of species

In pi = natural logarithm ofpi.

In contrast to summation by species relative proportion, however, all RCBRA plant community
calculations were based on relative percent cover. In this investigation, cover was estimated
visually. It is important to note that the same investigators collected these data to minimize
observer bias. Plant cover surveys occurred between April 27, 2006, and July 30, 2006, and
between August 6, 2007, and August 30, 2007, and data collection for investigation areas and
reference sites occurred in approximately the same time period to ensure comparability of the
information.

5.3.2.7 Rare Plant Survey. A survey was performed in 2006 and 2007 to evaluate the presence
or absence of rare plants at riparian study sites. Representative plots were established in the
riparian environment and were surveyed intensively for this project; reference sites were not
included in this survey (WCH-139, 100 Area and 300 Area Component of the River Corridor
Baseline Risk Assessment Spring 2006 Data Compilation, Appendix C, "Threatened and
Endangered Plant Species Report").

5.3.2.8 Terrestrial Invertebrate Tissue Concentrations. Terrestrial invertebrates such as
darkling beetles, harvester ants, termites, and spiders represent the soil biota guild specified in
WAC 173-340-7493 ("Investigation Area Specific Terrestrial Ecological Evaluation
Procedures"). These invertebrates were collected from each of the riparian study sites and
reference sites primarily to measure contaminant concentrations in their tissues. This
information supports the exposure evaluation for middle trophic-level wildlife.

Pitfall traps and hand-collection techniques were used to collect samples. Pitfall traps were
placed near the center of each study site or reference site to reduce the possibility of sampling
organisms from offsite. All invertebrates caught during trapping were collected, weighed by
major taxonomic group, and then combined for each sampling area for contaminant analyses.
Pitfall traps were left open until sufficient sample mass was obtained or until the pitfall traps no
longer collected invertebrates. The number of trap-days and mass collected were recorded for a
relative measure of invertebrate abundance.

If a sufficient sample mass was not obtained from the pitfall traps, ground-dwelling invertebrates
were opportunistically collected by hand within each study site or reference site. Invertebrate
samples collected from the field were reviewed for general taxa identification and prepared for
laboratory analysis. Samples were segregated into major groups (e.g., beetles, spiders, crickets),
enumerated, and weighed. Invertebrate samples were rinsed before processing for contaminant
analysis, but they were not depurated. Analyses and field measurements conducted for RCBRA
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biotic media are listed in Table 5-4. Additional details on specific analyses performed for
RCBRA terrestrial invertebrate media are presented in Appendix C-1.

5.3.2.9 Invertebrate Relative Abundance. Because terrestrial invertebrate sample mass
collected from pitfall traps in riparian areas was limited, additional organisms had to be collected
by hand, which precluded estimating relative abundance in an unbiased manner, and these results
are not shown. Hand-collected invertebrates are likely biased to larger, more visible, and slower
moving organisms. This bias could affect the contaminant concentrations obtained for terrestrial
invertebrates. Thus, uncertainty is recognized for invertebrate relative abundance and COPEC
concentrations in invertebrates; this information was considered as part of the uncertainty
analysis for the riparian environment.

5.3.2.10 Mammal Field Measures and Tissue Contaminant Analysis. Small mammal
sampling was accomplished using live traps placed in one or two transects along the center of the
study site or reference site. The purpose of this trapping study was primarily to collect animals
at each study site or reference site for contaminant analyses. Field measures were not used to
characterize risk because there is significant uncertainty associated with a single field campaign
to collect animals compared to the information obtained from a multi-season study with more
definitive demographic information. This information supports the exposure evaluation for
middle trophic-level wildlife and also the exposure evaluation for broad-ranging wildlife
(see Section 7.0). Species composition, relative abundance, gender, and reproductive status
provide qualitative information on the ecological conditions at study sites compared to reference
sites. Trapping was conducted between February and June, when animals were most active.
Typically one or two trap lines each consisting of 10 Sherman live traps (8 cm [3 in.] wide by
9 cm [3.5 in.] high by 23 cm [9 in.] long) were placed near the center of each site running in
parallel with river's edge to accommodate the shape of the study site or reference site. Identical
trapping methods were used in similar habitats at reference locations. Traps were spaced
systematically 10 m apart, and the number of trap lines varied according to the habitat being
sampled. The grid location for the trap where each animal was captured was noted in the field
logbook.

Trapping arrays were limited to one habitat type per site. The animals were trapped over enough
nights to obtain at least six mice from each study site or reference site. To the extent possible,
the same species was sampled at all study sites or reference sites. The number of trap-nights
required to get at least six animals per species was recorded to provide a relative measure of
animal density/abundance. Other species were captured if insufficient numbers of a single
species of mice were obtained. Information on species, age, sex, and reproductive status
(subadults/adults and nonscrotal males/scrotal males and nonlactating/lactating females) body
weights (±2.0 g), general external condition (any gross deformities, hair loss, infections,
lesions, etc.) was examined on captured animals. Animals captured and released (nontarget
animals) were marked so that the total number of new captures per trap-night could be used to
represent relative abundance estimates.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 5-22



Evaluation of Ecological Risks in the DOE/RL-2007-21
Riparian Environment Rev. 0

After animals were collected, they were processed for contaminant analysis. This involved
examining the animal for morphological abnormalities and then removing the liver and the
kidney from the carcass. Livers and kidneys were combined together as a discrete sample. The
remaining carcasses were combined with tissues of several animals to obtain sufficient sample
mass for the contaminant suites. Composite liver/kidney and carcass samples were analyzed for
contaminants. Analyses and field measurements conducted for biotic media are listed in
Table 5-4. Additional details on specific analyses performed for mammal media are presented in
Appendix C-1.

5.3.2.11 Avian Field Measures and Contaminant Analysis. Surveys were performed to
identify nesting activity of eastern and western kingbirds (Tyrannus tyrannus and T. verticalis)
along riparian areas of the Columbia River. To augment avian sample requirements, cliff
swallow (Hirundo pyrrhonota) nest success was observed, and adults were harvested to measure
body burdens of COPECs. Locations of these surveys are displayed on Figure 5-9 and, to a large
extent, reflect the suitable nesting habitat for these species. Nest performance was measured by
monitoring egg fate (including the number of eggs laid and the number of eggs hatched) in an
effort to assess contaminant exposure on selected avian invertivores. Hatching success (number
of young hatched per nest) was observed for an estimate of reproductive success. Downstream
nest success was also compared to upstream success. Figure 5-10 shows nest monitoring in the
riparian environment.

Nest disturbance caused by observers was limited as much as possible to minimize observer
effects on nest performance. The least intensive surveying occurred during mating and
egg-laying, and more intensive monitoring occurred when nestlings were almost ready to leave
the nest. Once hatching success was determined, one or two specimens were collected per nest
(depending on the size of nestlings at time of sample collection) for contaminant analyses.
Juvenile kingbird and cliff swallow tissues and diets (esophageal-crop content) were sampled for
contaminants to help assess risk to the sampled species from dietary uptake of Hanford Site
legacy materials.

After birds were collected, they were processed for contaminant analysis. This involved
removing the crop from the carcass. The crop is a muscular pouch used to temporarily store
food, and it is a part of the digestive tract, essentially an enlarged part of the esophagus. Crop
contents were removed and weighed. Crops were combined, and carcasses were combined with
tissues of several animals to obtain sufficient sample mass for the contaminant suites.
Composite crop and carcass samples were analyzed for contaminants. Analyses and field
measurements conducted for biotic media are listed in Table 5-4. Additional details on specific
analyses performed for avian media are presented in Appendix C-1.
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Figure 5-9. Locations of Riparian Avian Reference Sites and Study Sites.
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Figure 5-10. Nest Monitoring in the Riparian Environment.

5.3.2.12 Data Quality Considerations. To ensure that the laboratory analytical data collected
during the ecological investigation were adequate to support risk assessment and environmental
decision-making, EPA guidance pertaining to the appropriate type, quantity, and quality of
environmental data was followed. The DQO process was used throughout the development of
the Risk Assessment Work Plan for the 100 Area and 300 Area Component of the RCBRA
(DOE/RL-2004-37) and RCBRA SAP (DOE/RL-2005-42) to accomplish this objective
(OSWER 9285.701A, EPA/540/R-97-006, EPA/540/R-92/003).

Quality Assurance Requirements. Appendix C-I describes these QA requirements and
provides a detailed discussion of the data reviews conducted for the RCBRA data. Additional
information on data quality of RCBRA and non-RCBRA data sources, in terms of acceptability
and usability, is provided in Appendix C-2. General data quality considerations for the RCBRA
data include the QA requirements for analytical samples, completeness of analytical sample
results, and sample representativeness. Six criteria were used to evaluate the data supporting the
risk assessment:

Criterion 1: Data Sources - Overall quality and level of detail in report
Criterion 2: Documentation - Formal documentation of procedures
Criterion 3: Analytical Methods - Analytical methods used and detection levels achieved
Criterion 4: Data Quality Indicators - Assessment of data quality indicators
Criterion 5: Data Review - Data review, validation, and QA
Criterion 6: Data Reporting - Data history and overall apparent data quality.
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Each data set used in the RCBRA was evaluated for these six criteria, and each of the data sets
was assigned to one of the following four levels of usability, based on the evaluation:

Level A: Acceptable, unrestricted use
Level B: Acceptable, some use restrictions may apply
Level C: Conditionally acceptable for limited uses
Level D: Conditionally acceptable, use with caution.

Appendix C-2 lists the results of this procedure for each of the data sets used in the RCBRA. All
of the data collected under the RCBRA SAP (DOE/RL-2005-42) were assigned Level A, as were
most of the other data sources. The assignment of a level does not preclude or endorse the use of
a data set for a particular purpose, but rather is intended to alert users to potential limitations in
the data. The main factors affecting usability of these data for this report were differences in
quantitation limits among various data sources.

Quality assurance requirements are also provided in the RCBRA SAP (DOE/RL-2005-42)
(Section 2.0 of the SAP is the quality assurance project plan [QAPP]). The QAPP section of the
SAP specifies the target quantitation limits (practical quantitation limits [PQLs]) and duplicate
requirements for analytical samples. The PQLs were evaluated for nondetected analytes as part
of the COPC refinement process. Nondetected analytes that did not meet PQLs are discussed as
uncertainties in Sections 4.0, 5.0, 6.0, and 7.0 of this report. Laboratory duplicate samples were
used to validate the data. For the purposes of statistical analyses, the field or laboratory
duplicates were not used to calculate representative concentrations in order to avoid over-
representing certain sample locations in the exposure assessment.

Completeness of Data Collection and Analysis. Data collection for an ecological risk
assessment includes sampling of abiotic and biotic media. Collection of environmental samples
presents a number of inherent challenges. In general, obtaining a complete set of abiotic media
samples (e.g., soil, water) is less difficult than sampling biotic media (e.g., plant, invertebrate and
small mammal). In some cases, targeted species (e.g., kingbirds) were uncommon or difficult to
sample in the amounts needed for all analytical suites. Weather conditions, worker safety,
seasonal or annual variations in abundance, and other environmental factors can have unexpected
impacts on sample media accessibility. In other cases, the characteristics of the biotic tissue
itself may interfere with sample extraction or measurement and make it difficult to achieve
planned quantitation limits. There are also cases where execution of bioassays or collection of
field measures did not meet the planned requirements. Where acquisition of the samples or data
was not possible as originally planned, the RCBRA project implemented contingencies and
supplemental sampling to meet the requirements for abiotic and biotic data. These contingencies
and supplemental sampling activities included the following for the riparian environment:

Relative abundance of terrestrial invertebrates was not obtained. Hand-collected specimens
were combined with the specimens collected using systematic sampling methods
(pitfall traps) in order to have adequate sample volume for the laboratory tissue analysis.
The effort taken to hand collect samples was not recorded because these samples were
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collected opportunistically. Combining the samples to meet sample mass requirements
affected the ability to determine relative abundance of the species.

* Nest success for kingbirds was extremely poor in 2006 because the nests in the sample areas
were heavily preyed upon by ravens, magpies, and crows. The number of eggs hatched was
severely impacted by the predation, making the data unusable for evaluating nest success or
providing adequate sample material for contaminant analyses. There was sufficient nest
success combined over 2006 and 2007 to evaluate nest success, and sufficient birds were
collected in 2007 for contaminant analyses.

At the conclusion of each sampling effort, field activities and details pertaining to sample
analysis were documented in a summary report. These reports provide detailed descriptions of
conditions encountered during sample collection for each field campaign and include the
following:

* 100 Area and 300 Area Component of the RCBRA Fall 2005 Data Compilation (WCH-85)

* 100 Area and 300 Area Component of the River Corridor Baseline Risk Assessment
Spring 2006 Data Compilation (WCH- 139)

* Inter-Areas Component of the River Corridor Baseline Risk Assessment Sampling Summary
(WCH-274).

These reports and other supporting information and documents can be found on the Internet at
http://www.washingtonclosure.com/Projects/EndState/risk library.html.

Sampling Representativeness. Selection of sampling locations and field execution of the
sampling plan were designed to characterize as accurately as possible exposure of targeted
receptors for Hanford Site contamination. As described in Section 3.0 of the RCBRA SAP
(DOE/RL-2005-42), riparian sampling sites were targeted to include areas expected to contain
the various levels of residual contamination.

5.3.2.13 Other Data Used in the Ecological Risk Assessment. This section presents an
overview of other Hanford Site data not collected specifically for the RCBRA ecological risk
assessment, but identified as relevant to this assessment. Sources of supplemental analytical data
collected as a part of other DOE projects or programs are described below.

100-B/C Pilot Project Risk Assessment. The 100-B/C Pilot Project Risk Assessment Report
(DOE/RL-2005-40) (100-B/C Pilot) yielded analytical data for abiotic and biotic media,
biological health metrics information for selected receptors, and numerous records of
contaminants in abiotic media from a compilation of cleanup verification results and
Hanford Site monitoring data. Historical and recent analytical data evaluated for the
100-B/C Pilot that were relevant to the riparian ecological risk assessment were riparian soil and
biotic tissues. Sampling and analytical data collected between June 1995 and January 2004 were
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evaluated in the 100-B/C Pilot. The following sources of data were included for the
100-B/C Pilot investigation:

* All 100-B/C Area soil analytical data residing in the Hanford Environmental Information
System (HEIS) database

* Analytical results for data contained in the 100-B/C Pilot Project Data Summaryfor 2003
and 2004 (BHI-0 1724).

These data were used to evaluate risks to riparian receptors in the 100-B/C Area. Riparian
locations were sampled for contaminants in soil, plants, terrestrial invertebrates, and small
mammals. Some overlap in 100-B/C Pilot data with the other data sources was encountered.
Information on the criteria and process used for making determinations of data usability and for
ranking of data sources is provided in Appendix C-1.

Riparian biotic tissue concentrations collected for the RCBRA were reported on a fresh-weight
basis. However, results for some analytes (namely metals) in riparian biota from the
100-B/C Pilot Project were reported on a dry-weight basis. Where analytical results for biotic
tissues were reported in terms of dry weight, these results were converted to fresh weight for use
in exposure modeling using percent moisture values published in DOE/RL-2005-40. Biota tissue
concentrations were converted to fresh weight using Equation 5-2.

fresh weight = dry weight * 100 - percent moisture Equation 5-2
100

Percent moisture by species and tissue for 100-B/C Pilot Project data are reported as follows:

* Cheatgrass (root): 71.4%
* Cheatgrass (root shoot): 69.5%
* Gray rabbitbrush (shoots): 75.6%
* Russian thistle (root): 71.4%
* Russian thistle (root shoot): 69.5%
* Russian thistle (shoots): 75.6%
* Terrestrial invertebrate (wholeorg): 60.l1%
* Deer mouse (liver): 71.4%
* Great basin pocket mouse (liver): 71.4%
* Mouse (wholeorg): 60.1 %.

In some cases, these measured moisture contents of biota differ from those reported in the
ecological literature (see synopsis in Wildlife Exposure Factors Handbook [WEFH]
[EPA/600/R-93/187]). Thus, application of site-specific moisture contents can lead to
differences in the resulting tissue concentrations (in fresh weight units) compared to the
ecological literature. These differences were evaluated in the uncertainty analysis for middle
trophic-level wildlife.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 5-28



Evaluation of Ecological Risks in the DOE/RL-2007-21
Riparian Environment Rev. 0

100-NR-2 Shoreline Evaluation. The 100-NR-2 shoreline evaluation was conducted during
2005. The purpose and scope of the evaluation is described in Section 2.2.2 of this document. A
report titled Aquatic and Riparian Receptor Impact Informationfor the 100-NR-2 Groundwater
Operable Unit (DOE/RL-2006-26) describes the objectives, methods, and findings of the
investigation. Data compiled and collected during the investigation are relevant to evaluating
ecological exposures in the riparian environment.

Data collected during the 100-NR-2 investigation that are relevant to the riparian environment
ecological risk were analytical data for soils and biotic tissues. Data were also collected for
several species of riparian biota, including plants, small mammals, and terrestrial invertebrates in
the riparian environment. Abiotic and biotic media were analyzed for radionuclides, metals,
PCBs, and total petroleum hydrocarbons. These data were used to evaluate risks to riparian
receptors in the 100-N Area.

Some overlap in 100-NR-2 investigation data with the other data sources was encountered.
Information on the criteria and process used for making determinations of data usability and for
ranking of data sources is provided in Appendix C-1.

Riparian biotic tissue concentrations collected for the RCBRA were reported on a fresh-weight
basis. However, results for some analytes (namely metals) in riparian biota from the 100-NR-2
shoreline evaluation were reported on a dry-weight basis. Where analytical results for biotic
tissues were reported in terms of dry weight, these results were converted to fresh weight for use
in exposure modeling using percent moisture values from the literature. Biota tissue
concentrations were converted to fresh weight using Equation 5-2.

Percent moisture by species and tissue for 100-NR-2 shoreline evaluation data were converted
using the following values:

* Allium (bulb shoot): 90.82% (onions, Wildlife Exposure Factors Handbook [WEFH],
Table 9-27 [EPA/600/P-95/002F])

* Big sagebrush (shoot): 79% (selected the midpoint of range for young grasses
[WEFH, Table 4-2] to represent this arid-adapted shrub)

* Elm (shoot): 85% (dicots [WEFH, Table 4-2])

* Mulberry (shoot): 85% (dicots [WEFH, Table 4-2])

* Reed canary grass (shoot): 79% (midpoint of range for young grasses [WEFH, Table 4-2])

* Terrestrial invertebrate (wholeorg): 610% (beetles [WEFH, Table 4-1])

* Deer mouse (brain, liver, or carcass): 68% (mammals [WEFH, Table 4-1]).
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Central Plateau Ecological Risk Assessment. The Central Plateau Terrestrial Ecological Risk
Assessment Report (DOE/RL-2007-50) considered the potential for ecological risk from waste
sites located in the Central Plateau of the Hanford Site. Sampling methods, analytical suites, and
other ecological measures used in the Central Plateau were consistent with those measured and
evaluated for the RCBRA project. Media collected and analyzed for the CPERA included
terrestrial soil, vegetation, invertebrates, and small mammals. These Central Plateau data were
used to supplement RCBRA information on reference site conditions and identify COPCs and
were also used in the gradient assessments. Additional information on the types of samples
collected and the analyses performed using CPERA data is provided in Appendix C-1.

These data were provided electronically from various Hanford Site data repositories, including
the HEIS database, ENRE database, and other sources. Integrating laboratory data from multiple
sources to support a single study presents a number of challenges that are described below.

Duplication. The project-specific analytical data sources listed above were developed
independently by multiple contractors. Because Hanford Site data may be formatted or
configured for electronic storage with slight differences from one contractor to another, but are
stored in common Hanford Site repositories (e.g., HEIS), it is possible for duplicate entries of a
given sample to occur. Likewise, it is also possible for the database to appear to contain
duplicate results for a specific analyte in a given sample. For example, laboratory analysis
sometimes produces two results for a particular analyte, because two different methods are
available and were performed. In either of these cases, the most appropriate result (based on the
source of the information or on the preferred analytical method) was retained for use in risk
characterization, and the other was flagged and not used in the risk calculations.

It was important for the RCBRA project that the data were carefully reviewed, and a data set was
constructed that contained only a single entry of each pertinent sample result and also contained
all of the relevant analyses associated with that sample. In cases where data were identified as
truly duplicative and not appropriate for inclusion in risk characterization, the data were flagged
in the database as "GiSdT not useable." Results such as these were flagged during development
of the risk assessment data set, rather than removed, to maintain transparency. Appendix C-I of
this report provides additional detail on the data sources and the data importing process used to
support this ecological risk assessment.

Metadata. Along with laboratory analytical data, databases contain other information,
sometimes referred to as "metadata." Metadata can include information such as the location
where a sample was collected or the depth at which the collection occurred, among other things.
Integration of the data from the different sources required "normalization" of the metadata,
where possible, in order to create consistency and allow the data to be used. The units used to
report analytical results (e.g., mg/kg, pCi/g) often needed to be normalized when multiple data
sources were integrated. Occasionally, a sample result in the databases lacked critical
information like geographic location (coordinates), in which case the data were flagged and were
not used for risk calculations. Accurate sample location information is important for supporting
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final remedial action decisions within a given operational area. Where normalization was
possible, the changes aided greatly in the ease of data presentation and interpretation.

Data Quality. The QA and quality control (QC) measures performed in sample collection and
laboratory analysis are typically identified on a project-specific basis. Consequently, the QA/QC
varies among data sets and is reviewed when results from a variety of databases are integrated.
Generally, data used to support cleanup on the Hanford Site were collected according to
approved SAPs that included a QAPP. As stated previously, a review was conducted for each
data set used in the RCBRA to determine its usability according to six different criteria. The
criteria used and the review of the data sets is provided in detail in Appendix C-2.

5.3.3 Field Verification of Sampling Design (ERAGS Step 5)

Field verification of sampling design (ERAGS Step 5) considers the actual location of the study
sites based on the field conditions, the ability to obtain adequate sample mass for all planned
tissue analyses, and the information obtained from the MIS performance assessment sampling.

5.3.3.1 Field Notes on Study Site Locations. The riparian and near-shore study sites were
delineated by a qualified environmental specialist by staking the boundaries with alternating
colored pin flags at 4-m (13.12 ft) intervals. Each site's beginning (downriver), center, and end
(upriver) points were recorded using a global positioning system (GPS). All sites were 200 m
(656.2 ft) in length and of varying width based on the presence of riparian vegetation.

Riparian sites were generally paired with the aquatic sites and were selected based on potential to
encounter a gradient of ecological exposures to varying contaminant levels and types, and in a
number of different habitats found both near and distant from the Hanford Site contaminant
sources. Study sites between the operational areas were selected in areas where deposition of
sediment was expected. Another factor in the selection of riparian locations and the potential for
contamination is the location of riverbank seeps. Riverbank seeps have been sampled along
most of the River Corridor. These seeps have similar contaminants to the groundwater plumes.
The influence of the seeps was considered to determine the location of study sites in the riparian
and near-shore aquatic environments. Table 5-5 shows the riverbank seeps that are located
within the riparian study sites. Seep names and locations were obtained from Water Quality
Sampling Locations along the Shoreline of the Columbia River, Hanford Site, Washington
(PNNL-19052).

River fluctuation patterns ranging between ~40 kcfs (thousand cubic feet per second) and
~400 kcfs have influenced the distribution of the vascular vegetation community along the

Hanford Reach. Vascular riparian plants growing along the shorelines continually strive to
germinate and grow in unfavorable water conditions, such as the shoreline areas that are
frequently inundated (<120 kcfs). However, there were some general vegetative patterns that
were used to help delineate the riparian study areas selected as part of the RCBRA.
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The lower boundary of the riparian study sites was defined by the edge of one of the most
distinct bands of perennial vegetation along the Hanford Reach, reed canary grass. The lower
boundary of the reed canary grass community generally corresponded to the shoreline
(water's edge) when river discharges were near 120 kcfs. Delineation of the upper boundary of
the RCBRA riparian sites was not so distinct, but generally corresponded to the land elevation
where the flora became more dominated with xeric taxa. It can be generalized that this elevation
corresponded to the shoreline (the water's edge) when river flows were about 210 kcfs. The
upper boundary was flagged by a professional ecologist, and the crews subsequently performed
sampling across the site according to the sampling and analysis instructions and the
RCBRA SAP. The dimensions and the amount of shoreline presumed to have been included for
each study site was estimated based on Geographical Information System (GIS) shape files
generated using the MASSI model of river flow conditions (120 kcfs and 210 kcfs) and then
overlaid on high-resolution elevation maps encompassing each site. Additional site-specific
information described below was summarized after reviewing the site photographs and the field
record logbooks.

Riparian #1. This site was located about 1 km upstream of the 100-H Area and adjacent to a
small island that slowed the river currents and increased sediment depositions. The site was
relatively narrow (~5 m [~ 16.4 ft]) and positioned on a steep embankment that was densely
vegetated, predominately with reed canary grass with an overstory of black locust
(Robinia pseudoacacia) trees. The entire site encompassed about 650 m2 (6,994 ft2). An old
rusty cable was found stretched across the ground surface of the upper half of the study site.

Riparian #2. This site was located immediately adjacent to the 100-D Area where river
velocities are high and scour the cobble- and bolder-dominated shoreline substrates. The site
was relatively narrow (~5 m [~16.4 ft]) and encompassed approximately 1,200 m 2 (1,435 yd 2) of

the shoreline habitat. The site was sparsely vegetated and had an intermittent overstory
consisting mostly of mulberry (Morus spp.) and elm (Ulmus spp.) trees.

Riparian #3. This riparian study site was located in the 100-D Area and was 200 m long of
varying widths less than ~10 m (~32.81 ft) and encompassing ~1,200 m2 (~1,435 yd 2). The
selected site had a unique curved shape consisting of an upriver water flow impact area of about
100 m (328 ft) with a jut of land delineating the upriver water impact side from the downriver
slackwater side. The investigation area had a steep slope and was covered with varying size
rocks from pebbles to riprap and some larger boulders. The investigation area had varying
degrees of vegetation from sparse to dense. The downriver area had denser vegetation near shore
whereas the upriver water impact area vegetation was predominately near the upper boundary
and very sparse near shore. Sand deposits varied in the impact area with finer sand and high
loam and organic content on the slackwater side. Soil moisture content also varied, with the
downriver slackwater side having higher moisture content than the coarser sand on the upriver
area. Groundwater upwellings were visible along the sandy/silt shorelines within the downriver
portion of the site.
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Riparian #4. This site was located ~0.5 km (~0.3 mi) upstream of the 100-N Area on a gently
2sloping riparian bench ~20 m (~65.6 ft) wide and encompassing ~4,600 m (-5,501.6 yd 2) of

land. Large (240-kV) power lines crossed the downriver-most portion of the study site. The
substrates were generally large cobble and boulders. Vegetation cover was moderate, with a
variety of grasses and forbs. Only a few trees were present along the upper boundary of the site.
The river currents were relatively slow in front of this site, but sediment deposits in the site are
very scarce. A few old pieces of metal were found scattered around the site.

Riparian #5. This site is located ~0.5 km (~0.3 mi) downstream of the 100-K East water intake
structure. The shoreline boundary consists of a series of small points and bays with scattered
vegetation consisting largely of forbs and a few scattered short-statured mulberry trees. The
substrate is predominantly large cobbles and boulders, with very little sediment/soil matrix
visible on the ground surface. The average width of the site was ~17 m (~55.7 ft), and ranged
from ~9 m (29.5 ft) to ~26 m (85.3 ft) at each end and in the center of the 200-m (656.2-ft)
transect. The site encompassed -4,500 m 2 (5,382 yd 2).

Riparian #6. This site was located near the lower end of the Hanford Reach (nearly 48 km
[30 mi]) downstream of the other riparian study sites), near the 300 Area and was influenced by
McNary pool water elevation changes as well as the highly attenuated discharge fluctuations
originating from Priest Rapids Dam. Although this site is in more of a depositional zone within
the Columbia River system in general, it had a mixture of slow-water shorelines and fast-water
shorelines with substrate mixtures of sand/silt to gravel, to cobble, and boulders. The site is one
of the more tree-covered riparian sites. The site had a small ravine running near its southern
portion. The ravine was supposedly associated with a liquid waste spill that took place there
decades ago. The river's configuration near this site tends to deposit large amounts of organic
debris (and litter) when high spring flood-type levels (200+ kcfs) persist. This site's dimensions
were approximately 6 by 200 m (19.6 by 656.2 ft), with some variations in the widths such that it
encompassed a total ~1,000 m2 (~1,196 yd 2) of riparian habitat.

Riparian #7. Located immediately adjacent to the 100-F Area, this site was positioned near the
receiving corner of a large bend in the river where sediment deposits were common. The site,
however, was scoured regularly from a river channel that develops over the site each year when
river flows exceed ~180 kcfs, flushing the water and resuspending sediment down the back side
of the peninsula and emptying into the 100-F slough. The width of the site was relatively varied,
ranging between 4 m (13.1 ft) near the upriver end and 27 m (88.5 ft) near the downriver end.
The site encompassed approximately 2,300 m2 (2,750.8 yd 2) of shoreline. The site was densely
vegetated with predominantly reed canary grass and short-statured mulberry trees. Old metal
debris (e.g., bolts, barrel straps) was common throughout the site.

Riparian #8. Located immediately adjacent to the 100-H Area, this site was very similar to
site #7 except much wider. The width of this riparian site ranged between 25 and 100 m (82 and
328 ft), and it encompassed more than 11,000 m2 (13,156 yd 2) of shoreline. The site was
positioned near the receiving corner of a large bend in the river where sediment deposits were
common. The site, however, was scoured regularly from a river channel that develops over the
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site each year when river flows exceed ~160 kcfs, flushing the water and resuspending sediment
down the back side of the peninsula and emptying into the White Bluffs slough. The site was
densely vegetated with predominantly reed canary grass and short-statured mulberry trees. Old
metal debris (e.g., bolts, barrel straps) was common throughout the site.

Riparian #9. This site was 200 m (656.2 ft) long with an average width of 10 m (32.8 ft), but
varied between ~4 and ~15 m (~13.1 and ~49.2 ft). The site encompassed ~1,800 m2
(2,152.8 yd 2) of shoreline and included a cement-encapsulated and rip-rap-covered section near
the upper end of the site where the 100-H outfall used to be located. The selected investigation
area was a flat, straight stretch along the river near the lower end and a steep-sloped stretch with
moderate vegetation covering most of the site. The site contains depositional environments near
the upper river end and highly scoured small cobble substrate near the downriver section.

Riparian #10. This site was located immediately downstream of the 100-D Area on a highly
scoured corner of the river consisting of very sparse vegetation composed typically of forbs such
as chicory (Chicorium sp.), dogbane (Apocynum sp.), and tickseed (Coreopsis sp.); very few
small trees; and medium-sized cobbles with some small deposits of sediment. This area has
land-feature relics of gold mining attempts from the early 1900s. Post-spawning salmon
carcasses were commonly found decomposing at this site. The site varied between ~20 and 30 m
(~65.6 and 98.4 ft), with a total shoreline area of approximately 5,400 m 2 (6,458.4 yd 2).

Riparian 2a. This site was located in the corner of a major bend in the river by the
100-B/C Area. The area is a major depositional zone that is rarely scoured during high river
stages (~300+ kcfs), consisting largely of cobbles with a heavy matrix of sediment. The width of
the site ranged between ~10 and 40 m (~32.8 and 131.2 ft) and encompassed approximately
4,500 m2 (5,382 yd 2) of shoreline habitats. Being predominately a depositional environment and
sediment substrates, there is also a relatively large stand of willow in the center of the
investigation area.

Riparian 2c. This investigation area was located ~100 m (328.1 ft) downstream of the old
Hanford townsite water intake (historic pumphouse) and just upstream of a major peninsula
known as Coyote Rapids. Scattered metal debris was common throughout the site, and a small
road that had been used extensively by Hanford Site personnel crossed a small portion of the
upper end of the investigation area. This site's average dimensions were 30 by 200 m (98.4 by
656.2 ft), but the widths varied from ~20 to ~70 m (~65.6 to 229.6 ft) and encompassed a total of
about 4,600 m2 (5,501.6 yd 2) of shoreline habitat. This site was also located in a relatively high
depositional environment and widened substantially near the downriver end. The site consisted
of sediment-covered cobbles and a moderate cover of reed canary grass and other associated
riparian taxa. Mulberry trees bounded the upper regions on nearly half of the investigation area.

Riparian 2f. This site's dimensions were very narrow, ranging from 3 to 7 m (9.8 to 22.9 ft) and
encompassing ~1,400 m2 (1,674.4 yd 2) of shoreline habitat near the very crest of the "horn,"
between the 1 00-D and 100-H Areas. The area is just downstream of a heavily scoured corner of
the river, and the site itself is lightly scoured annually during high flow (180+ kcfs) periods.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 5-34



Evaluation of Ecological Risks in the DOE/RL-2007-21
Riparian Environment Rev. 0

Reed canary grass was the predominant vegetation near the center of the site, with more forbs
such as worm wood (Artemesia spp.) lightly covering the rest of the site. Very few trees were
present. There was a small trench-like feature near the center of the site. The substrate was
small- to medium-sized cobbles with a matrix of sediment.

Riparian 2j. This site was located in one of the largest backwater regions in the Hanford Reach,
commonly known as the White Bluffs slough. The site was relatively steep and narrow, being no
more than about 10 m (32.8 ft) wide and encompassing ~2,500 m2 (2,990 yd 2) of shoreline
habitat. The substrate consisted of small to medium cobbles heavily embedded with sediment.
Reed canary grass was the predominant vegetation in this investigation area, and there were very
few trees except for a large stand of black locust near the high elevation boundary that ran
parallel to the shoreline.

Riparian 21. This site was located in the third-largest backwater region adjacent to the
Hanford Site, commonly known as the 100-F slough, and located ~2 km (~1.242 mi)
downstream of the 100-F Area. The site consists of a large flat bench surrounded by a backwater
channel of the river. The width was generally 100 m (328.1 ft) and encompassed ~20,000 m 2

(~23,920 yd 2) of shoreline habitat. The substrate is a mixture of cobbles and coarse sands,
largely from deposited material that is transported through the river from a sand dune ("the black
sands") area when river flows exceed ~180 kcfs. The vegetation is a diverse mixture of grasses
and forbs. There were no trees.

Riparian 3b. This site was located along the leeward side of the old Hanford townsite
peninsula. It was located in a wide and flat riparian area that is inundated when flows exceed
~120 kcfs. The width of the site ranged from ~50 to ~100 m (~164 to ~328.1 ft), and it

encompassed about 16,000 m2 (19,136 yd 2) of riparian habitat. Located ~1 km (~0.6 mi) back
into the old Hanford townsite slough, the site is typically protected from fast-moving water;
however, a small river channel develops on the upstream end of the peninsula when flows are
greater than about 200 kcfs. The substrate consisted of small- to medium-size cobble that was
heavily embedded with sediment. The site had very dense vegetation consisting of grasses and
forbs, with very few small trees. This site also contained a substantial stand of willows, being a
more sediment-dominated area.

Riparian 4a. This site was located ~5 km (~3.1 mi) downstream of the old Hanford townsite on
a gentle, sloping bench covered in medium- to large-sized cobbles. The site was typically ~30 m

(~98.4 ft) wide and encompassed ~6,600 m2 (-7,893.6 yd 2) of shoreline habitat. Sediment
deposits were scarce in between the rock surfaces, but increased as distance from the river
shoreline increased. The site was bounded by a steep inactive embankment that was heavily
covered with a vine. The site is located in a prominent groundwater upwelling area, and
vegetation along the steep bank appeared to be highly dependent on the shallow groundwater
sources there. Reed canary grass was the dominant vegetation covering the cobble substrate, and
there were very few trees on the investigation area.
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Riparian 5c. This site was located in a backwater region of the river, about 10 km (6.2 mi)
upstream of the 300 Area. The site was located along a very steep embankment heavily covered
with organic debris, such as decaying tumbleweed (Salsola kali) stems from prior year's growth.
The width of the site was typically ~10 m and encompassed ~1,700 m2 (-2,033.2 yd 2) of

shoreline habitat. Although medium-sized cobbles were common, the depositional
characteristics at this site had resulted in heavy embeddedness. River currents may lightly scour
this site when flows exceed ~200 kcfs.

5.3.3.2 Field Notes on Reference Site Locations. Field notes on the reference sites selected for
the riparian environment are provided in Section 2.2.4 of Appendix B.

5.3.3.3 Biotic Sample Collection Field Notes. Adequate sample mass was collected for all
target analytical suites for plants (two species per site) and small mammals (organ [liver-kidney]
and carcass) and for laboratory analysis of terrestrial invertebrate tissues for inorganic chemicals
(one composite sample per site) at most study sites. However, obtaining sufficient sample mass
of terrestrial invertebrates for laboratory analysis of organic chemicals (semivolatiles and
pesticides) and radionuclides in tissues was difficult at most study sites.

5.3.3.4 MIS Soil Performance Assessment. The fall 2005 sampling event, which assessed soil
at 20% of the study sites representing all nine environment and site-type combinations, was
conducted as a performance assessment (WCH-85). The purpose of the performance assessment
was to provide information on the "between-sample" and "among investigation-area" variability
in contaminant concentrations. The MIS methodology uses about 50 increments of soil, one
from each section of the grid established over the study site. Each soil increment was collected
from the 0- to 15-cm (0- to 6-in.) depth. The soil was sieved to remove any particles and organic
materials larger than 2 mm (0.08 in.). Each MIS sample result represents the average
concentration for the study site or reference site. The main assumption made to develop the
number of replicate MIS needed to characterize the sites was the assumed variability among MIS
results for contaminants measured in soil.

The results of the performance assessment were used to evaluate the adequacy of the number of
samples and increments per study site by providing information on the variability among
replicate MIS results. The complete performance assessment is provided as Appendix D to
WCH-139, and the following text provides summary information from this assessment. Data
analysis for the performance assessment followed Figure 2-2 in DOE/RL-2005-42. The first step
in the assessment was to determine if the SAP indicator contaminants were detected. Detected
indicator contaminants were then evaluated to determine if they were present at levels greater
than PQLs or Hanford Site background. If they were detected above these levels, then the
concentrations were reviewed relative to human health cleanup levels from DOE/RL-2005-42,
Table 2-2 (unrestricted soil cleanup levels). Contaminants that were not detected and
contaminants with concentrations less than PQLs or Hanford Site background did not warrant
further consideration in the performance assessment. Contaminants that exceeded these criteria
were retained for evaluation against cleanup levels.
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Summary statistics and data distribution plots for the indicator contaminants were reviewed in
the performance assessment. Reviewing these plots led to identifying the following four
indicator contaminants for riparian soils among those identified in the RCBRA SAP that had
concentrations either greater than or approaching cleanup levels and thus warranted further
analyses in the performance assessment:

* Arsenic
* Hexavalent chromium
* Lead
* Uranium-233/234.

Tables 5-6 through 5-9 provide a summary of the standard deviation for each of these four
contaminants for riparian study sites. Calculations of the standard deviation with nondetects
replaced by 0 and nondetects replaced by half of the PQL are provided as points of comparison.

Originally, the sample results from one of the sites sampled during the performance assessment
(riparian reference 13) showed elevated concentrations of hexavalent chromium in soil. Given
that hexavalent chromium would not be expected to be measured at any appreciable
concentration in reference site soil, the site was resampled. The resample results are summarized
in Table 5-7, and the original results have been marked as "not useable" in the project database.

In general, the number of MIS replicates needed to characterize the mean concentration for the
site decreases as the variability among replicates decreases. The standard deviation of the
replicates is a measure of variability, as shown in the statistical power calculations considered in
the RCBRA SAP and in WCH-139, Appendix D. Because the standard deviations are small
compared to the mean MIS sample results, the differences in concentrations among the five
replicate MIS per site were small. For example, the arsenic standard deviations were 10% or less
of the mean of the MIS results (Table 5-6). Given the variability among the replicates for sites
sampled during the performance assessment, five replicates were considered adequate to estimate
the mean within the statistical tolerances considered in the performance assessment.

Therefore, collecting five replicate MIS was shown to be effective at providing an estimate of
average concentration of contaminants over the study area. MIS does not provide resolution on
localized, higher concentrations, but it does provide information for evaluating ecological
exposures across the study site. This approach was appropriate for an assessment based on
quantifying exposures to ecological populations. Therefore, statistics based on only MIS
samples were used as representative concentrations for riparian study sites (roughly 200 m long).

5.3.4 Site Investigation and Data Analysis (ERAGS Step 6)

ERAGS Step 6 presents the information used to characterize exposure and effects. This step
provides the information that is used in Risk Characterization (ERAGS Step 7) to link between
exposure to contaminants and observed effects on plants or animals in field or laboratory studies
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(EPA/910/R-97/005). Toxicity bioassays described in this section provide a valuable link
between exposure and effects.

The data evaluated in this report were compiled into a project database. The database included a
variety of ways to access sample results. The sample collection locations of the data used in the
assessment could be viewed on an interactive map. Figure 5-11 provides an example of the
information available on the interactive map.

5.3.4.1 Results of External Radiation Dosimeters. As part of the risk assessment sample
design, the project deployed environmental dosimeters as a quantitative measure of the total
external radiation field at the upland and riparian study sites. The dosimeters provide a measure
of external exposure to ecological receptors from gamma-emitting radionuclides. Appendix C-3
provides additional information and evaluations of the field radiation measures. The dosimetry
results differed among the sites, although the set of five dosimeters at a given site generally
recorded similar results. When the dosimetry data from the upland or riparian study areas are
each compared with their respective reference area data, one can see that the external doses
measured are similar between study and reference sites and are not statistically different. In
conclusion, the results from the dosimeters showed that there were no gross differences in
external radiation exposure when comparing the riparian study sites to reference sites. More
conclusive information on radionuclide exposures and the potential for ecological risks is
provided from the soil and tissue sample results (presented below).

5.3.4.2 Soil and Tissue Sample Results. Results for soil and biotic tissues evaluated at study
sites and the associated reference sites in the riparian environment are summarized in
Tables 5-10 through 5-26. The samples were collected in accordance with the RCBRA SAP
(DOE/RL-2005-42) as described in Section 5.3.2 of this report. Additional samples collected for
the 100-B/C Pilot or the 100-NR-2 shoreline assessment were also used.

Table 5-10 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in surface soil samples
collected at 18 study sites and seven reference sites in the riparian environment. The number of
sample results reflects the 5 replicate MIS collected at each site (5 replicates times 25 sites plus
1 reference sampled in 2 years [5 additional replicates] or 130 samples) and 8 discrete soil
samples collected from 6 sites. These data were used to determine the COPCs and COPECs
evaluated at study sites and reference sites. This process is described in the following sections.
The MIS data were also used in the exposure evaluation for plants, terrestrial invertebrates, and
middle trophic-level wildlife. The discrete soil samples were collected in areas of rare plant
habitat and were used to identify COPC for all receptors and identify COPECs for plants and for
the plant exposure and effects evaluation.
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Figure 5-11. Example of Interactive Map Showing Sample Locations.
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Table 5-11 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in surface soil samples collected from
the 100-B/C Area riparian environment. These samples were evaluated separately for the
RCBRA because the analytical methods and sample collection/processing differed from similar
samples collected for the RCBRA. These data were used to determine if additional COPCs and
COPECs needed to be evaluated. These data were also used in the RCBRA exposure evaluation
for plants, terrestrial invertebrates, and middle trophic-level wildlife.

Table 5-12 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in surface soil samples collected from
the 100-N Area riparian environment. These samples were evaluated separately for the RCBRA
because the analytical methods and sample collection/processing differed from similar samples
collected for the RCBRA. These data were used to determine if additional COPCs and COPECs
needed to be evaluated. These data were also used in the exposure evaluation for plants,
terrestrial invertebrates, and middle trophic-level wildlife.

Table 5-13 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in the plant tissue
samples collected at 18 study sites and seven reference sites in the riparian environment. The
number of sample results reflects the 2 composite samples collected at each site (2 replicates
times 25 sites plus 1 reference site sampled in 2 years [2 additional replicates] or 52 samples).
These data were used to determine the COPCs evaluated at study sites and reference sites. These
data were also used in the exposure evaluation for middle trophic-level wildlife.

Table 5-14 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in plant tissue samples collected from
the 100-B/C Area riparian environment. These samples were evaluated separately for the
RCBRA because the analytical methods and sample collection/processing differed from the
RCBRA. These data were used to determine if additional COPCs needed to be evaluated. These
data were also used in the exposure evaluation for middle trophic-level wildlife.

Table 5-15 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in plant tissue samples collected from
100-N Area riparian environment. These samples were evaluated separately for the RCBRA
because the analytical methods and sample collection/processing differed from the RCBRA.
These data were used to determine if additional COPCs needed to be evaluated. These data were
also used in the exposure evaluation for middle trophic-level wildlife.

Table 5-16 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in the terrestrial
invertebrate tissue samples collected at 18 study sites and 7 reference sites in the riparian
environment. The number of sample results reflected the single composite sample collected at
each site (25 sites plus 1 reference site sampled in 2 years [1 additional replicate] or 26 samples).
Due to sample mass limitations, terrestrial invertebrates were primarily analyzed for metals.
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This is consistent with the priority for analytical suites identified in the RCBRA SAP: metals,
PCBs, and radionuclides. These data were used to determine the COPCs evaluated at study sites
and reference sites. These data were also used in the exposure evaluation for middle
trophic-level wildlife.

Table 5-17 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in terrestrial invertebrate tissue samples
collected from the 100-B/C Area riparian environment. These samples were evaluated
separately for the RCBRA because the analytical methods and sample collection/processing
differed from the RCBRA. These data were used to determine if additional COPCs needed to
be evaluated. These data were also used in the exposure evaluation for middle trophic-level
wildlife.

Table 5-18 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in nine terrestrial invertebrate tissue
samples collected from the 100-N Area riparian environment. These samples were evaluated
separately for the RCBRA because the analytical methods and sample collection/processing
differed from the RCBRA. These data were used to determine if additional COPCs needed to be
evaluated. These data were also used in the exposure evaluation for middle trophic-level
wildlife.

Table 5-19 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in the bird-crop content
samples collected at study sites and reference sites in the riparian environment. These data were
used to determine the COPCs evaluated at study sites and reference sites. These data were also
used in the exposure evaluation for middle trophic-level birds.

Table 5-20 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in the bird tissue
(without crop) samples collected at study sites and reference sites in the riparian environment.
These data were used to determine the COPCs evaluated at study sites and reference sites. These
data were also used in the exposure evaluation for middle trophic-level birds.

Table 5-21 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in the small mammal
organ tissue samples collected at 18 study sites and 7 reference sites in the riparian environment.
The number of sample results reflects the single composite sample collected at each site (25 sites
plus 1 reference site sampled in 2 years [1 additional replicate] or 26 samples). These data were
used to determine the COPCs evaluated at study sites and reference sites. These data were also
used in the exposure evaluation for middle trophic-level mammals.
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Table 5-22 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in the small mammal
tissue samples collected at 18 study sites and 7 reference sites in the riparian environment.
The number of sample results reflects the single composite sample collected at each site (25 sites
plus 1 reference site sampled in 2 years [1 additional replicate] or 26 samples). These data were
used to determine the COPCs evaluated at study sites and reference sites. These data were also
used in the exposure evaluation for middle trophic-level mammals.

Table 5-23 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in small mammal organ tissue (brain or
liver) samples collected from the 100-B/C Area riparian environment. These samples were
evaluated separately for the RCBRA because the analytical methods and sample
collection/processing differed from the RCBRA. These data were used to determine if additional
COPCs needed to be evaluated.

Table 5-24 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in small mammal tissue (whole
organism, carcass, or offal) samples collected from the 100-B/C Area riparian environment.
These samples were evaluated separately for the RCBRA because the analytical methods and
sample collection/processing differed from the RCBRA. These data were used to determine if
additional COPCs needed to be evaluated.

Table 5-25 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in small mammal organ tissue samples
collected from the 100-N Area riparian environment. These samples were evaluated separately
for the RCBRA because the analytical methods and sample collection/processing differed from
the RCBRA. These data were used to determine if additional COPCs needed to be evaluated.

Table 5-26 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in small mammal tissue samples
collected from the 100-N Area riparian environment. These samples were evaluated separately
for the RCBRA because the analytical methods and sample collection/processing differed from
the RCBRA. These data were used to determine if additional COPCs needed to be evaluated.

5.3.4.3 COPC Refinement. Selection of the appropriate COPCs is critical to preparing an
assessment that is representative of risks resulting from Hanford Site operations and useful for
making remedial action decisions. Contaminant of potential concern selection should occur
through a process that is deliberate, systematic, and based on established selection criteria. The
risk assessment must be able to differentiate between background materials, nonsite-related
materials, and contaminants directly related to study sites. This section describes the approach
developed to identify and focus the COPCs for the study sites in the riparian environment portion
of the risk assessment evaluation.
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The approach used for COPC refinement builds upon approaches and methods for COPC
selection presented in the Tri-Party-approved RCBRA SAP (DOE/RL-2005-42) described in
Section 3.4.4 of this report. The RCBRA SAP outlined a process for focusing contaminants
based on comparing mean concentrations at study sites to background or reference sites using
conclusions and data summaries from limited field investigation, cleanup verification packages
(CVPs), Hanford Site monitoring, and related projects. The process is consistent with guidance
pertaining to selection of COPCs for risk assessment (EPA/540/1-89/002; EPA 540/F-01/014,
Chapter 5 "Data Evaluation"). Figure 5-12 provides an overview of the COPC refinement
process, which is briefly described below.

The COPC refinement process includes a number of complementary steps and criteria, including
a pre-selected list of contaminants that was excluded and a list that was included, as determined
and agreed upon among the Tri-Parties. The exclusion and inclusion lists recognize and take
advantage of the knowledge gained through decades of Hanford Site characterization and
cleanup work that has preceded this assessment.

Additional selection steps included evaluation of detection status, statistical comparisons of
Hanford Site data to background and reference site data, evaluation of potential toxicity, and an
analyte-specific evaluation. The analyte-specific evaluation integrated a variety of information
(such as the magnitude and significance of statistical comparisons results, sample results in other
media, and sample results for similar analytes) to support a conclusion on COPC identification
when the results of statistical comparisons were inconclusive. These evaluations were conducted
using quantitative methods and divided the analytes into workable groups for these individual
analyses. The quantitative methods provided valuable information for the included analytes and
also provided a sound technical basis for eliminating less relevant analytes from the quantitative
risk assessment.

Exclusions. Some analytes have been excluded from consideration as COPCs by agreement
among the Tri-Parties and are based on relevant Hanford Site data. Separate exclusion lists were
developed for remediated waste sites and groundwater contaminant plumes.

The exclusion lists are based on the following types of analytes:

* Radionuclides with a half-life of less than 3 years. Radionuclides with half-lives less than
3 years would not be present as a result of historical Hanford Site operations due to
radioactive decay that would have occurred since operations ceased.

* Essential nutrients. Essential nutrients that are present at relatively low concentrations and
are toxic only at high concentrations need not be considered in a quantitative risk assessment
(EPA/540/1-89/002).
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Figure 5-12. COPC Refinement Process Flow Diagram.
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* Water quality or soil physical property measurements. These analytes were measured to
obtain information on water quality or soil properties to understand potential confounding
factors for bioassays conducted for soil, sediment, or water or to interpret their influence on
the toxicity of COPCs (e.g., grain size for soils, water hardness for metals effects).

* Background radionuclides. Potassium-40, radium-226, radium-228, thorium-228,
thorium-230, and thorium-232 were identified by consensus of Tri-Party managers as
background radionuclides that are not directly related to Hanford Site operations or
processes.

Inclusions. Certain analytes were included as COPCs based on evaluation of the commonly
reported analytes in waste site cleanup reports or based on the most prevalent contaminants in
the groundwater plumes. The inclusion list reflects those contaminants that the Tri-Parties have
agreed are a priority to address in this risk assessment in order to prepare meaningful and
effective regulatory documents. The list of contaminants evaluated in the CVP/remaining sites
verification package (RSVP) reports was compiled for waste sites in the 100 Area and the
300 Area. Some contaminants were reported in only a single report, and others were reported in
nearly all CVP/RSVP documents. To develop the inclusion list for the 100 Area and 300 Area,
the frequency of reporting for analytes was ranked, and those analytes reported at one-third or
more of the waste sites were placed on the 100 Area inclusion list. The 300 Area list was
developed by removing those 100 Area analytes that were not reported in at least one of the
300 Area waste sites.

Nondetected Analytes. Analytical results for soil and biota collected for the RCBRA
investigation were evaluated against the quality criteria specified in the RCBRA SAP QAPP
(DOE/RL-2005-42). As a measure of data quality, analytical results identified as nondetects in
the RCBRA data set were compared to the laboratory required detection limits prescribed in the
QAPP. Analytes for which all results were nondetects reported at values higher than the
prescribed detection limit were identified for additional consideration and were labeled as
"uncertain COPC." The results associated with the "uncertain COPCs" for which the nondetect
result exceeded the target PQL from the RCBRA SAP were identified as uncertainties in the risk
analysis (Figure 5-12). Table 5-27 is a summary of the analytes that did not meet target PQLs in
soil, and Table 5-28 is a summary of the analytes that did not meet target PQLs in one or more
tissues. Appendix E-1 provides additional supporting information on the comparison of
nondetected analytes versus target PQLs. Some of the analytes listed in Tables 5-27 and 5-28
had maximum detection limits less than soil or tissue concentrations considered to be protective
of ecological receptors; these analytes are not considered in the uncertainty analysis. The
remaining analytes are as follows:

* Soil uncertainty analytes

- Three polycyclic aromatic hydrocarbons (PAHs): acenaphthene, and acenaphthylene,
naphthalene
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- One pesticide: toxaphene

- Three SVOCs: 1,2-dichlorobenzene, 1,2,4-trichlorobenzene, and pentachlorophenol.

* Biotic tissue uncertainty analytes

- Four inorganic chemicals: antimony, arsenic, beryllium, and tin

- Seven PCBs: Aroclor-1016, Aroclor-1221, Aroclor-1232, Aroclor-1242, Aroclor-1248,
Aroclor-1254, and Aroclor-1260

- One pesticide: Methoxychlor

- One radionuclide: europium-154.

Detected Analytes. After the exclusion list was applied, detected analytes were the focus of
COPC refinement. Statistical analyses and the analyte-specific evaluation were used to
determine the COPC list. The COPC list was determined by sorting the detected analytes into
the following four groups:

* Analytes present at concentrations that were statistically different from the reference site
and/or background data based on multiple tests; these analytes were identified as COPCs.
Demonstration of statistical difference was based on p-values less than or equal to 0.05 for all
of the following tests that are applicable (minimum of two applicable tests): Gehan, quantile,
slippage, and chi-square detection frequency. These tests are described below.

* Analytes present at concentrations that were not statistically different from the reference site
and/or background data based on multiple tests; these analytes were not COPCs. Lack of
statistical difference is based on p-values greater than 0.05 for all of the following tests that
are applicable (minimum of two applicable tests): Gehan, quantile, slippage, and chi-square
detection frequency. These tests are described below.

* Analytes that were determined not to be COPCs based on the analyte-specific evaluation.
Note that analytes requiring further evaluation are those with only a single statistical test or
those with multiple tests with discordant results. This evaluation included an assessment of
the range of the detected concentrations at study sites compared to reference sites,
consistency in soil sample results for each study site, consistency in statistical results within
and between sample media, detection frequency, and status as a preferred inclusion list
analyte.

* Analytes that were identified as COPCs based on the analyte-specific evaluation. Note that
analytes requiring further evaluation are those with only a single statistical test or those with
multiple tests with discordant results. This evaluation included an assessment of the range of
the detected concentrations at study sites compared to reference sites, consistency in soil
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sample results for each study site, consistency in statistical results within and between sample
media, detection frequency, and status as a preferred inclusion list analyte.

Statistical Tests. Background comparisons are possible for selected analytes in soil based on
the availability of appropriate data. In the case of soil data, background data include natural
background for Washington State (eastern region) for selected inorganic chemicals and
Hanford Site background for selected radionuclides and inorganic chemicals. For analytes with
background data from multiple sources, the Hanford Site background data were used in
preference to Washington State (eastern region) background data.

Reference site comparisons were used to evaluate detected analytes in soil and tissue. Although
reference site soil data and background soil data are similar for most analytes, both comparisons
were performed. Reference sites are necessary for constituents and media not included in the
various sources for background levels. Additional information relating to background and
reference site data is provided in Section 5.3.2 and Appendix B of this report.
The study site and reference site soil data were composite samples and thus represented the
average concentration in the sampled area. Some potential bias was introduced by comparing
background samples, which are generally discrete, or grab samples to RCBRA composite data.
However, running a suite of statistical tests is a rigorous way of comparing contaminated site
analyte concentrations to background, and this approach has been recommended in several
papers (e.g., EPA/540/1-89/002; Gilbert and Simpson 1990, 1992). This approach represents an
enhancement over the comparison of site data to a single statistic of background (e.g., the

9 0 th percentile), as all fixed percentiles will be exceeded with some frequency.

Four statistical tests were used because the kind of differences detected by each test differs, and
the overall results of the tests are complementary. The statistical tests employed for the
background and reference site comparisons, including data adequacy requirements, are discussed
in greater detail below.

Overall Concentration Shift. Wilcoxon rank sum (WRS) test (tests for shift in central
tendency of the data). The Gehan test is used in this report and is a variation on the WRS that
uses a statistically robust method for ranking nondetect values. These tests are used to detect
differences in the interquartile range of the data (25th percentile to the 7 5 th percentile), or the
range represented by the box in box and whisker plots. These tests detect an overall shift in site
data compared to background. The Gehan test is used when nondetects are relatively frequent
(greater than 10% and less than 50%). It handles data sets with nondetects reported at multiple
detection limits in a statistically robust manner (Gehan 1965, Millard and Deverel 1988). The
Gehan test was not performed if either of the two data sets had more than 50% nondetects. The
WRS test performs a test for a difference between two populations of data (Gilbert 1987). This
is a nonparametric method that relies on the relative rankings of data values. Knowledge of the
precise form of the population distributions is not necessary. The WRS test has less power than
the two-sample t test when the data originate from a normal distribution, but the assumptions are
not as restrictive. This version of the WRS test uses the Gehan approach for ranking
(Gehan 1965, Millard and Deverel 1988). When some of the data are "censored" or reported as
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below a detection limit, the Gehan approach assigns ranks to the combined set of detects and
nondetects in a statistically robust manner. The Gehan approach defaults to standard ranks when
the data set contains no censored data (nondetects). The Gehan ranking approach is
recommended in EPA-sponsored workshops and publications due to its broad applicability to
environmental data sets (Gilbert and Simpson 1990, 1992).

Shift in Upper Range of Concentrations. Quantile test (tests for difference in upper
percentiles versus background). This test evaluates the upper range of data sets and is sensitive
to a small number of observations from one or more sites being greater than background.
Thus, the quantile test complements the WRS test and provides a greater chance to detect
differences among a small set of sample results. The quantile test is applied at a pre-specified
quantile or threshold. The 80 th percentile was chosen for this project. The test cannot be
performed if more than 80% (or, in general, more than the chosen percentile) of the combined
data are nondetected values. The quantile test determines whether more of the observations in
the top 20% (chosen percentile) of the combined data set come from the site data set than would
be expected by chance, given the relative sizes of the site and background or reference data sets.
If the relative proportion of the two populations being tested is different in the top 20% of the
data than in the remainder of the data, the distributions may be partially shifted due to a subset of
site data. This test is capable of detecting a statistical difference when only a small number of
site concentrations are elevated (Gilbert and Simpson 1992). The quantile test is the most useful
distribution shift test for sites at which samples from a release represent a small fraction of the
overall data collected. For example, to detect contamination from historical spills at unknown
locations, a work plan may call for collecting samples from a grid. Most sample results show no
contamination, but those in or near spill locations show elevated concentrations. The quantile
test is applied at a pre-specified quantile or threshold. The quantile test is more powerful than
the WRS (i.e., Gehan) test for detecting differences when only a small percentage of the
concentrations are elevated.

Differences in Maximum Concentrations. Slippage test (tests for difference in upper range
of data compared to background). The slippage test evaluates the highest values and could detect
as few as one elevated measurement in the site data (dependent on the number of sample results
in the data sets). Thus, the slippage test complements the WRS test and the quantile test and will
detect a difference in concentration from a single sample or a single site. The slippage test was
not performed if there were no detected concentrations in the background or reference data set,
but was performed if the data set contained at least a single detected sample result. The slippage
test (Gilbert and Simpson 1990) is a nonparametric test appropriate for comparing between data
sets with low detection rates. This test is based on the maximum observed concentration in the
background data set and the number ("n") of site concentrations that exceed the maximum
concentration in the background set (Gilbert and Simpson 1990). The result (p-value or
significance level) of the slippage test is the probability that "n" site samples (or more) exceed
the maximum background concentration by chance alone. The test accounts for the number of
sample results in each data set (number of sample results from the site and number of sample
results from background) and determines the probability of "n" (or more) exceedances if the
two data sets came from identical distributions. This test is similar to a "hot measurement" test,
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a comparison of the maximum site value to an upper percentile or threshold calculated from the
background data, in that it evaluates the largest site measurements. It is more useful than a
"hot measurement" comparison because it is based on a statistical hypothesis test, not simply on
a statistic calculated from the background distribution. Because the slippage test evaluates the
maximum concentration, it is sensitive to detecting an elevated concentration at a single study
site, even if they are pooled for statistical analyses.

Difference in Detection Frequency. The chi-square test is an assessment of detection
frequency. It is used to determine if site data have a greater frequency of detections compared to
background and/or reference site data sets. The chi-square assessment is useful for comparing
differences between data sets for analytes that are not frequently detected. It was used in concert
with the other tests to help determine differences between site and background and/or reference
site data sets when detection frequency was low. The chi-square test (Zar 1984) is used in
conjunction with 2x2 contingency tables to test for differences in categorical data. It represents
the measure of association between two dichotomous variables and so indicates the strength of
correlation, or lack thereof, indicating independence. In the case of detection rate, it tests
whether the frequency of occurrence of detects in a data set is independent of the category of that
data set (e.g., whether the data set originates from a study site or background locations). The
chi-square test does not consider the magnitude of the analyte, only the frequency of detection.
The box plots were reviewed to determine if the difference in detection frequency was also
associated with a difference in the range of study site versus reference site concentrations.

COPC Refinement Results. Risk analyses for the RCBRA were based on an initial data
evaluation and SLERA of cleanup verification samples collected for each site and presented in
the site-specific CVP or RSVP report (as described in Section 5.2). The SLERA was
documented in more detail as part of the DQO Summary Report (BHI-01757) and identified the
contaminant analytical suites for the riparian and near-shore environment. By using the full
analytical suites, more than 160 analytes were measured in a variety of abiotic and biotic media.

The following contaminant analytical suites were measured in the riparian environment:

* Inorganic chemicals - 35 analytes
* Organic chemicals - PCBs, pesticides, or SVOCs - 101 analytes
* Radionuclides - 26 analytes.

The results of the statistical comparisons to background and reference sites for soil and
comparison to reference sites for biotic tissues are presented in Tables 5-29 through 5-45. Data
evaluated for the RCBRA project are soil, plant tissue, terrestrial invertebrate tissue, bird crop
tissue, bird carcass tissue, small mammal organ (liver/kidney) tissue, and small mammal carcass
tissue. Tables 5-29 through 5-45 present the count of samples, maximum concentration, and the
significance (p-value) for up to four statistical tests for each comparison set. Tests with p-values
less than 0.05 indicate a statistical difference. If multiple tests can be run based on a sufficient
detection frequency and the results of the p-values are concordant (all less than 0.05 or all greater
than 0.05), then the analyte is grouped as a COPC or not a COPC based on these tests. In cases
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where no tests or one test could be run or the p-values are discordant, then the analyte is
identified for further evaluation. Contaminant of potential concern status for this last group of
analytes was determined using an analyte-specific evaluation. Note that an analyte may be
categorized as not different from reference and background for soil but as an uncertainty for
plant tissues and may be considered in the analyte-specific evaluation for all sample media.

Data evaluated from the 100-B/C Pilot were soil, plant tissue, terrestrial invertebrate tissue, small
mammal organ (brain or liver) tissue, and small mammal carcass tissue. Data evaluated for the
1 00-NR-2 shoreline assessment were soil, plant tissue, terrestrial invertebrate tissue, small
mammal organ (brain or liver) tissue, and small mammal carcass tissue. The 100-B/C Pilot and
100-NR-2 statistical results were reviewed to determine if the COPCs retained by the analyses of
the RCBRA data should be augmented by any additional analytes. This comparison resulted in
the addition of selenium, silver, thallium, and vanadium as COPCs.

Contaminant of potential concern refinement in the riparian environment emphasized sample
results in soil as the primary environmental medium. The results of statistical tests using data
from all study site sampling locations and media were supplemented by review of results in the
soil for individual sampling locations and decision areas in order to identify COPCs. Factors
such as mobility, interspecies variability, uncertainty in uptake and depuration rates, and other
temporal influences are reasons that biotic tissues were not considered primary media. The
analyte-specific evaluation for the riparian environment included the following components:

* Status on the inclusion list resulted in retaining an analyte as a COPC.

* Emphasis was placed on comparisons to reference site concentrations because these were
used as comparison values for the exposure evaluation. A difference from reference
concentrations demonstrates that there is a biologically meaningful range of exposure levels
for gradient analyses. The slippage test is the most definitive test for showing a difference in
the range of concentrations at study sites compared to reference sites. Cases where there
were outliers at the reference sites were noted because these outliers could interfere with the
conclusions of the slippage test or the visual interpretation of the box plots.

* The results of soil and biotic tissue statistical tests were considered, but emphasis was placed
on differences in soil because this is the primary contaminated medium.

* The box plots showing soil sample results for each riparian site were reviewed. These plots
(which are in Appendix E-2) were reviewed to identify concentration shifts for a particular
location and to identify outliers. Concentration shifts are indicated by differences in the
interquartile range (the position of the box) or by the range of concentrations in the upper
quartile (points that plot above the box). Analytes that showed a concentration shift for a
record of decision (ROD) area or location were identified as COPCs. Outlier points are
indicated on the plots by sample results that lie outside of the whiskers on the plots. A
significant outlier, particularly in soil at a study site, is a factor used to decide if an analyte
should be retained as a COPC. The plots also help to determine if the detected
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concentrations fall with the range of the nondetects; these analytes were not retained as
COPCs.

0 The box plots showing biotic tissue sample results were reviewed. These plots are in
Appendix E-3. The plots were reviewed to identify outliers as described above. A
significant outlier is a factor used to decide if an analyte should be retained as a COPC.
The plots also help to determine if the detected concentrations fall with the range of the
nondetects; these analytes were not retained as COPCs.

To further illustrate the COPC refinement process, two examples are summarized below. One
example is where a COPC was identified based on the analyte-specific evaluation, and the other
example is where a COPC was eliminated based on the analyte-specific evaluation.

COPC Refinement Example - Arsenic. Arsenic concentrations in biotic tissues were not
different from reference site concentrations. Soil concentrations were different from reference
(one of three statistical tests) and were different from background (two of three statistical tests).
Thus, statistical results for soil suggested a difference. The concentrations of arsenic in soil at
riparian site 1 are greater than other study sites or reference sites, and thus arsenic was retained
as a COPC.

COPC Refinement Example - Boron. There were no statistical differences from
background or reference for soil, plant, invertebrate, bird carcass, or mammal tissues. Bird crop
concentrations were greater than reference based on the slippage test (study site boron maximum
in bird crops was 12.7 mg/kg, the second highest value was about 5 mg/kg, and reference
maximum was 2.6 mg/kg). However, boron was not retained as a COPC based on lack of
difference for soil and most biotic tissues.

Table 5-29 presents the results of statistical comparisons of soil analytes measured at 18 study
sites compared to background and reference site concentrations.

Table 5-30 presents the results of statistical comparisons of soil measured at 100-B/C Pilot study
sites compared to background and reference site concentrations. Thirteen analytes were
identified as "see text" (arsenic, cadmium, chromium, copper, lead, lithium, molybdenum,
selenium, zinc, cesium-137, plutonium-239/240, strontium-90, and technetium-99). Chromium
was identified as a COPC based on the RCBRA soil statistical tests. Lithium was detected at a
higher frequency in 100-B/C Pilot soil compared to background, but 100-B/C Pilot soil
concentrations did not differ from reference. Thus, lithium was not identified as a COPC.
Selenium was detected at a higher frequency in 100-B/C Pilot soil compared to reference sites.
However, the range of selenium in 100-B/C Pilot soil samples was not different than reference
site levels, and it was not identified as a COPC. Plutonium-239/240 was not sampled in RCBRA
riparian soil, but it was detected at a higher frequency in 100-B/C Pilot soil compared to
reference sites. However, the range of plutonium-239/240 in the 100-B/C Pilot soil samples was
not different than reference site levels, and it is not identified as a COPC. The other nine
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100-B/C Pilot soil analytes (arsenic, cadmium, copper, lead, molybdenum, zinc, cesium-137,
strontium-90, and technetium-99) were considered in the analyte-specific evaluation.

Table 5-31 presents the results of statistical comparisons of soil measured at 100-NR-2 shoreline
assessment study sites compared to background and reference site concentrations. Ten inorganic
chemicals and one radionuclide were identified as "see text" (antimony, cadmium, chromium,
lead, mercury, nickel, selenium, uranium [inorganic], vanadium, zinc, and strontium-90). In
addition to these inorganic chemicals and radionuclides, total petroleum hydrocarbons-diesel
range (TPH-diesel), total PCBs, and 17 different PCB congeners are listed in Table 5-30.
Results for these analytes were considered in the analyte-specific evaluation, unless the RCBRA
statistical comparisons indicated that the analyte was retained as a COPC.

Table 5-32 presents the results of statistical comparisons of plant tissue measured at 18 study
sites compared to reference site concentrations.
Table 5-33 presents the results of statistical comparisons of plant tissue measured at
100-B/C Pilot sites compared to reference site concentrations. Eleven analytes were identified as
"see text" (antimony, arsenic, cadmium, chromium, lead, mercury, thallium, uranium
[inorganic], cesium-137, strontium-90, and technetium-99). Results for these analytes were
considered in the analyte-specific evaluation, unless the RCBRA statistical comparisons
indicated that the analyte was retained as a COPC.

Table 5-34 presents the results of statistical comparisons of plant tissue measured at 100-NR-2
study sites compared to reference site concentrations. Ten analytes were identified as "see text"
(arsenic, cadmium, chromium, lead, mercury, thallium, thorium, uranium [inorganic],
strontium-90, and technetium-99). Results for these analytes were considered in the
analyte-specific evaluation, unless the RCBRA statistical comparisons indicated that the analyte
was retained as a COPC.

Table 5-35 presents the results of statistical comparisons of terrestrial invertebrate tissue
measured at 18 study sites compared to reference site concentrations.

Table 5-36 presents the results of statistical comparisons of terrestrial invertebrate tissue
measured at 100-B/C Pilot study sites compared to reference site concentrations. Fifteen
analytes were identified as "see text" (aluminum, antimony, barium, cadmium, chromium,
copper, lead, manganese, mercury, nickel, selenium, silver, thallium, uranium [inorganic], and
zinc). Results for these analytes were considered in the analyte-specific evaluation, unless the
RCBRA statistical comparisons indicated that the analyte was retained as a COPC.

Table 5-37 presents the results of statistical comparisons of terrestrial invertebrate tissue
measured at 100-NR-2 study sites compared to reference site concentrations. Nine analytes were
identified as "see text" (antimony, barium, cadmium, lead, manganese, mercury, nickel, uranium
[inorganic], and vanadium). Results for these analytes were considered in the analyte-specific
evaluation, unless the RCBRA statistical comparisons indicated that the analyte was retained as a
COPC.
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Tables 5-38 and 5-39 present the results of statistical comparisons of bird crop content and bird
carcass tissue measured at 18 study sites compared to reference site concentrations.

Tables 5-40 and 5-41 present the results of statistical comparisons of mammal organ
(liver/kidney) and mammal carcass (without organs) tissue measured at 18 study sites compared
to reference site concentrations.

Tables 5-42 and 5-43 present the results of statistical comparisons of mammal organ (brain or
liver) and mammal carcass (without organs) tissue measured at the 100-B/C Pilot study sites
compared to reference site concentrations. Six analytes were identified as "see text" (antimony,
cadmium, nickel, thallium, strontium-90, and technetium-99). Results for these analytes were
considered in the analyte-specific evaluation, unless the RCBRA statistical comparisons
indicated that the analyte was retained as a COPC.

Tables 5-44 and 5-45 present the results of statistical comparisons of mammal organ (brain or
liver) and mammal carcass (without organs) tissue measured at 100-NR-2 study sites compared
to reference site concentrations. Six inorganic chemical and radionuclide analytes were
identified as "see text" (antimony, lead, manganese, nickel, strontium-90, and technetium-99).
In addition to these inorganic chemicals and radionuclides, total PCBs and seven different
PCB congeners were listed in Table 5-44. Results for these analytes were considered in the
analyte-specific evaluation, unless the RCBRA statistical comparisons indicated that the analyte
was retained as a COPC.

The COPC status for all analytes is summarized in Tables 5-46 and 5-47 based on the
information in Tables 5-29, 5-32, 5-35, 5-38, 5-39, 5-40, and 5-41. Tables 5-46 and 5-47 also
present the count of samples and the maximum detected concentration in soil, plant tissue,
terrestrial invertebrate tissue, bird crop contents or tissue, and mammal tissue at study sites. Four
analytes (selenium, silver, thallium, and vanadium) were added as COPCs based solely on the
statistical analyses of the 100-B/C Pilot or 100-NR-2 biotic tissue data. The analyte-specific
evaluation that supports the assignment of COPC status is provided in Table 5-48.

5.3.4.4 COPEC Refinement. The COPC lists were further refined to develop a COPEC list for
the riparian environment. The process to identify COPECs is summarized in Figure 5-13. The
upper confidence limit (UCL) of the mean (i.e., reasonable maximum exposure [RME])
concentrations of detected sample results for COPCs in MIS soil measured at study sites were
compared to the lowest available (most protective) ecological risk screening values for each
taxonomic group (plants, invertebrates, and wildlife). In addition, the representative
concentrations from discrete soil samples collected in rare plant habitat were compared to
ecological risk screening values for plants. A COPC was retained as a COPEC if the soil
concentration was greater than the ecological risk screening values or if there was no screening
value for a receptor group (plants, invertebrates, wildlife). COPCs that lack screening values for
any receptor group were retained as COPECs and evaluated in the gradient analyses discussed in
the risk characterization Section (5.3.5).
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Figure 5-13. COPEC Refinement Process Flow Diagram.
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Figure 5-13 shows additive effects for PAHs and radionuclides (within each group), which were
also evaluated using the ratio of the RME to the screening value for each COPC in these analyte
groups. If the resulting hazard index (HI) for PAHs or sum of fractions (SOF) for radionuclides
was greater than 1.0, then all COPCs in that analyte group were retained as COPECs.

The protocol for calculating the UCL of the mean (representative concentration for RME)
distinguishes between data sets with fewer than five detects and data sets with five or more
detects. The following is a synopsis of how the representative concentrations were calculated for
various categories of the number of detects:

* No detects: No representative concentrations.

* One or two detects: Use the maximum detected value as both the central tendency exposure
(CTE) and RME representative concentrations.

* Three or four detects: Use only the detected values to estimate representative concentrations
as either an average (CTE) or maximum detect as the RME of the detected sample results.

* If the data set contains five or more detects, then three statistical methods were used to
calculate the mean (CTE) and the UCL of the mean (RME) based on all data (detects and
nondetects). Nondetect sample results were substituted with a replacement value based on
the regression-on-order statistics method.

Additional information on representative concentration calculations is provided in Section 3.4.4
because these statistical methods apply to multiple environments and sample media. The
representative concentrations used in the riparian environment are provided in electronic format
in Appendix E-4. The representative concentrations in the riparian environment were calculated
for the data summarized in this section and used for COPC refinement above.

Summaries of the data support and methods used for calculating representative concentrations
for chemicals or radionuclides are provided in Table 5-49. Table 5-49 shows that most of the
representative concentrations for the RCBRA biota are based on small sample sizes (one or two
detects), but that about 24% of the RCBRA soil values are based on five or more detects. In
general, there were five or more detects for 100-B/C Pilot or 1 00-NR-2 biotic tissue sample
results. Table 5-50 summarizes the ratio of the maximum detect to the RME concentration for
the sampled riparian media (soil and biotic tissues). Most of the RME concentrations were
similar to the maximum detect (ratios between 0.8 and 1.2), and Table 5-51 lists those maximum
detects that were greater than twice the RMEs. None were less than half of the RME. All of
these analyte and site combinations where the RME is very different from the maximum are for
soil or biotic tissue samples collected for the 100-B/C Pilot or 100-NR-2.

The sources for soil screening values used for COPEC refinement (Figure 5-13) are Ecology
(WAC 173-340-900, Table 749-3) and the EPA ecological soil screening levels (Eco-SSLs)
(OSWER 9285.7-55) for most chemicals, the Biota Dose Assessment Committee (BDAC)
(DOE-STD- 1153-2002, A Graded Approach for Evaluating Radiation Doses to Aquatic and
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Terrestrial Biota; DOE/EH-0676, RESRAD-BIOTA: A Toolfor Implementing a Graded
Approach to Biota Dose Evaluation, User's Guide, Version 1) for radionuclides, and other
sources of ecological screening values (e.g., LA-UR-08-06673, ECORISK Database) when they
were not available from previously listed sources. The lowest available screening value from
these sources was used for each receptor group. The data sources for the screening values were
selected based on defined quality criteria: values set forth by Washington State law, nationally
accepted values from the EPA and peer-reviewed from a DOE source, or other peer-reviewed
scientific literature. Screening values are available for most of the COPCs listed in Table 5-48,
and these screening values are presented in Table 5-52. Note that an exception was applied to
uranium (both the calculated total and inorganic forms) where a more recent compilation of soil
screening values from Sheppard et al. (2005) was used for plants and invertebrates. The uranium
soil screening value for wildlife was calculated based on the toxicity information compiled for
preliminary remediation goals and the exposure model provided in WAC Tables 749-4
and 749-5. PAHs and radionuclides have the potential for a common mode of action, so additive
ecological risks were evaluated for these two COPC groups. Other COPCs (inorganic, organic,
and other chemicals) were evaluated on an individual analyte basis. The RME (either the UCL
of the mean concentrations of detected sample results or the maximum detect) for COPCs in soil
measured at riparian study sites were compared to the screening values for each taxonomic group
(plants, invertebrates, and wildlife) to determine COPECs. Development of COPECs has the
benefit of focusing the assessment on those contaminants that are most likely to present
ecological risks. A detailed assessment of the potential for ecological risks is not needed for
COPCs with soil concentrations that are less than ecological screening values.

The basic screening result in this step of COPEC refinement is the determination of whether the
RME (either the UCL of the mean soil concentration or the maximum detect) for a particular
COPC is greater than the soil screening value for that COPC. The COPC was retained as a
COPEC if the soil concentration was greater than the screening value or if there was a data gap
for a receptor group (plants, invertebrates, wildlife). COPCs for which screening values were
unavailable for any receptor group were retained as COPECs and were evaluated in the gradient
analyses discussed in the risk characterization section. Screening results are presented in
Table 5-53 for all COPCs retained following the earlier screening step (results in Tables 5-46
and 5-47) except for PAHs and radionuclides. Table 5-53 presents the count of RME soil
concentrations for each COPC (there is 1 RME concentration per study site [if the analyte was
measured]: 18 for RCBRA, 1 for 100-B/C Pilot, and 1 for 100-NR-2); the maximum RME
concentration; and the soil screening values for plants, terrestrial invertebrates, and wildlife.
Table 5-53 also provides the results of COPEC selection and the decision rationale (reason) for
each COPC.

Polycyclic aromatic hydrocarbons and radionuclides were evaluated based on additive effects
within each group. Additive effects were evaluated for PAHs using a hazard index (HI)
approach (Equation 5-3), which sums the ratios of the PAH concentrations to the relevant
PAH Eco-SSL. Low-molecular-weight (LMW) and high-molecular-weight (HMW) PAHs were
grouped and evaluated separately. Low-molecular weight compounds have fewer than four
aromatic rings, and HMW compounds have four or more aromatic rings (OSWER 9285.7-78).
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Table 5-54 indicates the molecular weight group of each PAH retained as COPCs at study sites.
An HI greater than 1.0 indicates a potential for ecological effects from the PAH group. Table 5-
54 presents the count of RME soil concentrations for each PAH class (there is one RME
concentration per study site); the maximum RME concentration for the study sites; the soil
screening values for plants, terrestrial invertebrates, and wildlife; the ratio for each PAH COPC;
and the HI values for these receptors. Table 5-54 also provides the COPEC status for each PAH
class.

where:

Exposurej
Screening Valuej

HI = A Exposurej / Screening Valuej
j=I

= exposure concentration for PAH in soil
= EPA Eco-SSL for LMW or HMW PAHsj.

Equation 5-3

Additive effects for radionuclides were evaluated using the sum-of-fractions (SOF) method
(Equation 5-4) where the ratio of radionuclide concentrations to the relevant biota concentration
guideline was summed and multiplied by the target dose limit to calculate the dose in rad/day for
each receptor. A dose greater than the target dose limit indicates the potential for adverse
ecological effects from radionuclides. Table 5-55 presents the count of RME soil concentrations
for each radionuclide (there is one RME concentration per study site if the radionuclide was
measured), the maximum RME concentration, the soil screening values for plants and wildlife,
and the SOF and dose for these receptors.

Dose = Target dose limit * Exposurej / Level 1 BCGj Equation 5-4

Target dose limit
Exposurej
Level 1 BCG

0.1 rad/day for terrestrial wildlife and 1 rad/day for terrestrial plants
exposure concentration for radionuclides in soil
default soil BCG for radionuclidej.

The results of COPEC refinement based on soil MIS and discrete soil samples in rare plant
habitat are summarized below for various analyte groups.

Inorganic Chemicals. Comparison of study site soil concentrations to plant, invertebrate, and
wildlife screening values did not eliminate any inorganic chemicals as COPECs. Inorganic
chemicals were either retained as COPECs based on soil MIS concentrations exceeding
screening values or based on lacking one or more screening values. No additional inorganic
chemical COPECs were identified in the discrete soil samples in rare plant habitat.

PCBs, Pesticides, SVOCs. Comparison of study site soil MIS concentrations to plant,
invertebrate, and wildlife screening values led to eliminating phenol as a COPEC. The other
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organic chemicals were either retained as COPECs based on soil MIS concentrations exceeding
screening values or based on lacking one or more screening values. Dieldrin, endosulfan sulfate,
and endrin aldehyde were detected only in discrete soil samples taken in rare plant habitat;
dieldrin was eliminated as a concern to plants based on soil concentration less than
screening value, but endosulfan sulfate and endrin aldehyde were retained as COPECs (plants
only) based on the comparison to plant soil screening values.

PAHs. The EPA Eco-SSLs for PAHs consider the potential for risk from HMW and LMW
PAHs. PAHs retained as COPCs were detected in soil MIS, but were not detected in discrete
soil samples in rare plant habitat. Eco-SSLs for HMW and LMW PAHs are available for
terrestrial invertebrates and wildlife (mammals); the potential for ecological risk was evaluated
by summing the ratio of the PAH concentration and comparison to the relevant PAH Eco-SSL,
which is equivalent to an HI (HI-PAH-LMW and HI-PAH-HMW) for PAHs. The EPA did not
identify sufficient toxicity data to develop Eco-SSLs for plants, but review documents suggest
that PAH or TPH constituents are not exceptionally phytotoxic (Efroymson et al. 2004;
Kapustka 2004a, 2004b). Thus, data gaps for plants are not considered as a rationale for
retaining PAHs as COPECs. If the HI-PAH is less than 1, no potential for adverse ecological
effects is indicated for that class of PAHs. This evaluation resulted in the following information
(Table 5-54):

* Terrestrial invertebrates: HI-PAH-LMW was 0.02 and the HI-PAH-HMW was 0.22; thus,
no potential for adverse ecological effects on terrestrial invertebrates was indicated.

* Wildlife: HI-PAH-LMW was <0.01, and the HI-PAH-HMW was 0.40; thus, no potential for
adverse ecological effects on wildlife was indicated.

Based on this information, PAHs were not retained as COPECs.

Radionuclides. The BCGs developed by the BDAC provide screening values to evaluate the
potential for adverse ecological effects to plants and terrestrial animals from radionuclides in
soil. The BCGs are concentrations in soil that are predicted to equal a dose threshold, or
radiation dose associated with no adverse effects in plants or animals. Dose thresholds for
terrestrial receptors are 1.0 rad/day for plants and 0.1 rad/day for animals. The potential for
adverse ecological effects was evaluated by summing the ratio of radionuclide concentrations
and comparison to the relevant BCG and multiplying by the dose limit to calculate the dose in
rad/day for each receptor. This evaluation resulted in the following information (Table 5-55):

* Plants: Dose was less than the 1 rad/day dose limit (maximum was <0.01 rad/day based on
soil MIS or discrete soil samples in rare plant habitat); no potential for adverse ecological
effects on plants was indicated.

* Terrestrial animals: Dose was less than the 0.1 rad/day dose limit (maximum was
0.016 rad/day); no potential for adverse ecological effects on terrestrial animals was
indicated.
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Because the doses to riparian biota calculated from radionuclides in soil are less than the dose
limits of 1 rad/day to plants or 0.1 rad/day to animals, radionuclides were not retained as
COPECs, requiring further evaluation in the riparian environment BERA.
Although radionuclides did not receive further evaluation in the riparian environment BERA,
they were evaluated in the conclusions for this volume of the RCBRA (Section 8.0) and
radionuclides also were evaluated in Volume II (human health risk assessment).

5.3.4.5 Benchmarks/Toxicity Reference Values. The toxicity information collected for this
assessment reflects the most current and relevant studies available. For plants and invertebrates,
detected concentrations in exposure media (soil) were compared to effect levels for direct
exposure to COPECs. For wildlife, modeled oral exposure through the diet and soil pathways
was compared to COPEC-specific effect levels.

Effect levels for plants and invertebrates are termed benchmarks, which refer to concentrations
of COPECs in soil that are associated with little or no toxicity for plants or invertebrates. This
assessment employed benchmarks that may be associated with limited adverse effects on plants
or invertebrates based on lowest observed effect concentrations or the equivalent. Benchmarks
were selected from sources with high relevance to the Hanford Site, such as the Washington
State Ecological Indicator Soil Concentrations (WAC 173-340-900 Table 749-3) or EPA's
ecological soil screening levels (OSWER 9285.7-55). Values in WAC 173-340-900,
Table 749-3, were originally based on toxicity data on plants (ES/ER/TM-85/R3, 1997) and
invertebrates (ES/ER/TM-126/R2, 1997) compiled by the Oak Ridge National Laboratory. In
contrast, Eco-SSLs represent the most current literature on ecological effect levels of chemicals
in soil, below which adverse effects on plants or invertebrates are unlikely. Ecological soil-
screening levels were compiled using a systematic and peer-reviewed process, so they represent
ecological screening values that can be used with high confidence.

Because EPA Eco-SSLs represent benchmarks associated with high confidence, given the
rigorous means by which they were derived, they represent the state of the science in ecological
risk assessment screening values as generally recognized by professionals in this field.
Benchmarks selected in Oak Ridge compilations have an associated confidence rating that
depended upon the number of studies used to derive the benchmark.

Figure 5-14 shows the steps used in this study to select appropriate benchmarks for further
evaluation of each COPEC. The first step in benchmark selection was to determine if a
benchmark was available from the WAC or Eco-SSLs. If no benchmark was available from
these sources, then no benchmark was selected. Note that this resulted in some cases where a
screening value was available for a COPEC but there was no benchmark. The reason is that
screening values used in this assessment included values from the Los Alamos National
Laboratory EcoRisk database (LA-UR-08-06673), but these values were not considered as
benchmarks due to their conservative nature.
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Figure 5-14. Soil Benchmark Selection Process.
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Screening values from the Los Alamos National Laboratory EcoRisk database have been
converted to no effect levels based on application of uncertainty factors or reflect no effect
concentrations from the literature. As such, these screening values reflect a greater degree of
conservatism than do the benchmarks used for risk characterization in this assessment.

Contaminants of potential ecological concern for which screening values were available but for
which benchmarks were not identified were hexavalent chromium (plants and invertebrates),
uranium (invertebrates), aldrin (plants), and endrin aldehyde (plants).

If a benchmark was available from WAC or Eco-SSLs and the confidence rating was moderate
or high, the lowest value available was selected. If there was low confidence in the only value
available, then published literature was consulted to determine if any values with high
confidence were available. If so, that value was selected; otherwise the low-confidence value
from WAC 173-340-900, Table 749-3, was selected as the only information available for this
COPEC and receptor.
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Details on the exposure evaluation are provided below for plants, invertebrates, and middle
trophic-level birds and mammals. Effect levels are presented for plants and invertebrates
(Tables 5-56 and 5-57), and a range of effect levels (also referred to as toxicity reference values
[TRVs]) is provided for wildlife (Tables 5-58 and 5-59) to inform risk management. Tables 5-56
and 5-57 provide information on the soil constituent (COPEC), chemical form, citation for the
primary study, test species, duration, soil pH, soil organic matter (%), generic effect endpoint,
specific endpoint, effect level, confidence in effect level, the secondary source for the effect
levels, any applicable notes on effect level selection, and the selected benchmarks.

Tables 5-58 and 5-59 provide information on the soil constituent (COPEC), chemical form,
citation for the primary study, test species and body weight, generic effect endpoint, specific
endpoint, uncertainty factors applied, uncertainty factor type, no observable adverse effect level
(NOAEL), lowest observable adverse effect level (LOAEL), secondary source for the effect
levels, any applicable notes on effect level selection, and the selected effect levels. By
definition, no-effect levels from the same toxicity study are less than exposures associated with
the lowest-effect levels.

5.3.5 Risk Characterization (ERAGS Step 7)

This section presents ERAGS Step 7, risk characterization, which includes risk estimation, risk
description, and uncertainty analysis.

Results from the various measures employed in this investigation constitute lines of evidence
that were evaluated with regard to the magnitude of effect and the degree of corroboration
among the lines for each assessment endpoint. Types of literature toxicity information and field
measure descriptions are presented in Section 5.3.4.

The following conventions are used to describe comparisons to literature effect levels:

* "Adverse effects are unlikely" is associated with concentrations less than benchmarks or
doses less than NOAELs.

* "Low potential for adverse effects" is associated with doses between NOAELs and LOAELs.

* "Potential for adverse effects" is associated with concentrations greater than benchmarks or
doses greater than LOAELs.

Other lines of evidence involve comparisons of results for study sites to reference sites:

* "Evidence for adverse effects" is associated with statistical differences in bioassay results
that show decreased germination or growth for plants or reduced survival for nematodes
when comparing study sites to reference sites.
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In addition to these lines of evidence, considerations were given as to whether a particular line of
evidence was fully or partially captured in the sampling and field measurements. Failure to
achieve the intended goals for any line of evidence would detract from the utility of that measure
and add an uncertainty qualifier to the conclusions for that line of evidence.

5.3.5.1 Plants. The evidence for exposure and effects is discussed below for the measures used
to evaluate risk to riparian zone plants from Hanford Site contaminants.

Soil Characterization. Soil is the primary exposure medium for plants in the riparian
environment. The concentrations of COPECs are presented graphically in box plots (see
Appendix E-2). The representative concentrations of COPECs at study sites were tabulated (as
measures of exposure) for comparison with benchmarks or to bioassay results (as measures of
effects). Both CTE and RME concentrations were compared to phytotoxicity benchmarks; the
CTE concentrations also were used for soil gradient analysis versus plant tissue concentrations or
phytotoxicity measures. As noted previously, soil MIS values used for CTE exposure were the
average concentrations for each COPEC from five MIS samples per location (study site or
reference site). There were also sufficient soil data for most sites and COPECs (at least three
detected sample results are required) to estimate the RME for soil MIS based on the maximum or
upper confidence limit (UCL) of the mean concentration. The discrete soil samples collected
from study sites were evaluated in the plant exposure evaluation, were paired with phytotoxicity
measures, and also were evaluated in the soil gradient analysis. The representative
concentrations evaluated for plants are included as an electronic attachment (Appendix E-4).

Literature Values for Survival, Growth, or Reproduction. A literature review was performed
to compile benchmarks for riparian COPECs (Section 5.3.4.5). The compilation encompassed
effects levels for plants that are representative of receptors at the Hanford Site, insofar as
possible. Most of the published toxicological data represent results of tests with single
chemicals. Toxicity information such as this may be expressed as concentrations in soil
associated with the presence or absence of effects. One measure of the potential for adverse
effects of riparian COPECs on plants is based on comparisons of soil COPEC concentrations to
these soil phytotoxicity benchmarks. The results of the analysis are presented as benchmark
HQs, which are the soil concentration (both CTE and RME) divided by the benchmark. A
benchmark HQ greater than 1.0 suggests the potential for adverse ecological effects.

Measured soil COPEC concentrations were used for the calculation of phytotoxicity benchmark
HQs, which were computed by dividing soil concentration by the applicable receptor/analyte
effect level (Equation 5-5). Adverse effects are inferred by the ratio of exposure to effect levels
(or soil phytotoxicity benchmarks) when the ratio is greater than 1.0.

Benchmark HQ[receptor, analyte] = Concentration[,sij] / Benchmark[receptor, analyte] Equation 5-5

Table 5-60 presents benchmark HQ information at study sites and reference sites for terrestrial
plants, the maximum CTE and RME soil MIS or discrete concentrations, and the benchmark HQ
values for the CTE and RME. There were nine COPECs (Aroclor-1260, barium, cadmium,
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calculated total uranium, copper, mercury, silver, total PCBs, and uranium [inorganic]) for which
both CTE and RME soil concentrations were less than the benchmark; adverse effects on plants
are unlikely for these COPECs. For the remaining COPECs, there was either a data gap for the
benchmark, or the benchmark was exceeded. Additional information on COPECs for which soil
concentrations exceeded plant benchmarks is presented in Table 5-61. That table presents all site
and COPEC combinations for which either the CTE or RME soil concentrations exceeded the
benchmarks and reference concentrations. The COPECs listed in Table 5-61 are arsenic,
chromium, lead, vanadium, and zinc. Both study sites and the reference sites had
benchmark HQs greater than 1.0 for one or more of these COPECs. Although concentrations of
selenium and thallium were greater than benchmarks, concentrations at reference sites were
equal to or greater than study sites. Results for these COPECs are not presented in Table 5-61.
Benchmark HQ results for all COPECs and sites are provided in an electronic attachment to
Appendix E-5.

Diversity and Abundance from Plant Surveys. Qualitative information on the plant
community was collected in the field. This information was used to identify the most common
plant species at each site so that these species could be sampled for analysis of contaminants in
tissues. The plant surveys also provided qualitative information on the ecological condition of
the study sites and reference sites. Plant diversity, richness, and total cover at riparian sites are
summarized in Table 5-62. The table highlights study site values that are more than
20% different from the average of the reference sites, because 20% is a commonly used
threshold for biologically significant differences. Some of the reference sites differ by 20% or
more from the reference site average (and also are highlighted); differences of 20% were
commonly noted among study sites for various plant community measures. Plots of these
measures of the riparian terrestrial plant community, such as the percentages of litter, rock,
bare ground, and cryptogamic crust, are presented in Appendix E-6.

The following is a synopsis of the average values and statistical significance (p-value<0.05) of
selected plant community measures for study sites and reference sites:

* Plant diversity: study site = 2.1; reference = 2.2; p-value = 0.52
* Plant species richness: study site = 21; reference = 23; p-value = 0.50
* Percent bare ground: study site = 12%; reference = 13%; p-value = 0.89
* Percent annual cover: study site = 8.9%; reference = 5.4%; p-value = 0.35
* Percent alien species cover: study site = 39%; reference = 31%; p-value = 0.42
* Percent native species cover: study site = 21%; reference = 25%; p-value = 0.44
* Percent grass cover: study site = 30%; reference = 16%; p-value = 0.03
* Percent litter cover: study site = 24%; reference = 30%; p-value = 0.33
* Percent shrub cover: study site = 2.4%; reference = 0.21%; p-value = 0.57
* Percent cryptogamic cover: study site = 3.5%; reference = 1.6%; p-value = 0.42
* Percent total canopy cover: study site = 65%; reference = 63%; p-value = 0.68.
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In summary, the study site plant cover measures show 1 statistical difference (out of 11
comparisons) from reference site plant cover measures; there was a greater percentage of grass
cover on study sites compared to reference sites.

Rare Plant Surveys and associated Toxicity Tests. The following rare plant species were
identified in the riparian study sites: Columbian yellowcress (Rorippa columbiae, state
threatened), lowland toothcup (Rotala ramosior, state threatened), awned halfchaff sedge
(Lipocarpha aristulata; state threatened), and chaffweed (Centunculus minimus, state potential
concern) at RCBRA riparian sites 7, 8, 9, 2a, 2f, 2j, 21, 3b, and 5c. Technical reports associated
with the rare plant inventory effort are provided in 100 Area and 300 Area Component of the
River Corridor Baseline Risk Assessment Spring 2006 Data Compilation (WCH-139,
Appendix C) and Inter-Areas Component of the River Corridor Baseline Risk Assessment
Sampling Summary (WCH-274, Appendix D).

Based on the discovery of rare plants, discrete soil samples were collected to evaluate
contaminant concentrations in the locations where rare plants were observed. The results of the
discrete soil samples were used in the exposure assessment for the riparian locations, but these
samples were evaluated separately from the MIS soil data. The soil from these discrete locations
(as well as MIS samples from study and reference sites) was evaluated using the
Sandberg's bluegrass germination and growth bioassay, and the bioassay results are discussed
below.

Measured Tissue Concentrations. Plant tissue concentrations provide information on
contaminant uptake and bioavailability from soil. While this site-specific measure was planned
to carry a higher weight as a line of evidence, it is ranked low due to issues with elevated
detection limits associated with the tissue samples. Tissue sample results for riparian COPECs
are presented in Appendix E-3. The tissue concentrations for these COPECs form the
concentration gradient for evaluating ecological effects to wildlife in the riparian environment.
Several analytes were detected in RCBRA plant tissues, but statistical differences between study
site concentrations and reference site concentrations for COPECs were noted for only
four COPECs (barium, copper, thallium, and zinc; see Table 5-48).

A positive relationship between plant tissue concentrations and soil concentrations is an
indication of COPEC uptake into the food chain. Such relationships have been frequently
documented in the literature (e.g., BJC/OR-133, Empirical Modelsfor the Uptake ofInorganic
Chemicalsfrom Soil by Plants) and form the basis for simple wildlife exposure models used to
calculate soil-based ecological screening values. However, plant tissue concentrations of
COPECs did not correlate with soil MIS concentrations at riparian sites (summarized in
Table 5-63 and plots are presented in Appendix E-7).

Table 5-63 presents a summary of the linear regression analyses of plant tissue versus soil
concentration for COPECs, the number of sites with detected concentrations for soil and tissues,
the explained variance of the linear and log-linear models (r-squared), and the statistical
significance (p-value). Table 5-63 also provides an estimate of the ratio of plant tissue
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concentration in fresh weight to the soil concentration. Table 5-63 indicates if concentrations of
the COPEC were greater than reference in soil, plant tissue, both media, or neither medium. If
the COPEC concentrations were elevated in both media, there was more of a signal for the
regression analyses to evaluate; otherwise, the regression evaluated variation within background
levels in one medium or the other. The lack of statistical relationships of surface soil
concentrations and tissues may also indicate that biological exposures reflect deeper soils. The
statistical analyses were based on sites where the COPEC was detected in both plants and soil
and further assume that surface soil concentrations are representative of contaminant exposures
to plants. The analysis evaluated trends in average concentrations at study sites and does not
consider exposure and uptake into biota at scales smaller than the investigation area. To ensure
that biologically significant regressions are considered, only those regressions with at least
five results were further evaluated. This is consistent with the minimum sample size required to
calculate the upper confidence level of the mean as the representative concentration. Although
linear regression produces results with as few as three or four pairs of results, such minimal
sample sizes are associated with very low statistical power and, therefore, low confidence in the
result. There were insufficient detections in plant tissue to support linear regression analyses for
most COPECs. None of the models for the COPECs with sufficient detects were statistically
significant.

Germination and Growth from Toxicity Testing. Bluegrass bioassay tests were conducted in
2007 on MIS surface soil samples collected from eight study sites (RCBRA 2a, 2c, 2f, 2j, 21, 3b,
4a, and 5c Rip) and three reference sites (RCBRA Bev Ref 1, Bev Ref 2, and Ref 14 Rip) in the
riparian environment. Bluegrass bioassay tests were also conducted on eight discrete soil
samples collected from six study sites where rare plants were found (RCBRA 2a, 2f, 2j, 21, 3b,
and 5c Rip). As discussed in Section 5.3.2, the bluegrass bioassay results from 2006 were
not usable. There was a range in germination and growth results from the bluegrass bioassays;
results from each replicate (n = 5 per soil sample) are shown in box plots for rare plant sites,
study sites, and reference sites (Figures 5-15 through 5-23). For all of these figures, the
"rare plant" site type is based on the results from the 8 discrete soil samples
(so N = 40 replicates), study sites are represented by 40 replicates (from 8 sites, 6 of which had
rare plants present), and 3 reference sites are represented by 15 replicates that were tested.
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Figure 5-15. Sandberg's Bluegrass Germination at
Hanford Riparian Sites.
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Percent germination among replicates for the following soil types: rare plants (n = 40), reference sites (n = 15), and study areas
(n = 40). Seedling germination takes on discrete values based on between 0 and 5 seeds germinating per pot. The graph has the
replicate values plotted, but overlap at these possible fractions: 0%, 2 0%, 40%, 60%, 80%, 100%. Based on t-test (a = 0.05),
rare plant is different from reference (p<0.0001), and study area is not different from reference (p = 0.16).

Figure 5-16. Sandberg's Bluegrass Root Biomass (dry)
at Hanford Riparian Sites.
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Root dry mass among replicates for the following soil types: rare plants (n = 40), reference sites (n = 7), and study areas (n = 32).
Based on t-test (a 0.05), rare plant is different from reference (p = 0.01), and study area is not different from reference
(p = 0.37).
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Figure 5-17. Sandberg's Bluegrass Root Biomass (wet)
at Hanford Riparian Sites.
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Root wet mass among replicates for the following soil types: rare plants (n = 40), reference sites (n = 7), and study areas
(n = 32). Based on t-test (a = 0.05), rare plant is not different from reference (p = 0.16) and, study area is not different from
reference (p = 0.70).

Figure 5-18. Sandberg's Bluegrass Root Length
at Hanford Riparian Sites.
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Root length among replicates for the following soil types: rare plants (n = 40), reference sites (n = 7), and study areas (n = 32).
Based on t-test (a = 0.05), rare plant is different from reference (p = 0.0004), and study area is not different from reference
(p = 0.12).
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Figure 5-19. Sandberg's Bluegrass Shoot Biomass (dry)
at Hanford Riparian Sites.
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Shoot dry mass among replicates for the following soil types: rare plants (n
(n = 32). Based on t-test (a = 0.05), rare plant is different from reference (p
reference (p = 0.60).

40), reference sites (n = 7), and study areas
0.003), and study area is not different from

Figure 5-20. Sandberg's Bluegrass Shoot Biomass (wet)
at Hanford Riparian Sites.
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Shoot wet mass among replicates for the following soil types: rare plants (n
(n = 32). Based on t-test (a =0.05), rare plant is different from reference (p =
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= 40), reference sites (n = 7), and study areas
0.0008), and study area is not different from
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Figure 5-21. Sandberg's Bluegrass Shoot Height
at Hanford Riparian Sites.
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Shoot height among replicates for the following soil types: rare plants (n = 40), reference sites (n = 7), and study areas (n = 32).
Based on t-test (a = 0.05), rare plant is different from reference (p<0.0001), and study area is not different from reference
(p = 0.30).

Figure 5-22.
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Total wet mass among replicates for the following soil types: rare plants (n =
(n = 32). Based on t-test (a = 0.05), rare plant is different from reference (p
reference (p = 0.48).
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Figure 5-23.
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at Hanford Riparian Sites.
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Total wet mass among replicates for the following soil types: rare plants (n = 40), reference sites (n = 7), and study areas
(n = 32). Based on t-test (a = 0.05), rare plant is different from reference (p = 0.005), and study area is not different from
reference (p = 0.83).

Figure 5-15 displays germination results for the various site types. There was no statistically
significant difference in mean seed germination for study sites compared to reference sites based
on the Student's t-test (p-value>0.05). The discrete soil samples from rare plant areas had
significantly greater germination compared to reference (p-value<0.05).

Figure 5-16 displays seedling root mass (dry weight) results. There was no statistically
significant difference in mean root mass (dry weight) for study sites compared to reference based
on the Student's t-test (p-value>0.05). The discrete soil samples from rare plant areas had
significantly greater root mass (dry weight) compared to reference (p-value<0.05).

There was no statistically significant difference in mean root mass (wet weight) for study sites
compared to reference sites based on the Student's t-test (p-value>0.05) (Figure 5-17). The
discrete soil samples from rare plant areas also were not significantly different in root mass
(wet weight) compared to reference (p-value>0.05).

There was no statistically significant difference in mean root length for study sites compared to
reference based on the Student's t-test (p-value>0.05) (Figure 5-18). The discrete soil samples
from rare plant areas had significantly longer roots compared to reference (p-value<0.05).

Figure 5-19 displays seedling shoot mass (dry weight) results. There was no statistically
significant difference in mean shoot mass (dry weight) for study sites compared to reference sites
based on the Student's t-test (p-value>0.05). The discrete soil samples from rare plant areas had
significantly greater shoot mass (dry weight) compared to reference sites (p-value<0.05).
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There was no statistically significant difference in mean shoot mass (wet weight) for study sites
compared to reference sites based on the Student's t-test (p-value>0.05) (Figure 5-20). The
discrete soil samples from rare plant areas had significantly greater shoot mass (wet weight)
compared to reference (p-value<0.05).

There was no statistically significant difference in mean shoot height for study sites compared to
reference sites based on the Student's t-test (p-value>0.05) (Figure 5-21). The discrete soil
samples from rare plant areas had significantly longer shoots compared to reference
(p-value<0.05).

Figure 5-22 displays seedling total mass (dry weight) results. There was no statistically
significant difference in mean total mass (dry weight) for study sites compared to reference sites
based on the Student's t-test (p-value>0.05). The discrete soil samples from rare plant areas had
significantly greater total mass (dry weight) compared to reference (p-value<0.05).

There was no statistically significant difference in mean total mass (wet weight) for study sites
compared to reference sites based on the Student's t-test (p-value>0.05) (Figure 5-23).
The discrete soil samples from rare plant areas had significantly greater total mass (wet weight)
compared to reference (p-value<0.05).

It should be noted that the various measures evaluated in the germination and seedling growth
test are not independent - either based on plant physiology, life history strategies, or
mathematical relationships among these measures. For example, the fresh weight measures are
related to the dry weight measures with the difference being the amount of moisture in plant
tissues. Total mass is the sum of shoots and roots. Seeds will vary in their likelihood to
germinate and in the relative allocation to either roots or shoots. Lots of native plant seeds may
vary more than agricultural varieties that have been selected for more uniform germination and
growth properties. Such variation has been measured between seed batches of
Sandberg's bluegrass, and variation within seed batches can also be expected. In summary, there
are differences in nearly all phytotoxicity measures for the discrete soil samples collected from
rare plant areas when compared to reference sites, but no difference between the study sites from
reference sites for MIS soil. The bioassay results from the rare plant discrete soil samples show
increased germination or growth relative to reference. The sample collection methods, seed lots,
or other between-batch differences are the most likely causes for these differences.

The next step in evaluating the potential for adverse effects of COPECs on plants was an
examination of relationships between germination or seedling measures and concentrations of
COPECs or confounding factors. Significant negative correlations using the site averages of
bioassay measures and COPEC results were observed across the 11 sites with valid plant
bioassay results. The valid bioassays were from eight study sites and three reference sites, which
were all sampled using MIS to obtain soil for COPECs and plant bioassays. At six of the
eight study sites, discrete soil samples were also collected in rare plant habitat. The discrete soil
sample COPEC concentrations and bioassay results were evaluated as independent results in the
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regression analyses. Thus, if a COPEC was detected in all MIS and discrete soil samples, there
would be 17 pairs of results in the regression analyses (3 reference MIS, 8 study site MIS, and
6 discrete rare plant habitat samples). For each bioassay endpoint (e.g., germination) linear and
nonlinear regressions between the mean bioassay measure and the mean analyte results per site
were conducted for 17 pairs of bioassay measures and COPEC concentrations.

Table 5-64 provides a summary of the significance levels of these linear regressions for MIS and
discrete soil, including a count of the regressions for each endpoint, the minimum p-value
(statistical significance), the maximum p-value, and the number of statistically significant
regressions (p-value<0.05) for each analyte (COPEC or confounding factor). The table also
indicates if concentrations of the COPEC were greater than reference in soil. If the COPEC
concentrations were elevated in soil (i.e., there was a wider range of concentrations), there was
more of a signal for the regression analyses to evaluate. Otherwise the regression evaluated
variation within background levels in soil. To ensure that biologically significant regressions are
considered, only those regressions with at least five results are reported. This is consistent with
the minimum sample size required to calculate the upper confidence level of the mean as the
representative concentration. As noted above for tissue concentrations, linear regression
produces results with as few as three or four pairs of results, but such minimal sample sizes are
associated with very low statistical power and, therefore, low confidence in the result. Other
analyses (e.g., the ecological exposure evaluation) evaluate each site and each COPEC
individually.

Table 5-64 provides the statistically significant linear regression models for COPECs and
confounding factors (10 different particle size measures, 2 nitrogen measures, calcium, fluoride,
potassium, pH, silicon, sodium). Among COPECs, the potential for adverse effects is indicated
by a negative slope from the linear regression analyses; only chromium and vanadium had a
negative slope with one or more phytotoxicity measures (chromium and germination; vanadium
and shoot mass [fresh weight] and root-shoot mass [fresh weight] - dry weight measures were
not significantly negatively correlated to vanadium concentrations). Note that concentrations of
vanadium are not statistically greater than reference, indicating some uncertainty in a dose-
response relationship with phytotoxicity measures given the lack of the contaminant signal in
soil. Other COPECs (arsenic, barium, calculated total uranium, copper, endrin aldehyde, lead,
uranium, and zinc) had positive relationships with various phytotoxicity measures if they were
significant. There were insufficient detections to evaluate relationships between phytotoxicity
measures and concentrations of eight COPECs (aldrin, Aroclor-1260, endosulfan sulfate,
selenium, silver, thallium, total PCBs, and TPH-diesel). Scatter plots of the bioassay results
versus COPECs and confounding factors are provided in Appendix E-8.
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Because the 2006 bluegrass bioassay results were not usable, the entire ranges of chromium and
hexavalent chromium riparian soil concentrations were not evaluated in the usable subset of the
tests. The maximum soil concentration of chromium was from riparian site 7 (150 mg/kg) and is
about four times the chromium soil concentrations in the usable subset. The maximum soil
concentration of hexavalent chromium was from riparian site 10 (0.6 mg/kg) and is about twice
the hexavalent chromium soil concentrations in the usable subset. The maximum concentrations
of zinc and endrin aldehyde were covered by the usable subset of the tests. Given that one
measure (germination) had a negative relationship with soil chromium concentrations based on a
subset of study sites, the lack of bluegrass bioassays for the study sites sampled in 2006
represents a significant uncertainty.

The average phytotoxicity measures and the average concentrations of chromium, vanadium, and
confounding factors are presented in Table 5-65. This table highlights values that are more than
20% different from the average of the reference sites because 20% is a commonly used threshold
for biologically significant differences. Differences among the reference sites as well as between
the study sites and reference sites are commonly noted for the phytotoxicity measures.

Weight of Evidence. The terrestrial plant component of the ecological risk assessment is
broadly representative of the potential effects of Hanford Site contaminants on plants. The lines
of evidence are rare plant surveys, the results of a bioassay, comparison of soil concentrations to
plant benchmarks, and measurement of COPEC concentrations in soil and plant tissue.

Multiple lines of evidence were used to assess risks to plants, and the results are summarized in
Table 5-66. The weights for these measures are discussed below.

Rare Plant Surveys (and Associated Toxicity Tests). The rare plant surveys documented
the presence of four special-status species at riparian study sites. Rare plant surveys are
weighted high as a line of evidence and are important in documenting the potential for exposure
to these species; the potential for adverse effects on plants was assessed through the soil COPEC
analyses and the bluegrass bioassay.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 5-73



Evaluation of Ecological Risks in the DOE/RL-2007-21
Riparian Environment Rev. 0

Germination and Growth Effects from Toxicity Testing. There were statistically
significant adverse relationships with two COPECs (chromium and vanadium) and the endpoints
measured in the bluegrass bioassay. Originally in the RCBRA SAP, this line of evidence was
ranked high because it is a site-specific measure that is standardized and accepted, is able to
integrate multiple COPECs, and has ecological relevance to plant populations. However, there
are no valid bioassay results for the investigation areas sampled in 2006; this data gap reduces
the amount of data available for drawing conclusions with this line of evidence. In addition, the
bioassay results varied, and two of three reference sites had low germination success. For these
reasons, the bluegrass bioassays are given medium weight. There were no significant differences
in seed germination, root length, stem height, root biomass, or shoot biomass between riparian
study sites and reference sites. Soil samples collected from study sites that were specifically
assayed for phytotoxicity to rare plants had significantly greater seed germination, root length,
and stem height relative to reference areas. There were relationships of phytotoxicity measures
and two COPECs (chromium and vanadium) and with many confounding factors (primarily
nutrients and particle size; see Tables 5-64 and 5-65 for lists of confounding factors).

Literature Values for Survival, Growth, or Reproduction. Comparisons of COPEC
concentrations in soil to phytotoxicity benchmarks indicate there is the potential for adverse
effects to plants from COPECs at study sites. Literature values are appropriate in many cases
and form the basis for evaluating potential effects because they are typically based on peer-
reviewed literature and databases. However, the weight assigned to comparison to literature
values is low as this information is not site-specific to the chemical forms and mixtures of
COPECs present at riparian sites. Literature values may also be based on a single species and
could have less relevance to the broad array of species found at the Hanford Site.

Measured Plant Tissue Concentrations. Several analytes were detected in RCBRA plant
tissues, and statistical differences between study site concentrations and reference site
concentrations were noted for barium, copper, thallium, and zinc. There were no statistically
significant relationships of COPEC concentrations in plant tissue to soil concentrations. The
detection limits for some organic chemicals in plants make it difficult to draw definitive
conclusions regarding plant uptake. The target PQLs for four COPECs (arsenic, chromium,
silver, and Aroclor-1260) were also not met in plant tissue analyses. This line of evidence was
ranked low based on the detection limits for organic chemicals and three COPECs in plant
tissues.

Uncertainty Analysis. Limitations associated with the risk assessment data and methodologies
for plants in the riparian zone of the RCBRA are summarized qualitatively in Table 5-67 for
plants. Known uncertainties and data gaps associated with the screening and focused risk
evaluations are summarized, and their implications for estimating potential adverse effects and
conclusions are noted.

Riparian Plant Risk Summary. In the data collected for the risk assessment, concentrations of
some COPECs in soil exceeded plant benchmarks, indicating that effects in plants might occur.
Soil concentrations for arsenic, chromium, lead, vanadium, and zinc were greater than
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benchmarks and reference concentrations, suggesting a potential for adverse effects. The arsenic
benchmark was exceeded at six study sites, and the chromium benchmark was exceeded at
four study sites. The lead benchmark was exceeded at eight study sites and two reference sites.
The vanadium and zinc benchmarks were exceeded at every site (both study site and
reference site).

The other lines of evidence indicate that COPECs may not adversely affect riparian plants
including those at the rare plant sites. Bioassays showed no differences in plant growth between
study sites and reference sites. Plant bioassays were rated as a medium-weighted line of
evidence because the bioassays conducted in 2006 were determined to be unusable; the bioassay
laboratory did not document that it followed all required quality assurance protocols for the
seedling germination test, so only the 2007 data were available for use in the assessment for
plants.

Some COPECs were detected in plant tissues, but the concentrations of the COPECs did not
differ between study sites and reference sites. Similar to the upland plant data, COPEC
concentrations found in riparian plant tissues did not correlate to those in riparian soil.
Therefore, although soil concentrations are greater than plant benchmarks for some COPECs, the
weight attributed to this line of evidence is low, and benchmark HQ results do not overwhelm
the conclusions of the other lines of evidence.

A summary of plant risk characterization results and uncertainties for all riparian plant COPECs
is presented in Table 5-68. Exposures for five COPECs exceed an effect level and reference, or
they have a significant negative trend with plant measures. These are the key COPECs for
terrestrial plants and are discussed below. Unless otherwise noted, the observations for these
COPECs are based on the exposure evaluation results for 20 study sites (includes the
100-B/C Pilot and 1 00-NR-2 study sites) and gradient analyses for 18 study sites (all but the
100-B/C Pilot and 100-NR-2 study sites).

* Arsenic: Maximum soil concentrations were greater than the benchmark (10 mg/kg) at six
study sites (maximum concentration was 19 mg/kg at riparian site 21), and the maximum
benchmark HQ was low (1.9). There were no relationships of arsenic in plant tissue to soil
concentrations, and there were no negative relationships of phytotoxicity measures to arsenic
in soil.

* Chromium: Concentrations of chromium in soil exceeded the benchmark (42 mg/kg), so
there is a potential for adverse effects on plants. The benchmark HQ was 4.1 at one site
(171 mg/kg at riparian 7) and between 1 and 2 at two other study sites (52 mg/kg at riparian 2
and 69 mg/kg at riparian 4). There were no relationships of chromium in plant tissue to soil
concentrations, but there was a negative relationship of one phytotoxicity measure
(germination) to chromium in soil. There are uncertainties in the gradient analysis for the
phytotoxicity measures because usable bioassay results were not available for the site with
the largest benchmark HQ (riparian 7).
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* Lead: Maximum soil concentrations of lead were greater than the benchmark (50 mg/kg) at
eight study sites and two reference sites. The site with the largest benchmark HQ was a
study site (125 mg/kg at riparian site 21). There were no relationships of lead concentrations
in plant tissues to those in soil, and there were no negative relationships of phytotoxicity
measures to lead in soil.

* Vanadium: Soil concentrations were greater than the benchmark (2 mg/kg) at all study and
reference sites, and the benchmark HQs were high (greater than 10.0). Maximum study site
soil concentrations (89 mg/kg) were greater than the highest reference site (77 mg/kg) or the

9 0 th percentile of Hanford Site background (84 mg/kg). Vanadium was frequently detected
in soil and tissue, but there were no relationships between plant and soil concentrations.
There were negative relationships between two of the nine phytotoxicity measures (shoot
mass [fresh weight] and root mass [fresh weight]) and vanadium concentrations. However,
there were no relationships of dry weight measures to vanadium soil concentrations.

* Zinc: Zinc concentrations in soil were greater than the benchmark (50 mg/kg) at study sites
and reference sites. The maximum study site concentration was 620 mg/kg at riparian 2j, and
the maximum reference site concentration was 330 mg/kg at reference 13. None of the nine
phytotoxicity measures showed evidence for adverse effects based on a concentration
gradient with zinc, and there was no relationship of zinc in plant tissue to zinc concentrations
in soil.

5.3.5.2 Invertebrates. The evidence for exposure and effects is discussed below for the
measures used to evaluate risk to terrestrial invertebrates in the riparian zone from Hanford Site
contaminants.

Soil Characterization. Terrestrial invertebrates receive exposure to COPECs primarily through
soil. Soil sample results for riparian COPECs are presented in Appendix E-2. The
representative concentrations for COPECs at study sites were tabulated (as measures of
exposure) for comparison with benchmarks or to bioassay results (measures of effects)
(Appendix E-4). Both CTE and RME concentrations based on MIS data were compared to
terrestrial invertebrate benchmarks; the CTE concentrations based only on MIS data also were
used for soil gradient analysis versus invertebrate tissue concentrations or bioassay measures.

Literature Values for Survival, Growth, or Reproduction. A literature review was performed
to compile benchmarks for riparian COPECs (Section 5.3.4.5). The compilation encompassed
effect levels for terrestrial invertebrates that are representative of receptors at the Hanford Site,
insofar as possible. Most of the published toxicological data represent results of tests with single
chemicals. Toxicity information such as this may be expressed as concentrations in soil
associated with the presence or absence of effects. These soil toxicity benchmarks for
invertebrates are one measure of the potential for adverse effects of soil COPECs to terrestrial
invertebrates.
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Data used for the calculation of terrestrial invertebrate benchmark HQs consisted of measured
soil COPEC concentrations and literature-derived benchmarks. Soil values used for CTE
exposure are the average concentrations for each COPEC from five multi-increment soil samples
per study site or reference site. There were also sufficient soil data for most sites and COPECs
(at least three detected sample results are required) to estimate the RME for soil based on the
maximum or upper confidence of the mean concentration. Hazard quotients for terrestrial
invertebrates were computed by dividing soil concentration by the applicable receptor/analyte
effect level (Equation 5-5). Potential for adverse effects is inferred by the ratio of exposure to
effect levels (or terrestrial invertebrate benchmarks).

Table 5-69 presents benchmark HQ information at study sites and reference sites for terrestrial
invertebrates, the maximum CTE and RME soil concentrations, and the benchmark HQ values
based on combinations of CTE/RME. Both the CTE and RME soil concentrations for
five COPECs (arsenic, barium, cadmium, lead, and selenium) were less than the benchmarks;
adverse effects on invertebrates are unlikely for these COPECs. For the remaining COPECs
there was either a data gap for the benchmark, or the benchmarks was exceeded. Additional
information on COPECs for which soil concentrations exceeded terrestrial invertebrate
benchmarks is presented in Table 5-70. That table presents all site and COPEC combinations for
which either the CTE or RME soil concentrations exceeded the benchmarks and reference
concentrations; the COPECs listed in Table 5-70 are chromium, copper, mercury, TPH-diesel,
and zinc. Both study sites and reference sites had benchmark HQ greater than 1.0 for one or
more of these COPECs. Hazard quotient results for all COPECs and sites are provided in an
electronic attachment to Appendix E-5.

Measured Terrestrial Invertebrate Tissue Concentrations. Terrestrial invertebrate tissue
concentrations provide information on contaminant uptake and may also indicate the
bioavailability of these COPECs. Tissue sample results for riparian COPECs are presented in
figures in Appendix E-3. Several analytes were detected in RCBRA terrestrial invertebrate
tissues, but statistical differences of study site concentrations to reference site concentrations for
COPECs were noted only for barium, cadmium, copper, mercury, selenium, silver, vanadium,
and zinc (see Table 5-48).

A positive relationship between terrestrial invertebrate tissue concentrations and soil
concentrations is an indication of COPEC uptake into the food chain. Such relationships have
been frequently documented in the literature (e.g., Sample et al. 1999; ES/ER/TM-220,
Development and Validation of Bioaccumulation Models for Earthworms) and form the basis for
simple wildlife exposure models used to calculate soil-based ecological screening values.
However, none of the terrestrial invertebrate tissue concentrations of COPECs correlated with
soil concentrations (summarized in Table 5-71 and plots are presented in Appendix E-7).

Table 5-71 presents a summary of the linear and log-linear regression analyses of terrestrial
invertebrate tissue versus soil concentration for COPECs, the number of sites with detected
concentrations in both soil and tissue, the explained variance of the model (r-squared), and the
statistical significance (p-value). Table 5-71 also provides an estimate of the ratio of invertebrate
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tissue concentration in fresh weight to the soil concentration and indicates if concentrations of
the COPEC were greater than reference in soil, invertebrate tissue, both media, or neither
medium. If the COPEC concentrations were elevated in both media, there was more of a signal
for the regression analyses to evaluate. Otherwise the regression evaluated variation within
background levels in one medium or the other.

The statistical analyses were based on sites where the COPEC was detected in both invertebrates
and soil and further assumes that surface soil concentrations are representative of contaminant
exposures to invertebrates. The analysis evaluated trends in average concentrations at study sites
and does not consider exposure and uptake into biota at scales smaller than the investigation
area. To ensure that biologically significant regressions were considered, only those regressions
with at least five results are further evaluated. This is consistent with the minimum sample size
required to calculate the upper confidence level of the mean as the representative concentration.
Although linear regression produces results with as few as three or four pairs of results, such
minimal sample sizes are associated with very low statistical power and, therefore, low
confidence in the result. Other analyses (e.g., the ecological exposure evaluation) evaluate each
site and each COPEC individually. There were insufficient detections in terrestrial invertebrate
tissue to support linear regression analyses for most COPECs, and there were no statistically
significant correlations of invertebrate tissue concentrations with soil concentrations
(Table 5-71).

Relative Abundance of Terrestrial Invertebrates. For terrestrial invertebrates, hand-picking
of organisms was necessary to gain sufficient mass for analytical COPC measurements. While
facilitating the laboratory analyses, this collection approach precluded field data-based estimates
of relative abundance as a line of evidence.

Survival During Toxicity Testing. ASTM E2172-01 (Standard Guidefor Conducting
Laboratory Soil Toxicity Tests with the Nematode Caenorhabditis elegans) is a standard
invertebrate toxicity test for soils that measures nematode survival. The results for the nematode
bioassay are presented graphically in Figure 5-24. There were no statistically significant
differences between study sites and reference sites.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 5-78



Evaluation of Ecological Risks in the
Riparian Environment

DOE/RL-2007-21

Rev. 0

Figure 5-24. Nematode Survival at Riparian Sites.
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Nematode survival for replicates (n = 3/site) at study sites (n = 18) and at reference sites (n = 8). Nematode survival takes on
discrete values based on between 0 and 10 nematode surviving per replicate. The graph has the replicate values plotted but
overlap at these possible fractions: 0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%. No significant differences
observed for nematode survival between the site types; t-test, p = 0.21, n = 78.

Evaluating relationships between nematode survival and concentrations of COPECs or
confounding factors is the next step in evaluating the potential for adverse effects. Table 5-72
provides a summary of the linear regression models, including a count of values for each analyte,
the r 2, and the p-value (statistical significance) for the relationships. Table 5-72 indicates if
concentrations of the COPEC were greater than reference in soil. If the COPEC concentrations
were elevated in soil, then there was more of a signal (i.e., a wider range of concentrations) for
the regression analyses to evaluate. Otherwise the regression evaluated variation within
background levels in soil. To ensure that biologically significant regressions are considered,
only those regressions with at least five results are reported.

As noted above for tissue concentrations, this is consistent with the rule applied to calculating
representative concentrations and suggests that although linear regression produces results with
as few as three or four pairs of results, such minimal sample sizes are associated with very low
statistical power and, therefore, confidence in the result.

Other analyses (e.g., the ecological exposure evaluation) evaluate each site and each COPEC
individually. Nematode survival was not correlated with concentrations of any COPECs but was
correlated to two confounding factors (particle size and nitrogen). Nematode survival was not
tested for 100-NR-2 soils, and thus the soil with the highest concentration of TPH-diesel was not
evaluated. This is identified as an uncertainty. There were insufficient detections to evaluate
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relationships between nematode survival and concentrations of five COPECs (aldrin,
Aroclor-1260, thallium, total PCBs, and TPH-diesel). Scatter plots of the bioassay results versus
COPECs and confounding factors are provided in Appendix E-8.

Average nematode survival is presented in Table 5-73. The table highlights nematode survival
values that are more than 20% different from the average of the reference sites because 20% is a
commonly used threshold for biologically significant differences. Greater than 20% differences
in nematode survival are uncommon.

Weight of Evidence. The terrestrial invertebrate component of the ecological risk assessment is
broadly representative of the potential effects of Hanford Site contaminants on invertebrates.
The lines of evidence are measurements of COPEC concentrations in soil and invertebrates and
the results of a bioassay. Attempts were made to evaluate diversity and abundance of
invertebrates using pitfall traps. However, insufficient numbers were collected to allow
evaluation of this line of evidence. Results for these lines of evidence are summarized in
Table 5-74, and the weights for each line are discussed below.

Survival During Toxicity Testing. There were no statistical differences of nematode
survival between study sites and reference sites and no significant relationships of COPECs in
soil or invertebrates with nematode survival. This line of evidence is weighted high based on the
data completeness (no rejected or missing data), site specificity for COPEC concentrations and
mixtures, and high relevance of the test organism to Hanford Site soil biota.

Literature Values for Survival, Growth, or Reproduction. Comparisons of COPEC
concentrations in soil to invertebrate soil benchmarks indicated there is the potential for adverse
effects for terrestrial invertebrates from COPECs at study sites. Literature values are appropriate
in many cases and form the basis for evaluating potential risk because they are typically based on
peer-reviewed literature and databases. However, the weight assigned to comparison with
literature values is low because this information is not site-specific to the chemical forms and
mixtures of COPECs present at these sites. Literature values may also be based on a single
species and could have less relevance to the broad array of species found at the Hanford Site.

Measured Terrestrial Invertebrate Tissue Concentrations. Some, but not all, COPECs
were detected in terrestrial invertebrates. However, there is bias towards larger and less mobile
specimens introduced by hand collecting invertebrates for tissue analyses. The detection limits
for some analytes in invertebrates make it difficult to draw definitive conclusions regarding
biological uptake. This line of evidence was ranked low based on the lack of detections in
invertebrate tissues for riparian COPECs and the possibility of bias due to sample collection
methods.

Relative Abundance of Terrestrial Invertebrates. Hand picking organisms precluded field
data-based estimates of relative abundance as a line of evidence. This line of evidence was not
included in the weight-of-evidence evaluation.
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Uncertainty Analysis. Limitations associated with the risk assessment data and methodologies
for the terrestrial invertebrates evaluation are summarized qualitatively in Table 5-75. Known
uncertainties and data gaps associated with the risk evaluations are summarized, and their
implications for estimating potential adverse effects and conclusions are noted.

Terrestrial Invertebrate Risk Summary. In the data collected for the risk assessment,
concentrations of some COPEC in soil were greater than terrestrial invertebrate benchmarks, so
adverse effects on terrestrial invertebrates could occur. Soil concentrations for chromium,
copper, mercury, zinc, and TPH-diesel exceeded benchmarks, which suggests a potential for
adverse effects (Table 5-76).

There were no indications of differences in risk between study sites and reference sites based on
the higher weighted line of evidence (bioassay results). Nematode survival did not negatively
correlate with concentrations of COPECs measured in riparian soil (Table 5-76). Some COPECs
were detected in invertebrates, but concentrations of COPECs in invertebrates at study sites did
not correlate with soil concentrations. Hand picking invertebrates was necessary to gain
sufficient mass for analytical COPEC measurements. While this practice facilitated laboratory
analyses, the collection approach precluded estimates of relative abundance as a line of evidence.

The five COPECs (chromium, copper, mercury, zinc, and TPH-diesel) for which exposures
exceeded an effect level and reference concentrations are the key COPECs for terrestrial
invertebrates and are discussed below. Unless otherwise noted, the observations for these
COPECs are based on the exposure evaluation results for 20 study sites and gradient analyses for
18 study sites (all but the 100-B/C Pilot and 100-NR-2 study sites).

* Chromium: Concentrations of chromium in soil exceeded the benchmark (42 mg/kg) at
four study sites (maximum was 170 mg/kg at riparian site 7 and the next highest was
69 mg/kg at riparian site 4), so there may be potential for adverse effects on invertebrates.
The magnitude of the benchmark exceedance was moderate (maximum benchmark HQ
was 4.1). There was no statistically significant relationship between concentrations in
terrestrial invertebrate tissues and those in soil. There also was no relationship between
nematode survival and soil concentrations.

* Copper: Concentrations of copper in soil exceeded the benchmark (50 mg/kg) at two study
sites (51 mg/kg at riparian site 3b, 60 mg/kg at riparian site 7), so there is potential there for
adverse effects on invertebrates. The magnitude of the benchmark exceedance was low
(maximum benchmark HQ was 1.2). There was no statistically significant relationship
between concentrations in terrestrial invertebrate tissues and those in soil. There also was no
relationship between nematode survival and soil concentrations.
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* Mercury: Mercury concentrations in soil were greater than the benchmark (0.1 mg/kg) at
seven sites (riparian sites 6, 10, 2j, 21, 3b, 4a, and riparian reference site 16). The maximum
mercury soil concentration was 0.16 mg/kg at riparian site 4a. There was no statistically
significant relationship between terrestrial invertebrate tissue concentrations or nematode
survival and soil concentrations.

* Zinc: Zinc concentrations in soil were greater than the benchmark (100 mg/kg) at all study
sites and reference sites. The maximum study site concentration was 411 mg/kg, and
maximum reference site concentration was 326 mg/kg; the benchmark HQs were less
than 5 at all sites. There was no statistically significant relationship between zinc
concentrations in terrestrial invertebrate tissue and soil concentrations, and there was no
relationship between nematode survival and soil concentrations.

* TPH-diesel: Soil concentrations of TPH-diesel were greater than the benchmark at
one study site (100-NR-2), which was the only location where TPH was measured. The
benchmark HQ was less than 3.0. There were no tissue data to evaluate statistical
relationships between TPH-diesel concentrations in soil and terrestrial invertebrate tissues.
There also were no data to evaluate statistical relationships between soil TPH-diesel
concentrations and nematode survival.

5.3.5.3 Wildlife. The evidence for exposure and effects is discussed below for the measures
used to evaluate risk from Hanford Site contaminants to middle trophic-level wildlife. Field
ecological measures of the small mammal community are presented as qualitative information on
the status of these populations. Estimated dietary contaminant exposures and COPEC
concentrations in bird or small mammal tissues are compared to ecological effects levels for diet
or tissues. This information provides an indication of the potential for risk to wildlife from
COPECs.

Measures of Ecosystem/Receptor Characteristics. The main objective for collecting small
mammals from each site was to provide a measure of exposure to small mammals and their
predators. Qualitative field measures were collected for the RCBRA in the process of trapping
and harvesting animals for chemical analyses. These field measures do not represent the rigor
typically associated with population studies. More definitive information would require
multi-season studies involving mark-and-recapture techniques. Therefore, these field measures
are provided only for supporting information. Taking the total number of animals and dividing
by trapping effort (i.e., trapping frequency) provides a measure of the relative abundance of
small mammals at each site. Information also was collected on animal gender and reproductive
status to provide some information on small-mammal population structure at each study site and
reference site.

Field measures of relative abundance and demographic information from the small-mammal
trapping are summarized in Appendix E-6. Plots of these measures are also presented in
Appendix E-6. The following is a synopsis of the average values of selected small mammal
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community measures for study sites and reference sites; none of the measures differed
significantly (p-value<0.05):

* Relative abundance of small mammals: study site = 0.24; reference = 0.19; p = 0.37
* Female small mammals: study site = 2.3; reference = 2.6; p = 0.64
* Male small mammals: study site = 4.0; reference = 3.6; p = 0.49
* Adult small mammals: study site = 4.7; reference = 5.3; p = 0.22
* Juvenile small mammals: study site = 1.5; reference = 0.86; p = 0.30
* Reproductively active mammals: study site = 3.7; reference = 4.3; p = 0.25.

Another field ecological measure is nest success for kingbirds and swallows. An important
confounding factor was predation on kingbird nests by ravens, magpies, and crows. Overall nest
predation and nest success were similar between reference sites and study sites, but the number
of nests was not sufficient to provide meaningful comparisons of nest success for study sites
versus reference sites. Data on nest success are presented and discussed in Appendix E-6.

Measures of Exposure. This aspect of the assessment provides information for quantifying
ecological exposure to contaminants in soil. Ecological exposure analysis characterizes potential
or actual contact or co-occurrence of receptor species with COPECs (EPA/630/R-95/002F). The
principle aspect of the middle trophic-level exposure is the measurement of COPEC
concentrations in soil, plants, and invertebrate prey. The exposure evaluation was based on the
food intake rates and diet preference of representative bird and mammal species. Exposure was
calculated from the measured, average concentrations of COPECs in food for each riparian study
site or reference site.

Contaminants of potential ecological concern tissue concentrations provide exposure information
for evaluating ecological effects of contaminants on wildlife in the riparian environment. Tissue
sample results for riparian COPECs are presented in figures in Appendix E-3. Study site soil,
plant, and invertebrate contaminant concentrations were discussed in Section 5.3.4, and these
data are evaluated in the exposure model discussed below. Differences in study site versus
reference site bird or mammal concentrations would be evidence of differences in exposure at
study sites. Bird and mammal COPEC tissue concentrations did not differ statistically at
RCBRA study sites compared to reference sites (except for Aroclor-1260 in mammal-carcass,
Table 5-46).

To understand if the diets of kingbirds and other insectivores are more effectively modeled as
part of the riparian environment or near-shore aquatic environment, the detected concentrations
of inorganic chemicals in the contents of their esophageal crops (actual exposure) were
compared to the assumed potential diet of either terrestrial invertebrates or aquatic
macroinvertebrates.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 5-83



Evaluation of Ecological Risks in the DOE/RL-2007-21
Riparian Environment Rev. 0

Figures 5-25 and 5-26 are scatter plots that compare the concentrations of inorganic chemicals in
kingbird or swallow crop contents (the "crop" is an enlarged part of the esophagus) to each
potential food source. Figure 5-25 shows a comparison of aquatic macroinvertebrate tissue to
bird crop tissue, while Figure 5-26 shows a comparison of terrestrial tissue invertebrate to bird
crop tissue. The y-axis on each figure indicates the mean concentration of detected inorganic
chemicals measured at near-shore aquatic study sites (Figure 5-25) or riparian study sites
(Figure 5-26). The x-axis displayed on both figures indicates the mean concentrations of
corresponding detected inorganic chemicals in bird crops.

The mean concentration for each inorganic chemical detected in crop and invertebrate tissue is
shown for study sites and reference sites in Figures 5-25 and 5-26. The mean sample results for
calcium were labeled as an example because calcium represented an influential concentration for
the regression analyses. Overall, there is a very good fit between the bird crop concentrations
and invertebrate concentrations (r2 is 0.91 for aquatic macroinvertebrate tissue compared to
0.88 for terrestrial invertebrate tissue, both on a log-log scale). In particular, the close match in
calcium concentration in crop contents to aquatic macroinvertebrates seems to be diagnostic of a
primarily near-shore aquatic diet because calcium carbonate is a major component of the
exoskeleton of some aquatic invertebrates. Therefore, the bird diet more closely matches the
concentrations reported for near-shore aquatic food, with the regression falling closer to the line
of equality.

Theoretically, the invertebrate concentrations in the crop should match those in the environment
where the birds primarily feed. In this case all of the points would fall along a line of equality.
The distribution of concentrations above and below the line of equality differs for aquatic
macroinvertebrates compared to the terrestrial invertebrates. The cumulative bionomial
distribution can test if the overall frequency of values either above or below the line of equality
is significantly different from 50:50. For the aquatic macroinvertebrate plot, 24 of 49 (49%)
inorganic chemical combinations fall above the line of equality. This is associated with a
0.5 cumulative probability based on the binomial distribution (Figure 5-25). In contrast for the
terrestrial invertebrate plot, 16 of 49 (33%) inorganic chemical combinations fall above the line
of equality. This is associated with a 0.01 cumulative probability based on the binomial
distribution (Figure 5-26).

A positive relationship between mammal tissue concentrations and soil concentrations is an
indication of biological uptake of COPECs through the food chain. Such relationships have been
frequently documented in the literature (e.g., ES/ER/TM-219, Development and Validation of
Bioaccumulation Modelsfor Small Mammals) and form the basis for simple wildlife exposure
models used to calculate soil-based ecological screening values. Bird tissue samples were not
collected at locations where collocated soil COPEC concentrations were measured; thus, these
comparisons are not possible for bird tissues. Mammal organ tissue barium concentrations were
correlated with soil concentrations, but there were no other statistically significant positive
relationships of mammal organs or mammal carcass concentrations and soil concentrations
(summarized in Tables 5-77 and 5-78, and plots are presented in Appendix E-7).
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Figure 5-25. Correlation of Aquatic Macroinvertebrate Inorganic Chemical
Concentrations to Bird Esophageal Crop Contents.
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Figure 5-26. Correlation of Terrestrial Invertebrate Inorganic Chemical
Concentrations to Bird Esophageal Crop Contents.
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Table 5-77 presents a summary of the linear and log-linear regression analyses of mammal organ
(liver/kidney) tissue versus soil concentration for COPECs, the number of sites with detected
concentrations for soil and tissue, the explained variance of the linear and log-linear models
(r-squared), and the statistical significance (p-value). Table 5-78 presents a summary of the
linear and log-linear regression analyses of mammal carcass (without organs). Tables 5-77
and 5-78 also provide estimates of the ratio of mammal tissue concentration in fresh weight to
the soil concentration. Tables 5-77 and 5-78 indicate if concentrations of the COPEC were
greater than reference in soil, animal tissue, both media, or neither medium. If the COPEC
concentrations were elevated in both media, there was more of a signal (i.e., wider range of
concentrations) for the regression analyses to evaluate. Otherwise the regression evaluated
variation within background levels in one medium or the other.
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The statistical analyses are based on sites where the COPEC was detected in both mammals and
soil and further assumes that surface soil concentrations are representative of contaminant
exposures to biota. The analyses pool results from all species sampled at the study site or
reference site and do not consider exposure and uptake into biota at scales smaller than the
investigation area. Per the approved RCBRA SAP, only inorganic chemicals were measured in
organs, as it is known that organs concentrate some metals/metalloids. To ensure that
biologically significant regressions are considered, only those regressions with at least
five results are further evaluated. This is consistent with the minimum sample size required to
calculate the upper confidence level of the mean as the representative concentration. Although
linear regression produces results with as few as three or four pairs of results, such minimal
sample sizes are associated with very low statistical power and, therefore, low confidence in the
result. Other analyses (e.g., the ecological exposure evaluation) evaluate each site and each
COPEC individually. There were insufficient detections in mammal tissue to support linear
regression analyses for most COPECs. The regressions can either be positive, meaning higher
soil correlated to higher tissue concentrations, or negative, meaning higher soil concentrations
correlated to lower tissue concentrations. There was a statistically significant and positive
correlation of barium in mammal organs (liver/kidney) to barium in soil. Concentrations of
arsenic in mammal carcass were significantly negatively correlated with soil concentrations.
Such a relationship has no biological meaning and is not considered further.

Measures of Effect. Measures of effect consisted of tissue effect levels and exposures
associated with adverse effects on reproduction, survival, or growth. A literature review was
performed to compile TRVs for riparian COPECs (Section 5.3.4.5). The compilation
encompassed effects levels for wildlife that are representative of receptors at the Hanford Site,
insofar as possible. Most of the published toxicological data represent results of tests with single
chemicals. Toxicity information such as this may be expressed as concentrations in soil or diet
or as dietary doses associated with the presence or absence of effects. The potential for
ecological risk to wildlife was assessed by comparing dietary exposure to TRVs. Both NOAELs
and LOAELs were used for middle trophic-level wildlife to provide a range of possible effects
for risk managers.

Risk Estimation and Description. Risk estimation and description evaluated small mammal
field measures (e.g., relative abundance, gender ratio) for the riparian ecological community and
comparisons of dietary exposure and tissue concentrations to levels associated with adverse
effects on reproduction, survival, or growth.

Field Measures. Mammal relative abundance was not different at study sites compared to
reference sites. Gross anomalies were infrequently observed in field-caught mice. At the site
RCBRA 3b Rip, however, 50% (three of six) of the animals had cysts around the adrenal gland,
liver, or kidney (no single animal had more than one type of cyst). However, a review of the
representative concentrations for COPECs in soil or mouse tissue at RCBRA 3b Rip did not
identify any elevated concentrations (see attachment to Appendix E-4 for the representative
concentrations). This information was considered only qualitatively in the assessment of risk to
mammals.
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Dietary Exposure. Wildlife are exposed to COPECs primarily through oral exposure.
Consumption of surface water is not included in riparian exposure modeling; the surface water
ingestion pathway is evaluated for broad-ranging receptors (Section 7.0).

The oral exposure model used for wildlife is from the WEFH (EPA/600/R-93/187) and is
provided in Equation 5-6:

Dose,ru = Dose, , + Dose na = Cso,, - I*J(l * AUF + Cfod - Ifbod * AUF Equation 5-6

where:
Doseora = the estimated oral daily dose for a COPEC (mg/kg/day)

Doseil = the estimated soil daily dose for a COPEC (mg/kg/day)

Csoil = the concentration of chemical constituent x in soil (mg/kg dry weight)

Isoil = the normalized daily soil ingestion rate (kg of soil/[kg of body weight/day],
simplified to kg/kg/day in subsequent equations)

AUF = the area use factor that represents the fraction of soil or food ingested from a
contaminated area (this fraction is set to one)

Doseood = the estimated food daily dose for a COPEC (mg/kg/day)

Cfood = the concentration of COPEC in food (mg/kg fresh weight, simplified to

mg/kg-fw)

Ifood = the normalized daily dietary ingestion rate (kg of food [fresh weight]/[kg of
body weight/day], simplified to kg-fw/kg/day in subsequent equations).

Given an organism's normalized daily ingestion rate, this model provides an estimate of the oral
exposure associated with a COPEC concentration in soil and food. Soil ingestion is calculated
as a fraction of dietary intake. An implicit assumption of this model is that the bioavailability of
the COPEC from soil is comparable to the bioavailability of the contaminant in the toxicological
experiment. The area use factor of one corresponds to the equality between receptor home range
and the size of the 200-m-long study sites. Because little information currently exists on
bioavailability conversions (EPA 120/R-07/001), a bioavailability term was not included in the
general wildlife exposure model, and bioavailability was considered to be 100%. In general, this
is a protective approach to estimating ecological exposure.

Considering the mobility of wildlife receptors, it is logical to proportion their exposure to a
contaminated site relative to their use of that site. For example, in the course of daily foraging,
the site may represent a small fraction of the total areas where the animal forages. In these
calculations, it is assumed that an animal receives all of its exposure from the site. This is a
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reasonable assumption for the riparian representative receptors based on the size of the
200-m-long study sites and the home range for these species (see Section 3.4). Exposure was
calculated for each COPEC, each receptor, and each site in the riparian environment.

Equation 5-6 assumes that a single food type is ingested. Assessment endpoint-specific exposure
modeling must be defined for herbivores, insectivores, and omnivores. Exposure evaluation is
based on site-specific soil COPEC data and on COPECs detected in potential food items (plants
and terrestrial invertebrates) sampled for tissue analyses.

Biological tissue data are reported as fresh weight. Because the Wildlife Exposure Factors
Handbook (EPA/600/R-93/187) calculations for body-weight-normalized food ingestion rates are
on a dry-weight basis, dietary constituents must undergo dry-to-wet weight conversions. Food
ingestion rates are expressed as kilograms of food (wet weight) per kilogram of body weight
(wet weight) per day (kg/kg-day). Dietary composition (e.g., proportion of diet consisting of
various plant or animal materials), often measured by stomach-content analyses, is expressed as
percentage of total intake. This convention facilitates comparison with contaminant
concentrations in dietary items reported on a wet-weight basis. Parameters required for
calculations of the general wildlife exposure model, conversions, and other elements of the
model are provided for wildlife assessment endpoints in Table 5-79. Exposure parameters are
based on information from the literature, and specific references are provided in the table. It is
important to note that exposure parameters provided generally represent conservative upper
estimates of potential exposure.

Data used for the calculation of wildlife HQs consisted of measured COPEC concentrations from
soil and tissue. Generally, only the CTE or mean values are available for riparian representative
species' food exposure pathways. Soil values used for CTE exposure were the average
concentrations for each COPEC from five multi-increment soil samples per study or
reference site. There were sufficient soil data for most sites and COPECs (at least three detected
sample results are required) to estimate the RME for soil based on the maximum or upper
confidence of the mean concentration (see Section 3.4 for more information). Site-specific plant
and terrestrial invertebrate tissue concentrations were used for middle-level trophic herbivore,
omnivore, and invertivore CTE exposure calculations. Two plant samples were collected from
each location, and the detected result or the greater of the two detected results were used in
herbivore and omnivore dose calculations. A single composite sample of terrestrial invertebrates
was collected from each location, and the sample result, if the COPEC was detected, was used in
exposure calculations. Pathways and sources of representative concentrations evaluated in the
wildlife HQ calculation for riparian receptors based on RCBRA data are listed in Table 5-80.

For wildlife, there is oral exposure via multiple pathways. The wildlife HQ is calculated for each
pathway contribution by dividing the dose from that pathway by the TRV (Equation 5-7).

HQpathway = Dosepathway / TR V[receptor, analyte] Equation 5-7
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For wildlife with exposure to multiple pathways, HQs from each pathway were summed to
determine the summed HQ or total HQ for each COPEC, site, and receptor combination.
Wildlife TRVs with references for riparian COPECs are provided in Section 5.3.4.5.

Table 5-81 presents HQ information at study sites and reference sites based on NOAELs and
LOAELs for all middle trophic-level birds and mammals and the minimum and maximum
ecological exposure concentrations (soil and food). The pathway HQs for soil and food are
calculated based on Equation 5-6 (converts media concentrations to dose) and Equation 5-7
(converts the dose to HQ). Both the CTE and RME ecological exposures for 11 COPECs
(Aroclor-1260, total PCBs, aldrin, bis[2-ethylhexyl] phthalate, arsenic, barium, calculated total
uranium, chromium, hexavalent chromium, lead, silver) were less than the NOAEL and LOAEL;
adverse effects on wildlife are unlikely for these COPECs. For the remaining COPECs, there is
either a data gap for the NOAEL or the LOAEL, or one or both of these effect levels is exceeded.

Additional information on COPECs for which soil and/or diet pathway doses exceeded wildlife
effect levels is presented in Tables 5-82 through 5-87. The tables present all site and COPEC
combinations for riparian wildlife for which either the CTE or RME exposures exceed the
NOAEL or LOAEL values and reference. The COPECs listed in Tables 5-82 through 5-87 are
cadmium, copper, mercury, selenium, thallium, uranium (inorganic), vanadium, and zinc. Both
study sites and reference sites had HQ greater than 1.0 for one or more of these COPECs and
effect levels. Hazard quotient results for all COPECs and sites are provided in an electronic
attachment to Appendix E-5.

California quail HQs are based on comparing estimated ingested dose from soil and diet (soil
ingestion and 100% plant diet) to COPEC-specific TRVs for birds. There was one COPEC
(vanadium) with NOAEL-based HQs greater than 1.0 for the California quail, which suggests a
low potential for adverse effects (Table 5-82). Vanadium NOAEL-based HQs were greater
than 1.0 (up to 1.5) for both CTE and RME exposures at reference sites and study sites; the
dominant exposure pathway was through soil ingestion. No LOAELs were exceeded for the
California quail.

Pocket mouse HQs are based on comparing COPEC exposure from soil and diet (soil ingestion
and 100% plant diet) to COPEC-specific TRVs for mammals. There were three COPECs
(copper, thallium, and uranium) with NOAEL-based HQs greater than 1.0 for the pocket mouse,
which suggests a low potential for adverse effects (Table 5-83). Although the selenium
NOAEL- and LOAEL-based HQ for the pocket mouse were greater than 1.0, the maximum HQ
was at a reference site and therefore selenium is not displayed in Table 5-83. Copper
NOAEL-based HQs were equal to 1.0 at two study sites; the dominant exposure pathway was
through plant ingestion. The uranium NOAEL-based HQ was equal to 1.1 and 1.2 at two study
sites based on exposure to uranium in plants. The thallium NOAEL-based HQ was equal to 3.4
at one study site based on exposure to thallium in plants.

Meadowlark HQs are based on comparing COPEC exposure from soil and diet (soil ingestion
and 37% plant and 63% terrestrial invertebrate diet) to COPEC-specific TRVs for birds.
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NOAEL-based HQs were greater than 1.0 for copper, selenium, and vanadium for the
meadowlark, which suggests a potential for adverse effects (Table 5-84). Selenium and
vanadium NOAEL-based HQs were greater than 1.0 at study sites and reference sites; the
dominant exposure pathways were through plant or terrestrial invertebrate ingestion. The
selenium LOAEL-based HQ was equal to 1.1 for the RME at one study site; otherwise, no
LOAELs were exceeded for the meadowlark.

Deer mouse HQs are based on comparing COPEC exposure from soil and diet (soil ingestion and
50% plant and 50% terrestrial invertebrate diet) to COPEC-specific TRVs for mammals. There
were five COPECs (cadmium, copper, mercury, selenium, and thallium) with NOAEL-based
HQs greater than 1.0 for the deer mouse, which suggests a low potential for adverse effects
(Table 5-85). Copper and mercury NOAEL-based HQs were greater than 1.0 for both CTE and
RME exposures at study sites; the dominant exposure pathway was through terrestrial
invertebrate ingestion. NOAEL-based HQs were greater than 1.0 for cadmium and thallium at
the 100-B/C Pilot sites only; the dominant exposure pathway was through plant or terrestrial
invertebrate ingestion for these COPECs. The LOAEL and NOAEL-based HQs for selenium
were greater than 1.0 for the deer mouse at both study sites and reference sites, which suggests a
potential for adverse effects. The maximum LOAEL-based HQ for copper was 1.1 at the
100-B/C Pilot sites and riparian site 7.

Kingbird HQs are based on comparing COPEC exposure from soil and diet (soil ingestion and
100% terrestrial invertebrate diet) to COPEC-specific TRVs for birds. Crop content chemical
analysis suggested that kingbirds' diets are more tied to the aquatic environment than the
terrestrial environment (Figure 5-25). However, kingbirds are modeled with a terrestrial
invertebrate diet because some of their diet is terrestrial, and this receptor is being used as a
representative bird for this feeding guild. NOAEL-based HQs were greater than 1.0 for
cadmium, copper, selenium, vanadium, and zinc for the kingbird; this suggests a low potential
for adverse effects (Table 5-86). Copper, vanadium, and selenium NOAEL-based HQs were
greater than 1.0 at study sites and reference sites; the dominant exposure pathway was through
terrestrial invertebrate ingestion. The NOAEL-based HQs were greater than 3.0 for cadmium
and zinc at the 100-B/C Pilot sites only. LOAELs were exceeded for copper, selenium,
vanadium, and zinc, with a maximum LOAEL-based HQ of 2.5 (vanadium), suggesting a
potential for adverse effects.

Grasshopper mouse HQs are based on comparing COPEC exposure from soil and diet (soil
ingestion and 100% terrestrial invertebrate diet) to COPEC-specific TRVs for mammals. There
were three COPECs (copper, selenium, and thallium) with NOAEL-based HQs greater than 1.0
for the grasshopper mouse, which suggests a low potential for adverse effects (Table 5-87).
NOAEL-based HQs for copper were greater than 1.0 for both CTE and RME exposures at five
study sites; the dominant exposure pathway was through terrestrial invertebrate ingestion.
Selenium NOAEL-based HQs were greater than 1.0 for both CTE and RME exposures at study
sites and reference sites. The NOAEL-based HQ for thallium RME was equal to 1.4 at one study
site based on exposure to thallium in terrestrial invertebrates. Copper and selenium
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LOAEL-based HQs were greater than 1.0 for the grasshopper mouse, which suggests a potential
for adverse effects.

Tissue Effect Levels. Cadmium concentrations in small mammal livers/kidneys were
compared to the literature-derived liver tissue effects threshold (Hunter et al. 1989, Figure 5-27).
Small mammal tissue (liver) mean cadmium concentrations at riparian study sites were not
greater than at reference sites, and all values were well below the cadmium tissue effect level.
Chromium in small mammal livers/kidneys were compared to the literature liver tissue effects
threshold (Puls 1990, Figure 5-28); mean concentrations at riparian study sites were not greater
than at reference sites, and all values were well below the chromium tissue effect level. Lead in
small mammal livers/kidneys were compared to the literature-derived liver tissue effects
threshold (Ma 1996, Figure 5-29). Small mammal tissue (liver) lead concentrations at 100-NR-2
were greater than at reference sites and greater than the lead liver tissue effect level. Selenium in
small mammal livers/kidneys was compared to the literature liver tissue effects threshold
(Clark 1987, Figure 5-30); mean concentrations at riparian study sites were not greater than at
reference sites, and all values were well below the selenium tissue effect level.

Figure 5-27. Tissue Effect Levels for Small
Mammal Livers: Cadmium.
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"NR2" refers to NR2 study sites (n = 6), "B/C" refers to B/C Pilot study sites (n = 8), "B/C-Ref' refers to B/C Pilot reference
sites (n = 6), "Study Site" refers to RCBRA riparian study sites (n = 19; RCBRA Rip 6 sampled in two consecutive years), and
"Ref" refers to RCBRA riparian reference sites (n = 8). The line represents a no effect level in livers (3.9 mg/kg wet weight;
Hunter et al. 1989). Liver no effect concentration was originally reported in dry weight; wet weight conversion used 71.4%
moisture for mouse livers collected for the 100-B/C Pilot Project. Solid symbols are detected concentrations; open symbols are
nondetected concentrations.
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Figure 5-28. Tissue Effect Levels for Small
Mammal Livers: Chromium.
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"NR2" refers to NR2 study sites (n = 6), "B/C" refers to B/C Pilot study sites (n = 8), "B/C-Ref" refers to B/C Pilot reference
sites (n = 6), "Study Site" refers to RCBRA riparian study sites (n = 19; RCBRA Rip 6 sampled in two consecutive years), and
"Ref" refers to RCBRA riparian reference sites (n = 8). The line represents a no effect level in livers (1 mg/kg wet weight; Puls
1990). Solid symbols are detected concentrations; open symbols are nondetected concentrations.

Figure 5-29. Tissue Effect Levels for Small
Mammal Livers: Lead.
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"NR2" refers to NR2 study sites (n = 6), "B/C" refers to B/C Pilot study sites (n = 8), "B/C-Ref" refers to B/C Pilot reference
sites (n = 6), "Study Site" refers to RCBRA riparian study sites (n = 19; RCBRA Rip 6 sampled in two consecutive years), and
"Ref" refers to RCBRA riparian reference sites (n = 8). The line represents a no effect level in livers (1 mg/kg wet weight; Ma
1996). Liver no effect concentration was originally reported in dry weight; wet weight conversion used 71.4% moisture for
mouse livers collected for the 100-B/C Pilot Project. Solid symbols are detected concentrations; open symbols are nondetected
concentrations.
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Figure 5-30. Tissue Effect Levels for Small
Mammal Livers: Selenium.
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"NR2" refers to NR2 study sites (n = 6), "B/C" refers to B/C Pilot study sites (n = 8), "B/C-Ref" refers to B/C Pilot reference
sites (n = 6), "Study Site" refers to RCBRA riparian study sites (n = 19; RCBRA Rip 6 sampled in two consecutive years), and
"Ref" refers to RCBRA riparian reference sites (n = 8). The line represents a no effect level in livers (71.5 mg/kg wet weight;
Clark 1987). Liver no effect concentration was originally reported in dry weight; wet weight conversion used 71.4% moisture for
mouse livers collected for the 100-B/C Pilot Project. Solid symbols are detected concentrations; open symbols are nondetected
concentrations.

Polychlorinated biphenyls in small mammal brains were not directly comparable to a literature
tissue effects threshold because such data were not available for comparable species.
Polychlorinated biphenyl tissue effect levels are available for mink, which are known to be
among the most sensitive mammalian species. Concentrations of total PCBs in 100-NR-2 small
mammal brains were less than these tissue effect levels (Platnow and Karstad 1973, 4.72 mg/kg
in mink brain). Polychlorinated biphenyls (measured as Aroclor mixtures) were not detected in
100-B/C Pilot small mammal brains. Brain tissue was not analyzed for the RCBRA project
small mammals. There were no tissue effect levels for other riparian wildlife COPECs.

Weight of Evidence. The middle trophic-level component of the ecological risk assessment is
broadly representative of the potential effects of Hanford Site contaminants on birds and
mammals. Representative species are California quail, eastern and western kingbird, western
meadowlark, pocket mouse, deer mouse, and grasshopper mouse. The quantitative lines of
evidence are ecological exposure evaluation through measured COPEC concentrations in soil
and food, measured tissue concentrations in birds and mammals, and tissue effect levels.
Multiple lines of evidence were employed to assess risks to wildlife, and the results are
summarized in Table 5-88. The weights for these measures are discussed below.

Dietary Exposure Evaluation. The potential for adverse ecological effects in wildlife was
assessed by comparing estimated dietary exposures to effect levels. Effect levels were available

River Corridor Baseline Risk Assessment
Volume I, Part]: Ecological Risk Assessment

March 2012 5-94



Evaluation of Ecological Risks in the DOE/RL-2007-21
Riparian Environment Rev. 0

for all COPECs. The weight assigned to comparison with literature-derived values is medium
because dietary exposure is based on concentrations in potential food items measured at each
site, and the size of the study site was similar to the home range of the representative species.
Food ingestion rates and the amount of incidental soil ingestion were from the literature. The
toxicity information also was from the literature, so this information is not site-specific to the
chemical forms and mixtures of COPECs present at these riparian sites. Literature values may
also be based on a single species and could have less relevance to the broad array on species
found at the Hanford Site. Literature values are appropriate because they are typically based on
peer-reviewed literature and databases. There were, however, some abstractions in the exposure
assessment. For example, the sampled plant tissues were the current year's growth, and the
actual diet for the herbivorous animals is primarily seeds. Thus, there is an assumption that
green plant material adequately represents concentrations in seeds. There is one study that
measured concentrations of heavy metals in soil, seeds, and harvester ants (Del Toro et al. 2010).
Mean lead concentration in soil was about 170 mg/kg, and the concentration in seeds was about
7 mg/kg-dwt, which corresponds to an uptake factor of about 4%. This ratio compares favorably
to the average plant-to-soil concentration ratio calculated using Hanford Site riparian data (2% in
Table 5-63).

Measured Tissue Concentrations. Concentrations of some COPECs in mammal tissues
were greater in study sites than reference sites. However, only barium concentrations in tissues
were significantly correlated with soil concentrations. The detection limits for some COPECs in
birds or mammals make it difficult to draw definitive conclusions regarding uptake of COPECs
in animals. This line of evidence was ranked low based on the detection limits in animal tissues
for some riparian COPECs. However, the exposure estimates benefitted from having site-
specific measured COPEC concentrations in plants and invertebrates as representative potential
food items for birds and mammals (as noted for dietary exposure evaluation).

Tissue Effect Levels. COPECs in small mammal livers/kidneys were compared to the
threshold for tissue effects based on literature data (Hunter et al. 1989, Puls 1990, Ma 1996,
Clark 1987). Liver tissue effect levels for cadmium, chromium, lead, and selenium were
available for comparison; no other liver tissue effect levels were available for COPECs. As
shown in Figures 5-27 to 5-30, only lead from 100-NR-2 liver tissues exceeded its tissue effect
level, which suggests a potential for adverse effects. A more qualitative assessment was
provided for the PCB concentrations in small mammal brains; no adverse effects were indicated
by this evaluation. This line of evidence is ranked low mainly because it is not site-specific on
chemical forms and does not consider the potential effects of multiple COPECs.

Uncertainty Analysis. Limitations associated with the risk assessment data and methodologies
for the terrestrial evaluation of the RCBRA are summarized qualitatively in Table 5-89 for
middle trophic-level animals. Known uncertainties and data gaps associated with the screening
and focused risk evaluations are summarized, and their implications for estimating potential
adverse effects and conclusions are noted.
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Middle Trophic-Level Vertebrate Risk Summary. There is a potential for adverse effects to
birds from dietary exposure to copper, selenium, vanadium, and zinc (LOAEL-based HQ values
greater than 1.0), and there also is a low potential for adverse effects to birds from cadmium in
the diet (NOAEL-based HQs greater than 1.0). Estimated copper, selenium, and zinc exposures
to birds were greater than the LOAEL at study sites but not at reference sites. Vanadium
exposures to birds were greater than the LOAEL at both study sites and reference sites.

The evaluation for potential adverse effects from COPECs on small mammals, a focal taxon of
this investigation, included examination of animals for gross morphological anomalies,
bioaccumulation of COPECs in tissues, and comparison of estimated dietary exposures to
NOAELs and LOAELs. Anomalies were infrequently noted in field-collected animals, and there
was limited evidence of contaminant uptake. Significant positive correlations of concentrations
of COPECs in small mammal tissue versus soil were noted only for barium, and COPECs in
small mammal tissue were all below levels of concern except for lead at 100-NR-2. Estimated
exposures for copper and selenium were greater than lowest effect levels for mammals,
suggesting there is a potential for adverse effects on small mammals based on COPECs in diet.
Estimated exposures for cadmium, copper, mercury, selenium, thallium, and uranium exceeded
no-effect levels for mammals, which suggest there is a low potential for adverse effects from
these COPECs in diet.

A summary of middle trophic-level vertebrate risk characterization results and uncertainties for
all riparian COPECs is presented in Table 5-90. Estimated exposures for eight COPECs exceed
an effect level, and exposures at study sites were greater than at reference sites. These are the
key COPECs for middle trophic-level vertebrates and are discussed below. Unless otherwise
noted, the observations for these COPECs are based on the exposure evaluation results for
20 study sites (including the 100-B/C Pilot and 100-NR-2 study sites) and gradient analyses for
18 study sites (all but the 100-B/C Pilot and 100-NR-2 study sites):

* Cadmium: Estimated exposures to cadmium exceeded the NOAEL for birds and for
mammals; thus, there is a low potential for adverse effects on middle trophic-level
vertebrates. NOAEL-based HQs were greater than 1.0 at 100-B/C Pilot study sites for the
kingbird and the deer mouse (maximum HQ of 1.2) at RCBRA study sites. LOAEL-based
HQs were less than 1.

* Copper: Copper exceeded the LOAEL for the kingbird, deer mouse, and grasshopper mouse
and thus has a potential for adverse effects on middle trophic-level vertebrates.
The maximum LOAEL-based HQ was 1.5. NOAEL-based HQs were greater than 1.0 for
five of the six wildlife receptors at both study sites and reference sites, and the maximum
NOAEL-based HQ was 4.5. The magnitude of the HQs was low for most receptors and sites.

* Mercury: This COPEC exceeded the NOAEL for the deer mouse and thus has a low
potential for adverse effects on mammals. NOAEL-based HQs were equal to 1.0 for one
RCBRA study site (riparian 7).
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* Selenium: Both LOAEL- and NOAEL-based HQs were greater than 1.0 for five of the six
wildlife receptors (all but the California quail) at both study sites and reference sites. The
maximum NOAEL-based HQ was 5.2, and the maximum LOAEL-based HQ was 3.4
(deer mouse for B/C-Pilot).

* Thallium: Estimated exposures were between the NOAEL and LOAEL for all of the
mammalian receptors at a single study site (100-B/C Pilot). The maximum NOAEL-based
HQ was 3.4.

* Uranium (inorganic): Estimated exposures to uranium exceeded the NOAEL but were less
than the LOAEL for the pocket mouse at three study sites, indicating a low potential for
adverse effects. The magnitude of the maximum pocket mouse NOAEL-based HQs were
low (1.2), and exposure did not exceed any effect levels for other wildlife.

* Vanadium: Estimated exposures exceeded the LOAEL for the kingbird at both study sites
and reference sites, so it has a potential for adverse effects; the maximum LOAEL-based HQ
was 2.5. The NOAEL-based HQs were greater than 1.0 for the California quail,
meadowlark, and kingbird at both study sites and reference sites, so vanadium has a low
potential for adverse effects to these receptors; the maximum NOAEL-based HQ was 5.0.

* Zinc: Estimated exposures to zinc exceeded the NOAEL and LOAEL at the 100-B/C Pilot
sites for the kingbird; thus, it has a potential for adverse effects on birds. The magnitude of
both the NOAEL- and LOAEL-based HQs was low (less than 1.1).

5.4 RIPARIAN ENVIRONMENT CONCLUSIONS

This ecological risk assessment evaluated risks to an array of assessment endpoints, primarily at
18 representative riparian study sites, using multiple measures of exposure, effect, and
ecosystem/receptor characteristics. The study sites were selected to represent locations that may
be adjacent to or directly affected by known contaminated media (groundwater seeps and
springs, soil, sediment). In addition, data from the 100-B/C Pilot study and the
1 00-NR-2 ecological study were evaluated.

The overall objectives were to determine whether current conditions at these potentially affected
sites are protective of ecological receptors in the riparian environment and to ensure ecological
risks are at levels that result in the recovery and maintenance of healthy populations and
communities of biota. This information will be used to inform risk management decisions and
support development of the final records of decision for the River Corridor.
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To meet the objectives of the risk assessment, the analyses focused on addressing the following
questions:

* Is there risk to human health3 and the environment under current conditions?
* What are the uncertainties associated with the RCBRA risk results and conclusions?

The following information summarizes the results provided by analytical results and studies for
each of the COPECs and each of the assessment endpoints (plants, terrestrial invertebrates, and
middle trophic-level wildlife) to answer those questions. Soil and biotic tissue analytical results
for the riparian environment were obtained from the RCBRA project, the 100-B/C Pilot project,
and the 100-NR-2 shoreline assessment. Soil bioassay results were obtained from the RCBRA
project. In some cases, the data obtained from the studies did not fully meet the requirements of
the regulator-approved RCBRA SAP for this project; these discrepancies are discussed as
uncertainties.

5.4.1 Is There Risk to Human Health and the Environment Under Current Conditions?

Based on evaluation of riparian assessment endpoints, 9 of the 22 COPECs identified in
Section 5.3.4.4 may present some level of risk for one or more of the assessment endpoint
entities. Risk results that are relevant to specific COPECs are the comparison of COPEC
concentrations to plant or terrestrial invertebrate benchmarks or the results of wildlife exposure
analyses. To address the overall question as to whether there are risks to human health and the
environment, three specific additional questions were addressed for the identified assessment
endpoints in the riparian environment; those questions are the following subheads for this
section.

Evaluation of ecological significance of risks focused on benchmarks and LOAELs.

5.4.1.1 Do Contaminant Concentrations in Riparian Soils Decrease Plant Survival or
Growth? Potential effects on terrestrial plants were evaluated using rare plant surveys, the
results of a bioassay, and comparison of soil concentrations to plant benchmarks.

Rare plants were observed at several of the study sites, so this habitat was sampled for COPECs;
the exposure and effects evaluation included use of plant bioassays of soils collected from the
rare plant sites. Field surveys of rare plant presence or absence and associated bioassays are
ranked high as a line of evidence.

Concentrations of some COPECs in soil exceeded plant benchmarks, indicating that effects in
plants might occur. Soil concentrations of arsenic, chromium, lead, vanadium, and zinc
exceeded benchmarks and reference concentrations, suggesting a potential for adverse effects.
The arsenic benchmark was exceeded at six study sites and the chromium benchmark was
exceeded at four study sites. The lead benchmark was exceeded at eight study sites and two

' Human health risks are evaluated in Volume I.
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reference sites. The vanadium and zinc benchmarks were exceeded at every site (both study site
and reference site).

The other lines of evidence indicate that COPECs may not adversely affect riparian plants,
including those at the rare plant sites. Bioassays showed no differences in plant growth between
study sites and reference sites. Plant bioassays were rated as a medium-weighted line of
evidence because the bioassays conducted in 2006 were determined to be unusable; the bioassay
laboratory did not document that it followed all required quality assurance protocols for the
seedling germination test, so only the 2007 data were available for use in the assessment for
plants.

Some COPECs were detected in plant tissues, but the concentrations of the COPECs did not
differ between study sites and reference sites. Similar to the upland plant data, COPEC
concentrations found in riparian plant tissues did not correlate to those in riparian soil.
Therefore, although soil concentrations are greater than plant benchmark for some COPECs, the
weight attributed to this line of evidence is low, and benchmark HQ results do not overwhelm
the conclusions of the other lines of evidence.

A summary of plant risk characterization results and uncertainties for all riparian plant COPECs
is presented in Table 5-91. Estimated exposures for five COPECs exceeded an effect level or
had a significant negative trend with plant measures; these are the key COPECs for terrestrial
plants and are discussed below. Unless otherwise noted, the observations for these COPECs are
based on the exposure evaluation results for 20 study sites (includes the 100-B/C Pilot and
100-NR-2 study sites) and gradient analyses for 18 study sites (all but the 100-B/C Pilot and
100-NR-2 study sites).

* Arsenic: Maximum soil concentrations were greater than the benchmark (10 mg/kg) at six
study sites (maximum concentration was 19 mg/kg at riparian site 21), and the maximum
benchmark HQ was low (1.9). There were no relationships of arsenic in plant tissue to soil
concentrations, and there were no negative relationships of phytotoxicity measures to arsenic
in soil.

* Chromium: Concentrations of chromium in soil exceeded the benchmark (42 mg/kg), so
there is a potential for adverse effects on plants. The benchmark HQ was 4.1 at one site
(171 mg/kg at riparian 7) and between 1 and 2 at two other study sites (52 mg/kg at riparian 2
and 69 mg/kg at riparian 4). There were no relationships of chromium in plant tissue to soil
concentrations, but there was a negative relationship of one phytotoxicity measure
(germination) to chromium in soil. There are uncertainties in the gradient analysis for the
phytotoxicity measures because usable bioassay results were not available for the site with
the largest benchmark HQ (riparian 7).

* Lead: Maximum soil concentrations of lead were greater than the benchmark (50 mg/kg) at
eight study sites and two reference sites. The site with the largest benchmark HQ was a
study site (125 mg/kg at riparian site 21). There were no relationships of lead concentrations
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in plant tissues to those in soil, and there were no negative relationships of phytotoxicity
measures to lead in soil.

* Vanadium: Soil concentrations were greater than the benchmark (2 mg/kg) at all study and
reference sites, and the benchmark HQs were high (greater than 10.0). Maximum study site
soil concentrations (89 mg/kg) were greater than the highest reference site (77 mg/kg) or the

9 0 th percentile of Hanford Site background (84 mg/kg). Vanadium was frequently detected
in soil and tissue, but there were no relationships between plant and soil concentrations.
There were negative relationships between two of the nine phytotoxicity measures
(shoot mass [fresh weight] and root mass [fresh weight]) and vanadium concentrations.
However, there were no relationships of dry weight measures to vanadium soil
concentrations.

* Zinc: Zinc concentrations in soil were greater than the benchmark (50 mg/kg) at study sites
and reference sites. The maximum study site concentration was 620 mg/kg at riparian 2j, and
the maximum reference site concentration was 330 mg/kg at reference 13. None of the nine
phytotoxicity measures showed evidence for adverse effects based on a concentration
gradient with zinc, and there was no relationship of zinc in plant tissue to zinc concentrations
in soil.

5.4.1.2 Do Contaminant Concentrations in Riparian Soils Affect Terrestrial Invertebrate
Survival? Potential effects on terrestrial invertebrates were evaluated using the results of a
bioassay and comparison of COPEC concentrations in soil to invertebrate benchmarks.

Concentrations of some COPECs in soil were greater than terrestrial invertebrate benchmarks, so
adverse effects could occur. Soil concentrations of chromium, copper, mercury, zinc, and
TPH-diesel exceeded benchmarks and reference concentrations, which suggest a potential for
adverse effects.

There were no indications of differences in risk between study sites and reference sites based on
the higher weighted line of evidence (bioassay results). Nematode survival did not negatively
correlate with concentrations of COPECs measured in riparian soil. Some COPECs were
detected in invertebrates, but concentrations of COPECs in invertebrates at study sites did not
correlate with soil concentrations. Hand picking invertebrates was necessary to gain sufficient
mass for COPEC analyses. While this practice facilitated laboratory analyses, it precluded
estimates of relative abundance as a line of evidence.

Terrestrial invertebrate risk characterization results for all riparian COPECs are summarized in
Table 5-91. The five COPECs (chromium, copper, mercury, zinc, and TPH-diesel) for which
exposures exceeded an effect level and reference concentrations are the key COPECs for
terrestrial invertebrates and are discussed below. Unless otherwise noted, the observations for
these COPECs are based on the exposure evaluation results for 20 study sites and gradient
analyses for 18 study sites (all but the 100-B/C Pilot and 100-NR-2 study sites).
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* Chromium: Concentrations of chromium in soil exceeded the benchmark (42 mg/kg) at
four study sites (maximum was 171 mg/kg at riparian site 7 and the next-highest was
69 mg/kg at riparian site 4), so there may be potential for adverse effects on invertebrates.
The magnitude of the benchmark exceedance was moderate (maximum benchmark HQ was
4.1). There was no statistically significant relationship between concentrations in terrestrial
invertebrate tissues and those in soil. There also was no relationship between nematode
survival and soil concentrations.

* Copper: Concentrations of copper in soil exceeded the benchmark (50 mg/kg) at two study
sites (51 mg/kg at riparian site 3b, 60 mg/kg at riparian site 7), so there is potential there for
adverse effects on invertebrates. The magnitude of the low benchmark exceedance was low
(maximum benchmark HQ was 1.2). There was no statistically significant relationship
between concentrations in terrestrial invertebrate tissues and those in soil. There also was no
relationship between nematode survival and soil concentrations.

* Mercury: Mercury concentrations in soil were greater than the benchmark (0.1 mg/kg) at
seven sites (riparian sites 6, 10, 2j, 21, 3b, 4a, and riparian reference site 16). The maximum
mercury soil concentration was 0.16 mg/kg at riparian site 4a. There was no statistically
significant relationship between terrestrial invertebrate tissue concentrations or nematode
survival and soil concentrations.

* Zinc: Zinc concentrations in soil were greater than the benchmark (100 mg/kg) at all study
sites and reference sites. The maximum study site concentration was 411 mg/kg, and the
maximum reference site concentration was 326 mg/kg; the benchmark HQs were
less than 5 at all sites. There was no statistically significant relationship between zinc
concentrations in terrestrial invertebrate tissue and soil concentrations, and there was no
relationship between nematode survival and soil concentrations.

* TPH-diesel: Soil concentrations of TPH-diesel were greater than the benchmark at one
study site (100-NR-2), which was the only location where TPH was measured. The
benchmark HQ was less than 3.0. There were no tissue data to evaluate statistical
relationships between TPH-diesel concentrations in soil and terrestrial invertebrate tissues.
There also were no data to evaluate statistical relationships between soil TPH-diesel
concentrations and nematode survival.

5.4.1.3 Do Contaminant Concentrations in Riparian Soils and Food Decrease Bird or
Mammal Survival, Growth, or Reproduction? Exposure and potential effects to middle
trophic-level wildlife were evaluated using information on dietary contaminant exposures and
COPEC concentrations in small mammal tissues compared to ecological effects levels for diet
or tissues.

There is a potential for adverse effects to birds from dietary exposure to copper, selenium,
vanadium, and zinc (LOAEL-based HQ values greater than 1.0), and there also is a low potential
for adverse effects to birds from cadmium in the diet (NOAEL-based HQs greater than 1.0).
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Estimated copper, selenium, and zinc exposures to birds were greater than the LOAEL at study
sites but not at reference sites. Vanadium exposures to birds were greater than the LOAEL at
both study sites and reference sites.

The evaluation for potential adverse effects from COPECs on small mammals, a focal taxon of
this investigation, included examination of animals for gross morphological anomalies,
bioaccumulation of COPECs in tissues, and comparison of estimated dietary exposures to
NOAELs and LOAELs. Anomalies were infrequently noted in field-collected animals, and there
was limited evidence of contaminant uptake. Significant positive correlations of concentrations
of COPECs in small mammal tissue versus soil were noted only for barium, and COPECs in
small mammal tissue were all below levels of concern except for lead at 100-NR-2. Estimated
exposures for copper and selenium were greater than lowest effect levels for mammals,
suggesting there is a potential for adverse effects on small mammals based on COPECs in diet.
Estimated exposures for cadmium, mercury, thallium, and uranium exceeded no effect levels for
mammals, which suggests there is a low potential for adverse effects from these COPECs in diet.

A summary of middle trophic-level vertebrate risk characterization results and uncertainties for
all riparian COPECs is presented in Table 5-91. Estimated exposures for eight COPECs
exceeded an effect level, and exposures at study sites are greater than reference sites. These are
the key COPECs for middle trophic-level vertebrates and are discussed below. Unless otherwise
noted, the observations for these COPECs are based on the exposure evaluation results for
20 study sites (including the 100-B/C Pilot and 100-NR-2 study sites) and gradient analyses for
18 study sites (all but the 100-B/C Pilot and 100-NR-2 study sites).

* Cadmium: Estimated exposures to cadmium exceeded the NOAEL for birds and for
mammals; thus, there is a low potential for adverse effects on middle trophic-level
vertebrates. NOAEL-based HQs were greater than 1.0 at 100-B/C Pilot study sites for the
kingbird and the deer mouse (the maximum HQ was 1.2) at RCBRA study sites.
LOAEL-based HQs were less than 1.

* Copper: Copper exceeded the LOAEL for the kingbird, deer mouse, and grasshopper mouse
and thus has a potential for adverse effects on middle trophic-level vertebrates.
The maximum LOAEL-based HQ was 1.5. NOAEL-based HQs were greater than 1.0 for
five of the six wildlife receptors at both study sites and reference sites, and the maximum
NOAEL-based HQ was 4.5. The magnitude of the HQs was low for most receptors and sites.

* Mercury: This COPEC exceeded the NOAEL for the deer mouse and thus has a low
potential for adverse effects on mammals. NOAEL-based HQs were equal to 1.0 for one
RCBRA study site (riparian 7).

* Selenium: Both LOAEL- and NOAEL-based HQs were greater than 1.0 for five of the six
wildlife receptors (all but the California quail) at both study sites and reference sites. The
maximum NOAEL-based HQ was 5.2, and the maximum LOAEL-based HQ was 3.4
(deer mouse for B/C-Pilot).
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* Thallium: Estimated exposures were between the NOAEL and LOAEL for all of the
mammalian receptors at single study site (100-B/C Pilot). The maximum NOAEL-based HQ
was 3.4.

* Uranium (inorganic): Estimated exposures to uranium exceeded the NOAEL but were less
than the LOAEL for the pocket mouse at three study sites, indicating a low potential for
adverse effects. The magnitude of the maximum pocket mouse NOAEL-based HQs were
low (1.2), and exposure did not exceed any effect levels for other wildlife.

* Vanadium: Estimated exposures exceeded the LOAEL for the kingbird at both study sites
and reference sites, so it has a potential for adverse effects; the maximum LOAEL-based HQ
was 2.5. The NOAEL-based HQs were greater than 1.0 for the California quail,
meadowlark, and kingbird at both study sites and reference sites, so vanadium has a low
potential for adverse effects to these receptors; the maximum NOAEL-based based HQ
was 5.0.

* Zinc: Estimated exposures to zinc exceeded the NOAEL and LOAEL at the 100-B/C Pilot
sites for the kingbird; thus, it has a potential for adverse effects on birds. The magnitude of
both the NOAEL- and LOAEL-based HQs was low (less than 1.1).

The risk results are summarized for plants, terrestrial invertebrates, and for middle trophic-level
wildlife in Table 5-92, which also presents uncertainties associated with these assessment
endpoint entities.

Nine COPECs (arsenic, chromium, copper, lead, mercury, selenium, vanadium, zinc, and
TPH-diesel range) were identified as posing potential for adverse effects for one or more
assessment endpoints at the level of assessment specified (i.e., benchmark for plants and
invertebrates; LOAEL for birds or mammals). These COPECs have been carried forward to
Section 8.0 for development of ecological preliminary remediation goals (PRGs). It should be
noted, however, that additional COPECs may be identified in Sections 4.0, 6.0, or 7.0 for which
ecological PRGs also may need to be developed.

5.4.2 What are the Uncertainties Associated With the Risk Results and Conclusions?

Known uncertainties and data gaps associated with these risk evaluations are summarized, and
their implications for estimating potential adverse effects and conclusions are noted in
Table 5-92. The qualitative uncertainty analysis identifies specific causes of uncertainties and
evaluates their potential impact on risk estimates.

Uncertainties identified for key COPECs and for the assessment endpoint entities include
detection limits that did not meet RCBRA SAP requirements, unusable phytotoxicity
measurements at 10 study sites and 4 reference sites, and the lack of terrestrial invertebrate
relative abundance information. Only the unusable phytotoxicity measurements represent a
significant loss of information. Terrestrial invertebrate abundance information was not obtained,
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but contaminant levels in terrestrial invertebrate tissue were measured, and the potential for risk
was evaluated using the nematode bioassay. There is sufficient redundancy in the measures
available for each assessment endpoint entity that sound conclusions can be drawn regarding the
potential for differences in ecological risk at study sites compared to reference sites. For
wildlife, the key uncertainties are associated with estimated exposure levels based on uptake
through the food chain and with TRVs for site-specific receptors.

The main uncertainty for the riparian assessment is the concentration range evaluated with the
studies to evaluate toxicity to plants and invertebrates. The full range of chromium
concentrations was not tested with the bluegrass germination bioassay, and the toxicity of
TPH-diesel to invertebrates was not tested for 100-NR-2 soils. There are also uncertainties
associated with exposure of small mammals to lead at 1 00-NR-2.

For all endpoints, exposure was based on the average concentrations for each study site using
MIS results for soil or composite sample results for biotic tissues. Thus, exposure is integrated
to the entire site incorporating high and low concentrations. There are uncertainties in applying
the results of these studies to cases where discrete samples are collected or to sites that are
heterogeneous, and the average may not adequately represent exposure to some individuals or
populations.

5.4.3 Overall Conclusions

The strength of the different kinds of information for assessing ecological risks and the
uncertainties associated with each result must be weighted to develop an overall conclusion
about the potential for ecological risks in the riparian environment. As presented in the RCBRA
SAP and consistent with EPA guidance (OSWER 9285.7-28P), site-specific information on
exposure and effects is preferred to literature information and was, therefore, given a higher
weight in the risk assessment.

The riparian ecological risk ecological assessment followed ERAGS (EPA/630/R-95/002F) and
related guidance (EPA/540/F-01/014), which included steps to refine contaminants, develop a
conceptual site model, and identify assessment endpoint entities. The riparian ecological risk
ecological assessment started with a SLERA that defined indicator contaminants and associated
analytical suites. The riparian BERA evaluated all analytes in these contaminant suites and
identified COPCs based on concentrations measured in soil and biotic media. Contaminants of
potential concern were refined to COPECs based on a comparison of soil concentrations to
ecological screening values. This process identified COPECs that were further evaluated using
various lines of evidence. This process emphasizes contaminants with potential for adverse
effects on ecological receptors. It is important to note that no radionuclides were retained as
COPECs in the riparian BERA because the dose based on the Tier 1 BCGs was less than the
relevant dose limits (Table 5-55). Radionuclides are key contaminants for the River Corridor
and were the focus of the remedial actions completed under the IARODs. Radionuclides and
other contaminants considered in the IARODs have been summarized in Section 8.0 and, as
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appropriate, ecological PRGs were presented for these IAROD contaminants. Refer to
Volume II for information on human health risks associated with riparian COPCs.
The following statements for COPECs are based on the higher-weighted site-specific measures
evaluated for the riparian ecological risk assessment:

* Two COPECs were correlated with adverse effects on plant growth. There was a negative
relationship of one phytotoxicity measure (germination) to chromium in soil. There were
negative relationships of two of the nine phytotoxicity measures (shoot mass [fresh weight]
and root mass [fresh weight]) to vanadium soil concentrations. However, the associated dry
weight measures of plant growth were not significantly correlated to vanadium soil
concentrations. Therefore, the various plant bioassay measures provide discordant
information on the potential for adverse effects from vanadium. Comparisons to benchmarks
and reference concentrations showed exceedances for arsenic, chromium, lead, vanadium,
and zinc, indicating a potential for adverse effects.

* Evidence for adverse effects in invertebrates is lacking based on comparisons of measures of
effect (e.g., nematode survival) obtained for study sites compared to reference sites.
Comparisons to benchmarks and reference concentrations showed exceedances for
chromium, copper, mercury, and zinc, suggesting potential for adverse effects. In addition,
TPH-diesel soil concentrations were greater than benchmark at the only study site where it
was assessed (100-NR-2), and there were no bioassay results from this location.

* For comparison of COPEC exposures to literature effect levels in wildlife, eight COPECs
exceeded NOAEL values and reference concentrations, indicating a low potential for adverse
effects. Four COPECs (copper, selenium, vanadium, and zinc) exceeded the LOAEL values
and exposures at reference sites, indicating a potential for adverse effects. One COPEC
(lead) had small mammal liver concentrations greater than the tissue effect level.

As shown on Table 5-91, riparian COPECs that indicate a potential for adverse effects are further
evaluated in Section 8.0. Section 8.0 also evaluates COPECs that indicate a potential for adverse
effects from the upland, near-shore, and broad-scale ecological risk assessments. Finally, this
information will be applied in Section 8.0 to support development of site-specific ecological
PRGs for protection of ecological receptors on the Hanford Site.

Results from the risk assessment presented in this section have been further considered in
Section 8.0, along with the conclusions from the upland, near-shore, and broad-scale ecological
risk assessments, toward the development of ecological PRGs for protection of the environment.
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6.0 EVALUATION OF ECOLOGICAL RISKS IN THE
NEAR-SHORE AQUATIC ENVIRONMENT

This section describes the ecological risk assessment methods and results for 48 study sites and
9 reference sites in the near-shore aquatic environment of the River Corridor. This material was
developed in accordance with the approved planning and decision documentation for the
RCBRA (e.g., DQO Summary Report for the 100 Area and 300 Area Component of the
River Corridor Baseline Risk Assessment [DQO] [BHI-01757], Risk Assessment Work Planfor

the 100 Area and 300 Area Component of the RCBRA [DOE/RL-2004-37], and 100 Area and
300 Area Component of the RCBRA Sampling and Analysis Plan [RCBRA SAP]
[DOE/RL-2005-42]). The assessment endpoints and associated measures, data inputs, analyses
and exposure calculations for the near-shore aquatic environment are described. The primary
guidance followed in this volume of the report is Ecological Risk Assessment Guidancefor
Superfund: Process for Designing and Conducting Ecological Risk Assessments, Interim Final

(ERAGS) (EPA/540/R-97/006); this section provides the technical information supporting
Steps 1 to 7 of ERAGS for the near-shore environment (see Section 1.0 for more information on
ERAGS).

Section 6.1 presents introductory materials including a road map for this section of the report.
Section 6.2 is the near-shore screening-level ecological risk assessment (SLERA). Section 6.3 is
the near-shore baseline ecological risk assessment (BERA). Section 6.4 presents a summary of
risk conclusions for the study sites in the near-shore environment and discusses how the
conclusions from these representative study sites can be applied to the rest of the near-shore
areas in the River Corridor. Uncertainties associated with these conclusions are highlighted.

6.1 INTRODUCTION

The near-shore environment ecological risk assessment evaluated the nonoperational portion of
the Hanford Site along the Columbia River that may have been affected by Hanford
contaminants due to its proximity to the operational areas. Near-shore sites were evaluated to
address the following questions:

* Is there risk to human health' and the environment under current conditions?
* What are the uncertainties associated with the RCBRA risk results and conclusions?

Figure 6-1 presents the eight steps of ERAGS process that were followed for the near-shore
environment and shows the corresponding sections and appendices where information on that
step can be found in this document.

1 Human health risks are evaluated in Volume I.
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Figure 6-1. Application of the ERAGS Process to the Near-Shore Environment.
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ERAGS Steps 1 and 2 provide a summary of the screening-level ecological risk assessment
(SLERA) using available data at the time the SLERA was completed (BHI-01757). Based on
information from the SLERA, the project proceeded to the baseline ecological risk assessment or
BERA. The BERA is Steps 3 through 7 of ERAGS and focused on studies of 48 representative
study sites. Risk conclusions for these study sites will be applied to other near-shore
nonoperational areas in the River Corridor.

6.2 SCREENING-LEVEL ECOLOGICAL RISK ASSESSMENT

The RCBRA SLERA evaluated existing sediment and water data from 10 operational areas
within the River Corridor as part of the DQO summary report (BHI-01757). Abiotic data were
available for the following operational areas: 100-B/C, 100-K, 100-D, 100-F, 100-H, 100-K,
100-N, 300 Area, Hanford townsite (100-IU-6), and White Bluffs townsite (100-IU-2). Data on
325 chemical and radiological analytes were evaluated for the 10 operational areas. These data
were collected for a variety of purposes by several different projects. Therefore, the number of
analytes and detection levels measured at each individual site varied depending upon the specific
needs of the project with which they were historically associated. However, these data were of
sufficient quality for the purposes of the SLERA.

Groundwater, seep, and aquifer tube data were evaluated because these waters may discharge to
surface waters (i.e., the Columbia River), resulting in potential exposure to aquatic or terrestrial
receptors. The results of the SLERA for sediment and water were used to develop indicator
contaminants for both riparian and near-shore ecological receptors. Entities in the Hanford Site
100 Area and 300 Area that were evaluated in the SLERA included aquatic and sediment biota
communities (for radionuclides and nonradiological analytes). Maximum media concentrations
for each contaminant were used for the screening. Additionally, the maximum nondetected
concentrations were screened to determine if detection limits were adequate.

The screening process distributed analytes into four categories:

* Analytes that exceeded applicable ecological screening values were designated as
contaminants of potential ecological concern (COPECs)

* Analytes that were below applicable ecological screening values were eliminated from
consideration as COPECs

* Analytes whose nondetect value exceeded applicable ecological screening values were
designated as COPECs

* Analytes for which applicable ecological screening values were not available were
eliminated from consideration as COPECs.
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In the planning meetings for the RCBRA, project participants (U.S. Environmental Protection
Agency [EPA], Washington State Department of Ecology [Ecology], U.S. Department of Energy
[DOE], tribal, and stakeholder groups) were concerned about the representativeness of the data
used for the SLERA. Participants were not confident the historical data fully captured all spatial
variability and potential contaminants associated with Hanford operations. To address this
potential issue, the project elected to measure for suites of contaminants in the abiotic and biotic
media collected under RCBRA. The COPECs identified by the SLERA results were used as
indicator contaminants to determine which suites of contaminants would be measured.

With the exception of volatile organic chemicals, which are not expected to persist in arid soils
or surface water of the Hanford Site, suite analyses were performed for potential contaminants
associated with the Hanford Site near-shore sediment, water, and biotic tissues. Specifically,
data were collected for all chemicals associated with a particular analytical method for the
following potential contaminant groups: inorganic chemicals, polychlorinated biphenyls (PCBs)
and pesticides, semivolatile organic compounds (SVOCs), and radionuclides. With the
exception of volatile organic compounds, all major contaminant suites were included in the data
collection methodology outlined in the RCBRA SAP (DOE/RL-2005-42). The analytical suites
for all the sediment, water, and tissues targeted in the RCBRA SAP are provided in Table 6-1.

6.3 BASELINE ECOLOGICAL RISK ASSESSMENT

The BERA fulfills ERAGS Steps 3 through 7 (Figure 6-1), which are Problem Formulation
(ERAGS Step 3), Study Design and DQO Process (ERAGS Step 4), Field Verification of
Sampling Design (ERAGS Step 5), Site Investigation and Data Analysis (ERAGS Step 6), and
Risk Characterization (ERAGS Step 7). The detailed project documentation for the BERA is
provided in the DQO Summary Report (BHI-0 1757) and the RCBRA SAP (DOE/RL-2005-42).

6.3.1 Problem Formulation (ERAGS Step 3)

This section addresses the BERA problem formulation, which is Step 3 of ERAGS. Problem
formulation was presented in the RCBRA DQO Summary Report and RCBRA SAP
(BHI-01757, DOE/RL-2005-42), and it included identifying contaminant suites, defining the
conceptual exposure model, and selecting assessment endpoints. The near-shore ecological risk
assessment contaminant suites based on the indicator COPECs were identified in Table 6-1.

The primary ecological remediation goal for CERCLA sites is to reduce ecological risks to levels
that will result in the recovery and maintenance of healthy local populations and communities of
biota (OSWER Directive 9285.7-28P, Issuance ofFinal Guidance: Ecological Risk Assessment
and Risk Management Principlesfor Superfund Sites). The specific purpose of this ecological
risk assessment is to characterize potentially adverse effects on plants and animals that may be
exposed to residual contamination in areas that may have been affected by Hanford Site
operations in the River Corridor waste sites. This assessment focuses on contaminants that are
associated with Hanford Site-related operations and is intended to support CERCLA
decision-making. In addition, management goals for the River Corridor are to consider impacts
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to state or federally listed threatened or endangered species, protect rare habitats, and minimize
contaminant loading (or bioaccumulation) into biota (BHI-0 1757).

The characterization of ecological risks in this report is structured around upland (Section 4.0),
riparian (Section 5.0), and near-shore (this section) exposure zones in accord with the assessment
endpoints developed for these environments. To limit repetition of information from earlier
sections, components of problem formulation presented elsewhere (e.g., site description and the
conceptual model, Section 3.0) are discussed only briefly here.

6.3.1.1 Assessment Endpoints. EPA guidance (Guidelines for Ecological Risk Assessment,
EPA/630/R-95/002F) defines assessment endpoints as explicit expressions of the actual
environmental values (e.g., ecological resources) that are to be protected. Useful assessment
endpoints define both the ecological entity (e.g., species, ecological resources, habitat type) and
attributes (e.g., reproductive success, survival, growth) for the entity. Assessment endpoint
entities were selected as representative species in a simplified food web. Assessment endpoints
were developed from ecological management goals and an understanding of the Hanford Site
conceptual exposure model, including trophic relationships among ecological receptors.

Aquatic plants and invertebrates are valuable assessment endpoint entities because these
organisms are intimately associated with sediment and water (both surface and pore water) and
have high exposure potential (e.g., through dermal contact and ingestion), making them ideal
indicators for evaluating the adverse effects of contaminants. The results of the SLERA
indicated that inorganic chemicals are the primary COPECs. Invertebrates in the near-shore
environment may integrate exposure from abiotic media and through the base of the food chain
(periphyton). Because the assessment also evaluates chemicals with varying potential for
biological transport and accumulation (e.g., certain inorganic chemicals like mercury and certain
organic chemicals like PCBs have high potential for bioaccumulation), information on biological
exposures through different levels of the food chain are evaluated.

Thus, species are intended to be representative of biota potentially at risk from contaminant
exposures within and between exposure zones. Representative receptors in the near-shore
aquatic environment are algae and vascular plants, aquatic macroinvertebrates, fish, amphibians,
birds, and mammals. It is important to note that some of the near-shore aquatic species have
different feeding strategies during their life history stages. Examples of this include the different
diet and environments used by amphibians during larval development (i.e., as tadpoles) and
during the adult stage.

Representative Near-Shore Aquatic Receptors.

* Plants: algae and vascular plants
* Aquatic insects: larval forms and adults of some species
* Other aquatic invertebrates: crayfish, snails, clams, mussels
* Amphibians: Woodhouse's toad (juvenile and adult)
* Fish: sucker, sculpin, juvenile and adult salmon, sturgeon
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* Birds: Bufflehead (duck), eastern and western kingbird
* Mammals: mink.

In some cases, risk inferences are based on maximally exposed representative receptors acting as
surrogates for other species in the same feeding guild or taxonomic group. For example,
herbivorous mallards are a representative species selected in the course of developing project
DQOs. They are represented by invertebrate-eating bufflehead ducks given this receptor's
higher exposure potential. Similarly, sculpins are protective representatives of threatened and
endangered salmonids due to their year-round exposure to contaminants and relatively limited
home range (McCleave 1964, Hill and Grossman 1987, Morgan and Ringler 1992,
Gray et al. 2004).

These representative receptors were evaluated for near-shore aquatic study sites. Figure 6-2
provides an overview of the assessment endpoint entities (representative receptors) and the types
of measures used to assess ecological risk. Potential for exposure and effects across
environments is considered in Section 7.0. For example, the mink is assumed to capture
mammalian prey at upland waste sites or riparian nonoperational areas and to eat fish from the
river.

6.3.1.2 Consideration of Threatened and Endangered Species and Migratory Birds.
Various species are recognized by state or federal agencies as having special status based on the
species' risk of extinction. Threatened and endangered species are considered at risk, and, as
such, they were not identified for sacrificial sampling and subsequent analyses for the risk
assessment effort. Data for selected surrogate species were required for contaminant or
biological characterization based on the guild in which the special-status species were identified
(Table 5-1 of DOE/RL-2004-37). The list of state and federally listed species of concern
(including candidate, sensitive, and monitored species) thought or known to occur on the
Hanford Site is updated regularly in PNL-6415. No plants, invertebrates, amphibians, reptiles, or
mammals on the Federal list of threatened and endangered wildlife and plants are known to
occur on the Hanford Site (PNNL-SA-41467).

There are both terrestrial and aquatic special status species at the Hanford Site. Terrestrial
species listed by Washington State's Natural Heritage Program (PNNL-SA-41467) are discussed
in Sections 4 and 5. There are also aquatic species of concern like the Columbia pebblesnail
(Fluminicola columbiana). Steelhead in the Columbia River within the boundaries of the
Hanford Site are part of the Upper Columbia River Evolutionarily Significant Unit, which
includes all naturally spawned steelhead in Columbia Basin streams from the Yakima River to
the United States-Canada border, as well as the Wells Hatchery stock (61 FR 56138). Steelhead
of this evolutionarily significant unit were listed as federally endangered under the Endangered
Species Act of1973 by the National Marine Fisheries Service on August 11, 1997. The RCBRA
evaluates ecological effects on fish as representatives of salmonids at the no observed effect
concentration (NOEC) because these are species of special concern.
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Figure 6-2. Summary of Measures and Species Evaluated in the
Near-Shore Aquatic Environment.
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As discussed in Section 1.3.7, the RCBRA addresses potential impacts on migratory birds based
on the Migratory Bird Treaty Act of 1918 (MBTA). The MBTA prohibits unregulated "taking"
of migratory birds, and the RCBRA evaluates ecological effects on representative species of
migratory birds. In the near-shore environment, migratory birds are represented by the kingbird
and bufflehead.

6.3.1.3 Risk Questions and Measures. Risk questions for the near-shore environment focused
the investigation on components of the ecosystem that have the greatest potential for exposure to
Hanford Site-related contaminants. Questions to be addressed (listed below) were initially
developed as hypotheses as part of the DQO process (BHI-01757).

A series of risk hypotheses were then developed in the RCBRA SAP (DOE/RL-2005-42). These
hypotheses were more recently simplified and consolidated to a series of open-minded questions
to avoid a potential bias in the way that they are addressed. The assessment of the near-shore
aquatic zones (hereinafter referred to as "aquatic") is driven by risk questions representing the
conceptual exposure model of how contaminant stressors are most likely to affect the aquatic
ecosystem. To address one of the overall questions, "Are residual conditions for cleanup actions
completed under the IARODs protective of human health and the environment as implemented
through the cleanup actions?" the specific risk questions are as follows:

* Do contaminant concentrations in sediments and pore water decrease plant survival or
growth?

* Do contaminant concentrations in sediments and pore water affect aquatic invertebrate
survival, reproduction, growth, diversity, and/or relative abundance?

* Do contaminant concentrations in pore water decrease amphibian survival, growth, or
reproduction?

* Do contaminant concentrations in sediments, pore water, and food decrease fish, bird, or
mammal survival, growth, or reproduction?

* Do contaminant concentrations in sediments, pore water, and tissue increase
histopathological indicators of effect for bivalves or fish?

Evaluation of the risk questions that were posed for the aquatic environment provides
information for decision-making.

6.3.2 Study Design and DQO Process (ERAGS Step 4)

This ecological risk assessment focused on characterizing risks to assessment endpoints using a
weight-of-evidence approach to determine exposure and potential effects of hazardous
substances, as recommended by Fairbrother (2003), Hull and Swanson (2006),
Menzie et al. (1996). Individual lines of evidence or measures for assessment endpoints were
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considered jointly to relate measures of effects to assessment endpoints. Weighting of measures
is important when two or more lines of evidence present contradictory findings. Chemical and
biological data related to the study sites, including results of chemical analyses and bioassays,
were used to characterize risk. Several other parameters, such as relative population size and
habitat suitability, were evaluated to qualitatively characterize the ecological significance of the
risk. The weight-of-evidence evaluation provides a link between risk characterization and
assessment endpoints.

The initial weights of the various lines of evidence for each assessment endpoint were provided
in the RCBRA DQO and RCBRA SAP based on the following logic:

* Comparisons of abiotic media to ecological screening levels or benchmark levels were given
the lowest weight. The rationale was that these measures are protective levels and may not
be representative of site-specific conditions.

* Field measures were given medium weight; these measures have inherently greater
variability, but were clearly more relevant to site-specific conditions. Field measures also
integrate contaminants and some spatial and/or temporal exposure.

* Modeled or measured exposures to contaminants were also given medium weight because
they include some site-specific information but rely on literature measures of toxicity.

* Laboratory measures (toxicity tests) were given the highest weight because they used site
materials and performed testing under controlled conditions. Laboratory measures integrated
exposure to multiple contaminants.

These general assignments of weights assumed that the desired number of sample results and
analyses were obtained for each measure. After data were collected, the weights assigned to the
lines of evidence were reviewed based on the completeness and representativeness of the results
relative to the project objectives. Such considerations are recognized in ERAGS in terms of
meeting DQOs and changing field conditions (ERAGS Step 6).

It is acknowledged that weighting lines of evidence is difficult, due to limitations in all of these
data. For example, field measures can have various degrees of uncertainty, modeled data can be
influenced by assumptions, and literature data depend on similarity to site conditions.
Regardless of the limitations of the data, however, the risk assessment emphasizes what is known
versus what is uncertain and also emphasizes concordance or discordance among the various
lines of evidence.

In many cases, Hanford Site-specific field measures are expected to have less uncertainty in
estimates of risk compared to the use of literature values based on conditions or studies unrelated
to the Hanford Site. As such, site-specific information can be given a higher weighting.
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Lines of evidence were weighted with specific data-usability criteria based on the following:

* Whether the measurement is an integrated versus single COPEC analysis
* Site-specificity
* Standardization
* Replication/repeatability of the measurement
* Variability
* Relevance to management goals.

6.3.2.1 Study Site Selection. The near-shore aquatic assessment evaluated ecological risks at
48 study sites potentially affected by contamination from Hanford Site sources. Study sites were
selected in areas where known contaminated groundwater plumes enter the Columbia River and
in areas between the plumes. Based on available plume monitoring data, three groundwater
plume areas were identified, as characterized by hexavalent chromium (near the 100-K and
100-D Areas), strontium-90 (near 100-N Area), and uranium (near the 300 Area) levels. Within
each major plume area, aquatic study sites were selected to capture a gradient of contaminant
concentrations. Areas of fine sediments and gravel-pebble size substrate were targeted in order
to focus the sampling in areas that would support biotic communities that could be affected by
the contaminants entering the river.

A second set of study sites was selected to represent the near-shore environment along the
remainder of Columbia River shoreline between the regions influenced by the three major
groundwater plumes. These areas were located in regions potentially affected by emerging
groundwater contamination and other potential sources of contamination. Such areas of
emergent groundwater are often indicated by riverbank springs or seeps, and the location of these
springs and seeps has been documented in PNNL-19052. Areas of fine sediments and
gravel-pebble substrate were targeted for study.

The RCBRA near-shore aquatic investigations included a range of locations along the
Hanford Site Columbia River shoreline and at upstream reference locations. Sample locations in
the near-shore environment were as follows:

0 Study sites

- Thirty-four potentially affected locations associated with contaminated groundwater
plumes emerging near Hanford Site operating areas where surface water, pore water,
sediment, bivalves, other aquatic macroinvertebrates, and fish were sampled, and
associated ecological parameters were measured

- Fourteen potentially affected locations between the areas influenced by the three major
groundwater plumes where surface water, pore water, sediment, bivalves, other aquatic
macroinvertebrates, and fish were sampled, and associated ecological parameters were
measured
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0 Reference sites

- Nine locations not affected by Hanford Site contamination where surface water,
pore water, sediment, bivalves, aquatic macro-invertebrates, and fish were sampled, and
associated ecological parameters were measured.

Note that two near-shore/riparian reference sites were selected north of the 300 Area. These
reference sites were selected because they are immediately upstream of the 300 Area study sites
and could better reflect the local site conditions than the sites near or upstream from the
Vemita Bridge. These reference sites also provide information on the potential differences along
the length of the Hanford Reach.

Investigation area RCBRA 100-F was added to the fish investigation areas to aid in determining
remediation options for an adjacent waste site (128-F-2). Fish collected at RCBRA 100-F were
sent for histopathological examinations, and an attempt was made to analyze for hexavalent
chromium on fish tissue from 100-F, but the laboratory could not get the tissue sample to
transition from a gel to liquid state, and these hexavalent chromium results were not usable.
Sediment samples were also collected from this location.

Figure 6-3 shows a map of the study sites and reference sites in the near-shore environment.
Figure 6-3 also displays the 100-B/C Pilot and 100-NR-2 shoreline-assessment sample locations.
Additional information on the relevant near-shore data included in these supplemental
investigations is provided in Section 6.3.2.15. As discussed in Section 3.0, using study sites that
represent relatively discrete locations in the near-shore environment was intended to provide
information on ecological exposures and the potential for adverse ecological effects under
worst-case conditions. More information on the locations selected as study sites is provided in
ERAGS Step 5 (field verification of sampling design; Section 6.3.3).

6.3.2.2 Reference Site Data. Establishing "background" or ambient concentrations of
contaminants is fundamental to ecological risk assessment. Data collected from "reference sites"
are used to establish background levels of a contamination gradient. The reference site data were
used as part of the COPC refinement process. Contamination gradients represent a range of
concentrations from low to high. Reference site data should establish the lower end of
contaminant concentrations in gradient analyses. Gradient analyses were visualized as scatter
plots that showed trends in results. Statistical analyses determined if there was a significantly
increasing or decreasing trend. For example, a decreasing trend in survival versus contaminant
concentrations (lower survival with high contaminant concentrations) might be observed.
Gradient analyses were used along with other information to draw conclusions about risk and
potential causal factors.
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Figure 6-3. Map of the Study Sites and Reference Sites
in the Near-Shore Environment.
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To help facilitate characterization of risks due to contamination from a Superfund site, data from
the site are normally compared to data from similar areas not affected by contamination. The
EPA describes a reference site used for ecological risk assessment purposes as a location that is
ecologically similar to the Superfund site, preferably nearby, and that is either least affected or
altogether unaffected by the Superfund site contamination. EPA further states
(EPA/540/F-94-012):

The investigator should try to locate the reference site as close as possible to the
Superfund site so that the reference site will accurately reflect the site's condition.
Yet the reference site should lie at a great enough distance from the Superfund
site to be unaffected by site contamination.

In other words, the reference site must be close enough to the Superfund site so that
characteristics such as geology, climate, and habitat remain comparable to the site conditions.
Introducing variables other than the presence or absence of contamination between the site and
reference sampling locations, such as a change in soil chemistry or vegetation, is likely to
confound the interpretation of results. Therefore, the reference sites used in this ecological risk
assessment were selected based on both ecological characteristics and absence of contamination,
and are intended to represent similar ecological conditions and areas of lowest impact or lowest
measured concentrations.

Seven near-shore aquatic reference sites on the Columbia River upstream of the Hanford Site and
two near-shore aquatic reference sites upstream of the 300 Area (shown in Figure 6-3) were
selected. The upstream reference sites are ecologically similar to the near-shore study sites
downstream on the Hanford Site, and the two reference sites upstream of the 300 Area are
similar to conditions in the 300 Area. In comparison to the variability among the riparian and
upland sites, the near-shore study sites in the Columbia River are more similar to one another.
However, while most of the near-shore riverbed adjacent to the operations areas consists of sand
and embedded cobbles, there are also slough and backwater areas where finer-grained sediments
have accumulated.

Vegetation in the near-shore zone areas is generally sparse because of the prevalence of coarse
substrate, along with daily and seasonal river level fluctuation. Fish sampling areas also were
selected, and fish were sampled from seven upstream reference locations. Figures 6-4 and 6-5
are photographs of the Aquatic 13 and Aquatic 14 near-shore aquatic reference sites.

Appendix B presents statistical and graphical comparisons of the reference site data from sources
listed in Table 6-2. The general conclusion from these analyses is that although the
concentration ranges of many analytes for various reference site data sources overlap, there also
are many statistically significant differences among data sources.
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Figure 6-4. Aquatic 13 Near-Shore Aquatic Reference Site.

Figure 6-5. Aquatic 14 Near-Shore
Aquatic Reference Site.
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6.3.2.3 Sediment Characterization. Sediment was an exposure medium for plants,
invertebrates, and wildlife in the near-shore aquatic environment. Discrete sediment (grab)
samples were collected along the water's edge of the shoreline at the most of the sampling
stations listed in Figure 6-3. Most of the sediment sample locations were paired with the water
sampling locations and associated with deployed clam sleeves and rock baskets. Other sediment
sampling locations were in backwater (or sediment depositional areas) and were paired with
native mussel collection. The specific location, areal extent, and depth of sediment sample
collection depended on the amount of sediment deposited at the target location. The upper
boundary of the shoreline for sediment sampling corresponded with the lower boundary of
riparian soil sampling. Persistent vascular vegetation, particularly the reed canarygrass
(Phalaris arundinaceae), was typically used to define this boundary, which corresponds to water
levels when Priest Rapids discharge rates are about 80,000 cubic feet per second (cfs). The
sediments were collected from between the rocks using pre-cleaned stainless steel scoops and
transferred into a plastic-lined tub. Figure 6-6 shows a sediment sample being collected from the
Hanford Reach. Grab samples of fine-grained near-shore Columbia River sediment collection
were co-located with the aquatic biota and pore water samples.

Figure 6-6. Sampler Collecting a Sediment
Sample from a Study Site Along

the Hanford Reach.
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After sufficient sediment sample mass was collected in the tub, 30 increments of sediment were
obtained for each sample bottle by spreading out sediment from the tub onto a large stainless
steel tray (Figure 6-7). The tray was then divided (6 rows of 5 squares each), and
30 multi-increment scoops of sediment were systematically collected and transferred to
appropriate containers. Laboratory analyses and other measurements conducted for sediments
are listed in Table 6-3. Additional details on specific analyses performed for sediments are
presented in Appendix C-1.

Figure 6-7. Subsampling Sediments Collected from a
Location to Obtain a Representative Sample

for Chemical and Radiological Analysis.

6.3.2.4 Pore Water Characterization. Pore water was an exposure medium for aquatic biota
in the near-shore aquatic environment. A single horizontal pore water sampling tube was placed
at each study site and each reference site, 10 to 15 cm (4 to 6 in.) below the riverbed, and
allowed to settle for at least 15 days before sampling began. Unfiltered pore water samples
were collected to evaluate ecological exposures to the aquatic community. Most pore water
samples were collected during lower flow conditions (Priest Rapids Dam flows ranging from
about 70,000 cfs to 120,000 cfs). The yearly average flow of the river is 120,000 cfs.

Samples collected during low flow should have a greater amount of groundwater mixing with
surface water and therefore have greater concentrations of groundwater contaminants.
Additional information on pore water sample collection and observations associated with the
pore water samples are considered in Section 6.3.3 (ERAGS Step 5). Laboratory analyses and
other measurements conducted for pore water are listed in Table 6-3. Additional details on
specific analyses performed for pore water are presented in Appendix C-1.
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6.3.2.5 Surface Water Characterization. Surface water is an exposure medium for biota in the
near-shore aquatic environment. Unfiltered surface water samples were collected at each of the
aquatic locations. Surface water was collected once at each location and analyzed for
contaminants and water quality parameters. Laboratory analyses and other measurements
conducted for surface water are listed in Table 6-3. Additional details on specific analyses
performed for surface water are presented in Appendix C-1.

6.3.2.6 Toxicity Testing. Bioassays provide information on ecological effects associated with
contaminants in sediment or pore water. The species tested were selected to be representative of
receptors potentially at risk in this environment. They included one plant species, two
invertebrate species, and an amphibian.

Pak Choi Sediment Bioassay. The Pak Choi bioassay measured plant growth on sediment
samples collected at reference and study sites. Although Pak Choi is not an aquatic vascular
plant, this test was selected because it is a standard protocol for testing sediments and provides
relevant phytotoxicity information. The Pak Choi test method was adapted from "Phytotoxicity
of Dredged Sediment from Urban Canal as Land Application" (Chen et al. 2002). Additional
guidance was provided by "The Water-Culture Method for Growing Plants without Soil"
(Hoagland and Amon 1950). The Pak Choi seeds were obtained from Snow Seed Organic,
Salinas, California. The control sediment was artificial sediment composed of 70 grade silica
sand, kaolin clay, and peat moss. Calcium carbonate was added to adjust sediment pH to
7.0 + 0.5. Hydration was accomplished with deionized water, and supplemental nutrients were
supplied in accordance with test methods. The concentrations tested were 100% sample with
artificial control sediment as the laboratory control.

Following sample preparation, four Pak Choi seeds were planted into each test chamber. Seeds
were planted, and water was sprayed onto the sediment surface to ensure the seeds received
moisture. Sediment pH was taken at test initiation and termination. Temperature was monitored
continuously throughout the 40-day testing period. On day 18, seedlings were transplanted from
replicates with more than one germinated seed to those replicates with no germinated seeds. On
day 22, test chambers that had more than one seedling growing were thinned to reduce the
number of seedlings to one. For each test chamber, shoots were measured as wet and dry
weights.

Hyalella Sediment Bioassay. Invertebrate bioassays of sediment were conducted using the
amphipod Hyalella azteca. The amphipod test methods were performed according to the
Standard Test Method for Measuring the Toxicity of Sediment-Associated Contaminants with
Freshwater Invertebrates (ASTM E 1706-05) and Methods for Measuring the Toxicity and
Bioaccumulation of Sediment-Associated Contaminants with Freshwater Invertebrates - Second
Edition (2000) (EPA/600/R-99/064). The amphipods used in the sediment tests were obtained
from Chesapeake Cultures, Nayes, Virginia, and were 7 to 8 days old at test initiation. All
organisms tested were fed and maintained during culturing, acclimation, and testing as
prescribed by ASTM and the EPA. The concentration in the amphipod tests was 100% sample
sediment, with Beaver Creek sediment as laboratory control.
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The effects measured during the amphipod test are survival and growth over a 28-day exposure
period. The amphipod tests were monitored at initiation and termination for dissolved oxygen,
pH, conductivity, total hardness, alkalinity, ammonia, and temperature. During the tests,
dissolved oxygen and pH were monitored every 3 days, conductivity was measured every 7 days,
and temperature was monitored every 24 hours.

Ceriodaphnia Pore Water Bioassay. Invertebrate bioassays of pore water were conducted with
the water flea (Ceriodaphnia dubia). The water flea three brood toxicity test method used was
adapted from the Standard Guidefor Conducting Three-Brood, Renewal Toxicity Tests with
C. dubia (ASTM E1295-01) and Short-Term Methods for Estimating the Chronic Toxicity of
Effluent and Receiving Waters to Freshwater Organisms, EPA Method 1002.0, "Ceriodaphnia
Survival and Reproduction Test" (EPA/821/R-02/013). Additional guidance for the test
interpretation was provided by Understanding and Accountingfor Method Variability in Whole
Effluent Toxicity Applications Under the National Pollutant Discharge Elimination System
Program (EPA/833/R-00/003) and Method Guidance and Recommendations for Whole Effluent
Toxicity (WET) Testing (EPA/821/B-00/004) (40 CFR 136). All organisms were fed and
maintained during culturing, acclimation, and testing as prescribed by the EPA. For the water
flea test, 1 organism per chamber with 10 chambers per sample for a total of 10 organisms per
sample was used. In addition to testing pore water, Ceriodaphnia was used to bioassay a
surface-water sample of irrigation return water from the Ringold wasteway.

For the tests, pre- and post-renewal solutions were monitored for dissolved oxygen and pH daily
in the control and all concentrations tested. Conductivity was measured at test initiation.
Temperature was monitored continuously throughout the testing period. Water flea survival and
neonate production were measured daily in the tests. The effects measured during the tests are
survival and reproduction over the exposure period.

Amphibian Pore Water Bioassay. The 96-hour whole frog embryo assay was performed in
accordance with "Standard Guide for Conducting the Frog Embryo Teratogenesis
Assay-Xenopus (FETAX)" (ASTM E1493-98). Xenopus is not a native amphibian and has been
shown to be relatively resistant to contaminants. The benefit of using Xenopus is that it is a
standardized species. It would require extensive research to utilize the FETAX with a native
species that is more ecologically relevant. Interspecies variation in the sensitivity to
contaminants is also not known. Pore water was used as the exposure medium for this bioassay
to test the developmental impact of waterborne contaminants on amphibians. Because the assay
is based on the whole embryo and not on embryo parts or cultured cells, the endpoints account
for important cellular and molecular mechanisms that may be subject to toxicological effects.
The endpoints of a FETAX assay are growth, deformities, and survival. The Xenopus tests
passed acceptance criteria based on effects for the positive control. General water chemistry
(e.g., pH, dissolved oxygen, hardness, conductivity, alkalinity, ammonia-nitrogen, and residual
oxidants) was initially performed while temperature, pH, and dissolved oxygen were measured
daily. Mortality and malformation frequencies were determined for each sample tested. Length
was measured as an index of growth.
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6.3.2.7 Aquatic Macroinvertebrate Community Characterization and Contaminant
Analysis. As a component of invertebrate bio-monitoring and sampling in the aquatic
environment, biologists studied the communities of organisms inhabiting artificial substrates.
Rock baskets composed of commercially purchased cobble-sized material were placed in the
continuously submerged, unconsolidated substrate for colonization by benthic
macroinvertebrates. These devices provide a standardized way to measure bioaccumulation into
benthic macroinvertebrates and also provide measures of effects. Rock baskets were colonized
by invertebrates such as insects, crayfish, worms, snails, and other mollusks and provide
measures of community structure such as diversity and abundance.

Rock baskets were anchored and partially embedded into near-shore substrates. Baskets 16.5 cm
(23.6 in.) in diameter and 28 cm (11 in.) long were filled with 45- to 60-mm (1.7- to 2.3-in.)
diameter gravel. Six replicate rock baskets were placed at each near-shore aquatic sampling
location. Figure 6-8 shows rock baskets placed in the near-shore aquatic zone.

Figure 6-8. Rock Baskets Deployed Along the Hanford Reach.

When the rock baskets were retrieved, benthic macroinvertebrates were washed from the gravel
in three of the baskets (500 micron retention) and preserved in alcohol for analysis of the benthic
invertebrate community. Each basket represents a separate replicate at each station. Organisms
collected from the remaining three baskets were combined into a single sample and used for
tissue analysis for metals. Hand-picked crayfish were used to augment sample mass to reach the
target biomass for benthic macroinvertebrate tissue in some aquatic stations.
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Benthic macroinvertebrate organisms were identified with the aid of a dissecting scope. A
sorting effectiveness of >95% was maintained. A minimum sub-sample of 500 organisms or the
entire sample was sorted. Sub-sampling was accomplished with the Caton tray method
(Caton 1991). Most insects were identified to the genus or species level, with the exception of
the Chironomidae (midges) identified to the family level. Oligochaeta worms were identified
only to class, except leeches to family or genus. Because mollusks were of special concern,
these organisms were sent to Deixus Consultants, Seattle, Washington, for identification of
species.

Mollusks were removed under a Leica MZ 7.5 binocular dissecting scope and retained in
95% ethanol. Picking was done at low power and the specimens, insects, etc., were retained
under alcohol. Mollusks were later segregated by species, identified, enumerated, and stored in
labeled, smaller bottles. After identification and counting, all material, including substrate,
insects, etc., were returned to the original sample bottles and stored in the original preserving
fluid. All three replicate samples were processed separately and then averaged to represent the
aquatic invertebrate community found at each site.

Aquatic community measures are as follows:

* Summary indices - 5 measures
* Number of taxa per site - 12 measures
* Taxonomic group (%) - 13 measures
* Feeding group (%) - 7 measures
* Tolerant taxa (exclusive of Oligochaeta and Chironomidae) - 2 measures
* Mean abundance per basket of selected taxa - 16 measures.

Laboratory analyses and other measurements conducted for RCBRA biotic media are listed in
Table 6-4. Additional details on specific analyses performed for RCBRA benthic
macroinvertebrates are presented in Appendix C-1. Note that aquatic invertebrate tissues
included insects, crustaceans, clams (soft tissue, shells), and mussels (soft tissue, shells). Clams
and mussels were collected and analyzed separately from other aquatic invertebrate tissues (see
the following sections). Thus, results for aquatic invertebrates (excluding clams and mussels)
were based on samples collected from rock baskets.

6.3.2.8 Clam Survival, Contaminant Analysis, and Histopathology. Clams in tubes were
deployed at near-shore aquatic stations. The clam tubes were prepared by putting live organisms
in plastic mesh sleeving. Asiatic clams (Corbiculafluminea) of relatively uniform size
(15 mm [0.6 in.] to 22 mm [0.8 in.]) were collected from within the left-bank fish ladder
upstream of the Hanford Site at Priest Rapids Dam. The clams were stored at sample location
Ref 14 for 15 days until insertion into mesh tubes. Tubes approximately 2 m (6.5 ft) long were
prepared (with 25 clams each (15 mm [0.6 in.] to 22 mm [0.8 in.]). Once the clams were in the
tubes they were moved to all reference site and study site sampling locations. Figure 6-9 shows
clams ready for deployment.
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Figure 6-9. Clam Tubes Ready for Deployment.

Six replicate mesh tubes containing Asiatic clams were placed at each of the locations previously
selected for pore water sampling in the aquatic zone. Clam tubes were left in aquatic locations
for 3 to 8 months. The deployment period varied based on river levels during which the clam
tubes could be safely retrieved. These devices measure bio-accumulation while controlling for
potentially confounding age variation. Clam tubes provided relative measures of contaminant
uptake and survival rates. Clam tubes and native mussels provide complementary measures of
exposure in the near-shore environment. The preferred substrate for clams is cobbles, and the
mussels are most commonly found in sediment depositional areas.

Sample investigation area conditions, predominant and subdominant substrates, substrate
embeddedness, and relative abundance of macrophytes were recorded. Clam tubes were nestled
down into the matrix substrate and positioned perpendicular to the river current. Unconsolidated
rocks were placed near the clam tubes, but not directly onto the clams. Three clam tubes were
placed upstream and three placed downstream of the horizontal pore water sampling device.
Soft and hard tissues were submitted separately for contaminant analyses. Laboratory analyses
and other measurements conducted for RCBRA biotic media are listed in Table 6-4. Additional
details on specific analyses performed for RCBRA clams are presented in Appendix C-1.

After the desired exposure period, some of the clams were sent for histopathology. Basic
parameters reviewed for relationships with clam histopathology included shell length and overall
clinical condition. More specific parameters reviewed include the following systems and organs:
the digestive system (epithelial cell height, absorb cell vacuole, epithelial cell shedding,
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hemocytosis), reproductive system (sex, follicle and spermatic tubule stages, ova condition,
number of follicle cysts, number of ducts with necrotic cells, number of hyaline degenerative
follicles, connective tissue hemocytosis), gills (hemocytosis, epithelial cell shedding, larvae
brooding in the gill), kidneys, nerves/ganglia, foot, adductor muscles, mantle, and heart. In
addition, special stains of specific tissue samples were completed in order to confirm the
presence/absence of particular observations. Of the three slides that had special stains, the stains
did not confirm the presence of microorganisms, ciliated protozoa, or bacteria/protozoa.

6.3.2.9 Mussel Contaminant Analysis, and Histopathology. Native mussels found in the
Hanford Reach today (Anodonta spp.) are thought to live up to 20 to 30 years. The native
mussels do not attach to the river substrate, which makes them different from the Asiatic clams
that are sessile once they become adults. Native mussels move, albeit slowly, and thus integrate
exposure across a larger area compared to Asiatic clams. Little to no information on adult
mussel movement patterns had been published; it is expected that their home ranges likely are
limited to areas dominated by fine-grain sediments like sloughs.

Snorkel and scuba diving techniques were used to locate, identify, collect, and measure live
native floater mussels (Anodonta spp.). Figure 6-10 shows an example of a native floater
mussel. Observers surveyed the riverbed for mussels along transects about 2 m (6.5 ft) wide
from about 1 m (3.2 ft) above the river bottom. Specimens were placed in open plastic bags in
an iced cooler with a wetted absorbent towel. Mussels were also collected using dip-nets from a
boat floating over the investigation area during low-flow conditions. For age class
characterizations, shell height and width measurements were taken on all specimens collected.
As with clam collection, the extent of the substrate and macrophytic characteristics were
classified consistent with methods described previously.

Figure 6-10. Native Floater Mussel.
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Mussels were systematically selected (every other specimen collected) for histopathology
analysis, opened, and placed in formalin prior to shipment. Remaining mussels were examined
for visible abnormalities and then the tissue was separated from the shell for contaminant
analysis. Soft tissue was separated from the shell and then blended with equal fractions of
dry ice to homogenize multiple specimens. Soft and hard tissues were submitted separately for
contaminant analyses. Laboratory analyses and other measurements conducted for RCBRA
biotic media are listed in Table 6-4. Additional details on specific analyses performed for
RCBRA mussels are presented in Appendix C-1.

Some of the mussels collected from each site were sent for histopathology as described above.
Basic parameters reviewed for relationships with mussel histopathology included shell length
and overall clinical condition. More specific parameters reviewed include the following systems
and organs: the digestive system (epithelial cell height, absorb cell vacuole, epithelial cell
shedding, hemocytosis), reproductive system (sex, follicle and spermatic tubule stages, ova
condition, basophilic particles and materials, connective tissue hemocytosis), gills (hemocytosis,
epithelial cell shedding, larvae brooding in the gill), kidneys, nerves/ganglia, foot,
adductor muscles or other muscle bands, mantle, and heart. In addition, special stains of specific
tissue samples were completed in order to confirm the presence/absence of particular
observations. Of the 18 slides that had special stains, all had a positive stain showing
extracellular granules, intracellular (primarily hemocytes) granules, or amorphous extracellular
material.

6.3.2.10 Mollusk Surveys. For the 2006 near-shore aquatic sample locations, 27 aquatic
investigation areas were selected to assess the presence/absence of mollusk species known to be
present in the Columbia River. The results were summarized in Appendix F of WCH-274. Rare
species such as the pebblesnail (Fluminicola sp.) and spring snail (Pyrgulopsis sp.) were
observed. The pebblesnail was expected at all Uranium (U) sites except sites U8 through U10,
but was confirmed only at sites Ul- U3, U6, U7, U9, and U10. The pebblesnail was expected at
Chromium (Cr) sites Cr3, Cr5, and Cr7-Cr10, but was confirmed only at sites Cr3, Cr7, Cr9, and
Cr10. The spring snail was expected at all uranium plume sites, but was confirmed only at sites
300 Ref 1 and 2, U2, U3, U5, U6, and U8-U10. Currently, spring snails appear to persist only in
the lower-river region of the Hanford Reach such as the uranium plume sites. See Appendix F of
WCH-274 and Figure 6-3 for maps showing the locations of these sites.

For the 2006 near-shore aquatic sample locations, 14 aquatic investigation areas were selected to
assess the habitat characteristics for mollusk species known to be present on the Columbia River.
The results were summarized in Appendix G of WCH-274. Factors that may limit the presence
of sensitive taxa such as pebblesnail, short-face lanx, and spring snail were also noted. These
factors include the dominant substrate size, sub-dominant substrate size, relative abundance of
macrophytes (aquatic plants), and substrate embeddedness. Based on these factors and rock
basket data, rare taxa were expected to occur at sites 2a, 2b, 21, and 4a, and Sr5.
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Surveys of mollusk habitats for the aquatic locations also were completed in January and
March 2007. The habitat characteristics of the investigation areas were reviewed prior to
examining mollusk community recovered on artificial substrate baskets. This information was
used to help define whether the aquatic study sites had habitat characteristics favorable for
coldwater taxa such as the pebblesnail (Fluminicola sp.). Artificial substrate baskets deployed
for the invertebrate community assessment (Section 6.3.2.7) were examined for the presence of
colonized mollusk species before conducting field-based surveys of each of the sites. A listing
of mollusk taxa expected at these sites (including rare taxa) was also prepared.

6.3.2.11 Amphibian Tissue Concentrations. During sampling in 2006, larval Woodhouse's
toads (tadpoles) were not collected due to high river flows scouring their habitat or dropping the
rearing pool water temperatures too low. Samples were collected at only four of the
eight potential sample locations during 2007, including two study and two reference locations.
The remaining locations did not provide sufficient habitat to support juvenile toads. Juvenile
toads were collected and analyzed for inorganic chemicals. Laboratory analyses and other
measurements conducted for biotic media are listed in Table 6-4. Additional details on specific
analyses performed for RCBRA amphibians are presented in Appendix C-1.

6.3.2.12 Fish Sampling for Contaminants and Histopathology. Sculpins (Cottus bairdi) and
juvenile suckers (Catostomus macrocheilus) were evaluated for contaminant concentrations as
well as measured for biological condition and examined for histopathology. Fish sampling
locations are shown in Figure 6-11. Fish were collected using electro-fishing, which uses
electricity to stun fish before they are caught.

Electro-fishing targeted sampling reaches that overlapped other near-shore aquatic locations. For
example, Cr5-Cr6 fish sampling reach overlaps locations Cr5 and Cr6. As such, fish collection
occurred along transects to characterize exposure to the groundwater contaminant plumes. A
crosswalk of sediment and pore water sampling locations to fish transects is provided below.
Sediment and pore water sample results were pooled in order to correlate abiotic COPEC
concentrations to fish tissue concentrations.

* 1 00K Elev: Average of Cr2 and Cr3
* 100K Low: Average of Cr3 and Cr4
* 1OOD Elev: Average of Cr7 and Cr8
* 128-F2 Sed: Same as 100-F
* 300 Ref: Same as Ref 300-1
* 300 Elev: Same as U4
* 300 Low: Average of U8 and U9.

Figure 6-12 shows samplers electro-fishing along the Hanford Reach. Figure 6-13 shows
sculpins collected using electro-fishing techniques.
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Figure 6-11. Locations of Near-Shore Fish Reference Sites and Study Sites.
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Figure 6-12. Electrofishing Along the Hanford Reach.

Figure 6-13. Sculpins Collected Along the Hanford Reach.
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Fish from 26 study sites and 7 reference sites were electro-fished to obtain samples for
histopathology and contaminant analyses. Locations that represented the River Corridor were
sampled and analyzed for PCB congeners, PCB Aroclors, and arsenic speciation in sculpin to
address data gaps identified based on comments on an earlier draft of this report. The arsenic
speciation information is used in Volume II (human health risk assessment). The data for PCBs
in sculpins are presented and evaluated in Appendix F-10.

Information on the fish length and weight was recorded, and the liver and kidney were removed.
Each of these organs and the carcass were analyzed for contaminants. Multiple fish from each
location were composited into one sample for laboratory analysis. Laboratory analyses and other
measurements conducted for biotic media are listed in Table 6-4. Additional details on specific
analyses performed for fish are presented in Appendix C-1.

Target tissues (kidney, liver, gills, bone, and muscle) were examined for histopathology, which
was assessed for study site and reference site fish samples. Analyses included inspection and
documentation of conditions in integument (skin, epithelium, scales), connective tissues, gills,
blood and blood vessels, spleen, hematopoietic tissue, excretory system, skeletal muscle,
cartilage and bone, nervous system, digestive system, liver, and reproductive system. Multiple
measurements were made for specific key organ components.

6.3.2.13 T&E Fish Surveys. Threatened and endangered (T&E) fish surveys were conducted in
2006 and 2007 to determine if suitable steelhead spawning habitat exists at study sites and to
document any steelhead spawning activity at those areas. The results were summarized in the
Suitability ofAquatic Habitat for Steelhead Spawning at Selected Sites in the Hanford Reach of
the Columbia River (Stables and Tiller 2007; Appendix E of WCH-274). In 2006, surveys were
located adjacent to the three primary COPEC plumes (Cr, Sr, U) between Cr1 - Cr10, Sr3 - 5,
and UI - U10. In 2007, selected regions where contamination was known or suspected to have
been deposited were surveyed; they were 2a, 2b, 2c, 2f, 2i, 2j, 2m, 3b, 4a, and 5d.

6.3.2.14 Data Quality Considerations. To ensure that the laboratory analytical data collected
during the ecological investigation were adequate to support risk assessment and environmental
decision-making, EPA guidance pertaining to the appropriate type, quantity, and quality of
environmental data was followed. The DQO process was used throughout the development of
the Risk Assessment Work Plan for the 100 Area and 300 Area Component of the RCBRA
(DOE/RL-2004-37) and RCBRA SAP (DOE/RL-2005-42) to accomplish this objective
(EPA/540/1-89/002, EPA/540/R-97/006, EPA/540/R-92/003).

Quality Assurance Requirements. Appendix C-I describes these QA requirements and
provides a detailed discussion of the data reviews conducted for the RCBRA data. Additional
information on data quality of RCBRA and non-RCBRA data sources, in terms of acceptability
and usability, is provided in Appendix C-2. General data quality considerations for the RCBRA
data include the QA requirements for analytical samples, completeness of analytical sample
results, and sample representativeness. Six criteria were used to evaluate the data supporting the
risk assessment.
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Criterion 1: Data Sources - Overall quality and level of detail in report
Criterion 2: Documentation - Formal documentation of procedures
Criterion 3: Analytical Methods - Analytical methods used and detection levels achieved
Criterion 4: Data Quality Indicators - Assessment of data quality indicators
Criterion 5: Data Review - Data review, validation, and QA
Criterion 6: Data Reporting - Data history and overall apparent data quality.

Each data set used in the RCBRA was evaluated for these six criteria, and each of the data sets
was assigned to one of the following four levels of usability, based on the evaluation:

Level A: Acceptable, unrestricted use
Level B: Acceptable, some use restrictions may apply
Level C: Conditionally acceptable for limited uses
Level D: Conditionally acceptable, use with caution.

Appendix C-2 lists the results of this procedure for each of the data sets used in the RCBRA. All
of the data collected under the RCBRA SAP were assigned Level A as were most of the other
data sources. The assignment of a level does not preclude or endorse the use of a data set for a
particular purpose, but rather is intended to alert users to potential limitations in the data. The
main factors affecting usability of these data for this report were differences in quantitation limits
among various data sources.

Quality assurance requirements are also provided in the RCBRA SAP (DOE/RL-2005-42)
(Section 2.0 of the SAP is the Quality Assurance Project Plan [QAPP]). The QAPP section of
the RCBRA SAP specifies the target quantitation limits (practical quantitation limits [PQLs])
and duplicate requirements for analytical samples. The PQLs were evaluated for nondetected
analytes as part of the COPC refinement process. Nondetected analytes that did not meet PQLs
are discussed as uncertainties in the ecological risk assessment for each environment.
Laboratory duplicate samples were used to validate the data. For the purposes of statistical
analyses, the field or laboratory duplicates were not used to calculate representative
concentrations in order to avoid over-representing certain sample locations in the exposure
assessment.

Completeness of Data Collection and Analysis. Data collection for an ecological risk
assessment includes sampling of abiotic and biotic media. Collection of environmental samples
presents a number of inherent challenges. In general, obtaining a complete set of abiotic media
samples (e.g., soil, water) is less difficult than sampling biotic media (e.g., aquatic
macroinvertebrates, clams, or mussels). In some cases, targeted species were uncommon or
difficult to sample in the amounts needed for all analytical suites. Weather conditions, worker
safety, seasonal or annual variations in abundance, and other environmental factors can have
unexpected impacts on sample media accessibility. In other cases, the characteristics of the
biotic tissue itself may interfere with sample extraction or measurement and make it difficult to
achieve planned quantitation limits. For example, it is possible that lipids in biotic tissues
interfered with detecting semivolatile organic chemicals in these media. There are also cases
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where execution of bioassays or collection of field measures did not meet the
planned requirements. Where acquisition of the samples or data was not possible as originally
planned, the RCBRA project implemented contingencies and supplemental sampling to meet the
requirements for abiotic and biotic data. These contingencies and supplemental sampling
activities included the following for the near-shore environment:

* No amphibian samples were obtained from the onsite sampling areas during the 2005 to 2006
sampling campaign, due to very high river flows that washed out the sampling areas.
Amphibian sampling during the second season (2006-2007) of the shoreline assessment was
successful and included two study sites and two reference areas.

* Supplemental fish sampling was conducted in 2008 to improve the data quality of the
PCB analyses.

* Supplemental sediment sampling was conducted in 2007 to replace rejected hexavalent
chromium data.

At the conclusion of each sampling effort, field activities and details pertaining to sample
analysis were documented in a summary report. These reports provide detailed descriptions of
conditions encountered during sample collection for each field campaign and include the
following:

* 100 Area and 300 Area Component of the RCBRA Fall 2005 Data Compilation (WCH-85)

* 100 Area and 300 Area Component of the River Corridor Baseline Risk Assessment
Spring 2006 Data Compilation (WCH- 139)

* Inter-Areas Component of the River Corridor Baseline Risk Assessment Sampling Summary
(WCH-274).

These reports and other supporting information and documents can be found on the Internet at
http://www.washingtonclosure.comn/projects/environmental protection/mission completion/proi
ect library/.

Sampling Representativeness. Selection of sampling locations and field execution of the
sampling plan were designed to characterize as accurately as possible exposure of targeted
receptors for Hanford Site contamination. As described in Section 3.0 of the RCBRA SAP
(DOE/RL-2005-42), near-shore sampling sites were targeted to include areas expected to contain
the various levels of residual contamination.

6.3.2.15 Other Data Used in the Ecological Risk Assessment. This section presents an
overview of other Hanford Site data not collected specifically for the RCBRA Ecological Risk
Assessment, but identified as relevant to this assessment. Sources of supplemental analytical
data collected as a part of other DOE projects or programs are described below.
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100-B/C Pilot Project Risk Assessment. The 100-B/C Pilot Project Risk Assessment
(100-B/C Pilot) yielded analytical data for abiotic and biotic media, biological health metrics
information for selected receptors, and records of contaminants in abiotic media from a
compilation of Hanford Site monitoring data. Historical and recent analytical data evaluated for
the 100-B/C Pilot that were relevant to the near-shore ecological risk assessment were sediment,
water, and biotic tissues. Sampling and analytical data collected between June 1995 and
January 2004 were evaluated in the 100-B/C Pilot. This included the analytical results contained
in the 100-B/C Pilot Project Data Summary for 2003 and 2004 (B HI-01724).

These data were used to evaluate risks to near-shore receptors in the 100-B/C Area. Near-shore
locations were sampled for contaminants in sediment, surface water, riverbank seep water,
aquifer tube, aquatic vegetation, aquatic macroinvertebrates (such as insects, worms, and
mollusks), and fish. Some overlap in 100-B/C Pilot data with the other data sources was
encountered. Information on the criteria and process used for making determinations of data
usability and for ranking of data sources is provided in Appendix C-1. Aquifer tube and aquatic
vegetation tissue sample results were not used in the report; there was no identified use of these
media types based on the RCBRA SAP. Instead of aquifer tubes, the RCBRA SAP specified that
pore water represented realistic worst-case ecological exposures. In addition, riverbank seep
water was used as a surrogate measure of contamination in the near-shore environment related to
the mixing zone of groundwater and surface. Thus, riverbank seep water was evaluated for the
same receptors and pathways as pore water.

Near-shore biotic tissue concentrations collected for the RCBRA were reported on a fresh-weight
basis. However, results for some analytes (namely metals) in near-shore biota from the
100-B/C Pilot Project were reported on a dry-weight basis. Where analytical results for biotic
tissues were reported in terms of dry weight, these results were converted to fresh weight for use
in exposure modeling using percent moisture values reported for 100-B/C Pilot samples. Biota
tissue concentrations were converted to fresh weight using Equation 6-1.

fresh weight = dry weight * 100 - percent moisture Equation 6-1
100

Percent moisture by species and tissue for 100-B/C Pilot Project data are reported as follows:

* Milfoil (stems or leaves) - 93.4%
* Caddisflies - 67.6%
* Crayfish (carcass or offal) - 71.6%
* Crayfish (hepatopancreas) - 63%
* Clam shells - no correction, assumed analyzed as sampled
* Clam (soft tissue or whole organism) - 74.8%
* Juvenile sucker (whole organism) - 77.8%
* Sculpin-Sucker (composite) - 77.8%
* Sculpin (composite, carcass, offal, liver, or whole organism) - 77.8%.
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In some cases, these measured moisture contents of biota differ from those reported in the
ecological literature. Thus, application of site-specific moisture contents can lead to differences
in the resulting tissue concentrations (in fresh weight units) compared to the ecological literature.
These differences were evaluated in the uncertainty analysis for middle trophic level wildlife.

100-NR-2 Shoreline Evaluation. The 100-NR-2 shoreline evaluation was conducted during
2005. The purpose and scope of the evaluation is described in Section 2.2.2 of this document. A
report titled Aquatic and Riparian Receptor Impact Informationfor the 100-NR-2 Groundwater
Operable Unit (DOE/RL-2006-26) describes the objectives, methods, and findings of the
investigation. Data compiled and collected during the investigation are relevant to evaluating
ecological exposures in the near-shore environment.

Data collected during the 100-NR-2 investigation that are relevant to the near-shore environment
ecological risk were analytical data for sediment, riverbank seep water, shallow aquifer tube
water (10 cm [3.9 in.] depth), and surface water. Shallow aquifer tube and riverbank seep water
represent the mixing zone of groundwater and surface water and were evaluated for the same
pathways as pore water. Data were also collected for several species of near-shore biota,
including aquatic vegetation, aquatic macroinvertebrates, clams, and fish in the near-shore
environment. Abiotic and biotic media were analyzed for radionuclides, metals, PCBs, and total
petroleum hydrocarbons. These data were used to evaluate risks to near-shore receptors in the
100-N Area.

Some overlap in 100-NR-2 investigation data with the other data sources was encountered.
Information on the criteria and process used for making determinations of data usability and for
ranking of data sources is provided in Appendix C-1.

Near-shore biotic tissue concentrations collected for the RCBRA were reported on a fresh-weight
basis. However, results for some analytes (namely metals) in near-shore biota from the
100-NR-2 shoreline evaluation were reported on a dry-weight basis. Where analytical results for
biotic tissues were reported in terms of dry weight, these results were converted to fresh weight
for use in exposure modeling using percent moisture values from the literature. Biota tissue
concentrations were converted to fresh weight using Equation 6-1.

Percent moisture by species and tissue for 100-NR-2 shoreline evaluation data were converted
using the following values:

* Periphyton - 87% (aquatic macrophyte, EPA/600/R-93/187, WEFH Table 4-2)

* Milfoil (stems or leaves) - 87% (aquatic macrophyte, EPA/600/R-93/187, WEFH Table 4-2)

* Clam shells - no correction, assumed analyzed as sampled

* Clam (soft tissue) - 82% (bivalve without shell, EPA/600/R-93/187, WEFH Table 4-1)
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0 Sculpin (whole organism or liver) - 75% (bony fishes, EPA/600/R-93/187,
WEFH Table 4-1).

6.3.3 Field Verification of Sampling Design (ERAGS Step 5)

Field verification of sampling design (ERAGS Step 5) considers the actual location of the study
sites based on the field conditions, the ability to obtain adequate sample mass for all planned
tissue analyses, and the information obtained from the pore water sampling.

6.3.3.1 Field Notes on Study Site Locations. The near-shore study sites sampled in 2005 were
located within three key contaminant plumes originating from Hanford Site operations
(hexavalent chromium at the 100-K and 1 00-D Areas, strontium-90 at the 100-N Area, and
uranium at the 300 Area, DOE/RL-2005-42). Ten additional study sites sampled in 2006 were
located in selected regions where Hanford's legacy materials were known or suspected to have
been deposited. All sites were located in areas that were permanently inundated (~0.25 m [0.8 ft]
below the low water mark). As discussed in Appendix F, habitat characteristics at each site were
classified by the variables of dominant substrate, subdominant substrate, substrate embeddeness,
and the relative abundance of macrophytic vegetation each into four categories. Substrate size
and embeddedness categories were combined into four general classes: (1) sediment, (2) clean
cobble, (3) silty cobble, and (4) boulder-bedrock. The presence of springs was also defined for
each site if specific conductance measured in pore water during any sampling event there was
found to be higher than 180pS/cm. Springs may be important to aquatic invertebrate
communities because they provide cooler water sources during the summer months and warmer
water sources during the winter months. The habitat conditions ranged from backwater sloughs
to fast flowing regions of the Columbia River. Habitat conditions for each study site and
reference site are summarized in Table 6-5. Additional field notes on the aquatic community
study sites are presented below.

Near-Shore Sites Cr1 Through Cr4. Chromium sites 1 through 4 were located between 100-K
and 100-N in permanently inundated areas where groundwater upwelling was also known to
persist. The river was relatively symmetric with no adjacent islands or backwater channels there.
The substrate consisted of moderately embedded gravels and cobbles. All sites were located in
areas with no current when flows were about 70,000 cfs. Chromium site 3 was subjected to
slightly more river flow than the other sites described in this area. The low water velocities at
this site coupled with highly embedded substrates made it unsuitable as steelhead spawning
habitat.

Near-Shore Sites Cr5 and Cr6. Chromium sites 5 and 6 were located about 400 m and 600 m
upstream respectively of the 100-D water intake structure. The substrate consisted of moderately
embedded gravels and cobbles and relatively slow water currents. The river was relatively
symmetric with no adjacent islands or backwater channels there. The low water velocities at this
site coupled with highly embedded substrates made it unsuitable as steelhead spawning habitat.
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Near-Shore Sites Cr7, Cr8, Cr9, and Cr10. Chromium sites 7, 8, 9, and 10 were located along
the Hanford shoreline adjacent to the 100-D Area. A small island in front of the 100-D Area
splits the river and forms a channel with relatively high flow along the Hanford shoreline. The
substrate consisted of relatively clean gravels and cobbles. The relatively fast currents
continually scour these areas, and suitable steelhead spawning habitat was documented at all four
sites during 2007. Further offshore of these sites, fall Chinook spawning events were common
during the late fall.

Near-Shore Sites Sr3 Through Sr5. The strontium near-shore sites 3, 4, and 5 were all located
along the 100-N Area shoreline at the base of the basalt riprap material that was placed there
decades ago. The river was symmetric and wide near these areas and provides slow but steady
river flow across all sites. Substrate there consisted of gravels to cobbles that were not heavily
embedded. Suitable steelhead spawning habitat was found in front of site Sr3. Groundwater
upwelling was prominent throughout these areas. A number of remedial activities along the
shoreline were underway during these characterization efforts.

Near-Shore Sites U1 and U2. The uranium near-shore sites 1 and 2 were located near the
up-river boundary of the 300 Area. The riverine conditions near there consisted of an
asymmetric thalweg and an adjacent island. These two sites were located in backwater areas
where the substrate was predominantly sediment with some highly embedded gravels and
cobbles. The sites were immediately proximal to large macrophyte populations. The impounded
waters from McNary Dam slightly influenced the river near there. Groundwater upwellings were
common throughout this area. Steelhead spawning habitat was not present at either of these
sites.

Near-Shore Sites U3 and U4. The uranium near-shore sites 3 and 4 were located ~500 m
(1,640 ft) and 400 m (1,312 ft), respectively, upstream of the 300 Area water intake structure.
The river's thalweg crosses from Franklin County shoreline to the Benton County shoreline,
causing extensive hydrological scouring of the riverbeds near this region. All three sites were
located in relatively fast flowing region of the river containing a mixture of gravels and cobbles
with low embeddedness. Groundwater upwellings were common throughout this area. Sites
were found to contain suitable steelhead spawning habitat.

Near-Shore Sites U5 through U10. The uranium near-shore sites 5, 6, 7, 8, 9, and 10 were
located along a 1 km (0.6 mi) stretch of shoreline beginning at the 300 Area water intake
structure. All sites were located in slack and depositional waters. Substrate size ranged from
predominantly slightly embedded cobbles at site U5 through U8, and progressed down to heavily
embedded gravels within sites U9 and UlO. The region represented a major interface between
the impounded waters of McNary Dam and the free flowing waters of the Hanford Reach.

Groundwater upwellings were common throughout this area. The sites did not contain any
suitable steelhead-spawning habitat.
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Near-Shore Site 2a. This site was located in a major bend in the river by the 100-B/C Area.
The area consisted of a major depositional zone that was rarely scoured during high river stages
(300,000 cfs or more), and consisted largely of cobbles with a heavy matrix of sediment. A
substantial population of freshwater mussels existed in this area, and the site did not contain any
suitable salmonid spawning habitat.

Near-Shore Site 2c. This investigation area was located about 100 m (328 ft) downstream of
the old Hanford townsite water intake (historic pump house), and just upstream of a major
peninsula known as Coyote Rapids. This site was also located in a highly depositional river
environment. The substrate generally consisted of gravels that were heavily embedded. A small
macrophyte population persisted near this area.

Near-Shore Site 2f. This site was located near the very crest of the "horn," between 100-D and
100-H Areas and adjacent to an island complex that created three channels of the river. The area
was just downstream of a heavily scoured corner of the river, and the site itself was lightly
scoured annually during high flow (180,000 cfs or more) periods. However, river flow in the
immediate vicinity of this station was generally nonexistent. The substrate consisted of gravels
and cobbles that were heavily embedded and supported a moderate density of macrophytic
vegetation. This site did not have suitable salmonid spawning habitat.

Near-Shore Sites 2j, 21, and 3b. Near-shore sites 2j, 21, and 3b were located in the three largest
backwater regions in the Hanford Reach, and are commonly known as the White Bluffs slough,
100-F slough, and the Hanford townsite slough respectively. The substrate primarily consisted
of deep sediment, with some exposed small to medium-cobbles that were heavily embedded with
sediment. These areas contain some of the highest densities of macrophytic vegetation and
freshwater mussels known to exist in the Hanford Reach. None of these sites contained suitable
salmonid spawning habitat.

Near-Shore Site 4a. This site was located about 5 km downstream of the old Hanford townsite
next to a bench of land covered in medium- to large-sized cobbles. The aquatic site was located
in a prominent groundwater upwelling area. The river was symmetric and relatively shallow.
The area was generally scoured during high river flow conditions, but contained a matrix of
sediment in the immediate vicinity of the aquatic study station. This site did not contain suitable
salmonid spawning habitat.

Near-Shore Site 5a. This site was located in a backwater region of the river, approximately
10 km upstream of the 300 Area. Although medium-sized cobbles were common, the
depositional characteristics at this site have caused them to be heavily embedded. River currents
may lightly scour this site when flows exceed 200,000 cfs. A low density of freshwater mussels
and macrophytic vegetation persisted at this station. This site did not contain suitable salmonid
spawning habitat.
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6.3.3.2 Biotic Sample Collection Field Notes. Adequate sample mass was collected for target
analytical suites for fish (organ [liver, kidney] and whole organism) and for laboratory analysis
of aquatic macroinvertebrate or clam tissues for inorganic chemicals (one composite sample per
site) at almost all study sites. However, there was insufficient sample mass of aquatic
macroinvertebrates and clams for laboratory analysis of tissues for organic chemicals
(semivolatiles and pesticides) and radionuclides at most study sites.

Clam tubes were retrieved after 3 to 8 months of deployment due to timing of high river flows.
It was not safe to attempt to retrieve clam tubes during high river flows. The range in exposure
period could influence uptake of contaminants into clam tissues. However, the exposure period
may or may not be influential for clam tissue concentrations. For example, rapid rates of
uranium uptake and depuration have been reported in Investigation of the Hyporheic Zone at the
300 Area, Hanford Site (PNNL-16805). Another PNNL report (PNNL-17270) has presented
comparisons of native clam contaminant levels compared to clams deployed in tubes. A
laboratory study of chironomids also demonstrated fairly rapid (on the order of 3 days)
depuration of uranium (Muscatello and Liber 2010). Thus, there are uncertainties associated
with measurement of clam deployed in tubes and the results for clams have been reviewed with
other complementary measures of exposure (sediment, pore water, mussel, and aquatic
organisms collected from rock baskets).

6.3.3.3 Pore Water Sampling Observations. Obtaining representative pore water samples was
one of the key technical challenges for this ecological risk assessment. The objective of
collecting pore water was to provide a realistic "worst-case" exposure condition for effects
analyses of conditions where organisms are located in the hyporheic zone (Evaluating
Ground- Water/Surface Water Transition Zones in Ecological Risk Assessments,
EPA/540/R-06/072). Thus, the pore water samples should reflect a time when there is a
relatively high proportion of contaminated groundwater mixing with surface water in the
biologically active zone. The following text is a summary of the information presented in
Appendix C-4, "River Environment Observations and Pore Water Sampling." Readers are
referred to Appendix C-4 for further details.

Work on Asiatic clams in the Hanford Reach was used to characterize the riverbed's biologically
active zone. Research showed that these animals are typically buried in the riverbed at depths of
12 cm (5 in.) or less (Turner 2004). Consequently, horizontal pore water tubes were buried 10 to
15 cm (4 to 6 in.) below the riverbed. Pore water tubes were placed at all aquatic sites and
allowed to settle for at least 15 days before sampling began. Figure 6-14 shows installation of
pore water sampling equipment during low water conditions along the Hanford Reach.

Most pore water samples were collected during Priest Rapids Dam flows ranging from about
70,000 cfs to 120,000 cfs. The yearly average flow of the river is 120,000 cfs.
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Figure 6-14. Installation of Pore Water Sampling Equipment.

Pore water was sampled in three sampling events during varying river water level (and flow)
conditions, resulting in three different sampling conditions. The main variable affecting the
success of this pore water sampling effort was the amount of mixing of groundwater with surface
water. The highest concentration of contaminants in pore water would be produced when the
sample is primarily composed of groundwater. Conductance was used as one measure of the
degree to which groundwater and river water were mixing. Low conductance is indicative of
river water, and high conductance is indicative of groundwater.

Some results obtained during the first sampling event were collected when the river stage
(surface water level) was elevated and flows were high. The pressure of river water acts to
suppress groundwater discharge under these conditions. Corresponding conductance levels in
the samples were low, indicating that pore water was predominately river water. During the
second and third events, samples were collected when river levels and flow were low (e.g., river
water levels would be lower only 10% of the time). Under these conditions, there is less
pressure from overlying water and groundwater discharge is relatively unimpeded. Conductance
levels in the pore water samples were high, indicating a higher proportion of groundwater in the
sample.

Five of the 30 locations sampled in 2006 had one or more pore water samples collected under
high river flow conditions. Because the pore water samples collected during this assessment did
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not consistently represent worst-case contaminant exposures, as planned in the DQO and
RCBRA SAP, the weight assigned to pore water COPEC analysis and related measures has been
reduced. The uncertainties associated with pore water sampling and whether the data collected
for the RCBRA represent protective exposure conditions are addressed in the uncertainty
analysis.

At the request of the EPA and Ecology, a comparison between horizontal pore water devices and
vertical pore water devices was performed at five RCBRA investigation areas. Five vertical pore
water tubes were installed 50 cm below the riverbed at selected sites for a comparison to the
specific conductance measured in co-located horizontal pore water sample devices.
Specific conductance was measured and compared in horizontal aquifer tubes and vertical tubes
co-located at sites Sr4, Sr5, 2j, 21, and 2m Aq. As documented in Inter-Areas Component of the
River Corridor Baseline Risk Assessment Sampling Summary (WCH-274), four out of five
horizontal tubes had a statistically greater conductivity than that of the co-located vertical tubes,
indicating a greater presence of groundwater. These comparisons suggested that horizontal tube
pore water samples provided a more realistic measure of ambient exposure in the biologically
active mixing zone between groundwater and surface water.

6.3.4 Site Investigation and Data Analysis (ERAGS Step 6)

ERAGS Step 6 presents the information used to characterize exposure and effects. This step
provides the information that is used in Risk Characterization (ERAGS Step 7) to link between
exposure to contaminants and observed effects on plants or animals in field or laboratory
studies (EPA/910/R-97/005). Toxicity bioassays described in this section provide a valuable link
between exposure and effects.

The data evaluated in this report were compiled into a project database. The database included a
variety of ways to access sample results. The sample collection locations of the data used in the
assessment could be viewed on an interactive map. Figure 6-15 provides an example of the
information available on the interactive map.

6.3.4.1 Sediment, Water, and Tissue Sample Results. The samples were collected in
accordance with the RCBRA SAP (DOE/RL-2005-42) as described in Section 6.3.2 of this
report or these samples were collected for the 100-B/C Pilot or the 100-NR-2 projects.
Summaries of analytical data used in the ecological risk assessment of the near-shore
environment are presented in the following tables.

Table 6-6 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in sediment samples
collected at 48 study sites and 9 reference sites in the near-shore environment. These data were
used to determine the COPCs and COPECs evaluated at study sites and reference sites. This
process is described in the following sections. These data were used in the exposure evaluation
for aquatic biota and wildlife.
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Figure 6-15. Example of Interactive Map Showing Sample Locations.
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Table 6-7 shows the number of sample results in dry weight, detection information, range of
detected values, and range of nondetect values for all analytes measured in sediment samples
collected from the 100-B/C Area near-shore environment. These samples were evaluated
separately for the RCBRA because the analytical methods and sample collection/processing
differed from similar samples collected for the RCBRA project. These data were used to
determine if additional COPCs and COPECs needed to be evaluated. These data were also used
in the exposure evaluation for aquatic biota and wildlife.

Table 6-8 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in sediment samples collected from the
100-N Area near-shore environment. These samples were evaluated separately for the RCBRA
because the analytical methods and sample collection/processing differed from similar samples
collected for the RCBRA project. These data were used to determine if additional COPCs and
COPECs needed to be evaluated. These data were also used in the exposure evaluation for
aquatic biota and wildlife.

Table 6-9 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in unfiltered pore water
samples collected at study sites and reference sites in the near-shore environment. These data
were used to determine the COPCs and COPECs evaluated at study sites and reference sites.
This process is described in the following sections. As discussed in Appendix C-4, pore water
was sampled under a variety of river flow conditions. Under low river flows, there is less mixing
of river water with groundwater, and these data were used in the exposure evaluation for aquatic
biota. The pore water samples used in the exposure evaluation represent the lowest quartile of
river height, and therefore, the worst-case conditions for exposure and effects. Pore water for the
RCBRA project was collected from horizontal aquifer tubes and represents realistic exposures to
aquatic biota. Most vertical aquifer tube water samples were not used because the vertical tubes
measured contaminants at depths where exposures are not realistic. Samples were also collected
from seeps for the 100-B/C Pilot and 100-NR-2 projects; these data were used for COPC
refinement or exposure evaluations because seeps may be comparable to pore water.

Table 6-10 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in both filtered and unfiltered seep
samples collected from the 100-B/C Area near-shore environment. These samples were
evaluated separately for the RCBRA because the analytical methods and sample
collection/processing differed from similar samples collected for the RCBRA project. These
data were used to determine if additional COPCs and COPECs needed to be evaluated. These
data were also used in the exposure evaluation for aquatic biota.

Table 6-11 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in filtered and unfiltered seep and
shallow aquifer tube samples collected from the 100-N Area near-shore environment. Vertical
aquifer tubes were sampled at a depth of 10 cm (3.9 in.), which is comparable to depth of the
horizontal aquifer tubes (10 to 15 cm [3.9 to 5.9 in.]) sampled for pore water. These samples
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were evaluated separately for the RCBRA because the analytical methods and sample
collection/processing differed from similar samples collected for the RCBRA project. These
data were used to determine if additional COPCs and COPECs needed to be evaluated. They
also were used in the exposure evaluation for aquatic biota.

Table 6-12 shows the combined number of sample results, detection information, range of
detected values, and range of nondetect values for all analytes measured in unfiltered surface
water samples collected at study sites and reference sites in the near-shore environment. These
data were used to determine the COPCs and COPECs evaluated at study sites and reference sites.
This process is described in the following sections. These data were also used in the exposure
evaluation for aquatic biota and wildlife.

Table 6-13 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in filtered and unfiltered surface water
samples collected from the 100-B/C Area near-shore environment. These samples were
evaluated separately for the RCBRA because the analytical methods and sample
collection/processing differed from similar samples collected for the RCBRA project. These
data were used to determine if additional COPCs and COPECs needed to be evaluated. These
data were also used in the exposure evaluation for aquatic biota and wildlife.

Table 6-14 shows the number of sample results, detection information, range of detected values,
and range of nondetect values for all analytes measured in filtered and unfiltered surface water
samples collected from the 100-N Area near-shore environment. These samples were evaluated
separately for the RCBRA because the analytical methods and sample collection/processing
differed from similar samples collected for the RCBRA project. These data were used to
determine if additional COPCs and COPECs needed to be evaluated. These data were also used
in the exposure evaluation for aquatic biota and wildlife.

Table 6-15 shows the combined number of sample results in fresh weight, detection information,
range of detected values, and range of nondetect values for all analytes measured in the aquatic
invertebrate tissue samples collected at study sites and reference sites in the near-shore
environment. The 2007 sample collection was supplemented with crayfish (WCH-274). Even
with these supplemental collections, due to sample mass limitations, aquatic invertebrates were
analyzed primarily for metals. This was consistent with the priority for analytical suites
identified in the RCBRA SAP: metals and radionuclides. These data were used to determine the
COPCs evaluated at study sites and reference sites. These data were also used in the exposure
evaluation for wildlife.

Table 6-16 shows the number of sample results in fresh weight, detection information, range of
detected values, and range of nondetect values for all analytes measured in aquatic invertebrate
tissue samples collected from the 100-B/C Area near-shore environment. These samples were
evaluated separately for the RCBRA because the analytical methods and sample
collection/processing differed from the RCBRA project. These data were used to determine if
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additional COPCs need to be evaluated. These data were also used in the exposure evaluation
for wildlife.

The 100-NR-2 project collected samples of aquatic vegetation (periphyton and milfoil). Because
the RCBRA project collected no comparable samples and these data would have no application
in the exposure evaluation, these data were not used in the RCBRA.

Table 6-17 shows the combined number of sample results in fresh weight, detection information,
range of detected values, and range of nondetect values for all analytes measured in the clam soft
tissue samples collected at study sites and reference sites in the near-shore environment. Due to
sample mass limitations, clam soft tissues were primarily analyzed for metals. This was
consistent with the priority for analytical suites identified in the RCBRA SAP: metals and
radionuclides. These data were used to determine the COPCs evaluated at study sites and
reference sites. These data were also used in the exposure evaluation for wildlife.

Table 6-18 shows the number of sample results in fresh weight, detection information, range of
detected values, and range of nondetect values for all analytes measured in clam soft tissue
samples collected from the 100-B/C Area near-shore environment. These samples were
evaluated separately for the RCBRA because the analytical methods and sample
collection/processing differed from the RCBRA project. These data were used to determine if
additional COPCs needed to be evaluated. These data were also used in the exposure evaluation
for wildlife.

Table 6-19 shows the number of sample results in fresh weight, detection information, range of
detected values, and range of nondetect values for all analytes measured in clam soft tissue
samples collected from the 100-N Area near-shore environment. These samples were evaluated
separately for the RCBRA because the analytical methods and sample collection/processing
differed from the RCBRA project. These data were used to determine if additional COPCs
needed to be evaluated. These data were also used in the exposure evaluation for wildlife.

Table 6-20 shows the combined number of sample results in fresh weight, detection information,
range of detected values, and range of nondetect values for all analytes measured in the clam
shell samples collected at study sites and reference sites in the near-shore environment. Due to
sample mass limitations, aquatic invertebrates were primarily analyzed for metals. This was
consistent with the priority for analytical suites identified in the RCBRA SAP: metals and
radionuclides. These data were used to determine the COPCs evaluated at study sites and
reference sites.

Table 6-21 shows the number of sample results in fresh weight, detection information, range of
detected values, and range of nondetect values for all analytes measured in clam shell samples
collected from the 100-B/C Area near-shore environment. These samples were evaluated
separately for the RCBRA because the analytical methods and sample collection/processing
differed from the RCBRA project. These data were used to determine if additional COPCs
needed to be evaluated.
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Table 6-22 shows the number of sample results in fresh weight, detection information, range of
detected values, and range of nondetect values for all analytes measured in clam shell samples
collected from the 100-N Area near-shore environment. These samples were evaluated
separately for the RCBRA because the analytical methods and sample collection/processing
differed from the RCBRA project. These data were used to determine if additional COPCs
needed to be evaluated.

Table 6-23 shows the combined number of sample results in fresh weight, detection information,
range of detected values, and range of nondetect values for all analytes measured in the mussel
soft tissue samples collected at study sites and reference sites in the near-shore environment.
Due to sample mass limitations, mussel soft tissue was analyzed for some but not all suites.
These data were used to determine the COPCs evaluated at study sites and reference sites. These
data were also used in the exposure evaluation for wildlife.

Table 6-24 shows the combined number of sample results in fresh weight, detection information,
range of detected values, and range of nondetect values for all analytes measured in the mussel
shell samples collected at study sites and reference sites in the near-shore environment. These
data were used to determine the COPCs evaluated at study sites and reference sites.

Table 6-25 shows the combined number of sample results in fresh weight, detection information,
range of detected values, and range of nondetect values for all analytes measured in the whole
sculpin samples collected at study sites and reference sites in the near-shore environment. These
data were used to determine the COPCs evaluated at study sites and reference sites. These data
were also used in the exposure evaluation for wildlife.

Table 6-26 shows the number of sample results in fresh weight, detection information, range of
detected values, and range of nondetect values for all analytes measured in whole sculpin
samples collected from the 100-B/C Area near-shore environment. These samples were
evaluated separately for the RCBRA because the analytical methods and sample
collection/processing differed from the RCBRA project. These data were used to determine if
additional COPCs needed to be evaluated. These data were also used in the exposure evaluation
for wildlife.

Table 6-27 shows the number of sample results in fresh weight, detection information, range of
detected values, and range of nondetect values for all analytes measured in whole sculpin
samples collected from the 100-N Area near-shore environment. These samples were evaluated
separately for the RCBRA because the analytical methods and sample collection/processing
differed from the RCBRA project. These data were used to determine if additional COPCs
needed to be evaluated. These data were also used in the exposure evaluation for wildlife.

Table 6-28 shows the combined number of sample results in fresh weight, detection information,
range of detected values, and range of nondetect values for all analytes measured in the sculpin
kidney tissue samples collected at study sites and reference sites in the near-shore environment.
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These data were used to determine the COPCs evaluated at study sites and reference sites. These
data were also used in the effects evaluation for fish.

Table 6-29 shows the combined number of sample results in fresh weight, detection information,
range of detected values, and range of nondetect values for all analytes measured in the sculpin
liver tissue samples collected at study sites and reference sites in the near-shore environment.
These data were used to determine the COPCs evaluated at study sites and reference sites. These
data were also used in the effects evaluation for fish.

Table 6-30 shows the number of sample results in fresh weight, detection information, range of
detected values, and range of nondetect values for all analytes measured in sculpin liver tissue
samples collected from the 100-B/C Area near-shore environment. These samples were
evaluated separately for the RCBRA because the analytical methods and sample
collection/processing differed from the RCBRA project. These data were used to determine if
additional COPCs needed to be evaluated. These data were also used in the effects evaluation
for fish.

Table 6-31 shows the number of sample results in fresh weight, detection information, range of
detected values, and range of nondetect values for all analytes measured in sculpin liver tissue
samples collected from the 100-N Area near-shore environment. These samples were evaluated
separately for the RCBRA because the analytical methods and sample collection/processing
differed from the RCBRA project. These data were used to determine if additional COPCs
needed to be evaluated. These data were also used in the effects evaluation for fish.

Table 6-32 shows the combined number of sample results in fresh weight, detection information,
range of detected values, and range of nondetect values for all analytes measured in the whole
sucker samples collected at study sites and reference sites in the near-shore environment. These
data were used to determine the COPCs evaluated at study sites and reference sites. These data
were also used in the exposure evaluation for wildlife.

Table 6-33 shows the number of sample results in fresh weight, detection information, range of
detected values, and range of nondetect values for all analytes measured in whole sucker samples
collected from the 100-B/C Area near-shore environment. These samples were evaluated
separately for the RCBRA because the analytical methods and sample collection/processing
differed from the RCBRA project. These data were used to determine if additional COPCs
needed to be evaluated. These data were also used in the exposure evaluation for wildlife.

Table 6-34 shows the combined number of sample results in fresh weight, detection information,
range of detected values, and range of nondetect values for all analytes measured in the sucker
kidney tissue samples collected at study sites and reference sites in the near-shore environment.
These data were used to determine the COPCs evaluated at study sites and reference sites. These
data were also used in the effects evaluation for fish.
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Table 6-35 shows the combined number of sample results in fresh weight, detection information,
range of detected values, and range of nondetect values for all analytes measured in the sucker
liver tissue samples collected at study sites and reference sites in the near-shore environment.
These data were used to determine the COPCs evaluated at study sites and reference sites. These
data were also used in the effects evaluation for fish.

Table 6-36 shows the combined number of sample results in fresh weight, detection information,
range of detected values, and range of nondetect values for all analytes measured in four
amphibian tissue samples collected at two study sites and two reference sites in the near-shore
environment. Due to sample mass limitations, amphibian tissue was analyzed only for inorganic
chemicals. However, due to the limited number of samples analyzed, these data were not used to
determine the COPCs evaluated at study sites and reference sites or in the exposure evaluation
for wildlife.

6.3.4.2 COPC Refinement. Selection of the appropriate COPCs is critical to preparing an
assessment that is representative of risks resulting from Hanford Site operations and useful for
making remedial action decisions. COPC selection should occur through a process that is
deliberate, systematic, and based on established selection criteria. The risk assessment must be
able to differentiate between background materials, nonsite-related materials, and contaminants
directly related to study sites. This section describes the approach developed to identify and
focus the COPCs for the study sites in the near-shore aquatic environment portion of the risk
assessment evaluation.

The approach used for COPC refinement builds upon approaches and methods for COPC
selection presented in the Tri-Party-approved RCBRA SAP (DOE-RL-2005-42) described in
Section 3.4.4 of this report. The SAP outlined a process for focusing contaminants based on
comparing mean concentrations at study sites to reference sites using conclusions and data
summaries from limited field investigation, cleanup verification packages (CVPs), Hanford Site
monitoring, and related projects.

The process is consistent with guidance pertaining to selection of COPCs for risk
assessment (EPA/540/1-89/002, EPA/540/F-01/014, Chapter 5, "Data Evaluation"). Figure 6-16
provides an overview of the COPC refinement process, which is briefly described below.

The COPC refinement process includes a number of complementary steps and criteria, including
a pre-selected list of contaminants to be excluded and a list to be included, as determined and
agreed upon among the Tri-Parties. The exclusion and inclusion lists recognize and take
advantage of the knowledge gained through decades of Hanford Site characterization and
cleanup work that has preceded this assessment.
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Figure 6-16. Contaminant of Potential Concern
Refinement Process Flow Diagram.
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Additional selection steps included evaluation of detection status, statistical comparisons of
Hanford Site data to reference site data, evaluation of potential toxicity, and an analyte-specific
evaluation. The analyte-specific evaluation integrates a variety of information (such as the
magnitude and significance of statistical comparisons results, sample results in other media, and
sample results for similar analytes) to support a conclusion on COPC identification when the
results of statistical comparisons are inconclusive. These evaluations are conducted using
quantitative methods and divide the analytes into workable groups for these individual analyses.
The quantitative methods provide valuable information for the included analytes and also
provide a sound technical basis for eliminating less relevant analytes from the quantitative risk
assessment.

Exclusions. Some analytes have been excluded from consideration as COPCs by agreement
among the Tri-Parties and are based on relevant Hanford Site data. Separate exclusion lists were
developed for remediated waste sites and groundwater contaminant plumes.

The exclusion lists are based on the following types of analytes:

* Radionuclides with a half-life of less than 3 years. Radionuclides with half-lives less than
3 years would not be present as a result of historical Hanford Site operations due to
radioactive decay that would have occurred since operations ceased.

* Essential nutrients. Essential nutrients that are present at relatively low concentrations and
are toxic only at high concentrations need not be considered in a quantitative risk assessment
(EPA/540/1-89/002).

* Water quality or sediment physical property measurements. These analytes were measured
to obtain information on water quality or soil properties to understand potential confounding
factors for bioassays conducted for soil, sediment, or water, or to interpret their influence on
the toxicity of COPCs (e.g., grain size for soils, water hardness for metals effects).

* Background radionuclides: Potassium-40, radium-226, radium-228, thorium-228,
thorium-230, and thorium-232 were identified by consensus of Tri-Party managers as
background radionuclides that are not directly related to Hanford operations or processes.

Inclusions. Certain analytes were included as COPCs based on evaluation of the commonly
reported analytes in waste site cleanup reports or based on the most prevalent contaminants in
the groundwater plumes. The inclusion list reflects those contaminants that the Tri-Parties have
agreed are a priority to address in this risk assessment in order to prepare meaningful and
effective regulatory documents. The list of contaminants evaluated in the CVP/remaining sites
verification package (RSVP) reports was compiled for waste sites in the 100 Area and the
300 Area. Some contaminants were reported in only a single report, and others were reported in
nearly all CVP/RSVP documents. To develop the inclusion list for the 100 Area and 300 Area,
the frequency of reporting for analytes was ranked, and those analytes reported at one-third or
more of the waste sites were placed on the 100 Area inclusion list. The 300 Area list was
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developed by removing those 100 Area analytes that were not reported in at least one of the
300 Area waste sites.

Nondetected Analytes. Analytical results for sediment, water, and biota collected for the
RCBRA investigation were evaluated against the quality criteria specified in the RCBRA SAP
QAPP (DOE/RL-2005-42). As a measure of data quality, analytical results identified as
nondetects in the RCBRA data set were compared to the laboratory required detection limits
prescribed in the QAPP. Analytes for which all results were nondetects reported at values higher
than the prescribed detection limit were identified for additional consideration and were labeled
as "uncertain COPC." The results associated with the "uncertain COPCs" for which the
nondetect result exceeded the target PQL from the RCBRA SAP were identified as uncertainties
in the risk analysis (Figure 6-16).

Table 6-37 is a summary of the analytes that did not meet target PQLs in sediment, Table 6-38 is
a summary of the analytes that did not meet target PQLs in water, and Table 6-39 is a summary
of the analytes that did not meet target PQLs in one or more tissues. Appendix F-I provides
additional supporting information on the comparison of nondetected analytes versus target PQLs.

Some of the analytes listed in Tables 6-37, 6-38, and 6-39 had maximum detection limits less
than maximum sediment, water, or tissue concentrations considered to be protective of
ecological receptors; these analytes are not considered in the uncertainty analysis.

The remaining analytes are:

* Sediment uncertainty analytes

- Two PCBs: Aroclor-1232, Aroclor-1242

- Eight semivolatile organics: 2-nitroaniline, 2,4-dinitrophenol, 2,4,5-trichlorophenol,
3-nitroaniline, 4-nitroaniline, 4-nitrophenol, 4,6-dinitro-2-methylphenol,
pentachlorophenol.

* Water uncertainty analytes

- One pesticide: methoxychlor

- Fifty-eight semivolatile organics: the maximum nondetect value was within 20% of the
target PQL for all analytes and none had an ecological protection value.

* Biotic tissue uncertainty analytes

- Two inorganic chemicals: antimony, beryllium
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- Seven PCB mixtures: Aroclor-1016, Aroclor-1221, Aroclor-1232, Aroclor-1242,
Aroclor-1248, Aroclor-1254, Aroclor-1260

- Four PCB congeners: 2,3,4,5-Tetrachlorobiphenyl, 2,4,6-Trichlorobiphenyl,
Co-elution of PCB 18 & 30, Co-elution of PCB 61, 70, 76, & 74

- Two radionuclides: europium-152, europium-154.

Detected Analytes. After the exclusion list was applied, detected analytes were the focus of
COPC refinement. Statistical analyses and the analyte-specific evaluation were used to
determine the COPC list. The COPC list was determined by sorting the detected analytes into
the following four groups:

* Analytes present at concentrations that were statistically different from the reference site data
based on multiple tests; these analytes were identified as COPCs. Demonstration of
statistical difference was based on p-values less than or equal to 0.05 for all of the following
tests that were applicable (minimum of two applicable tests): Gehan, quantile, slippage, and
chi-square detection frequency. These tests are described below.

* Analytes present at concentrations that were not statistically different from the reference site
data based on multiple tests; these analytes were not COPCs. Lack of statistical difference is
based on p-values greater than 0.05 for all of the following tests that are applicable
(minimum of two applicable tests): Gehan, quantile, slippage, and chi-square detection
frequency. These tests are described below.

* Analytes that were determined not to be COPCs based on the analyte-specific evaluation.
Note that analytes requiring further evaluation are those with only a single statistical test or
those with multiple tests and the results of these tests are not concordant. This evaluation
included an assessment of the range of the detected concentrations at study sites compared to
reference sites, consistency in sediment and water sample results for each ROD decision
area, consistency in statistical results within and between sample media, detection frequency,
and status as a preferred inclusion list analyte.

* Analytes that were identified as COPCs based on the analyte-specific evaluation. Note that
analytes requiring further evaluation are those with only a single statistical test or those with
multiple tests and the results of these tests are not concordant. This evaluation included an
assessment of the range of the detected concentrations at study sites compared to reference
sites, consistency in sediment and water sample results for each ROD decision area,
consistency in statistical results within and between sample media, detection frequency, and
status as a preferred inclusion list analyte.

Statistical Tests. Reference site comparisons were used to evaluate detected analytes in
sediment, water, and tissue. Additional information relating to reference site data is provided in
Section 6.3.2 and Appendix B of this report.
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The study site and reference site tissue data were composite samples and thus represented the
average concentration in the sampled area. Some potential bias was introduced by comparing
100-B/C Pilot or 100-NR-2 project samples that were generally discrete or grab samples to
RCBRA composite data. However, running a suite of statistical tests is a rigorous way of
comparing contaminated site analyte concentrations to reference, and this approach has been
recommended in several papers (e.g., EPA/540/1-89/002; Gilbert and Simpson 1990, 1992).
This approach represents an enhancement over the comparison of site data to a single statistic of
reference site concentrations (e.g., the 90th percentile), as all fixed percentiles will be exceeded
with some frequency.

Four statistical tests were used because the kind of differences detected by each test differs, and
the overall results of the tests are complementary. The statistical tests employed for the
reference site comparisons, including data adequacy requirements, are discussed in greater detail
below.

Overall Concentration Shift. Wilcoxon rank sum (WRS) test (tests for shift in central
tendency of the data). The Gehan test is used in this report and is a variation on the WRS that
uses a statistically robust method for ranking nondetect values. These tests are used to detect
differences in the interquartile range of the data (25th percentile to the 75th percentile) or the
range represented by the box in box and whisker plots. These tests detect an overall shift in site
data compared to reference. The Gehan test is used when nondetects are relatively frequent
(greater than 10% and less than 50%). It handles data sets with nondetects reported at multiple
detection limits in a statistically robust manner (Gehan 1965, Millard and Deverel 1988). The
Gehan test was not performed if either of the two data sets had more than 50% nondetects. The
WRS test performs a test for a difference between two populations of data (Gilbert 1987).
This is a nonparametric method that relies on the relative rankings of data values. Knowledge of
the precise form of the population distributions is not necessary. The WRS test has less power
than the two-sample t test when the data originate from a normal distribution, but the
assumptions are not as restrictive. This version of the WRS test uses the Gehan approach for
ranking (Gehan 1965, Millard and Deverel 1988). When some of the data are "censored" or
reported as below a detection limit, the Gehan approach assigns ranks to the combined set of
detects and nondetects in a statistically robust manner. The Gehan approach defaults to standard
ranks when the dataset contains no censored data (nondetects). The Gehan ranking approach is
recommended in EPA-sponsored workshops and publications due to its broad applicability to
environmental data sets (Gilbert and Simpson 1990, 1992).

Shift in Upper Range of Concentrations: Quantile test (tests for difference in upper
percentiles versus reference). This test evaluates the upper range of data sets and is sensitive to a
small number of observations from one or more sites being greater than reference. Thus, the
quantile test complements the WRS test and provides a greater chance to detect differences
among a small set of sample results. The quantile test is applied at a prespecified quantile or
threshold. The 80th percentile was chosen for this project. The test cannot be performed if
more than 80% (or, in general, more than the chosen percentile) of the combined data are
nondetected values. The quantile test determines whether more of the observations in the
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top 20% (chosen percentile) of the combined data set come from the site data set than would be
expected by chance, given the relative sizes of the study site and reference data sets. If the
relative proportion of the two populations being tested is different in the top 20% of the data than
in the remainder of the data, the distributions may be partially shifted due to a subset of site data.
This test is capable of detecting a statistical difference when only a small number of site
concentrations are elevated (Gilbert and Simpson 1992). The quantile test is the most useful
distribution shift test for sites at which samples with elevated concentrations represent a small
fraction of the overall data collected. Thus, the quantile test is sensitive to concentration shifts
based on a fraction of the study sites that are pooled for statistical analyses. The quantile test is
applied at a prespecified quantile or threshold. The quantile test is more powerful than the WRS
(i.e., Gehan) test for detecting differences when only a small percentage of the concentrations are
elevated.

Differences in Maximum Concentrations. Slippage test (tests for difference in upper range
of data compared to reference). The slippage test evaluates the highest values and could detect
as few as one elevated measurement in the site data (dependent on the number of sample results
in the data sets). Thus, the slippage test complements the WRS test and the quantile test and will
detect a difference in concentration from a single sample or a single site. The slippage test was
not performed if there were no detected concentrations in the reference data set, but was
performed if the data set contained at least a single detected sample result. The slippage test
(Gilbert and Simpson 1990) is a nonparametric test appropriate for comparing between data sets
with low detection rates. This test is based on the maximum observed concentration in the
reference data set and the number ("n") of site concentrations that exceed the maximum
concentration in the reference set (Gilbert and Simpson 1990). The result (p-value or
significance level) of the slippage test is the probability that "n" site samples (or more) exceed
the maximum reference site concentration by chance alone. The test accounts for the number of
sample results in each data set (number of sample results from the site and number of sample
results from reference sites) and determines the probability of "n" (or more) exceedances if the
two data sets came from identical distributions. This test is similar to a "hot measurement" test,
a comparison of the maximum site value to an upper percentile or threshold calculated from the
reference site data, in that it evaluates the largest site measurements. It is more useful than a
"hot measurement" comparison because it is based on a statistical hypothesis test, not simply on
a statistic calculated from the reference site distribution. Because the slippage test evaluates the
maximum concentration, it is sensitive to detecting an elevated concentration at a single study
site, even if they are pooled for statistical analyses.

Difference in Detection Frequency. The chi-square test is an assessment of detection
frequency. It is used to determine if site data have a greater frequency of detections compared to
reference site data set. The chi-square assessment is useful for comparing differences between
data sets for analytes that are not frequently detected. It was used in concert with the other tests
to help determine differences between study site and reference site data sets when detection
frequency was low. The chi-square test (Zar 1984) is used in conjunction with 2x2 contingency
tables to test for differences in categorical data. It represents the measure of association between
two dichotomous variables and so indicates the strength of correlation, or lack thereof,
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indicating independence. In the case of detection rate, it tests whether the frequency of
occurrence of detects in a dataset is independent of the category of that dataset, (e.g., whether the
dataset originates from a study site or reference site). The chi-square test does not consider the
magnitude of the analyte, only the frequency of detection. The box plots were reviewed to
determine if the difference in detection frequency was also associated with a difference in the
range of study site versus reference site concentrations.

COPC Refinement Results. Contaminant analyses for the RCBRA were based on an initial
data evaluation and screening-level ecological risk assessment of the data available for the
near-shore environment. The screening-level ecological risk assessment was documented as part
of the DQO Summary Report (BHI-01757) and identified the contaminant analytical suites for
the riparian and near-shore environment. By using the full analytical suites, more than
420 analytes were measured in a variety of abiotic and biotic media. The following contaminant
analytical suites were measured in the near-shore aquatic environment:

* Inorganic chemicals - 36 analytes
* Organic chemicals - PCBs, pesticides, or semivolatile organic chemicals - 337 analytes
* Radionuclides - 25 analytes.

The results of the statistical comparisons to reference sites for sediment, water, and biotic tissues
are presented in Tables 6-40 through 6-69. Data evaluated for the RCBRA near-shore
environment are for sediment, pore water, surface water, aquatic invertebrate tissue, clam soft
tissue, clam shell, mussel soft tissue, mussel shell, sculpin whole organism, sculpin liver, sculpin
kidney, sucker whole organism, sucker liver, and sucker kidney. Each of these tables presents
the count of samples, maximum concentration, and the significance (p-value) for up to four
statistical tests for each comparison set. Tests with p-values less than 0.05 indicate a statistical
difference. If multiple tests could be run based on a sufficient detection frequency and the
results of the p-values were concordant (all less than 0.05 or all greater than 0.05), then the
analyte was identified as a statistical COPC or not a statistical COPC based on these tests.

The statistical analyses for the RCBRA project sample media led to one of three outcomes: not
different from reference based on multiple statistical comparisons for all media where the analyte
was detected, different from reference for any sample medium and the results of the statistical
tests are concordant, or statistical tests could not be implemented or the results were
inconclusive. COPC status for this last group of analytes was determined using an
analyte-specific evaluation.

Data evaluated from the 100-B/C Pilot Project are sediment, seep water, surface water, aquatic
invertebrate tissue, clam soft tissue, clam shell, sculpin whole organism, sculpin liver, sculpin
kidney, and sucker whole organism. Data evaluated for the 100-NR-2 project are sediment,
seep/shallow aquifer tube water, surface water, clam soft tissue, clam shell, sculpin whole
organism, and sculpin liver. The 100-B/C Pilot and 100-NR-2 statistical results were reviewed
to determine if the COPCs retained by the analyses of the RCBRA data should be augmented
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by any additional analytes. This comparison resulted in the addition of aluminum and
plutonium-238 as COPCs.

Contaminant of potential concern refinement in the near-shore environment emphasized sample
results in sediment and water as the primary environmental media. The results of statistical tests
using data from all study site sampling locations and media were supplemented by review of
results in the sediment and water for each ROD decision area in order to identify COPCs.
Factors such as mobility, interspecies variability, uncertainty in uptake and depuration rates, and
other temporal influences are reasons that biotic tissues were not considered primary media. The
analyte-specific evaluation for the near-shore aquatic environment included the following
components:

* Status on the inclusion list resulted in retaining an analyte as a COPC.

* Emphasis was placed on comparisons to reference site concentrations as these were used as
comparison values for the exposure evaluation. A difference from reference concentrations
demonstrates that there is biologically meaningful range of exposure levels for gradient
analyses. The slippage test is the most definitive test for showing a difference in the range of
concentrations at study sites compared to reference sites. Cases where there were outliers at
the reference sites were noted because these outliers could interfere with the conclusions of
the slippage test or the visual interpretation of the box plots.

* The results of sediment, water, and biotic tissue statistical tests were considered, but
emphasis was placed on differences in sediment and water because these are the primary
contaminated media.

* The box plots showing sediment and water sample results by ROD decision area were
reviewed. These plots (which are in Appendix F-2) were reviewed to identify concentration
shifts for a particular location and to identify outliers. Concentration shifts are indicated by
differences in the interquartile range (the position of the box) or by the range of
concentrations in the upper quartile (points that plot above the box). Analytes that showed a
concentration shift for a ROD area were identified as COPCs. Outlier points are indicated on
the plots by sample results that lie outside of the whiskers on the plots. A significant outlier,
particularly in sediment or pore water at a study site, is a factor used to decide if an analyte
should be retained as a COPC. The plots also help to determine if the detected
concentrations fall with the range of the nondetects; these analytes were not retained as
COPCs.

* The box plots showing biotic tissue sample results were reviewed. These plots
(in Appendix F-3) were reviewed to identify outliers as described above. A significant
outlier is a factor used to decide if an analyte should be retained as a COPC. The plots also
help to determine if the detected concentrations fall within the range of the nondetects; these
analytes were not retained as COPCs.
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To further illustrate the COPC refinement process, two examples are summarized below. One
example is where a COPC was eliminated based on the analyte-specific evaluation, and the other
example is where a COPC was identified based on the analyte-specific evaluation.

COPC Refinement Example - Arsenic. Arsenic was not a COPC in any primary media or
tissues. There was an outlier in reference pore water (Beverly reference 2), which was
apparently based on strong groundwater signature for the sample collected at this location.
100-B/C Pilot clam concentrations were greater than reference. However, they are within the
range of reference samples collected for the 100-B/C Pilot project, and thus arsenic was not
retained as a COPC.

COPC Refinement Example - Cadmium. The surface water concentration range was
similar to pore water and does not suggest a clear source for this analyte in pore water. Tissue
concentrations were not statistically different from reference sites. In addition, sample results for
sediment or water were not different from reference sites. However, there was an outlier in
reference sediment that was collected from 300 REF-1, which could have an upstream impact
from Hanford Site operational areas that may have limited the ability to detect a difference
between study and reference site conditions. Sediment sample results for cadmium in reference
sites were 1 mg/kg or less with the exception of a single reference outlier concentration at about
2 mg/kg. There were 11 sample results in sediment greater than 1 mg/kg collected from
study sites, and thus cadmium was retained as a COPC.

Table 6-40 presents the results of statistical comparisons of sediment analytes measured at
study sites compared to reference site concentrations.

Table 6-41 presents the results of statistical comparisons of sediment analytes measured at
100-B/C Pilot Project study sites compared to reference site concentrations. Nine analytes were
identified as "see text" (antimony, barium, beryllium, chromium, selenium, silver, thallium,
uranium [inorganic], and technetium-99). The sample results for antimony, barium, beryllium,
chromium, and thallium are greater than those reported from RCBRA sediment samples, but
these results were consistent with 100-B/C Pilot Project reference site samples (see plots in
Appendix F-2). Even though sample results from the 100-B/C Pilot were reviewed to ensure
they were comparable to RCBRA data, the differences noted for some analytes could be due to
the sample collection, preparation, or analysis methods employed by these projects. Based on
the comparison of 100-B/C Pilot study site to 100-B/C Pilot reference site data, these analytes
were not retained for further evaluation. The other four 100-B/C Pilot sediment analytes
(selenium, silver, uranium [inorganic], and technetium-99) were considered in the
analyte-specific evaluation.

Table 6-42 presents the results of statistical comparisons of sediment analytes measured at
100-NR-2 study sites compared to reference site concentrations. Seven analytes were identified
as "see text" (antimony, chromium, selenium, uranium [inorganic], vanadium, strontium-90, and
total PCBs based on congeners). The sample results for chromium, vanadium, and total PCBs
are greater than those reported from RCBRA sediment samples, but these results were consistent
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with 100-NR-2 Project reference site samples (see plots in Appendix F-2). Even though sample
results from the 100-NR-2 Project were reviewed to ensure they were comparable to RCBRA
data, the differences noted for some analytes could be due to sample collection, preparation, or
analysis methods employed by these projects. Data for chromium, vanadium, and total PCBs
were not retained for further evaluation based on the comparison of 100-NR-2 Project study site
to 100-NR-2 Project reference site. The other analytes, antimony, selenium, uranium
(inorganic), and strontium-90, were considered in the analyte-specific evaluation.

Table 6-43 presents the results of statistical comparisons of unfiltered pore water analytes
measured at study sites compared to reference site concentrations.

Table 6-44 presents the results of statistical comparisons of filtered and unfiltered seep water
analytes measured at 100-B/C Pilot Project study sites compared to reference site pore water
concentrations. Note that pore water was used as the best-available reference comparison
medium, which means that COPC refinement for this medium is more uncertain than other
media. Twenty-seven analytes were identified as "see text" (antimony, arsenic, cadmium,
chloride, chromium, fluoride, lead, mercury, nickel, nitrogen in nitrate, selenium,
strontium [elemental], sulfate, uranium [inorganic], vanadium, 1,1,2-trichloroethane,
1,2-dichloroethane, acetone, chloroform, methoxychlor, toluene, trichloroethene, xylenes [total],
gross alpha, gross beta, technetium-99, and tritium). Seven volatile organic chemicals
(1,1,2-trichloroethane, 1,2-dichloroethane, acetone, chloroform, toluene, trichloroethene, xylenes
[total]) were detected in 100-B/C Pilot seep water samples but were not measured in the RCBRA
samples because these analytes are not expected to persist in arid soils or surface water of the
Hanford Site (DOE/RL-2005-42). Thus, volatile organic chemicals were not retained as COPCs.
Gross alpha and gross beta were not measured in other water samples and have no reference
data; radionuclides were identified by specific analytes, and thus these gross measures were not
evaluated as COPCs. The other 18 100-B/C Pilot seep-water analytes are considered in the
analyte-specific evaluation.

Table 6-45 presents the results of statistical comparisons of filtered and unfiltered shallow
aquifer tube and seep water analytes measured at 100-NR-2 study sites compared to reference
site pore water concentrations. Note that pore water was used as the best-available reference
comparison medium, which means that COPC refinement for this medium is more uncertain than
other media. Fifteen analytes were identified as "see text" (antimony, arsenic, cadmium,
chromium, iron, lead, mercury, nickel, selenium, thallium, uranium [inorganic], vanadium,
plutonium-238, technetium-99, and tritium) that were considered in the analyte-specific
evaluation.

Table 6-46 presents the results of statistical comparisons of unfiltered surface water analytes
measured at study sites compared to reference site concentrations.

Table 6-47 presents the results of statistical comparisons of filtered and unfiltered surface water
analytes measured at 100-B/C Pilot study sites compared to reference site concentrations.
Twenty analytes were identified as "see text" (antimony, arsenic, cadmium, chromium, copper,
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lead, mercury, nickel, selenium, uranium [inorganic], acetone, benzene, toluene, xylenes [total],
fluoride, nitrogen in nitrite, cesium-137, strontium-90, technetium-99, and tritium). Four volatile
organic chemicals (acetone, benzene, toluene, and xylenes [total]) were detected in
100-B/C Pilot surface water samples but were not measured in the RCBRA samples for the
reason that these analytes are not expected to persist in arid soils or surface water of the
Hanford Site (DOE/RL-2005-42). Thus, volatile organic chemicals were not retained as COPCs.
The other 16 100-B/C Pilot surface water analytes were considered in the analyte-specific
evaluation.

Table 6-48 presents the results of statistical comparisons of filtered and unfiltered surface water
analytes measured at 100-NR-2 study sites compared to reference site concentrations. Thirteen
analytes were identified as "see text" (antimony, arsenic, cadmium, chromium, iron, lead,
manganese, mercury, nickel, selenium, uranium [inorganic], vanadium, and strontium-90).
These 100-NR-2 surface water analytes were considered in the analyte-specific evaluation.

Table 6-49 presents the results of statistical comparisons of aquatic invertebrate tissue analytes
measured at study sites compared to reference site concentrations.

Table 6-50 presents the results of statistical comparisons of aquatic invertebrate tissue analytes
measured at 100-B/C Pilot sites compared to reference site concentrations. Ten inorganic
chemicals were identified as "see text" (antimony, beryllium, chromium, lead, mercury,
selenium, silver, thallium, uranium [inorganic], and zinc). These 100-B/C Pilot aquatic
invertebrate tissue analytes were considered in the analyte-specific evaluation.

Table 6-51 presents the results of statistical comparisons of clam soft tissue analytes measured at
study sites compared to reference site concentrations.

Table 6-52 presents the results of statistical comparisons of clam soft tissue analytes measured at
100-B/C Pilot sites compared to reference site concentrations. Twelve inorganic chemicals and
one radionuclide were identified as "see text" (aluminum, antimony, arsenic, beryllium,
chromium, lead, manganese, mercury, silver, thallium, uranium [inorganic], and technetium-99).
These 100-B/C Pilot clam tissue analytes were considered in the analyte-specific evaluation.

Table 6-53 presents the results of statistical comparisons of clam soft tissue analytes measured at
100-NR-2 sites compared to reference site concentrations. Seven inorganic chemicals were
identified as "see text" (antimony, lead, mercury, silver, thallium, thorium, and uranium
[inorganic]). These 100-NR-2 clam tissue analytes were considered in the analyte-specific
evaluation.

Table 6-54 presents the results of statistical comparisons of clam shell analytes measured at
study sites compared to reference site concentrations.

Table 6-55 presents the results of statistical comparisons of clam shell analytes measured at
100-B/C Pilot sites compared to reference site concentrations. Two radionuclides were
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identified as "see text" (strontium-90 and technetium-99), and both were included in the
analyte-specific evaluation.

Table 6-56 presents the results of statistical comparisons of clam shell analytes measured at
1 00-NR-2 sites compared to reference site concentrations. One radionuclide was identified as
"see text" (strontium-90), and it was included in the analyte-specific evaluation.

Table 6-57 presents the results of statistical comparisons of mussel soft tissue analytes measured
at study sites compared to reference site concentrations.

Table 6-58 presents the results of statistical comparisons of mussel shell analytes measured at
study sites compared to reference site concentrations.

Table 6-59 presents the results of statistical comparisons of sculpin whole organism analytes
measured at study sites compared to reference site concentrations.

Table 6-60 presents the results of statistical comparisons of sculpin whole organism analytes
measured at 100-B/C Pilot sites compared to reference site concentrations. Eight analytes were
identified as "see text" (antimony, arsenic, chromium, nickel, thallium, uranium [inorganic],
Aroclor-1254, and technetium-99). There were no reference data for technetium-99, so it was
included in the analyte-specific evaluation. Aroclor-1254 was detected in both 100-B/C Pilot
and 100-B/C Pilot Reference site samples. It was the detection of Aroclor mixtures in fish that
led to supplemental sampling of PCB congeners in fish. The PCB congener method has much
lower quantitation levels compared to the Aroclor mixture method. The total PCB
concentrations from the detected congeners from study site fish were lower than the reference
site sample. Thus, PCBs were not identified as COPCs in the near-shore environment. The six
inorganic chemicals were retained for further evaluation.

Table 6-61 presents the results of statistical comparisons of sculpin whole organism analytes
measured at 100-NR-2 sites compared to reference site concentrations. Nine individual PCB
congeners were identified as "see text." However, total PCBs were not different from reference
concentrations. Thus, PCBs were not identified as COPCs in the near-shore environment.

Table 6-62 presents the results of statistical comparisons of sculpin kidney analytes measured at
study sites compared to reference site concentrations.

Table 6-63 presents the results of statistical comparisons of sculpin liver analytes measured at
study sites compared to reference site concentrations.

Table 6-64 presents the results of statistical comparisons of sculpin liver analytes measured at
100-B/C Pilot sites compared to reference site concentrations. Six inorganic chemicals were
identified as "see text" (antimony, lead, mercury, nickel, silver, and thallium). These
100-B/C Pilot sculpin liver tissue analytes were considered in the analyte-specific evaluation.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 6-56



Evaluation of Ecological Risks in the DOE/RL-2007-21
Near-Shore Aquatic Environment Rev. 0

Table 6-65 presents the results of statistical comparisons of sculpin organ analytes measured at
1 00-NR-2 sites compared to reference site concentrations. Four inorganic chemicals were
identified as "see text" (antimony, lead, nickel, and uranium [inorganic]). These
1 00-NR-2 sculpin liver tissue analytes were considered in the analyte-specific evaluation.

Table 6-66 presents the results of statistical comparisons of sucker whole organism analytes
measured at study sites compared to reference site concentrations.

Table 6-67 presents the results of statistical comparisons of sucker whole organism analytes
measured at 100-B/C Pilot sites compared to reference site concentrations. No analytes were
identified for further evaluation.

Table 6-68 presents the results of statistical comparisons of sucker kidney analytes measured at
study sites compared to reference site concentrations.

Table 6-69 presents the results of statistical comparisons of sucker liver analytes measured at
study sites compared to reference site concentrations.

The COPC status for all analytes is summarized in Tables 6-70 through 6-73 based on the
information in Tables 6-40, 6-43, 6-46, 6-49, 6-51, 6-54, 6-57, 6-58, 6-59, 6-62, 6-63, 6-66, 6-68,
and 6-69. Tables 6-70 through 6-73 also present the count of samples and the maximum
detected concentration in sediment, water, aquatic invertebrate tissue, clam tissue, mussel tissue,
and fish tissue at study sites. Aluminum and plutonium-238 were added as COPCs based solely
on the statistical analyses of the 100-B/C Pilot or 100-NR-2 sample results. The analyte-specific
evaluation that supports the assignment of COPC status is provided in Table 6-74.

6.3.4.3 COPEC Refinement. The near-shore COPC list was further refined to develop an
overall COPEC list for the near-shore aquatic environment. The process to identify COPECs is
summarized in Figure 6-17. Radionuclides were evaluated for additive effects, as described
below. The upper confidence limit (UCL) of the mean (i.e., reasonable maximum exposure
[RME]) concentrations of detected sample results for COPCs in sediment and pore water
measured at near-shore study sites were compared to the lowest available (most protective)
ecological risk screening values for the aquatic community and wildlife. The COPC was
retained as a COPEC if the sediment or water concentration was greater than the ecological risk
screening values or if there was no screening value for a receptor group (aquatic community and
wildlife). Any COPCs for which screening values were not available for any receptor group
were retained as COPECs and evaluated in the gradient analyses discussed in Section 6.3.5.
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Figure 6-17. Contaminant of Potential Ecological Concern
Refinement Process Flow Diagram.
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The protocol for calculating the UCL of the mean (representative concentration for RME)
distinguishes between data sets with fewer than five detects and data sets with five or more
detects. The following is a synopsis of how the representative concentrations were calculated for
various categories of the number of detects:

* No detects: no representative concentrations.

* One or two detects: used the maximum detected value as both the central tendency exposure
(CTE) and RME representative concentrations.

* Three or four detects: used only the detected values to estimate representative concentrations
as either an average (CTE) or reasonable maximum (RME) of the detected sample results.

* If the data set contains five or more detects, then three statistical methods were used to
calculate the mean (CTE) and the UCL of the mean (RME) based on all data (detects and
nondetects). Nondetect sample results were substituted with a replacement value based on
the regression-on-order statistics method.

Additional information on representative concentration calculations is provided in Section 3.4.4,
because these statistical methods apply to multiple environments and sample media. The
representative concentrations used in the near-shore environment are provided in electronic
format in Appendix F-4. The representative concentrations in the near-shore environment were
calculated for most of the data summarized in this section and used for COPC refinement above.

An exception is that results for analyses of pore water collected at study sites during high river
flows (greater mixing of surface water with groundwater) were excluded. Such pore water
samples reflect dilution of groundwater by mixing with surface water and do not reflect the
RMEs. Samples collected during high river flows were excluded to address comments on earlier
drafts of this report. The concern was that concentrations in these samples would be diluted
compared to those in samples collected under low river flow conditions. However, it is
important to note that there are three COPCs (lead, phosphorus, and zinc) where the maximum
concentration was from a sample collected during high river flows. These exceptions are
discussed below.

* The maximum concentration of lead from an excluded pore water sample was 5.1 pg/L
compared to the 3.1 pg/L as the maximum concentration among the included pore water
samples. The second-highest lead result (3.9 pg/L) was from a surface water sample. The
highest concentrations exceeded the water criterion (chronic is 1.7 pg/L and acute is
44 pg/L). As noted in Table 6-74, there was no statistical difference of study site water
results from reference and no difference of pore water from surface water. Therefore, it does
not appear that lead has a clear groundwater source, nor does it have a clear Hanford Site
source. Thus, there are no notable uncertainties introduced in the assessment of lead in the
near-shore environment by excluding a pore water sample result that is marginally greater
than the concentrations included in the assessment.
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* The maximum concentration of phosphorus from an excluded sample was 98,300 pg/L
compared to 214 pg/L as the maximum concentration among the included pore water
samples. At the location with the maximum phosphorus sample results (Sr5 in the
100-N Area), there were two other pore water sample results about 1,000 times lower
(37.8 pg/L and 55.6 pg/L). As noted in Table 6-74, the outlier in pore water was cited as a
reason to identify phosphorus as a COPC. At the 100-N Area, apatite (a phosphate mineral)
is being used in treatability studies for the strontium-90 plume and may be the source of this
high value. It is also possible this elevated value at Sr5 reflected an analytical anomaly.
Therefore, the elevated phosphorus may have a Hanford Site source, and phosphorus was
retained as a COPC for pore water risk comparisons.

* The maximum concentration of zinc from an excluded sample was 39.8 pg/L compared to
11.8 pg/L as the maximum concentration among the included pore water samples. The
second-highest zinc result (25.6 pg/L) was from a 100-B/C Pilot seep sample. The
maximum concentration of zinc in pore water was less than the Washington State standard
(77 pg/L). As noted in Table 6-74, there was no statistical difference of study site water
results from reference and no difference of pore water from surface water. Therefore, it does
not appear that zinc has a clear groundwater source, nor does it have a clear Hanford Site
source. Thus, there are no notable uncertainties introduced in the assessment of zinc in the
near-shore environment by excluding a pore water sample result that is less than two times
greater than the concentrations included in the assessment.

Summaries of the data sets and methods used for calculating representative concentrations for
chemicals or radionuclides are provided in Table 6-75. Table 6-75 shows that most of the
representative concentrations for the RCBRA data are based on small sample sizes (one or two
detects), but that approximately 12% of the RCBRA fish data are based on three or more detects.
In general, there were five or more detects for the 100-B/C Pilot or 1 00-NR-2 biotic tissue
sample results. Table 6-76 summarizes the ratio of the maximum detect to the RME
concentration for the sampled near-shore aquatic media (sediment, water, and biotic tissues).
Most of the RME concentrations were similar to the maximum detect (i.e., ratios
between 0.8 and 1.2); Table 6-77 lists those RMEs that were greater than two times or less than
50% of the maximum detect. Most of these analyte and site combinations where the RME was
very different from the maximum are for biotic tissue or seep water samples collected for the
100-B/C Pilot or 100-NR-2 projects.

The main sources for sediment and water screening values were Washington State Water
Quality Standards (Ecology 2006), Ambient Water Quality Criteria (EPA 2009),
the Los Alamos National Laboratory ECORISK Database (LA-UR-08-06673),
the BDAC (DOE-STD-1 153-2002), compendia of scientific literature on toxicity values
(e.g., MacDonald et al. 2000, Buchman 2008), EPA's Ecotox database, and the scientific
literature in general (as described in more detail in Section 6.3.4.4). The data sources for the
screening values were selected in the following order: values set forth by Washington State law,
nationally accepted values from the EPA and peer-reviewed from a DOE source, or other
peer-reviewed scientific literature. The Los Alamos National Laboratory's Ecorisk database is
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the only source for wildlife effect levels for contaminated sediment ingestion. Screening values
are available for most of the COPCs listed in Table 6-74, and these screening values are
presented in Tables 6-78 and 6-79.

Radionuclides have the potential for a common mode of action, so additive ecological risks were
evaluated for these COPCs. Other COPCs (inorganic chemicals) were evaluated on an
individual analyte basis. Representative concentrations of COPCs in sediment and water
measured at near-shore aquatic study sites were compared to the screening values for each group
of aquatic and wildlife receptors to determine COPECs. Development of COPECs has the
benefit of focusing the assessment on those contaminants that are most likely to present
ecological risks. A detailed assessment of the potential for ecological risks is not needed for
COPCs with sediment or water concentrations that are less than ecological screening values.

The basic screening result in this step of COPEC refinement is to determine if the representative
concentration for a particular COPC is greater than the screening value for that COPC and
medium. At least three detected sample results are required to calculate the reasonable RME
based on the maximum or UCL of the mean concentration. Because sediment and pore water
were generally based on one sample per location, there was only sufficient data for the CTE.
However, those sites with sufficient sample results to calculate the RME were also evaluated,
and screening results based on these RME concentrations were also presented. The COPC was
retained as a COPEC if the sediment or water representative concentration was greater than the
screening value or if there is a data gap for a receptor group (aquatic community, sediment biota,
wildlife). Screening results are presented in Table 6-80 for all inorganic chemicals based on
concentration in water (both pore water and surface water). Table 6-80 presents the count of
representative water concentrations for each COPC (there is one representative concentration per
study site), the maximum representative concentration, and the water screening values for the
aquatic community and wildlife. Table 6-80 also provides the results of COPEC selection and
the decision rationale for each COPC. Table 6-81 presents the screening evaluation based on
concentrations in sediment and contains the same information as Table 6-80.

Radionuclides were evaluated based on additive effects. Additive effects for radionuclides were
evaluated using the sum-of-fractions (SOF) method (Equation 6-2) where the ratio of
radionuclide concentrations to the relevant biota concentration guide (BCG) was summed and
multiplied by the target dose limit to calculate the dose in rad/day for each receptor. A dose
greater than the target dose limit indicates the potential for adverse ecological effects from
radionuclides. Table 6-82 presents the count of representative water concentrations for each
radionuclide (there is one RME concentration per study site), the maximum representative
concentration, the water screening values for aquatic animals and riparian animals, and the SOF
and dose for these receptors. Table 6-83 presents the count of representative sediment
concentrations for each radionuclide (there is one representative concentration per study site),
the maximum representative concentration, the sediment screening values for aquatic animals
and riparian animals, and the SOF and dose for these receptors.
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n

Dose = Target dose limit * Exposurej/Level 1 BCGj Equation 6-2
j=1

where:

Target dose limit = 0.1 rad/day for riparian animals and 1 rad/day for aquatic animals
Exposurej = exposure concentration for radionuclides in sediment or water
Level 1 BCGj = default sediment or water biota concentration guide for radionuclidej.

The results of COPEC refinement are summarized below for various analyte groups.

Inorganic Chemicals. Comparison of study site sediment and water concentrations to aquatic
biota or wildlife screening values led to eliminating fluoride as a COPEC. Other inorganic
chemicals were either retained as COPECs based on sediment or water concentrations exceeding
screening values or based on lacking one or more screening values.

Organic Chemicals. No organic COPCs were identified for near-shore environment, so the
COPEC refinement process was not needed.

Radionuclides. The BCGs developed by the BDAC provide screening values to evaluate the
potential for adverse ecological effects to aquatic animals and riparian animals from
radionuclides in sediment and water (DOE-STD-1153-2002). The BCGs, which were calculated
using RESRAD BIOTA vi.5 (DOE/EH-0676), are concentrations in sediment or water that are
predicted to equal a dose limit. The dose limit is a radiation dose associated with no adverse
effects on aquatic or riparian animals. Dose limits for near-shore receptors are 1.0 rad/day for
aquatic animals and 0.1 rad/day for riparian animals. The potential for ecological risk was
evaluated by summing the ratio of radionuclide concentrations to the relevant BCG and
multiplying by the target dose limit to calculate the dose in rad/day for each receptor. This
evaluation resulted in the following information:

* Aquatic animals: Dose was less than 1 rad/day dose limit (maximum of 0.5 rad/day) and
was based almost entirely on exposure to water; thus, no potential for adverse ecological
effects on aquatic animals was indicated.

* Riparian animals: Dose was less than 0.1 rad/day dose limit (maximum of 0.05 rad/day)
and was based mostly on exposure to water; thus, no potential for adverse ecological effects
on riparian animals was indicated.

Because the doses to near-shore biota calculated from radionuclides in sediment or water are less
than the target dose levels of 1 rad/day to aquatic animals or 0.1 rad/day to riparian animals,
radionuclides were not retained as COPECs for the near-shore aquatic environment.
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6.3.4.4 Benchmarks/TRVs. Oral exposure through the diet and soil pathway was compared to
COPEC-specific effect levels. Comparisons to adverse effect levels were evaluated for direct or
dietary exposure for COPECs and exposure media with detected concentrations. Details on the
exposure evaluation are provided below for the aquatic community and wildlife (birds and
mammals). Benchmarks are presented for the aquatic community (Tables 6-84 and 6-85) and
effect levels for wildlife (Tables 6-86 and 6-87). Benchmarks associated with lowest observed
effect concentrations (LOECs) are preferred given the EPA's management goal of reducing
ecological risks to levels that will result in the recovery and maintenance of healthy local
populations and communities of biota (OSWER Directive 9285.7-28 P). By definition, no-effect
levels from the same toxicity study are less than concentrations associated with the lowest-effect
levels. In some cases where the effect levels are from different toxicity studies, no-effect values
are higher than lowest-effect values. This is a reflection of the potential variation in effect levels
associated with differences in experimental design, test species, and chemical forms of
contaminants.

Tables 6-84 and 6-85 provide information on the COPEC, target receptor, benchmark value,
source of benchmark, any applicable notes on benchmark selection, and the benchmark selected.
Table 6-84 summarizes information on sediment benchmarks, which were obtained from the
process outlined in Figure 6-18.

The Washington State Department of Ecology created freshwater sediment quality values for use
in Ecology's sediment management programs (Michelsen 2003); although these values are not
promulgated, they are considered a preferred source of sediment benchmarks, when available.
Sediment quality values were generated using four bioassay endpoints: Hyalella azteca 10-day
mortality, Chironomus 10-day mortality, Chironomus 10-day growth, and Microtox® 15-minute
luminescence bioassays. While these endpoints are not inclusive of plants, they most closely
correspond to the aquatic invertebrate endpoints used in this report for understanding sediment
toxicity. For example, this assessment also employed Hyalella mortality bioassays to gauge the
toxicity of sediments collected in the River Corridor. Therefore, the Michelsen (2003) values are
relevant for assessing potential impacts to the aquatic invertebrate community in the
Hanford Reach of the Columbia River and should also be broadly protective of all aquatic biota.

Michelsen (2003) provides the sediment quality standard (SQS) and the cleanup screening
level (CSL) as analyte-specific benchmarks to assess potential adverse effects on sediment biota.
The SQS is defined as a concentration below which adverse effects are not observed. The CSL
is intended as a concentration below which only minor adverse effects would occur and above
which more significant adverse effects are expected.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 6-63



Evaluation of Ecological Risks in the DOE/RL-2007-21
Near-Shore Aquatic Environment Rev. 0

Figure 6-18. Sediment Benchmark Selection Process.
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Another benchmark compilation reviewed for this assessment was MacDonald et al. (2000),
which considered a broad set of sediment quality guidelines (SQGs). These published SQGs
were then used to develop two consensus-based SQGs for each contaminant including a
threshold effect concentration (TEC), a concentration below which adverse effects are not
expected to occur, and a probable effect concentration (PEC), a concentration above which
adverse effects are expected to frequently occur. Because the sediment benchmarks are broadly
representative of the adverse effects of contaminants on the aquatic community, the sediment
benchmarks are applied to both aquatic plants and to aquatic invertebrates. The sediment
benchmarks are not applied to amphibians, fish, or wildlife. Therefore, the benchmark values are
used in RCBRA for assessing potential impacts to the aquatic plant and invertebrate community
in the Hanford Reach of the Columbia River.
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Table 6-85 summarizes information on water benchmarks selected from the process outlined in
Figure 6-19. Chronic and acute water quality standards and water quality criteria were used as
available. Considering Washington State surface water standards
(http://www.ecy.wa.gov/programs/wg/swqs/index.html) and Federal Ambient Water Quality
Criteria (EPA 2009), the source yielding the lower value was selected as the representative
benchmark.

Figure 6-19. Water Benchmark Selection Process.
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There are no Washington State water quality standards or Federal water quality criteria for
several COPECs (e.g., barium, manganese, nitrogen in nitrate, nitrogen in nitrite, phosphorus,
strontium [elemental], tin, and uranium). For these COPECs, NOECs or LOECs were estimated
or obtained directly from data available in the scientific literature with high confidence. The
literature was accessed in a two-step method: first, values contained in EPA's Ecotox database
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were reviewed, and candidate values were selected in consultation with DOE; and second, a
review of the scientific literature was conducted to identify additional study values not included
in the Ecotox database. The final value was chosen from among the candidate values produced
by these two efforts. Based on this review of the literature, receptor-specific (aquatic plants,
aquatic invertebrates, amphibians, fish) effect levels were obtained. The LOEC value was then
selected as the benchmark except in the case of fish, for which the NOEC was used to be
protective of threatened and endangered fish species in the Hanford Reach of the
Columbia River.

Data queries typically produced a variety of test results, which were evaluated in accord with
general guidelines. The overall goal was to identify the lowest reported NOEC, LOEC, or
LC50s/EC50s values (concentration lethal to 50% of test organisms, or effective concentration
for 50% of organisms when the endpoint is not lethality) from tests most representative of actual
exposures as well as conditions in the Columbia River. The following general parameters were
used to guide the selection of candidate effects-level data with low uncertainty:

* Only results from freshwater tests were used; no saltwater results were included.

* Longer-duration tests were preferred over shorter ones. Tests conducted over a time period
less than 96 hours (4 days) in length were not used.

* Results from exotic species, or species (such as the Asian giant river prawn) that are not
representative of North American fauna were not used.

* Results from tests with chemical mixtures, acid waters (less than pH 6), very soft waters, or
other interfering factors were avoided. The Columbia River has a pH range of about 7 to 8,
and an average hardness of 84 mg/L as CaCO 3. The average chloride concentration is
3 mg/L. Values were chosen from studies that matched these parameters, particularly
hardness, as closely as possible.

* More recent studies were preferred over older ones.

* Tests using standard methods, such as laboratory-raised organisms over field-collected ones,
and those reporting statistical significance and effect-level statistics (LC50s, NOECs) were
preferred.

Using these general guidelines, the lowest NOEC and LOEC (analogous to the no observable
adverse effect level [NOAEL] and lowest observable adverse effect level [LOAEL],
respectively) were identified. Once identified, the details of a candidate study were reviewed to
obtain more information about study conditions. Studies selected by this method were then
further evaluated by reviewing the study abstract, usually available from on-line publishers,
and, where possible, by obtaining and reviewing the original study article. Original articles were
reviewed for all the final values.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 6-66



Evaluation of Ecological Risks in the DOE/RL-2007-21
Near-Shore Aquatic Environment Rev. 0

In most cases, study conditions did not match or produce data directly comparable to chronic
NOECs or LOECs. Many of the available toxicity data consist of acute LC50s, which are the
concentrations lethal to 50% of the test organisms (when the endpoint is an effect other than
lethality, the term effective concentration, or EC50 is used). In this case, uncertainty factors
were applied to the lowest acceptable study data to obtain LOEC and NOEC values for use in
this assessment. Uncertainty factors were used for two purposes: conversion of acute LC50
values to chronic LOECs and conversion of LOEC values to NOEC values.

For conversion of acute LC50 values to chronic LOECs, an uncertainty factor of 10 was applied.
This value is consistent with the geometric mean (7.6) of the acute-chronic ratios (ACRs) used
by EPA in the development of water quality criteria for primary pollutant metals (EPA 2009). It
is within the range of 1 to 10, recommended by EPA in the Great Lakes Water Quality Initiative
(GLWQI) (60 FR 15366), and is supported by current EPA Region 10 Guidance
(EPA 910-R-97-005). An acute-to-chronic ratio of ten is also recommended by Environment
Canada as a "generally applicable, conservative estimate," based on "broad experience and many
toxicity tests" (Environment Canada 1999).

For a conversion of LOECs to NOECs, an uncertainty factor of two was used. The
LOEC-NOEC relationship is determined by study design (specifically, the spacing of treatment
concentrations) rather than actual toxicity, and the conventional use of large values, such as 10,
has been criticized as "compounding the uncertainty in a manner that makes the result essentially
meaningless" (Chapman et al. 1998). Well-designed studies separate treatment doses by a factor
of 2 or less, but many studies follow historical convention and separate treatments by a factor of
10 in a logarithmic fashion. An uncertainty factor of two places the estimated NOEC about
midway between the measured NOEC and LOEC of a log-scale treatment, and so provides a
reasonable estimate where the actual no-effect point likely occurs. It is within the range of 1 to
10 recommended for the GLWQI (60 FR 15366).

In a broader application, EPA uses a factor of two to add conservatism to toxicity estimates in
the development of water quality criteria (EPA 1985). In criterion maximum concentration
(CMC) development, a calculated Final Acute Value (which is based on the geometric means of
measured LC50s) is divided by two to obtain the CMC so that the final CMC value is a
"concentration that will not severely adversely affect too many of the organisms" (EPA 1985).
A factor of two is also used as a conservative, minimum ACR for the calculation of chronic
criteria, when actual ACR data are less than one. In both cases, a factor of two is used to add
conservatism to measured levels of effect, the same purpose for which it is used in the current
LOEC-NOEC conversion.

These two uncertainty factors were multiplied together to obtain a total factor of 20, which was
used to convert acute LC50 data to chronic NOECs. This value is consistent with that
recommended by the Texas Commission on Environmental Quality for use with persistent
constituents that do not bioaccumulate (TCEQ 2002).
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For birds and mammals, Tables 6-86 and 6-87 provide information on the COPEC, chemical
form, citation for the primary study, test species and body weight, generic effect endpoint,
specific endpoint, no effect dose, lowest effect dose, secondary source for the effect levels,
and any applicable notes on effect level selection. Table 6-86 provides the avian effect level
information, and Table 6-87 provides the mammalian effect level information.

6.3.5 Risk Characterization (ERAGS Step 7)

This section presents ERAGS Step 7, risk characterization, which includes risk estimation,
risk description, and uncertainty analysis.

Results from the various measures employed in this investigation constitute lines of evidence
that were evaluated with regard to the magnitude of effect and the degree of corroboration
among the lines for each assessment endpoint. Types of literature toxicity information and field
measure descriptions are presented in Section 6.3.4.

The following conventions are used to describe comparisons to literature effect levels:

" "Adverse effects are unlikely" is associated with concentrations less than benchmarks,
standards, or criteria, or doses less than NOAELs.

* "Low potential for adverse effects" is associated with doses between NOAELs and LOAELs.

* "Potential for adverse effects" is associated with concentrations greater than benchmarks,
standards, or criteria, or doses greater than LOAELs.

Other lines of evidence involve comparisons of results for study sites to reference sites:

0 "Evidence for adverse effects" is associated with statistical differences in aquatic community
measures, histopathology, or bioassay results that show study sites are impacted compared to
reference sites.

In addition to these lines of evidence, considerations was given as to whether a particular line of
evidence was fully or partially captured in the sampling and field measurements. Failure to
achieve the intended goals for any line of evidence would detract from the utility of that measure
and add an uncertainty qualifier to the conclusions for that line of evidence.

6.3.5.1 Aquatic Plants. The ecological risk assessment is representative of the potential effects
of Hanford Site contaminants on aquatic plants. Multiple lines of evidence were evaluated
including measurement of COPEC concentrations in sediment and pore water for measures of
exposure and the results of a bioassay as a measure of effects.
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Sediment and Pore Water Characterization. Sediment and pore water are exposure media for
aquatic plants. The concentrations of COPECs are presented graphically in box plots (see
Appendix F-2). The representative concentrations of COPECs at study sites are also tabulated
for comparison to benchmarks or to bioassay results. Because each study site or reference site
was characterized by a single sediment or pore water sample, the CTE generally equals the
RME representative concentration. Generally, the CTE concentrations were compared to aquatic
community benchmarks, but the RME was used for those sites with sufficient data to calculate
the RME. The CTE concentrations also were used for sediment gradient analysis versus
bioassay measures.

As noted in Section 6.3.4, one of the technical difficulties in this risk assessment was capturing
worst-case pore water conditions because COPEC concentrations vary throughout the day.
Worst case can be defined as when composition of groundwater in pore water would be greater
only 10% of the time or less (i.e., it represents conditions for at least 90% of the time). Where
worst-case was captured, the pore water bioassays likely overestimated chronic exposure because
COPEC concentrations would likely vary over time, as they would in situ.

Literature Values for Survival, Growth, or Reproduction. One measure of risk to aquatic
plants is based on comparisons of COPEC concentrations in sediment and pore water to aquatic
community effect levels. Water effect levels are based on state water standards or
federal AWQCs and other information from the scientific literature. Water standards and criteria
are broadly protective of aquatic organisms and are not specific to any kind of organism. For
COPECs without criteria or standards, receptor-specific (e.g., aquatic plant, aquatic invertebrate,
amphibian, fish) effect levels were evaluated when literature values were available from studies
that conformed to minimum quality standards (e.g., ASTM Standards, EPA guidance) and had
reasonable levels of uncertainty. The results of the analysis are presented as benchmark HQs,
which are the sediment or pore water concentration (both CTE and RME) divided by the effect
level. A benchmark HQ greater than 1.0 suggests the potential for adverse ecological effects.

Either standards/criteria or benchmarks were used to represent the potential for adverse effects
on aquatic plants; COPECs with concentrations greater than the standards/criteria or benchmarks
are highlighted for aquatic plants because these exposures are more likely to be associated with
adverse effects on populations or communities. A literature review was performed to compile
benchmarks for near-shore COPECs (Section 6.3.4.4). The compilation encompassed effects
levels for aquatic plants that are representative of receptors at the Hanford Site, insofar as
possible. Most of the published toxicological data represent results of tests with single
chemicals. Toxicity information such as this may be expressed as concentrations in sediment or
water associated with the presence or absence of effects. Aquatic plants receive exposure to
COPECs through sediment and pore water.

Data used for the calculation of aquatic plant benchmark HQs consisted of measured sediment
and pore water COPEC concentrations. Sediment and pore water values used for ecological
exposure were generally based on one sample per location. Thus, there were insufficient
sediment and pore water data for most sites and COPECs (at least three detected sample results
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are required) to estimate the RME for sediment or pore water based on the maximum or UCL of
the mean concentration. However, those sites with sufficient sample results to calculate the
RME were also evaluated, and these RME concentrations are presented. Hazard quotients for
aquatic plants were computed by dividing sediment or water concentrations by the applicable
receptor/analyte effect level (Equation 6-3).

HQ[receptor, analyte] = Concentration[sediment or water] / Effect Level[receptor, analyte] Equation 6-3

Table 6-88 presents HQ information at study sites and reference sites based on the sediment
benchmark, the maximum sediment concentrations, and the benchmark HQ values. Sediment
concentrations of eight COPECs (aluminum, calculated total uranium, copper, lead, mercury,
nickel, tin, and uranium [inorganic]) were less than the sediment benchmark. For the remaining
near-shore COPECs, there was either a data gap for the benchmark, or the benchmark was
exceeded. Additional information on COPECs for which sediment concentrations exceeded
sediment biota benchmarks is presented in Table 6-89. This table presents all site and COPEC
combinations where the sediment concentrations exceeded the benchmarks and reference
concentrations; the COPECs listed in Table 6-89 are antimony, barium, cadmium, chromium,
manganese, selenium, and zinc. Both study sites and the associated reference sites had sediment
benchmark HQs greater than 1.0 for one or more of these COPECs. Although concentrations of
phosphorus were greater than benchmarks, concentrations at reference sites were equal to or
greater than study sites, and results for this COPEC are not presented in Table 6-89. Benchmark
HQ results for all COPECs and sites are provided in an electronic attachment to Appendix F-5.

Table 6-90 presents benchmark HQ information at study sites and reference sites based on the
water standards or water criteria, the maximum pore water concentrations, and the benchmark
HQ values based on these effect levels. Pore water concentrations of five COPECs (antimony,
chromium, mercury, nickel, and zinc) were less than water standards or criteria. Pore water
concentrations of aluminum and hexavalent chromium were greater than water standards/criteria
and reference concentrations. Pore water concentrations of four COPECs (cadmium, copper,
lead, and selenium) were greater than standards/criteria but less than reference. The remaining
near-shore COPECs were evaluated versus receptor-specific benchmarks.

Table 6-91 presents benchmark HQ information at study sites and reference sites based on the
water effect levels (aquatic plant effect levels), the maximum pore water concentrations, and the
benchmark HQ values based on combinations of effect levels. Pore water concentrations of four
COPECs (barium, nitrogen in nitrate, phosphorus, and vanadium) at study sites were less than
aquatic plant water benchmarks. For the remaining near-shore COPECs, there was either a data
gap for the water effect levels, or an effect level was exceeded.

Additional information on COPECs for which pore water concentrations exceeded aquatic plant
benchmarks is presented in Table 6-92. It presents all site and COPEC combinations where the
pore water concentrations exceeded the effect levels for one or more aquatic receptors (plant,
invertebrate, amphibian, fish) and reference concentrations; the COPECs listed in Table 6-92 are
aluminum, calculated total uranium, hexavalent chromium, manganese, and uranium (inorganic).
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Both study sites and the associated reference sites had benchmark HQ greater than 1.0 for one or
more of these COPECs. Pore water concentrations of calculated total uranium, manganese, and
uranium (inorganic) were greater than aquatic plant water benchmarks. Although concentrations
of nitrogen in nitrate are greater than benchmarks, concentrations at reference sites are equal to
or greater than study sites, and results for this COPEC are not presented in Table 6-92.
Benchmark HQ results for all COPECs and sites are provided in an electronic attachment to
Appendix F-5.

Growth from Toxicity Testing. Pak Choi sediment bioassays were conducted in 2006 and
2007 on sediment samples collected from 34 sites (26 study sites and 8 reference sites) in the
near-shore environment. There was a range in growth results from the Pak Choi bioassays;
results from each replicate (n = 4 per sediment sample) are shown in box plots for study sites and
reference sites (Figures 6-20 and 6-21).

Figure 6-20 displays wet weight growth results for the four replicates for each of the 34 sites
tested. There was no statistically significant difference in mean wet weight growth for study
sites compared to reference based on the Dunnett's test (p-value>0.05).

Figure 6-21 displays dry weight growth results for the four replicates for each of the 34 sites
tested. There was no statistically significant difference in mean dry weight growth for study sites
compared to reference based on the Dunnett's test (p-value>0.05).

It is known that the two measures evaluated in the Pak Choi growth test are not independent,
based primarily on mathematical relationships between these measures. Fresh weight measures
are related to the dry weight measures with the difference being the level of moisture in plant
tissues.

The next step in evaluating the potential for adverse effects of COPECs on plants was an
examination of relationships between growth and concentrations of COPECs or confounding
factors. Significant negative correlations using the site averages of bioassay measures and
COPEC results were observed across the 34 sites. For the single bioassay endpoint (growth),
comparisons were made for the mean bioassay measure and the mean analyte results per site
relative to the other sites. Table 6-93 provides a summary of the significance levels of these
linear regressions, including a count of the regressions for each endpoint, the minimum p-value
(statistical significance), the maximum p-value, and the number of statistically significant
regressions (p-value<0.05) for each analyte. Table 6-93 indicates if concentrations of the
COPEC were greater than reference in sediment. If the COPEC concentrations were elevated in
sediment, then there was more of a signal for the regression analyses to evaluate. Otherwise, the
regression evaluated variation within background levels in sediment. To ensure that biologically
significant regressions are considered, only those regressions with at least five results are
reported. This is consistent with the minimum sample size required to calculate the UCL of the
mean as the representative concentration. Although linear regression produces results with as
few as three or four pairs of results, such minimal sample sizes are associated with very low
statistical power and, therefore, with low confidence in the result.
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Figure 6-20. Pak Choi Growth (Shoot Wet Weight)
in Sediments.
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Pak Choi shoot weight (wet) for replicates (4/site) in sediment from reference sites (n = 8) and at study sites (n = 26). No
significant differences observed for Pak Choi wet weight between the site types; Dunnett's test, p = 0.75, n = 145.

Figure 6-21. Pak Choi Growth (Shoot Dry Weight)
in Sediments.
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Pak Choi shoot weight (dry) for replicates (4/site) in sediment from reference sites (n = 8) and at study sites (n = 26). No
significant differences observed for Pak Choi dry weight between the site types; Dunnett's test, p = 0.60, n = 145.
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Other analyses (e.g., the ecological exposure evaluation) evaluate each site and each COPEC
individually. Table 6-93 provides the statistically significant linear regression models for
COPECs (barium, nitrogen in nitrate, and phosphorus) and confounding factors (11 measures of
sediment texture). Amongst COPECs, the potential for adverse effects is noted by a negative
slope from the linear regression analyses, and no COPECs have a negative slope with Pak Choi
growth. Other COPECs (barium, nitrogen in nitrate, and phosphorus) are noted to have positive
relationships with Pak Choi growth. There were insufficient detections to evaluate relationships
between Pak Choi growth and concentrations of four COPECs in sediment (antimony,
hexavalent chromium, selenium, and uranium [inorganic]).

The average growth measures and the average values of confounding factors are presented in
Table 6-94. The table highlights values that are more than 20% different from the average of the
reference sites, because 20% is a commonly used threshold for biologically significant
differences. Differences among the reference sites as well as between the study sites and
reference sites are commonly noted for Pak Choi growth. Additional information on the
Pak Choi sediment bioassay, including plots that support the COPEC and confounding factor
evaluation, is provided in Appendix F-9.

Weight of Evidence. The aquatic plant component of the ecological risk assessment is
representative of the potential effects of Hanford Site contaminants on lower trophic level
aquatic organisms. The lines of evidence are the results of bioassays, measurement of COPEC
concentrations in sediment and pore water, and comparison of sediment and pore water
concentrations to benchmarks.

Multiple lines of evidence were employed to assess risks to aquatic plants, and the results are
summarized in Table 6-95. The weights for these measures are discussed below.

Growth from Toxicity Testing. There were no statistically significant gradient
relationships between COPEC concentrations and the Pak Choi growth; there was also no
difference in growth between study and reference site samples. This line of evidence was
assigned an overall weight of medium because Pak Choi is a vascular plant and it does not
directly represent typical Hanford Site aquatic plants (algae, periphyton, milfoil) although all
planned samples were obtained (no rejected or missing data), and the bioassay provides site
specificity for COPEC concentrations and mixtures. This test evaluated COPECs only in
sediment and thus there is uncertainty associated with adverse effects of COPECs in pore water
on algae or vascular plants.

Literature Values for Survival, Growth, or Reproduction. One measure of the potential
for effects or risk to aquatic plants is based on comparisons of COPEC concentrations in
sediment and pore water to aquatic community benchmarks. Based on this measure, there is the
potential for adverse effects and risk at the study sites. Literature values are appropriate in many
cases and form the basis of screening-level ecological risk assessments because they are typically
based on peer-reviewed literature and databases. However, the weight assigned to comparison to
literature values is considered low because this information is not site-specific to the chemical
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forms and mixtures of COPECs present at near-shore aquatic sites. Literature values may also be
based on a single species and could have less relevance to the broad array of species found at the
Hanford Site.

Uncertainty Analysis. Limitations associated with the risk assessment data and methodologies
for the near-shore evaluation of the RCBRA are presented for each line of evidence and
summarized qualitatively in Table 6-96 for aquatic plants. Known uncertainties and data gaps
associated with the screening and focused risk evaluations are summarized, and their
implications for estimating potential adverse effects and conclusions are noted.

Both filtered and unfiltered water sample results were evaluated in the near-shore environment.
In some cases, the toxicity information or standards/criteria are based on dissolved metals
concentrations (filtered samples). Therefore, exposure and the potential for risk from metals
contaminants may be overestimated by using the unfiltered (or total metals) concentrations.

Aquatic Plant Risk Summary. In the data collected for the risk assessment, there are COPEC
concentrations in sediment or pore water at levels greater than aquatic community effect levels.
Thus, there are sediment or pore water concentrations at which effects on aquatic plants might be
expected.

Sediment concentrations were greater than benchmarks and reference concentrations for seven
COPECs (antimony, barium, cadmium, chromium, manganese, selenium, and zinc), and this
information suggests a potential for adverse effects. The antimony and barium sediment
benchmarks were exceeded at a single site (100-B/C Pilot); the chromium sediment benchmark
was exceeded at another single study site (128-F2); and the selenium sediment benchmark was
exceeded at a different single study site (U4). Sediment concentrations were greater than the
cadmium, manganese, and zinc benchmarks at multiple study sites and reference sites.

Unfiltered pore water concentrations were greater than the water standards/criteria and reference
concentrations for two COPECs (aluminum and hexavalent chromium). Waterbome
concentrations for two COPECs (calculated total uranium and uranium [inorganic]) exceeded
benchmarks for aquatic plants at a single study site (U4); this suggests a potential for adverse
effects. Manganese concentrations were greater than the aquatic plant benchmark at one study
site (Ul) and one reference site (Beverly reference 2); this suggests a potential for adverse
effects.

Risks to aquatic plants based on toxicity testing showed some relationships with confounding
factors and some COPECs. Nevertheless, there were clear measures of exposure, primarily for
inorganic COPECs that were detected in pore water and sediment. Of the key plume
contaminants, only hexavalent chromium and uranium had concentrations of ecological
relevance in the near-shore environment. Elemental strontium was also identified in some
analyses and could be associated with the strontium-90 groundwater plumes.
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A summary of risk characterization results and uncertainties for all near-shore aquatic plant
COPECs is presented in Table 6-97. Concentrations in sediment or pore water (or both) at
study sites for 11 COPECs were greater than the sediment benchmarks and reference
concentrations, water standards/criteria or aquatic plant water benchmarks and reference
concentrations; these are the key COPECs for near-shore aquatic plants and are discussed below.
Unless otherwise noted, the observations for these COPECs are based on the exposure evaluation
results for 17 pore water/seep study sites and gradient analyses for 15 pore water study sites
(all but the 100-B/C Pilot and 100-NR-2 study sites). The results are also based on the exposure
evaluation results for 47 sediment sample study sites and gradient analyses for 45 sediment
study sites (all but the 100-B/C Pilot and 100-NR-2 study sites).

* Aluminum: The maximum sediment concentration (13,000 mg/kg) was less than the
benchmark (14,000 mg/kg). The maximum unfiltered concentration of aluminum in
pore water (399 pg/L at aquatic site 2a) exceeded the ambient water quality criterion
(87 pg/L). Note that the water quality criteria for aluminum are based on pH in the range of
6.5 to 9, and that aluminum is more toxic to aquatic biota at pH less than 6.5 or greater
than 9. At seven study sites and one reference site, pH was in the range of 9 to 10. There
were no relationships of Pak Choi growth to aluminum concentrations in sediment.

* Antimony: The highest concentration of antimony in sediment (0.65 mg/kg at
100-B/C Pilot) was greater than the benchmark (0.6 mg/kg). The maximum unfiltered pore
water concentration (2.6 pg/L at Beverly aquatic reference 1) was far less than the water
criterion (30 pg/L). Based on the sediment pathway, antimony has a potential for adverse
effects on the aquatic community. However, the sediment benchmark was exceeded by less
than a factor of 2 and only at one study site (100-B/C Pilot). There were insufficient
detections of antimony in sediment to test for relationships to bioassay measures.

* Barium: Barium concentrations exceeded the sediment benchmark (300 mg/kg) at the
100-B/C Pilot study site only (870 mg/kg). Unfiltered pore water concentrations did not
exceed the aquatic plant water benchmark (maximum was 104 pg/L at aquatic site Ul and
less than the aquatic plant water benchmark 2,600 pg/L). Based on the sediment pathway,
barium has potential for adverse effects on aquatic plants. However, the sediment
benchmark was exceeded by about a factor of 3 at a single study site (100-B/C Pilot). There
were no relationships of bioassay measures to barium concentrations in sediment.

* Cadmium: Sediment concentrations exceeded the benchmark at 14 study sites and
3 reference sites with low magnitude of exceeding the benchmark (HQ was
between 1.1 and 2.4). The maximum study site cadmium sediment concentration was
2.4 mg/kg at UlO. Unfiltered cadmium pore water concentrations exceeded the water
criterion (chronic is 0.19 pg/L and acute is 1.4 pg/L) at one study site (0.27 pg/L at
100-B/C Pilot) but were less than reference concentrations (maximum was 0.85 pg/L at
aquatic reference 14). Cadmium sediment concentrations were greater than the benchmark
(1 mg/kg) and thus have potential for adverse effects on aquatic plants from this pathway.
There were no relationships of bioassay measures to cadmium concentrations in sediment.
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* Calculated total uranium: The maximum sediment concentration (15 mg/kg) for this
COPEC was less than the sediment benchmark (100 mg/kg); thus, adverse effects on aquatic
plants are unlikely for this pathway. Unfiltered pore water concentrations were greater than
the aquatic plant benchmark (14 pg/L) at a single study site (140 pg/L at U4), so there is a
potential for adverse effects from this pathway. Calculated total uranium was not measured
at the 100-B/C Pilot or 100-NR-2 study sites. There were no relationships of bioassay
measures to total calculated uranium concentrations in sediment.

* Chromium: Sediment concentrations for chromium at a single study site (290 mg/kg at
aquatic site 128-F2) exceeded the benchmark (100 mg/kg) and thus have potential for
adverse effects on aquatic plants. Unfiltered chromium pore water concentrations were less
than the standard and criterion (chronic is 55 pg/L, acute is 410 pg/L) (maximum was
44 pg/L at aquatic site Crl). There were no relationships of bioassay measures to chromium
concentrations in sediment.

* Hexavalent chromium: There is no sediment benchmark for hexavalent chromium.
Hexavalent chromium pore water concentrations were greater than the Washington State
standard (chronic is 10 pg/L, acute is 15 pg/L) at five study sites (42 pg/L at aquatic site Crl,
25 pg/L at aquatic site Cr2, 21 pg/L at aquatic site Cr6, 24 pg/L at aquatic site 2a, 13 pg/L at
aquatic site 2a). Hexavalent chromium was not measured at the 100-B/C Pilot or 100-NR-2
study sites. There were insufficient detections of hexavalent chromium in sediment to test
for relationships with bioassay measures.

* Manganese: The maximum sediment concentration (920 mg/kg at aquatic site Sr6) was
greater than the benchmark (460 mg/kg), and manganese sediment concentrations were
greater than the benchmark at another six study sites and three reference sites. Because
manganese concentrations exceeded the sediment benchmark, it has potential for adverse
effects on aquatic plants from this pathway. The magnitude of the sediment benchmark
exceedance was low (maximum sediment benchmark HQ was 2.0). The maximum unfiltered
pore water concentrations for manganese (1,640 pg/L at aquatic site Ul; 1210 pg/L at
Beverly reference 2) were greater than the aquatic plant benchmark (190 pg/L). There were
no relationships of bioassay measures to manganese concentrations in sediment.

* Selenium: Sediment concentrations of selenium were greater than the benchmark (4 mg/kg)
at a single study site (4.3 mg/kg at aquatic site U4), which means that there is a potential for
adverse effects on the aquatic plants from the sediment pathway. The sediment benchmark
was exceeded at a single study site with a low benchmark HQ magnitude (1.1). Selenium
pore water concentrations were not greater than the Washington State standard (chronic is
5 pg/L) at study sites. There were no relationships of bioassay measures to selenium
concentrations in sediment.

* Uranium (inorganic): The maximum sediment concentration (6.8 mg/kg) for this COPEC
was less than the sediment benchmark (100 mg/kg); thus, adverse effects on aquatic plants
are unlikely from this pathway. Unfiltered pore water concentrations were greater than the
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aquatic plant benchmark (14 pg/L) at a single study site (140 pg/L at U4), so there is a
potential for adverse effects from this pathway. There were no relationships of bioassay
measures to uranium (inorganic) concentrations in sediment.

0 Zinc: Concentrations were greater than the sediment benchmark (160 mg/kg) at
20 study sites (maximum concentration was 800 mg/kg at aquatic site 128-F2) and
4 reference sites (maximum concentration was 358 mg/kg at aquatic reference 300-1), so zinc
has a potential for adverse effects on aquatic plants from this pathway. The magnitude of the
sediment benchmark HQ was moderate at study sites (maximum benchmark HQ was 5.0).
The maximum concentration of zinc in pore water was from a reference site (12 pg/L at
aquatic reference 13) and was less than the Washington State standard (77 pg/L). There
were no relationships of bioassay measures to zinc concentrations in sediment.

6.3.5.2 Aquatic Invertebrates. The ecological risk assessment for aquatic invertebrates is
representative of the potential effects of Hanford Site contaminants on aquatic invertebrates.
Aquatic invertebrates include benthic macroinvertebrates such as insects, worms, clams, mussels,
and snails. Aquatic invertebrates are the key assessment entities given their potential for
exposure and that there are rare invertebrate species in the Hanford Reach of the
Columbia River. Several lines of evidence were evaluated including measurement of COPEC
concentrations in sediment and pore water for measures of exposure and the results of bioassays
and histopathology as measures of effects.

Sediment and Pore Water Characterization. Sediment and pore water are exposure media for
aquatic invertebrates. Sediment and pore water sample collection and analysis is discussed in the
previous section on aquatic plants.

Literature Values for Survival, Growth, or Reproduction. One measure of risk to aquatic
invertebrates is based on comparisons of COPEC concentrations in sediment and pore water to
aquatic community effect levels. Water effect levels are based on Washington State water
standards or Federal ambient water quality criteria and other information from the scientific
literature. Water standards and criteria are broadly protective of aquatic organisms and are not
specific to any kind of organism. For COPECs without standards and criteria, receptor-specific
(e.g., aquatic plant, aquatic invertebrate, amphibian, fish) effect levels were evaluated. The
results of the analysis are presented as benchmark HQs, which are the sediment or pore water
concentration (both CTE and RME) divided by the effect level. A benchmark HQ greater
than 1.0 suggests the potential for adverse ecological effects.

Either standards/criteria or benchmarks were used to represent the potential for adverse effects
on aquatic invertebrates. COPECs with concentrations greater than the standards/criteria or
benchmarks are highlighted for aquatic invertebrates because these exposures are more likely to
be associated with adverse effects on populations or communities. A literature review was
performed to compile benchmarks for near-shore COPECs (Section 6.3.4.4). The compilation
encompassed effects levels for the aquatic community that are representative of receptors at the
Hanford Site, insofar as possible. Most of the published toxicological data represent results of
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tests with single chemicals. Toxicity information such as this may be expressed as
concentrations in sediment or water associated with the presence or absence of effects. Aquatic
invertebrates receive exposure to COPECs through sediment and pore water.

Data used for the calculation of aquatic invertebrate benchmark HQs consisted of measured
sediment and pore water COPEC concentrations. Sediment and pore water values used for
ecological exposure were generally based on one sample per location. Thus, there were
insufficient sediment and pore water data for most sites and COPECs (at least three detected
sample results are required) to estimate the RME for sediment or pore water based on the
maximum or UCL of the mean concentration. However, those sites with sufficient sample
results to calculate the RME were also evaluated, and these RME concentrations are presented.
Hazard quotients for the aquatic community were computed by dividing sediment or water
concentrations by the applicable receptor/analyte effect level (Equation 6-3).

Table 6-88 presents HQ information at study sites and reference sites based on the sediment
benchmark, the maximum sediment concentrations, and the benchmark HQ values. Sediment
concentrations of eight COPECs (aluminum, calculated total uranium, copper, lead, mercury,
nickel, tin, and uranium [inorganic]) were less than the sediment benchmark. For the remaining
near-shore COPECs there was either a data gap for the benchmark, or the benchmark was
exceeded. Additional information on COPECs for which sediment concentrations exceeded
sediment biota benchmarks is presented in Table 6-89. This table presents all site and COPEC
combinations where sediment concentrations exceeded the benchmarks and reference
concentrations; the COPECs listed in Table 6-89 are antimony, barium, cadmium, chromium,
manganese, selenium, and zinc. Both study sites and the associated reference sites had
benchmark HQs greater than 1.0 for one or more of these COPECs. Although concentrations of
phosphorus are greater than benchmarks, concentrations at reference sites are equal to or greater
than study sites, and results for this COPEC are not presented in Table 6-89. Benchmark HQ
results for all COPECs and sites are provided in an electronic attachment to Appendix F-5.

Table 6-90 presents benchmark HQ information at study sites and reference sites based on the
water standards or water criteria, the maximum pore water concentrations, and the benchmark
HQ values based on these effect levels. Pore water concentrations of five COPECs (antimony,
chromium, mercury, nickel, and zinc) were less than water standards or criteria. Pore water
concentrations of aluminum and hexavalent chromium were greater than water standards/criteria
and reference concentrations. Pore water concentrations of four COPECs (cadmium, copper,
lead, and selenium) were greater than standards/criteria, but were less than reference. The
remaining near-shore COPECs were evaluated versus receptor-specific benchmarks.

Table 6-91 presents benchmark HQ information at study sites based on the water effect levels
(aquatic invertebrate effect levels), the maximum pore water concentrations, and the benchmark
HQ values based on combinations of effect levels. Pore water concentrations at study sites of
one COPEC (manganese) were less than aquatic invertebrate water benchmarks. For the
remaining near-shore COPECs, there was either a data gap for the water effect levels, or an
effect level was exceeded.
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Additional information on COPECs for which pore water concentrations exceeded aquatic
invertebrate benchmarks is presented in Table 6-92. It presents all site and COPEC
combinations where the pore water concentrations exceeded the effect levels for one or more
aquatic receptors (plant, invertebrate, amphibian, fish) and reference concentrations; the
COPECs listed in Table 6-92 are aluminum, calculated total uranium, hexavalent chromium,
manganese, and uranium (inorganic). Both study sites and the associated reference sites had
benchmark HQ greater than 1.0 for one or more of these COPECs. Pore water concentrations of
calculated total uranium and uranium (inorganic) were greater than aquatic invertebrate water
benchmarks. Although concentrations of nitrogen in nitrate are greater than benchmarks,
concentrations at reference sites are equal to or greater than study sites, and results for this
COPEC are not presented in Table 6-92. Benchmark HQ results for all COPECs and sites are
provided in an electronic attachment to Appendix F-5.

Measured Tissue Concentrations. Aquatic invertebrate tissue concentrations provide
information on contaminant uptake and may also indicate bioavailability of these COPECs.
Tissue sample results for near-shore COPECs are presented in figures in Appendix F-3. Several
analytes were detected in RCBRA near-shore aquatic invertebrate tissues, but statistical
differences of study site concentrations to reference site aquatic invertebrate concentrations for
COPECs were noted only for zinc (see Tables 6-49, 6-74). Statistical differences in clam or
mussel concentrations were noted for seven COPECs (aluminum, barium, copper, manganese,
phosphorus, strontium (elemental), vanadium; see Tables 6-51, 6-57, 6-74).

A positive relationship between aquatic invertebrate tissue concentrations and sediment or pore
water concentrations is an indication of COPEC uptake into the food chain. Such relationships
have been frequently documented in the literature and form the basis for simple wildlife
exposure models used to calculate sediment-based ecological screening values. However, with
one exception (chromium), aquatic invertebrate tissue concentrations of COPECs did not
correlate with sediment or pore water concentrations (summarized in Table 6-98 and plots are
presented in Appendix F-6). Table 6-98 presents a summary of the linear and log-linear
regression analyses of aquatic invertebrate tissue versus sediment and pore water concentrations
for COPECs: the number of sites with detected concentrations, the explained variance of the
model (r-squared), and the statistical significance (p-value). Table 6-98 also provides an
estimate of the ratio of tissue concentrations in fresh weight to the sediment or pore water
concentrations. Table 6-98 indicates if concentrations of the COPEC were greater than reference
in sediment, pore water, invertebrate tissue, multiple media, or no medium. If the COPEC
concentrations were elevated in both media in the regression analysis, then there was more of a
signal for the regression analyses to evaluate. Otherwise the regression evaluated variation
within background levels in one or the other medium. The statistical analyses were based on
sites where the COPEC was detected in both invertebrates and the abiotic medium and further
assumes that samples were collected from abiotic media such that they are representative of
contaminant exposures to invertebrates. The analysis evaluated trends in average concentrations
at study sites and does not consider exposure and uptake into biota at scales smaller than the
study site. To ensure that biologically significant regressions are considered, only those
regressions with at least five results are reported. This is consistent with the minimum sample
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size required to calculate the UCL of the mean as the representative concentration. Although
linear regression produces results with as few as three or four pairs of results, such minimal
sample sizes are associated with very low statistical power and, therefore, low confidence in the
result. There were insufficient detections in aquatic invertebrate tissue to support linear
regression analyses for most COPECs, but there was one statistically significant correlation of
invertebrate tissue concentrations with sediment or pore water concentrations (Table 6-98).
Chromium in benthic macroinvertebrate tissues was correlated to chromium sediment
concentrations.

Tissue Effect Levels. The potential for ecological risks from Hanford Site contaminants was
evaluated for near-shore aquatic environment COPECs in aquatic insects and bivalves versus
literature tissue effect levels. This information provides one measure of effect for invertebrates
in the near-shore aquatic environment. If COPEC concentrations in tissues are greater than
effect levels, then there is a potential for risk from this COPEC. Although these tissue effect
levels were identified as a line of evidence in the DQO and RCBRA SAP, the use of tissue effect
levels to identify risk is highly uncertain. An evaluation of the use of tissue effect levels
published after the RCBRA was planned has identified that between-species and between
lifestage evaluation has limited validity or is not valid (Adams et al. 2011). Therefore, tissue
effect levels are considered but have uncertainty in estimating ecological risks from COPECs.

For the near-shore COPECs, relevant tissue effect levels for aquatic invertebrates were available
for cadmium, lead, mercury, nickel, and selenium (Table 6-99). Relevant RCBRA data are
plotted against the effects thresholds in Figures 6-22 to 6-29. Measured tissue concentrations for
aquatic macroinvertebrates and bivalves (Asiatic clams and mussels) were lower than
benchmarks for the five near-shore COPECs with tissue-effects data. Thus, there is no indication
of effects based on measured tissue concentrations in invertebrates compared to tissue effect
levels. The COPECs and tissues without corresponding effects levels represent uncertainties for
this line of evidence.

In Situ Clam Survival. Clam survival was assessed by location. Clam tubes consisting of 19 to
25 individuals per tube were deployed at RCBRA near-shore aquatic investigation areas. Clam
survival was negatively affected by floating tubes (i.e., tubes that became dislodged from the
riverbed and hung suspended in the current). Mortality was elevated in such tubes, presumably
because the clams were suspended too far from the riverbed and were unable to filter enough
food from the water column to survive. Results affected by floating tubes were not included in
analyses of clam survival.
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Figure 6-22. Tissue Effect Levels for Aquatic
Macroinvertebrate Tissues: Cadmium.

Study site ' Reference

category

Reference refers to samples from reference sites and study site refers to samples from study sites.
effect level in caddisfly tissue (60 mg/kg wet weight; Spehar et al. 1978).

The line represents the no

Figure 6-23. Tissue Effect Levels for Aquatic
Macroinvertebrate Tissues: Lead.

Study site ' Reference

category

Reference refers to samples from reference sites and study site refers to samples from study sites. The line represents the no
effect level in caddisfly tissue (260 mg/kg wet weight; Spehar et al. 1978).
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Figure 6-24. Tissue Effect Levels for Aquatic
Macroinvertebrate Tissues: Mercury.
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There were no detects of mercury in reference site aquatic invertebrates. Study site refers to samples from study sites. The line
represents the no effect level in midge tissue (40 mg/kg wet weight; Rossaro et al. 1986).

Figure 6-25. Tissue Effect Levels for Aquatic
Macroinvertebrate Tissues: Selenium.

Study site ' Reference

category

Reference refers to samples from reference sites and study site refers to samples from study sites. The line represents the no
effect level in midge tissue (5.08 mg/kg wet weight; Hansen et al. 1993).
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Figure 6-26. Tissue Effect Levels for
Bivalve Tissue: Cadmium.

Study site Reference

category

Reference refers to samples from reference sites and study site refers to samples from study sites.
effect level in mussel tissue (114 mg/kg wet weight; Kraak et al. 1992).

The line represents the no

Figure 6-27. Tissue Effect Levels for
Bivalve Tissue: Lead.

Study site ' Reference

category

Reference refers to samples from reference sites and study site refers to samples from study sites. The line represents the no
effect level in mussel tissue (36 mg/kg wet weight; Kraak et al. 1994).
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Figure 6-28. Tissue Effect Levels for
Bivalve Tissue: Mercury.
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There were no detects of mercury in reference site bivalves. Study site refers to samples from study sites. The line represents the
no effect level in mussel tissue (3.0 mg/kg wet weight; Tessier et al. 1996).

Figure 6-29. Tissue Effect Levels for
Bivalve Tissue: Nickel.

Study site ' Reference

category

Reference refers to samples from reference sites and study site refers to samples from study sites. The line represents the no
effect level in mussel tissue (277.1 mg/kg wet weight; Sreedevi et al. 1992).
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Another factor that would be expected to impact clam survival is the number of days that the
clam tubes were deployed before they were harvested for contaminant analyses and
histopathology. The first set of clams was collected in March or April 2006 after being deployed
for about 7 to 8 months. The second set of clams was collected in March 2007 after about
3 months of deployment. Thus, the two main groups of days deployed shown in Figure 6-30
reflected different seasons and also different study sites. Figure 6-30 shows that the clam tubes
that were deployed for a longer period of time, those collected in 2006, had greater survival.
This suggests that whatever factor caused clam mortality did not do so in a steady incremental
fashion. Rather it appears that mortality might have been mainly soon after deployment in 2007.

Figure 6-30. Average Percent Clam Survival Versus
Days Deployed at Hanford Near-Shore Sites.
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Clam Survival = 13.1 + 0.155*days deployed; r2=0.13; n= 179; p<0.0001.
Reference 16 was excluded from this plot, which was based on the site CTE or average results. Reference site 16 was
characterized in 2006 (230 days deployed) and 2007 (100 days deployed) and the clam survival was similar in both years.

Clam survival was significantly reduced at study sites relative to survival in reference site
locations (Figure 6-31). Differences in survival between study sites and corresponding reference
sites were evaluated after eliminating floating tubes as not usable data. Relationships of clam
survival to concentrations of COPECs or confounding factors were evaluated as evidence of
adverse effects. There were no relationships of clam survival to COPEC concentrations. There
were significant negative correlations clam survival to confounding factors.
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Figure 6-31. Percent Clam Survival at Hanford
Near-Shore Sites.
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Reference refers to samples from reference sites and study site refers to samples from study sites. There are six replicate clam
tubes per site; reference site (n = 44) and study sites (n = 141) total replicates. Clam survival is significantly lower at study sites
(n = 185, t-test, a = 0.05, p = 0.02).

Table 6-100 provides a summary of the linear regression equation (if statistically significant), the
number of sites with detects for the COPEC or confounding factor in sediment or pore water, the
r2 value or explained variance for the regression, and the significance levels of these linear
regressions (p-value or statistical significance) for each analyte. Table 6-100 indicates if
concentrations of the COPEC were greater than reference in sediment or pore water. If the
COPEC concentrations were elevated in the abiotic medium, then there was more of a signal for
the regression analyses to evaluate. Otherwise, the regression evaluated variation within
background levels in sediment or pore water. To ensure that biologically significant regressions
are considered, only those regressions with at least five results are reported. This is consistent
with the rule applied to calculating representative concentrations and suggests that although
linear regression produces results with as few as three or four pairs of results, such minimal
sample sizes are associated with very low statistical power and, therefore, confidence in the
result. Other analyses (e.g., the ecological exposure evaluation) evaluate each site and each
COPEC individually. Table 6-100 provides the statistically significant linear regression models
for confounding factors (eight measures of sediment texture, silicon, and substrate
embeddedness). Clam survival significantly increased with concentrations of two COPECs in
sediment (barium and manganese), and thus did not indicate an adverse effect for these COPECs.
Other COPECs did not have statistically significant relationships with clam survival. There were
insufficient detections to evaluate relationships between clam survival and concentrations of
11 COPECs in sediment or pore water (antimony and hexavalent chromium in sediment;
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antimony, cadmium, lead, mercury, nickel, nitrogen in nitrite, selenium, tin, titanium, uranium
[inorganic] in pore water).

The average clam survival and the average values of confounding factors are presented in
Table 6-101. It highlights clam survival values that are more than 20% different from the
average of the reference sites, because 20% is a commonly used threshold for biologically
significant differences. Differences among the reference sites as well as between the study sites
and reference sites are commonly noted for clam survival.

Field Measures of Diversity and Abundance. Based on analysis of rock baskets, 59 unique
benthic macroinvertebrate taxa were identified from the entire set of rock baskets deployed in the
Hanford Reach. Most of the insects and the mollusks were identified to the genus/species level.
The Chironomidae were abundant in the samples and, if identified to the genus/species group
level, would probably account for about 15 to 20 additional insect taxa. Oligochaete worms
were less abundant, but could add about six taxa if they were identified to the lowest practical
level. Of the taxa identified to genus or species, most are broadly distributed in western
North America, many are transcontinental, and a few are widely distributed.

The 59 taxa identified were evenly split between noninsect invertebrates (30) and insects (29).
Mollusks (16 taxa) and crustaceans (7 taxa) were the dominant noninsect groups. Other
noninsect taxa included miscellaneous vermiform taxa, hydroids (Hydra), and freshwater mites
(Acari). Ephemeroptera (mayfly) and Trichoptera (caddisfly) were the dominant insect groups.
Other insect taxa included one damselfly (Odonata), one aquatic moth (Lepidoptera), two riffle
beetles (Coleoptera), and two true flies besides the Chironomidae (Diptera).

Biological community information reflects the current and recent past chemical, physical, and
biological condition; biological community information provides an integrated evaluation of the
condition of the water resource. To help interpret large data sets of biological community
information, biological indices are often used. The key metrics for the aquatic community and
information on the habitat at each location are summarized in Tables 6-102 and 6-103.

For most RCBRA study sites, results for aquatic community measures were as high as or higher
than upstream reference sites with similar habitat characteristics (Tables 6-102 and 6-103).
Some aspects of the aquatic invertebrate community structure and/or abundance datasets are that
aquatic invertebrate attributes measured during these 2006 and 2007 sampling events were low at
RCBRA aquatic sites 2a, 2b, Cr4, Cr6, and U4 and the upstream aquatic reference site Ref 11.
Additional information on trends in aquatic community measures is presented in Appendix F-7.

Total invertebrate densities displayed marked differences between substrate types and between
some study site and reference sites that contained comparable habitat characteristics
(Appendix F-7). Lowest aquatic invertebrate densities were generally found in the
sediment-dominated substrates, followed by silty cobble substrates, and the highest densities
were found in clean cobble substrates. Most notably, sites 2a and 2b contained very low
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densities of invertebrates, but invertebrate density did not correlate with COPEC concentrations
(Appendix F-7).

Given that all near-shore COPECs are inorganic chemicals, it is particularly important to
understand that benthic macroinvertebrate community metrics are sensitive to metals. Numerous
studies have shown a decline in total taxa and diversity in response to heavy metals
(Clements et al. 1988, Clements 1994, Kiffney and Clements 1994, Maret et al. 2003,
Clements 2004, Clark and Clements 2006). The EPT taxa are the count of the number of taxa
(families) in each of the three generally pollution-sensitive orders - Ephemeroptera (mayflies),
Plecoptera (stoneflies), and Trichoptera (caddisflies). A high count of EPT taxa suggests a
nonimpacted aquatic community. The EPT taxa, number of invertebrate taxa, and total number
of organisms were not significantly different among study sites and reference sites when
compared by similar habitat characteristics. However, it was noted that the EPT taxa were
significantly negatively correlated with substrate embeddedness. The EPT taxa were highest at
clean cobble sites and decreased as the riverbed sediment increased.

The total number of taxa composing the benthic community at each of the sties varied from a
low of 10 taxa at study site RCBRA 2a to 38 at uranium site 6 (Table 6-103). In contrast to most
benthic communities found in hard-bottomed, mid-order streams in the Pacific Northwest, the
number of noninsect taxa found at the Hanford Reach sites equaled or exceeded the number of
insect taxa identified. Even though inclusion of the Chironomidae at the genus/species group
level would in most cases reverse the ratio, the number of noninsect taxa found at the
Hanford Reach sites is comparatively high for streams and rivers in the region. Taxa richness at
sites in the reference array varied by habitat characteristic, with reference site 14 having the
lowest total richness of all sites, to reference site 300-2 having among the highest total and
noninsect taxa richness. Habitat conditions were the most diverse at the reference site arrays,
and probably accounted for much of the variation in taxa richness seen (Appendix F-7).

Of the benthic macroinvertebrate community, mollusks are of particular interest because several
special-status species occur in the Hanford Reach. Biologists with expertise in mollusk
identification assessed organisms colonizing rock baskets for a comprehensive species inventory
and assessment of mollusk diversity. Overall, the study sites had a moderately diverse
freshwater mollusk fauna, including up to 20 species (18 native) that are characteristic of slack
water, reservoir, backwater, or impoundment habitats of Washington and of limited parts of the
Columbia system in other states. Candidates for listing status, Fluminicolafuscus and
Fisherola nuttalli, were rarely present, and there were relatively few endemic or sensitive taxa,
perhaps because most of those taxa are characteristic of more oligotrophic, cold, hard-substrate,
swift-flowing streams or springs in Washington. Statistical analyses of mollusk diversity and the
number of mollusk taxa and rare taxa in study sites and corresponding reference sites were
evaluated using Dunnett's multiple comparison t-test (Appendix F-7).

More details on mollusk observations along the Hanford Reach of the Columbia River for the
RCBRA are available in WCH-274 and in Appendix F-7. Mollusk diversity and the number of
mollusk taxa were not different between all study sites compared to all reference sites.
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In general, study sites had the highest molluscan species richness. A few study sites, however,
appeared to deviate from this pattern. Specifically, sites U4 and Cr4 were unexpectedly low in
mollusk community composition. Reference sites were usually moderate to high in species
richness with the exception of site Ref 14.

In summary, the aquatic community measures tended to show general differences between study
site and reference site locations based on differences in the habitat. Further analysis of these data
is hampered by the low detection frequency of COPECs in pore water and sediment and the
important effect of various habitat measures (primarily embeddedness) on the aquatic
community. There are also uncertainties associated with the pore water samples and how they
can be used as measures of acute or chronic exposure that make more detailed analysis of these
community measures unwarranted. Such uncertainties make further analyses, such as additive
evaluation of inorganic chemicals, inappropriate (e.g., the cumulative criterion unit developed by
Clements et al. 2000).

Clam and Mussel Histopathology. Histopathology measurements were made on bivalves
(mussels and Asiatic clams) from aquatic sampling locations associated with study and reference
sites in 2006 and 2007. Histopathology is an important line of evidence in the risk assessment
for the ability to provide site-specific information and ecologically-relevant effects data.

Contingency analyses were performed to determine if the number of occurrences of a particular
histopathological score differed significantly from the number that was expected if the scores
were independent of location (study site versus reference site). For clams, statistically different
observations between study sites and reference sites were observed for two histopathological
measurements.

Incidence of digestive system epithelial cell shedding was observed at rates higher than
expected in study site samples. Digestive epithelial cell shedding was significantly affected by
riverbed substrate and could also be affected by key contaminants like chromium.
Teh et al. (2000) evaluated the sublethal effects and toxicity of hexavalent chromium in
Asian clams under laboratory conditions. They noted that principle targets of hexavalent
chromium toxicity in Asian clams are the digestive gland. Although observations of digestive
epithelial cell shedding in RCBRA clam samples could be indicative of chromium exposure, the
laboratory test concentrations of chromium were 0.92 mg/L or about two orders of magnitude
higher than the maximum concentrations of dissolved chromium detected in pore water samples
collected for this risk assessment.

The number of clams having reproductive system follicle cysts was statistically greater than
expected in reference site clam samples. The number of clam follicle cysts was significantly
correlated with sediment particle size but not correlated with COPECs. There were no
differences between study sites and reference sites for the remaining 17 clam histopathology
measurements. Additional details on the analyses of clam histopathology are provided in
Appendix F-8.
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A total of 73 native floater mussels (Anodonta spp.) were collected from 9 depositional areas
representing a fraction of the 62 locations where clam tubes were deployed. The reason for this
difference is that mussel-preferred habitat (sediment deposition areas) does not occur at all points
along the Hanford Reach. For mussels, incidences of digestive cell vacuolation, which could be
a negative effect, varied in severity among study site and reference site samples; this measure
was correlated with aluminum in sediment (Figure 6-32). There were no significant differences
between study and reference locations for the presence/absence of vacuoles. Mantle condition
was significantly degraded in study sites compared to reference, with greater than expected
necrosis and loss of mantle tissue at study sites. Mantle condition was positively correlated with
phosphorus in sediment (Figure 6-33). There are also relationships of confounding factors and
mussel histopathology measures. There were no differences between study sites and reference
sites for the remaining 18 mussel histopathology measurements. Additional details on the
analyses of mussel histopathology are provided in Appendix F-8.

Figure 6-32. Mussel Digestive Cell Vacuoles Scores
Correlated with Aluminum in

Sediment (mg/kg).
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Figure 6-33. Mussel Mantle Condition Score
Correlated with Phosphorus

in Sediment (mg/kg).
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Survival, Growth, and Reproduction from Toxicity Testing.

Hyalella Sediment Bioassay. For evaluating sediment toxicity with aquatic fauna,
particularly those more representative of hyporheic organisms (i.e., invertebrates living at the
groundwater and surface water interface), sediment bioassays were performed using a 28-day
test of the survival of Hyalella in contaminated sediments. This test measures growth and
survival; smaller values of either measure potentially suggest an adverse effect.

Hyalella sediment bioassay tests were conducted in 2006 and 2007 on sediment samples
collected from 40 study sites and 9 reference sites in the near-shore environment. There was a
range in survival and growth results from the Hyalella sediment bioassays; results from each
replicate (n = 5 per sediment sample) are shown in box plots for study sites and reference sites
(Figures 6-34 to 6-37).
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Figure 6-34. Hyalella Survival.

reference study site

site type

Hyalella survival for replicates (n = 5/site) in sediment at reference sites (n = 9) and at study sites (n
survival observed for Hyalella in reference site sediments; Dunnett's test, p =0.03, n = 265.

40). Significantly greater

Figure 6-35. Hyalella Survival by Site Ordered Upstream to Downstream.

-- u

Sampling Location

Hyalella survival for replicates (n = 5/site) in sediment at reference sites (n = 9) and at study sites (n = 40) presented from
upstream to downstream along the Columbia River.
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Figure 6-36. Hyalella Growth (mg per Organism).
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Hyalella growth for surviving replicates (up to 5/site) in sediment from reference sites (n = 9) and at study sites (n = 39). No
significant differences observed for Hyalella growth between the site types; Dunnett's test, p = 0.24, n = 233.

Figure 6-37. Hyalella Growth (mg per Organism) by Site
Ordered Upstream to Downstream.
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Hyalella growth for replicates (up to 5/site) in sediment at reference sites (n = 9) and at study sites (n = 39) presented from
upstream to downstream along the Columbia River.
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Figure 6-34 displays survival results for the five replicates for each of the 49 sites tested
(40 study sites and 9 reference sites). There was statistically greater mean survival at reference
sites compared to study sites based on the Dunnett's test (p-value<0.05). Figure 6-35 displays
survival at each site ordered from the upstream to downstream locations on the Columbia River.
The sites with lower survival included Beverly Ref Site 2 and study sites clustered around
Cr3/Cr4, Cr7/Cr8, 2f, 4c, and U10.

Figure 6-36 displays growth results for the five replicates for each of the 48 sites tested
(39 study sites and 9 reference sites). There was no statistical difference in mean growth at study
sites compared to reference sites based on the Dunnett's test (p-value>0.05). Figure 6-37
displays growth at each site ordered from the upstream to downstream locations on the
Columbia River. The sites with lower growth include Beverly Ref Site 2 and study sites
clustered around Crl-Sr4, Cr5-2m, 4c-300 Ref 2, and U10.

It is known that the two measures evaluated in the Hyalella sediment bioassay test are not
independent, based on animal physiology and life history strategies. Thus, there is some
functional redundancy between survival and growth that was considered when evaluating
statistical relationships of bioassay results to COPECs or confounding factors.

The next step in evaluating the potential for adverse effects of COPECs on Hyalella was an
examination of relationships between survival or growth and concentrations of COPECs or
confounding factors. Significant negative correlations using the site averages of bioassay
measures and COPEC results were observed across the 48 (for growth) or 49 (for survival) sites.
For each bioassay endpoint (e.g., survival) comparisons were made for the mean bioassay
measure and the mean analyte results per site relative to the other sites. Table 6-104 provides a
summary of the significance levels of these linear regressions, including a count of the
regressions for each endpoint, the minimum p-value (statistical significance), the maximum
p-value, and the number of statistically significant regressions (p-value<0.05) for each analyte
(COPEC or confounding factor). Table 6-104 indicates if concentrations of the COPEC were
greater than reference in sediment. If the COPEC concentrations were elevated in the abiotic
medium, then there was more of a signal for the regression analyses to evaluate. Otherwise, the
regression evaluated variation within background levels in sediment. To ensure that biologically
significant regressions are considered, only those regressions with at least five results are
reported. This is consistent with the rule applied to calculating representative concentrations and
suggests that although linear regression produces results with as few as three or four pairs of
results, such minimal sample sizes are associated with very low statistical power and, therefore,
confidence in the result. Other analyses (e.g., the ecological exposure evaluation) evaluate each
site and each COPEC individually. Table 6-104 provides the statistically significant linear
regression models for COPECs (barium, calculated total uranium, manganese, mercury, titanium,
and uranium [inorganic]) and confounding factors (five measures of sediment texture, moisture
content, pH, nitrogen, silicon, sodium, sulfate, TOC, and TPH). Mercury had a negative
relationship with Hyalella survival, which suggested adverse effects. The other COPECs had
positive relationships, which does not suggest adverse effects. Amongst COPECs, the potential
for adverse effects is noted by a negative slope from the linear regression analyses, and only
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mercury has a negative slope with Hyalella survival with sufficient samples to support
biologically significant relationships. Other COPECs (barium, calculated total uranium,
manganese, titanium, and uranium [inorganic]) are noted to positive relationships with Hyalella
survival or growth. No evidence for adverse effects is suggested by these relationships. There
were insufficient detections to evaluate relationships between Hyalella measures and
concentrations of two COPECs in sediment (antimony and hexavalent chromium).

The average survival and growth measures and the average concentrations of one COPEC
(mercury) and confounding factors are presented in Table 6-105. It highlights values that are
more than 20% different from the average of the reference sites, because 20% is a commonly
used threshold for biologically significant differences. Differences among the reference sites as
well as between the study sites and reference sites are commonly noted for Hyalella survival and
growth. Additional information on the Hyalella sediment bioassay, including plots that support
the COPEC and confounding factor evaluation, is provided in Appendix F-9.

Ceriodaphnia Pore Water Bioassay. The Ceriodaphnia bioassay evaluated pore water
samples for toxicity. Ceriodaphnia pore water bioassay tests were conducted in 2006 and 2007
on 50 pore water samples collected from study sites and 10 pore water samples collected from
reference sites in the near-shore environment. As discussed in Section 6.3.3, there is uncertainty
in the RMEs to animals living in the hyporheic zone. The pore water samples collected for the
RCBRA were collected under high or low river flow conditions. During low river flow (defined
by the river stage or height as described in Appendix C-4) pore water is expected to have the
lesser amounts of surface water mixing with groundwater. Thus, low river flow are considered
to be more representative of worst-case exposure conditions. Under high river flow conditions,
there is expected to be greater amounts of surface water and mixing with groundwater and
therefore lower concentrations of COPECs in pore water. There was a range in survival and,
growth results from the Ceriodaphnia pore water bioassays; results from each bioassay are
shown in box plots for study sites and reference sites (Figures 6-38 and 6-39).

Figure 6-38 displays survival results for each of the 60 pore water samples tested (18 samples
representing low river conditions, 32 samples representing high river flow conditions, and
10 reference samples). There was no statistical difference in mean survival at study sites
compared to reference sites based on the analysis of variance (p-value>0.05).

Figure 6-39 displays reproduction results per surviving female for each of the replicates of
pore water tested (10 adult females were tested per bioassay). There was a statistical difference
in mean reproduction at study sites compared to reference sites based on the analysis of variance
(p-value<0.05); there were fewer young per female for the pore water samples collected under
low river flow conditions.
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Figure 6-38. Percent Ceriodaphnia Survival.
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Ceriodaphnia survival in pore water from study sites sampled during low river flow (less mixing of surface water with
groundwater) (n = 18), from study sites sampled during high river flow (greater mixing of surface water with groundwater)
(n = 32) and from reference sites (n = 10). No significant differences observed for Ceriodaphnia survival among the river stage
conditions; ANOVA, p = 0.46, n = 60.

Figure 6-39. Ceriodaphnia Reproduction
(Young/Female).

Ceriodaphnia reproduction in replicate bioassays (young per surviving females, 10 adult females per bioassay) in pore water
from study sites sampled during low river flow (less mixing of surface water with groundwater) (n = 199), from study sites
sampled during high river flow (greater mixing of surface water with groundwater) (n = 319) and at reference sites (n = 80).
Significant differences were observed for Ceriodaphnia reproduction among the river stage conditions (ANOVA, p = 0.04,
n = 598); samples collected under low river flow conditions had the lowest average reproductive output.
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It is known that the two measures evaluated in the Ceriodaphnia pore water bioassay test are not
independent, based on animal physiology and life history strategies. Thus, there is some
functional redundancy between survival and reproduction that was considered when evaluating
statistical relationships of bioassay results to COPECs or confounding factors.

The next step in evaluating the potential for adverse effects of COPECs on Ceriodaphnia was an
examination of relationships between survival or reproduction relative to concentrations of
COPECs or confounding factors. Significant negative correlations using the site averages of
bioassay measures and COPEC results were observed across the 25 pore water samples from
study sites during low river flows and all reference site samples. For each bioassay endpoint
(e.g., survival), comparisons were made for the mean bioassay measure and the mean analyte
results per site relative to the other sites. Table 6-106 provides a summary of the significance
levels of these linear regressions, including a count of the regressions for each endpoint, the
minimum p-value (statistical significance), the maximum p-value, and the number of statistically
significant regressions (p-value<0.05) for each analyte. Table 6-106 indicates if concentrations
of the COPEC were greater than reference in pore water. If the COPEC concentrations were
elevated in the abiotic medium, then there was more of a signal for the regression analyses to
evaluate. Otherwise, the regression evaluated variation within background levels in pore water.
To ensure that biologically significant regressions are considered, only those regressions with at
least five results are reported. This is consistent with the rule applied to calculating
representative concentrations and suggests that, although linear regression produces results with
as few as three or four pairs of results, such minimal sample sizes are associated with very low
statistical power and, therefore, confidence in the result. Other analyses (e.g., the ecological
exposure evaluation) evaluate each site and each COPEC individually. Table 6-106 provides the
statistically significant linear regression models for COPECs (strontium [elemental]) and
confounding factors (calcium, potassium, specific conductance, TDS, TOC, and TPH). Amongst
COPECs, the potential for adverse effects is noted by a negative slope from the linear regression
analyses, and no COPECs have a negative slope with Ceriodaphnia survival or reproduction;
strontium (elemental) has a positive relationship with Ceriodaphnia survival. There were
insufficient detections to evaluate relationships between Ceriodaphnia measures and
concentrations of nine COPECs (antimony, cadmium, mercury, nickel, nitrogen in nitrite,
selenium, tin, titanium, and uranium [inorganic]).

The average survival and growth measures and the average concentrations of confounding
factors are presented in Table 6-107. Table 6-107 highlights values that are more than 20%
different from the average of the reference sites, because 20% is a commonly used threshold for
biologically significant differences. Differences among the reference sites as well as between the
study sites and reference sites are commonly noted for Ceriodaphnia survival and reproduction.
Additional information on the Ceriodaphnia pore water bioassay, including plots that support the
COPEC and confounding factor evaluation, is provided in Appendix F-9.

In addition to evaluating pore water toxicity, Ceriodaphnia was also used to bioassay a
surface-water sample of irrigation water. This site is associated with the Ringold wasteway and
was chosen to assess agricultural inputs to the Columbia River. Ceriodaphnia survival (56%)
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and reproductive output (6.4 young/female) were much lower at this site relative to reproduction
and survival in Hanford Reach pore water samples. The irrigation water had elevated pH (9.4)
and elevated levels of dissolved constituents (specific conductance was 906 pS/cm), and the
highest elemental strontium concentration (580 pg/L) of any pore water or surface water sample
tested for this risk assessment.

Weight of Evidence. The aquatic invertebrate component of the ecological risk assessment is
broadly representative of the potential effects of Hanford Site contaminants on lower trophic
level aquatic organisms. The lines of evidence are the results of bioassays, histopathology,
aquatic community diversity and abundance, clam survival, measurement of COPEC
concentrations in sediment, water and invertebrate tissue, and comparison of sediment and water
concentrations to benchmarks.

Multiple lines of evidence were employed to assess risks to aquatic invertebrates, and the results
are summarized in Table 6-108. The weights for these measures are discussed below.

Survival and Growth from Toxicity Testing.

Hyalella Sediment Bioassays. There was one statistically significant negative relationship
of COPEC concentrations and the Hyalella test endpoints (mercury). There was lower survival
at study sites compared to reference sites but no difference in growth between study and
reference sites. This line of evidence is weighted high based on the data completeness (no
rejected or missing data), site specificity for COPEC concentrations and mixtures, and high
relevance of the test organism to Hanford Site aquatic invertebrates.

Ceriodaphnia Pore Water Bioassays. There were no statistically significant negative
relationships with COPEC concentrations and the Ceriodaphnia test endpoints; there was also no
difference in survival between study and reference sites. There was reduced reproduction for
study sites samples under low river flow conditions. As discussed in Section 6.3.3, the pore
water samples may not represent worst-case exposure conditions. This line of evidence is
weighted medium based on the data representativeness for the pore water samples, site
specificity for COPEC concentrations and mixtures, and high relevance of the test organism to
Hanford Site aquatic invertebrates.

Clam and Mussel Histopathology. Most of the clam and mussel histopathology measures did
not differ between study sites and reference sites. Exceptions were a digestive system effect
observed in study site clams, a reproductive effect observed in reference site clams, and
observation of degraded mantle condition in study site mussels. Contaminant of potential
ecological concern concentrations generally did not correlate with differences in histopathology
measures. These observations are weak when considering agreement among various measures
and biological significance of histopathological changes to populations. Histopathology was
weighted medium because the clams deployed in tubes may not have had sufficient exposure
duration for effects to develop. Mussels were collected from their native locations, but there is
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less certainty of exposure concentrations to mussels given their long life spans and modest
home ranges.

Aquatic Community Diversity and Abundance. Most of the aquatic community measures did
not differ between the study sites and reference sites. There were exceptions among the large
number of aquatic community measures evaluated, but the agreement among measures was
weak, and the biological significance to populations is not evident. Contaminants of potential
ecological concern concentrations generally did not correlate with differences in aquatic
community measures, but there are important relationships of community measures with habitat
measures. Aquatic community measures were weighted medium, because the information is
site-specific and highly relevant to Hanford Site aquatic invertebrates. Sensitivity of these
community measures to Hanford Site COPECs and mixtures is not known.

Clam Survival. Clams deployed for contaminant bioaccumulation and histopathology were also
monitored for survival. There was a statistical decrease in survival at study sites compared to
reference sites, but there was no correlation of clam survival with COPECs. Clam survival was
correlated to several confounding factors mainly related to the substrate. Lack of contact with
the substrate was apparently an important factor in reducing the survival of clams in floating
sleeves, which were excluded from these analyses. Clam survival was weighted low due to the
inherent uncertainties associated with this semiquantitative field measure of effect.

Measured Tissue Concentrations. There were no statistically significant correlations between
COPEC concentrations in pore water or sediment with tissues of aquatic organisms, indicating a
lack of significant COPEC bioaccumulation. This line of evidence is weighted low based on
difficulty in meeting target detection limits for tissues and rates of uptake and depuration for
clams deployed in tubes versus in situ clams. The rapid rates of uranium uptake and depuration
are reported in Investigation of the Hyporheic Zone at the 300 Area, Hanford Site
(PNNL-16805). Another PNNL report (PNNL-17270) has presented comparisons of native clam
contaminant levels compared to clams deployed in tubes. No tissue effect levels for COPECs in
invertebrate tissue were exceeded. Comparisons to tissue effect levels are weighted low as the
tissue effect levels are not site-specific values.

Literature Values for Survival, Growth, or Reproduction. One measure of the potential for
effects or risk to aquatic invertebrates is based on comparisons of COPEC concentrations in
sediment and pore water to aquatic community benchmarks. Based on this measure, there is the
potential for adverse effects and risk at the study sites. Literature values are appropriate in many
cases and form the basis of screening-level ecological risk assessments because they are typically
based on peer-reviewed literature and databases. However, the weight assigned to comparison to
literature values is considered low as this information is not site-specific to the chemical forms
and mixtures of COPECs present at near-shore aquatic sites. Literature values may also be based
on a single species and could have less relevance to the broad array of species found at the
Hanford Site.
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Uncertainty Analysis. Limitations associated with the risk assessment data and methodologies
for the near-shore evaluation of the RCBRA are presented for each line of evidence and
summarized qualitatively in Table 6-109 for aquatic invertebrates. Known uncertainties and data
gaps associated with the screening and focused risk evaluations are summarized, and their
implications for estimating potential adverse effects and conclusions are noted.

Both filtered and unfiltered water sample results were evaluated in the near-shore environment.
In some cases the toxicity information or standards/criteria are based on dissolved metals
concentrations (filtered samples). Therefore, exposure and the potential for risk from metals
contaminants may be overestimated by using the unfiltered (or total metals) concentrations.

Aquatic Invertebrate Risk Summary. In the data collected for the risk assessment, there are
COPEC concentrations in sediment or pore water at levels greater than aquatic community
benchmarks. Thus, there are sediment or pore water concentrations at which effects on aquatic
invertebrates might be expected.

Sediment concentrations were greater than benchmarks and reference concentrations for seven
COPECs (antimony, barium, cadmium, chromium, manganese, selenium, and zinc), and this
information suggests a potential for adverse effects. The antimony and barium sediment
benchmarks were exceeded at a single site (100-B/C Pilot); the chromium sediment benchmark
was exceeded at another single study site (128-F2); and the selenium sediment benchmark was
exceeded at a different single study site (U4). Sediment concentrations were greater than the
cadmium, manganese, and zinc benchmarks at multiple study sites and reference sites.

Unfiltered pore water concentrations at study sites were greater than the water standards/criteria
and reference concentrations for two COPECs (aluminum and hexavalent chromium).
Waterbome concentrations for two COPECs (calculated total uranium and uranium [inorganic])
exceeded benchmarks for aquatic invertebrates at a single study site (U4); this suggests a
potential for adverse effects.

Key community metrics do not suggest that contaminant-related impacts to benthic
macroinvertebrates are evident in aquatic study sites as a group (e.g., no statistical difference in
the EPT taxa at study sites compared to reference sites). Risks to aquatic macroinvertebrates
based on toxicity testing and higher weighted lines of evidence showed some relationships with
confounding factors and some COPECs. Histopathology measures differed in study sites
compared to reference sites; these measures also showed some negative relationships with
COPECs. There are significant uncertainties relative to any of the conclusions based on pore
water sampling because of the way samples were collected. Nevertheless, there were clear
measures of exposure, primarily for inorganic COPECs that were detected in water, sediment,
and tissues. Of the key plume contaminants, only hexavalent chromium and uranium had
concentrations of ecological relevance in the near-shore environment. Elemental strontium was
also identified in some analyses and could be associated with the strontium-90 groundwater
plumes.
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A summary of risk characterization results and uncertainties for all near-shore aquatic
invertebrate COPECs is presented in Table 6-110. Concentrations in sediment or pore water
were greater than the sediment benchmarks and reference concentrations, water
standards/criteria, or aquatic invertebrate water benchmarks and reference concentrations; these
are the key COPECs for near-shore aquatic invertebrates and are discussed below. Unless
otherwise noted, the observations for these COPECs are based on the exposure evaluation results
for 17 pore water/seep study sites and gradient analyses for 15 pore water study sites (all but the
100-B/C Pilot and 100-NR-2 study sites). The results are also based on the exposure evaluation
results for 47 sediment sample study sites and gradient analyses for 45 sediment study sites (all
but the 100-B/C Pilot and 100-NR-2 study sites).

* Aluminum: The maximum sediment concentration (13,000 mg/kg) was less than the
benchmark (14,000 mg/kg). The maximum unfiltered concentration of aluminum in
pore water (399 pg/L at aquatic site 2a) exceeded the ambient water quality criterion
(87 pg/L). Note that the water quality criteria for aluminum are based on pH in the range of
6.5 to 9, and that aluminum is more toxic to aquatic biota at pH less than 6.5 or greater
than 9. At seven study sites and one reference site, pH was in the range of 9 to 10. There
were no relationships of aluminum in sediment or pore water to aquatic invertebrate tissue
concentrations, nor were there any negative relationships of aluminum in sediment or pore
water to bioassay measures.

* Antimony: The highest concentration of antimony in sediment (0.65 mg/kg at
100-B/C Pilot) was slightly greater than the benchmark (0.6 mg/kg). The maximum
unfiltered pore water concentration (2.6 pg/L at Beverly aquatic reference 1) was far less
than the water criterion (30 pg/L). Based on the sediment pathway, antimony has a potential
for adverse effects on the aquatic community. However, the sediment benchmark was
exceeded by less than a factor of 2 and only at one study site (100-B/C Pilot). There were
insufficient detections of antimony in sediment or pore water to test for relationships with
aquatic invertebrate tissue concentrations or bioassay measures.

* Barium: Barium concentrations exceeded the sediment benchmark (300 mg/kg) at the
100-B/C Pilot study site only (870 mg/kg). There is no aquatic invertebrate water
benchmark. Based on the sediment pathway, barium has potential for adverse effects on the
aquatic community. However, the sediment benchmark was exceeded by about a factor
of 3 at a single study site (100-B/C Pilot). There were no adverse relationships of bioassay
measures to barium concentrations in sediment or pore water.

* Cadmium: Cadmium sediment concentrations were greater than the benchmark (1 mg/kg)
and thus have potential for adverse effects on the benthic community. Sediment
concentrations exceeded the benchmark at 14 study sites and 3 reference sites with low
magnitude of exceeding the benchmark (HQ was between 1.1 and 2.4). The maximum
study site cadmium sediment concentration was 2.4 mg/kg at UlO. Unfiltered cadmium pore
water concentrations exceeded the water criterion (chronic is 0.19 pg/L and acute is
1.4 pg/L) at one study site (0.27 pg/L at 100-B/C Pilot) but study site concentrations were
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less than reference concentrations (maximum was 0.85 pg/L at aquatic reference 14). There
were no relationships of cadmium in sediment to aquatic invertebrate tissue concentrations or
sediment bioassay measures. There were insufficient detections of cadmium in pore water to
test for relationships with aquatic invertebrate tissue concentrations or bioassay measures.

* Calculated total uranium: The maximum sediment concentration (15 mg/kg) for this
COPEC was less than the sediment benchmark (100 mg/kg); thus, adverse effects on aquatic
invertebrates are unlikely for this pathway. Unfiltered pore water concentrations were
greater than the aquatic invertebrate benchmark (30 pg/L) at a single study site
(140 pg/L at U4), so there is a potential for adverse effects from this pathway. Calculated
total uranium was not measured at the 100-B/C Pilot, or 100-NR-2 study sites. There were
insufficient detections of total calculated uranium in sediment or pore water to test for
relationships with aquatic invertebrate tissue concentrations. There were no adverse
relationships of total calculated uranium in sediment or pore water to bioassay measures.

* Chromium: Sediment concentrations for chromium at a single study site (290 mg/kg at
aquatic site 128-F2) exceeded the benchmark (100 mg/kg) and thus have potential for
adverse effects on aquatic invertebrates. Unfiltered chromium pore water concentrations
were less than the standard and criterion (chronic is 55 pg/L, acute is 410 pg/L) (maximum
was 44 pg/L at aquatic site Crl). There were relationships of chromium aquatic invertebrate
tissue concentrations to sediment but not to pore water concentrations. There were no
relationships of chromium in sediment or pore water to bioassay measures.

* Hexavalent chromium: There is no sediment benchmark for hexavalent chromium.
Hexavalent chromium pore water concentrations were greater than the Washington State
standard (chronic is 10 pg/L, acute is 15 pg/L) at five study sites (42 pg/L at aquatic site Crl,
25 pg/L at aquatic site Cr2, 21 pg/L at aquatic site Cr6, 24 pg/L at aquatic site 2a, 13 pg/L at
aquatic site 2a). Hexavalent chromium was not measured at the 100-B/C Pilot or
1 00-NR-2 study sites. Hexavalent chromium was not measured in aquatic invertebrate
tissues. There were insufficient detections of hexavalent chromium in sediment to test for
relationships with bioassay measures. There were no relationships of hexavalent chromium
in pore water to bioassay measures.

* Manganese: The maximum sediment concentration (920 mg/kg at aquatic site Sr6) was
greater than the benchmark (460 mg/kg), and manganese sediment concentrations were
greater than the benchmark at another six study sites and three reference sites. The
maximum pore water concentrations for manganese (1,640 pg/L at aquatic site Ul and
1,210 pg/L at Beverly reference 2) were less than the aquatic invertebrate benchmark
(6,900 pg/L). Because manganese concentrations exceeded the sediment benchmarks, it has
potential for adverse effects on aquatic invertebrates from this pathway. The magnitude of
the benchmark exceedance was low (benchmark HQs were 2.0 or less). There were no
positive relationships of manganese in sediment or pore water to aquatic invertebrate tissue
concentrations, nor were there any adverse relationships of manganese in sediment or pore
water to bioassay measures.
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" Mercury: The maximum sediment concentration (0.2 mg/kg at aquatic site Cr3) was less
than the benchmark (0.75 mg/kg), and the maximum pore water concentration (0.004 pg/L at
100-NR-2) was less than the Washington State standard (chronic is 0.0 12 pg/L). Because
mercury concentrations were less than the effect levels, adverse effects on the aquatic
community were unlikely based on these comparisons. There were insufficient detections of
mercury in sediment or pore water to test for relationships with aquatic invertebrate tissue
concentrations. There was a negative relationship of Hyalella survival to mercury
concentrations in sediment, which is evidence for adverse effects related to one of two
bioassay measures. There were insufficient detections of mercury in pore water to test for
relationships with bioassay measures.

* Selenium: Sediment concentrations of selenium were greater than the benchmark (4 mg/kg)
at a single study site (4.3 mg/kg at aquatic site U4), which means that there is a potential for
adverse effects on the aquatic invertebrates from the sediment pathway. The sediment
benchmark was exceeded at a single study site with a low benchmark HQ magnitude (1.1).
Unfiltered selenium pore water concentrations were not greater than the Washington State
standard (chronic is 5 pg/L) at study sites. There were no relationships of selenium in
sediment or pore water to aquatic invertebrate tissue concentrations. There were no
relationships of selenium to sediment bioassay measures and insufficient detections to
evaluate relationships to pore water bioassay measures.

* Uranium (inorganic): The maximum sediment concentration (6.8 mg/kg) for this COPEC
was less than the sediment benchmark (100 mg/kg); thus, adverse effects on aquatic
invertebrates are unlikely from this pathway. Pore water concentrations were greater than the
aquatic invertebrates benchmark (30 pg/L) at a single study site (140 pg/L at U4), so there is
a potential for adverse effects from this pathway. There were insufficient detections to
evaluate relationships of uranium in sediment or pore water to aquatic invertebrate tissue
concentrations. There were no negative relationships of uranium to sediment bioassay
measures and insufficient detections to evaluate relationships to pore water bioassay
measures.

* Zinc: Concentrations were greater than the sediment benchmark (160 mg/kg) at
20 study sites (maximum concentration was 800 mg/kg at aquatic site 128-F2) and
4 reference sites (maximum concentration was 358 mg/kg at aquatic reference 300-1), so zinc
has a potential for adverse effects on aquatic invertebrates from this pathway. The
magnitude of the sediment benchmark HQ was moderate at study sites (maximum
benchmark HQ was 5.0). The maximum concentration of zinc in pore water was from a
reference site (12 pg/L at aquatic reference 13) and was less than the Washington State
standard (77 pg/L). There are no relationships of zinc in sediment or pore water to aquatic
invertebrate tissue concentrations. There were no relationships of zinc to sediment or
pore water to bioassay measures.
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6.3.5.3 Amphibians. The ecological risk assessment for amphibians is representative of the
potential for effects of Hanford Site contaminants on these organisms. The assessment of the
risk to amphibians was based on measures of exposure (pore water) and a bioassay as a measure
of effect.

Pore Water Characterization. Pore water is an exposure medium for amphibians in the
near-shore aquatic environment if they lay their eggs in pools enriched by groundwater
discharge. Pore water sample collection and analysis is discussed in the previous section on
aquatic plants.

Literature Values for Survival, Growth, or Reproduction. One measure of risk to
amphibians is based on comparisons of COPEC concentrations in water to aquatic community
benchmarks. Water effect levels are based on Washington State water standards or Federal
ambient water quality criteria and other information from the scientific literature. Water
standards and criteria are broadly protective of aquatic organisms and are not specific to any kind
of organism. For COPEC without standards and criteria, receptor-specific (aquatic plant, aquatic
invertebrate, amphibian, fish) effect levels were evaluated. The results of the analysis are
presented as benchmark HQs, which are the pore water concentration (both CTE and RME)
divided by the effect level. A benchmark HQ greater than 1.0 suggests the potential for adverse
ecological effects.

Either standards/criteria or benchmarks were used to represent the potential for adverse effects
on amphibians; COPECs with concentrations greater than the standards/criteria or benchmarks
are highlighted for amphibians because these exposures are more likely to be associated with
adverse effects on populations. A literature review was performed to compile benchmarks for
near-shore COPECs (Section 6.3.4.4). The compilation encompassed effects levels for the
aquatic community that are representative of receptors at the Hanford Site, insofar as possible.
Most of the published toxicological data represent results of tests with single chemicals.
Toxicity information such as this may be expressed as concentrations in water associated with
the presence or absence of effects. Amphibians receive exposure to COPECs through
pore water.

Data used for the calculation of amphibian benchmark HQs consisted of measured pore water
COPEC concentrations. Pore water values used for ecological exposure were generally based on
one sample per location. Thus, there were insufficient pore water data for most sites and
COPECs (at least three detected sample results are required) to estimate the RME for pore water
based on the maximum or UCL of the mean concentration. However, those sites with sufficient
sample results to calculate the RME were also evaluated, and these RME concentrations are
presented. Hazard quotients for the aquatic community were computed by dividing sediment or
water concentrations by the applicable receptor/analyte effect level (Equation 6-3).

Table 6-90 presents benchmark HQ information at study sites and reference sites based on the
water standards or water criteria, the maximum pore water concentrations, and the benchmark
HQ values based on these effect levels. Pore water concentrations of five COPECs
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(antimony, chromium, mercury, nickel, and zinc) were less than water standards or criteria. Pore
water concentrations of aluminum and hexavalent chromium were greater than water
standards/criteria and reference concentrations. Pore water concentrations of four COPECs
(cadmium, copper, lead, and selenium) were greater than standards/criteria but less than
reference. The remaining near-shore COPECs were evaluated versus receptor-specific
benchmarks.

Table 6-91 presents benchmark HQ information at study sites based on the water effect levels
(amphibian effect levels), the maximum pore water concentrations, and the benchmark HQ
values based on combinations of effect levels. Pore water concentrations at study sites of one
COPEC (nitrogen in nitrate) were less than amphibian water benchmarks. For the remaining
near-shore COPECs there was either a data gap for the water effect levels.

Additional information on COPECs for which pore water concentrations exceeded amphibian
benchmarks is presented in Table 6-92. It presents all site and COPEC combinations where the
pore water concentrations exceeded the effect levels for one or more aquatic receptors (plant,
invertebrate, amphibian, fish) and/or reference concentrations. The COPECs listed in Table 6-92
include aluminum, calculated total uranium, hexavalent chromium, manganese, and uranium
(inorganic). Both study sites and the associated reference sites had benchmark HQ greater than
1.0 for one or more of these COPECs. No COPECs were greater than amphibian water
benchmarks. Benchmark HQ results for all COPECs and sites are provided in an electronic
attachment to Appendix F-5.

Amphibian Tissue Contaminant Analysis. The four amphibian samples resulted in detected
concentrations for 23 of 31 inorganic chemicals (Table 6-36). The detected inorganic chemicals
included 11 near-shore aquatic environment COPECs (aluminum, barium, cadmium, copper,
lead, manganese, phosphorus, selenium, strontium [elemental], vanadium, and zinc). The
concentrations in amphibian tissue were similar at study and reference sites, but there were an
insufficient number of samples for meaningful statistical analyses.

Survival, Growth, and Deformities from Toxicity Testing. FETAX bioassay tests were
conducted using pore water collected in 2006 and 2007 from study sites and reference sites. As
noted in Section 6.3.3, some of the pore water samples during high river flow conditions led to
greater mixing of surface water with groundwater.

Figure 6-40 displays average survival results for each of the 59 samples tested (51 study site
samples [21 from low river flow conditions and 30 from high river flow] and 8 reference site
samples). There was no statistically significant difference among these groups based on analysis
of variance (p-value>0.05).
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Figure 6-40. FETAX Survival (%).
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FETAX survival in pore water from study sites sampled during low river flow (less mixing of surface water with groundwater)
(n = 21), from study sites sampled during high river flow (greater mixing of surface water with groundwater) (n = 30) and from
reference sites (n = 8). No significant differences observed for FETAX survival among the river stage conditions; ANOVA,
p = 0.16, n = 59.

Figure 6-41 displays average growth results for each of the 59 samples tested. There was no
statistically significant difference among these groups based on analysis of variance
(p-value>0.05).

Figure 6-41. FETAX Growth.
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FETAX growth in pore water from study sites sampled during low river flow (less mixing of surface water with groundwater)
(n = 21), from study sites sampled during high river flow (greater mixing of surface water with groundwater) (n = 30) and from
reference sites (n = 8). No significant differences observed for FETAX growth among the river stage conditions; ANOVA,
p = 0.29, n = 59.
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Figure 6-42 displays average deformity results for each of the 59 samples tested. There were
statistically significant differences among these groups based on analysis of variance
(p-value>0.05); the reference sites had the greatest number of deformities.

Figure 6-42. FETAX Deformity (%).
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FETAX deformities in pore water from study sites sampled during low river flow (less mixing of surface water with
groundwater) (n = 21), from study sites sampled during high river flow (greater mixing of surface water with groundwater) (n
30) and from reference sites (n = 8). Significant differences observed for FETAX deformities among the river stage conditions
(ANOVA; p = 0.00 19, n = 59); deformities were highest in the reference sites.

It is known that the various measures evaluated in the FETAX test are not independent, either
based on animal physiology or life history strategies. Thus, statistical differences were evaluated
for consistency or lack thereof among the various measures.

The next step in evaluating the potential for adverse effects of COPECs on amphibians was an
examination of relationships between FETAX measures relative to concentrations of COPECs or
confounding factors. Such trends were evaluated for all reference site samples and the subset of
study sites under low river flows. Significant negative correlations using the site averages of
bioassay measures and COPEC results were observed across these samples. For each bioassay
endpoint (e.g., survival), comparisons were made for the mean bioassay measure and the mean
analyte results per sample relative to the other samples. Table 6-111 provides a summary of the
significance levels of these linear regressions for pore water, including a count of the regressions
for each endpoint, the minimum p-value (statistical significance), the maximum p-value, and the
number of statistically significant regressions (p-value<0.05) for each analyte. Table 6-111
indicates if concentrations of the COPEC were greater than reference in pore water. If the
COPEC concentrations were elevated in the abiotic medium, then there was more of a signal for
the regression analyses to evaluate. Otherwise, the regression evaluated variation within
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background levels in pore water. To ensure that biologically significant regressions are
considered, only those regressions with at least five results are reported. This is consistent with
the rule applied to calculating representative concentrations and suggests that although linear
regression produces results with as few as three or four pairs of results, such minimal sample
sizes are associated with very low statistical power and, therefore, confidence in the result.
Other analyses (e.g., the ecological exposure evaluation) evaluate each site and each COPEC
individually. Table 6-111 provides the statistically significant linear regression models for
COPECs (manganese and phosphorus) and confounding factors (alkalinity, total organic carbon,
iron, and two nitrogen measures). There were insufficient detections to evaluate relationships
between FETAX measures and concentrations of nine COPECs (antimony, cadmium, mercury,
nickel, nitrogen in nitrite, tin, titanium, and uranium [inorganic]). Amongst COPECs, the
potential for adverse effects is noted by a negative slope from the linear regression analyses; only
manganese and phosphorus have negative slopes with FETAX measures. Scatter plots of the
bioassay results versus COPECs and confounding factors are provided in Appendix F-9.

The average FETAX measures and the average concentrations of manganese, phosphorus, and
confounding factors are presented in Table 6-112. The table highlights values that are more than
20% different from the average of the reference sites because 20% is a commonly used threshold
for biologically significant differences. Differences among the reference sites as well as between
the study sites and reference sites are commonly noted for the FETAX measures. The deformity
measure varies more than the measures for survival or growth among the sites, and two reference
sites (Beverly reference 1 and 2) have the highest indices. The Beverly reference sites were
located more than 20 km (12.4 mi) upriver from the Hanford Site. Beverly reference 2 also had
the highest concentrations of some COPECs and confounding factors, and the specific
conductance of this site suggests a strong groundwater signal in the pore water collected from
this location.

Weight of Evidence. The amphibian component of the ecological risk assessment is broadly
representative of the potential effects of Hanford Site contaminants on aquatic organisms. The
lines of evidence are the results of a bioassay, comparison of sediment and water concentrations
to benchmarks, and measurement of COPEC concentrations in amphibian tissue.

Multiple lines of evidence were employed to assess risks to amphibian, and the results are
summarized in Table 6-113. The weights for these measures are discussed below.

Survival, Growth, and Deformities Based on Toxicity Testing. No statistical differences in
FETAX survival or growth were noted among study sites' and reference sites' pore water
samples. There were significantly greater occurrences of deformities at reference sites compared
to study sites, which does not indicate any adverse effects from Hanford-specific sources. The
endpoint of growth was negatively correlated to concentrations of manganese and phosphorus in
the pore water, and survival also was negatively correlated to phosphorus. The gradient analyses
included only the subset of pore water samples that represented a protective estimate of
exposures. This line of evidence was adjusted from high to medium weight, based on the
concerns that pore water samples may not represent the chronic worst-case exposure.
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Measured Tissue Concentrations. Amphibians from four locations were analyzed for
COPECs. This line of evidence was weighted low due to the small number of samples (four).

Literature Values for Survival, Growth, or Reproduction. One measure of the potential for
effects or risk to amphibians is based on comparisons of COPEC concentrations in pore water to
aquatic community benchmarks. Based on this measure, there is the potential for adverse effects
and risk at the study sites. Literature values are appropriate in many cases and form the basis of
screening-level ecological risk assessments because they are typically based on peer-reviewed
literature and databases. However, the weight assigned to comparison to literature values is
considered low because this information is not site-specific to the chemical forms and mixtures
of COPECs present at near-shore aquatic sites. Literature values may also be based on a single
species and could have less relevance to the broad array of species found at the Hanford Site.

Uncertainty Analysis. Limitations associated with the risk assessment data and methodologies
for the near-shore evaluation of the RCBRA are presented for each line of evidence and
summarized qualitatively in Table 6-114 for amphibians. Known uncertainties and data gaps
associated with the screening and focused risk evaluations are summarized, and their
implications for estimating potential adverse effects and conclusions are noted.

Both filtered and unfiltered water sample results were evaluated in the near-shore environment.
In some cases, the toxicity information or standards/criteria are based on dissolved metals
concentrations (filtered samples). Therefore, exposure and the potential for risk from metals
contaminants may be overestimated by using the unfiltered (or total metals) concentrations.

Amphibian Risk Summary. In the data collected for the risk assessment, there are COPEC
concentrations in water at levels greater than aquatic community or amphibian benchmarks.
These comparisons are not specific to any kind of aquatic organism, but are applicable to
amphibians. Thus, there are pore water concentrations at which effects on amphibians might be
expected.

Unfiltered pore water concentrations were greater than the water standards/criteria and reference
concentrations for two COPECs (aluminum and hexavalent chromium). No COPECs had
unfiltered pore water concentrations greater than the amphibian benchmark.

The results of FETAX bioassays showed no survival or growth differences between study sites
and reference sites. There were greater deformities at reference sites compared to study sites.
There were also differences in FETAX measures associated with differences in COPEC
concentrations. Although some of the 2006 pore water samples may have represented mostly
river water, subsequent pore water sampling obtained more representative pore water samples.
Some tissue samples of amphibians were collected, but at only four locations, which makes field
measures of exposure to amphibians uncertain. The available data do not provide strong
evidence that COPEC concentrations associated with the Hanford Site are adversely affecting
amphibian survival or growth. Statistical relationships with manganese and phosphorus are
associated with both study sites and reference sites. However, there are significant uncertainties
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relative to these conclusions based on pore water sampling. There are measures of exposure,
primarily for inorganic COPECs that were measured in pore water at concentrations greater than
reference sites. There were also elevated pore water concentrations at Beverly reference site 2
that were likely associated with groundwater seeping into the river.

A summary of risk characterization results and uncertainties for all amphibian COPECs is
presented in Table 6-115. Contaminants of potential ecological concern with concentrations in
water greater than the ambient water quality criterion, COPECs with exposure levels that
exceeded an effect level for amphibians, or COPECs that had a statistical relationship with the
FETAX bioassay measures are discussed below. Unless otherwise noted, the observations for
these COPECs are based on the exposure evaluation results for 17 pore water/seep study sites
and gradient analyses for 15 pore water study sites (all but the 100-B/C Pilot and
100-NR-2 study sites):

* Aluminum: The maximum unfiltered concentration of aluminum in pore water (399 pg/L at
aquatic site 2a) exceeded the ambient water quality criterion (87 pg/L). Note that the water
quality criteria for aluminum are based on pH in the range of 6.5 to 9, and that aluminum is
more toxic to aquatic biota at pH less than 6.5 or greater than 9. At seven study sites and one
reference site, pH was in the range of 9 to 10. There were no negative relationships of
aluminum in pore water to bioassay measures.

* Hexavalent chromium: Hexavalent chromium pore water concentrations were greater than
the Washington State standard (chronic is 10 pg/L, acute is 15 pg/L) at five study sites
(42 pg/L at aquatic site Crl, 25 pg/L at aquatic site Cr2, 21 pg/L at aquatic site Cr6, 24 pg/L
at aquatic site 2a, 13 pg/L at aquatic site 2a). Hexavalent chromium was not measured at the
100-B/C Pilot or 1 00-NR-2 study sites. There were no relationships of hexavalent chromium
in pore water to bioassay measures.

* Manganese: The maximum unfiltered pore water concentrations for manganese were
1,640 pg/L at aquatic site Ul and 1210 pg/L at Beverly reference 2. There was no
amphibian benchmark for manganese. Because manganese concentrations exceeded the
water benchmark, it has potential for adverse effects on amphibians from this pathway. The
magnitude of the benchmark exceedance was low (benchmark HQs were 3.0 or less). There
were negative relationships of growth with manganese pore water concentrations, but
survival or deformities were not negatively related to manganese in pore water. The amount
of difference in growth was small (<20% difference from reference site average values).
Thus, the relatively low reduction in growth may not represent a biologically relevant effect
on populations.

6.3.5.4 Fish. The ecological risk assessment for fish is representative of the potential for effects
of Hanford Site contaminants on these organisms. The assessment of the risk to fish is based on
measures of exposure and on aquatic community benchmarks or tissue effect levels and
histopathology as measures of effect.
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Pore Water Characterization. Pore water is an exposure medium for fish in the near-shore
aquatic environment if they lay their eggs or forage in areas enriched by groundwater discharge.
Pore water sample collection and analysis is discussed in the previous sections on aquatic plants.

Literature Values for Survival, Growth, or Reproduction. One measure of risk to fish is
based on comparisons of COPEC concentrations in pore water to aquatic community
benchmarks. Water effect levels are based on Washington State water standards or Federal
ambient water quality criteria and other information from the scientific literature. Water
standards and criteria are broadly protective of aquatic organisms and are not specific to any kind
of organism. For COPEC without standards and criteria, receptor-specific (e.g., aquatic plant,
aquatic invertebrate, amphibian, fish) effect levels were evaluated. The results of the analysis
are presented as benchmark HQs, which are the pore water concentration (both CTE and RME)
divided by the effect level. A benchmark HQ greater than 1.0 suggests the potential for adverse
ecological effects.

Either standards/criteria or benchmarks were used to represent the potential for adverse effects
on fish; COPECs with concentrations greater than the standards/criteria or other benchmarks are
highlighted for fish because these exposures are more likely to be associated with adverse effects
on populations. A literature review was performed to compile benchmarks for near-shore
COPECs (Section 6.3.4.4). The compilation encompassed effects levels for the aquatic
community that are representative of receptors at the Hanford Site, insofar as possible. Most of
the published toxicological data represent results of tests with single chemicals. Toxicity
information such as this may be expressed as concentrations in water associated with the
presence or absence of effects. Fish are assumed to receive exposure to COPECs through
pore water.

Data used for the calculation of fish benchmark HQs consisted of measured pore water COPEC
concentrations. Pore water values used for ecological exposure were generally based on one
sample per location. Thus, there were insufficient pore water data for most sites and COPECs (at
least three detected sample results are required) to estimate the RME for pore water based on the
maximum or UCL of the mean concentration. However, those sites with sufficient sample
results to calculate the RME were also evaluated, and these RME concentrations are presented.
Hazard quotients for the aquatic community that are relevant to fish were computed by dividing
water concentrations by the applicable receptor/analyte effect level (Equation 6-3).

Table 6-90 presents benchmark HQ information at study sites and reference sites based on the
water standards or water criteria, the maximum pore water concentrations, and the benchmark
HQ values based on these effect levels. Pore water concentrations of five COPECs (antimony,
chromium, mercury, nickel, and zinc) were less than water standards or criteria. Pore water
concentrations of aluminum and hexavalent chromium were greater than water standards/criteria
and reference concentrations. Pore water concentrations of four COPECs (cadmium, copper,
lead, and selenium) were greater than standards/criteria but less than reference. The remaining
near-shore COPECs were evaluated versus receptor-specific benchmarks.
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Table 6-91 presents benchmark HQ information at study sites based on the water effect levels
(fish effect levels), the maximum pore water concentrations, and the benchmark HQ values
based on combinations of effect levels. Pore water concentrations at study sites of three
COPECs (calculated total uranium, uranium [inorganic], and vanadium) were less than fish water
benchmarks. For the remaining near-shore COPECs there was either a data gap for the water
effect levels, or an effect level was exceeded.

Additional information on COPECs for which pore water concentrations exceeded fish
benchmarks is presented in Table 6-92. It presents all site and COPEC combinations where
either the pore water concentrations exceeded the effect levels for one or more aquatic receptors
(plant, invertebrate, amphibian, fish) and reference concentrations; the COPECs listed in
Table 6-92 are aluminum, calculated total uranium, hexavalent chromium, manganese, and
uranium (inorganic). Both study sites and the associated reference sites had benchmark HQ
greater than 1.0 for one or more of these COPECs. Pore water concentrations of manganese
were greater than fish water benchmarks. Although concentrations of nitrogen in nitrate are
greater than benchmarks, concentrations at reference sites are equal to or greater than study sites,
and results for this COPEC are not presented in Table 6-92. Benchmark HQ results for all
COPECs and sites are provided in an electronic attachment to Appendix F-5.

Fish Morphology. Fish morphology and histopathology measurement provide measures of
effect. These measures are quite relevant to individuals; the relationship of morphology and
histopathology to ecological populations is less evident. Variation in morphology and
histopathology measures was captured for fish from study sites and reference sites (see
Appendix F-8 for additional information and the results of statistical comparisons).

Measured Contaminant Concentrations in Fish. Whole organism, liver, and kidney
concentrations provide a measure of exposure to fish and a measure of exposure to animals that
eat fish. Fish tissue concentrations provide information on contaminant uptake and
bioavailability from sediment and water. Tissue concentrations were also compared to literature
effect levels. Tissue sample results for near-shore COPECs are presented in figures in
Appendix F-3.

A positive relationship between fish tissue concentrations and sediment or pore water
concentrations is an indication of biological uptake of COPECs in the food chain. Such
relationships have been frequently documented in the literature and form the basis for simple
wildlife exposure models used to calculate sediment-based ecological screening values. Per the
approved RCBRA SAP, only inorganic chemicals were measured in organs as it is known that
organs concentrate some metals. Sculpin kidney manganese and liver zinc concentrations were
correlated with sediment concentrations of these COPECs; sculpin and sucker kidney strontium
(elemental) concentrations were correlated to sediment concentrations. There were no other
statistically significant relationships of fish tissue concentrations and sediment or pore water
concentrations (summarized in Table 6-116 and plots are presented in Appendix F-6).
Table 6-116 presents a summary of the linear and log-linear regression analyses of fish tissue
versus sediment and pore water concentration for COPECs; the number of sites with detected
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concentrations, the explained variance of the model (r-squared), and the statistical significance
(p-value). Table 6-116 also provides an estimate of the ratio of fish tissue concentration in fresh
weight to sediment or pore water concentrations. Table 6-116 indicates if concentrations of the
COPEC were greater than reference in sediment, pore water, fish tissue, multiple media, or no
medium. If the COPEC concentrations were elevated in both the tissue and the abiotic medium,
there was more of a signal for the regression analyses to evaluate. Otherwise, the regression
evaluated variation within background levels in one or the other medium. The statistical
analyses were based on sites where the COPEC was detected in both fish and the abiotic medium
and further assumes that samples were collected from abiotic media such as they are
representative of contaminant exposures to fish. The analysis evaluated trends in average
concentrations at study sites and does not consider exposure and uptake into biota at scales
smaller than the study site. To ensure that biologically significant regressions are considered,
only those regressions with at least five results are reported. This is consistent with the
minimum sample size required to calculate the UCL of the mean as the representative
concentration. Although linear regression produces results with as few as three or four pairs of
results, such minimal sample sizes are associated with very low statistical power and, therefore,
low confidence in the result. There were insufficient detections in fish tissue to support linear
regression analyses for most COPECs.

Fish Tissue Effect Levels. Tissue effect levels for fish are available for the whole organism and
for liver. These tissue effect levels were obtained from the scientific literature and are available
for individual contaminants. If COPEC concentrations in tissues are greater than effect levels,
then there is a potential for risk for this COPEC. Although these tissue effect levels were
identified as a line of evidence in the DQO and RCBRA SAP, the use of tissue effect levels to
identify risk is highly uncertain. An evaluation of the use of tissue effect levels published after
the RCBRA was planned has identified that between-species and between lifestage evaluation
has limited validity or is not valid (Adams et al. 2011). Therefore, tissue effect levels are
considered but have uncertainty in estimating ecological risks from COPECs.

For the near-shore COPECs, relevant tissue effect levels were available for cadmium, chromium,
lead, mercury, nickel, and selenium in liver or whole fish (Table 6-117). Table 6-117 lists the
COPEC, species, lifestage, tissue type, effects concentration, effect, and primary reference.
Many of these values are from a secondary source (Jarvinen and Ankley 1999). Relevant
RCBRA data are plotted against the effects thresholds in Figures 6-43 to 6-52. Cadmium,
chromium, nickel, and selenium in some fish liver were greater than the effect level at study sites
and reference sites. Concentrations of selenium in whole fish also exceeded the no effect tissue
concentration. Selenium concentrations in liver or whole fish were bounded between the no
effect concentrations and the lowest effect concentration. Thus, there is indication of low
potential for adverse effects based on measured tissue concentrations in livers or whole fish
compared to tissue effect levels. The COPECs and tissues for which effects levels are not
available represent uncertainties for this line of evidence.
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Figure 6-43. Tissue Effect Levels for
Fish Liver Tissue: Cadmium.

Reference refers to samples from reference sites and study site refers to samples from study sites. The line represents the no
effect level in liver tissue (1.1 mg/kg wet weight; Brown et al. 1994).

Figure 6-44. Tissue Effect Levels for
Fish Liver Tissue: Chromium.

Reference refers to samples from reference sites and study site refers to samples from study sites. The line represents the no
effect level in liver tissue (1.98 mg/kg wet weight; Calamari et al. 1982).
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Figure 6-45. Tissue Effect Levels for
Fish Liver Tissue: Lead.
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Reference refers to samples from reference sites and study site refers to samples from study sites.
effect level in liver tissue (9.8 mg/kg wet weight; Holcombe et al. 1976).
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Figure 6-46. Tissue Effect Levels for
Fish Liver Tissue: Mercury.

Study site ' Reference

category

Reference refers to samples from reference sites and study site refers to samples from study sites. The line represents the no
effect level in liver tissue (3.0 mg/kg wet weight; Panigrahi and Misra 1978).

River Corridor Baseline Risk Assessment
Volume I, Part]: Ecological Risk Assessment

March 2012 6-115

4

2-

0.5
0.3
0.2-

0.1-

0.05
0.03

2C,

CO

)

0)

U-.E



Evaluation of Ecological Risks in the
Near-Shore Aquatic Environment

DOE/RL-2007-21

Rev. 0

Figure 6-47. Tissue Effect Levels for
Fish Liver Tissue: Nickel.
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Reference refers to samples from reference sites and study site refers to samples from study sites.
effect level in liver tissue (2.92 mg/kg wet weight; Calamari et al. 1982).
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Figure 6-48. Tissue Effect Levels for
Fish Liver Tissue: Selenium.

Study site Reference

category

Reference refers to samples from reference sites and study site refers to samples from study sites. The solid line represents the no
effect level in liver tissue associated with growth. The dashed line represents the no effect level for survival but reduced growth
(no effect is 0.22 mg/kg wet weight and low effect for growth is 8.84 mg/kg wet weight; Hilton et al. 1982).
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Figure 6-49. Tissue Effect Levels for
Whole Fish Tissue: Cadmium.
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Figure 6-50. Tissue Effect Levels for
Whole Fish Tissue: Lead.

Reference refers to samples from reference sites and study site refers to samples from study sites. The line represents the no
effect level (4 mg/kg wet weight, Hodson et al. 1978).

River Corridor Baseline Risk Assessment
Volume I, Part]: Ecological Risk Assessment

0)

E
E
E

CU,

-_

5-

0)
E3-

co 2-
.-J.

0-
Study site Reference

category

6-117March 2012



Evaluation of Ecological Risks in the
Near-Shore Aquatic Environment

DOE/RL-2007-21

Rev. 0

Figure 6-51. Tissue Effect Levels for
Whole Fish Tissue: Mercury.
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Figure 6-52. Tissue Effect Levels for
Whole Fish Tissue: Selenium.

Study site ' Reference

category

Reference refers to samples from reference sites and study site refers to samples from study sites. The solid line represents the no
effect level in whole fish tissue associated with growth. The dashed line represents the low effect level for survival (growth no
effect is 0.28 mg/kg wet weight (Hodson et al. 1980) and low effect for survival is 1.9 mg/kg wet weight; Gissel-Nielsen and
Gissel-Nielsen 1978).
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Threatened and Endangered Fish Surveys. Conditions suitable for steelhead spawning were
found at 8 of 33 locations (24%). Investigation area RCBRA U3 in the 300 Area is located
where a steelhead redd (nest) was observed and confirmed by DNA identification in 2005.

Weight of Evidence. The fish component of the ecological risk assessment is broadly
representative of the potential effects of Hanford Site contaminants on the aquatic community.
The lines of evidence are histopathology, comparison of tissue concentrations to effect levels,
T&E fish surveys, and measurement of COPEC concentrations in sediment and water.

Multiple lines of evidence were employed to assess risks to fish, and the results are summarized
in Table 6-118. The weights for these measures are discussed below.

Fish Histopathology. Descriptions of fish morphology and histopathology measurement and the
contingency tables detailing the number of observations per score versus expected occurrence are
provided in Appendix F-8. Fish differed in gross morphological attributes; fish length and
fish weight were statistically greater in reference sites than in study sites. Fish length and weight
were not, however, correlated with COPECs, habitat characteristics or other abiotic factors.
Statistically significant differences between study site and reference site fish were observed for
four histopathological measurements: two histopathological attributes were more pronounced in
reference area samples, and two attributes were more pronounced in study site samples.
Attributes that differed significantly between study site and reference site fish tissue samples,
with reference area tissues demonstrating significantly higher scores, included number of
encysted parasites in gills and in kidneys. Gill parasites were not correlated with COPECs, and
kidney parasites were correlated with manganese, but this relationship is based on one extreme
value influencing the dataset (Appendix F-8).

Histopathological measurements with higher scores in study site samples included the number of
liver parasites and the number of muscle granulomas. No statistical differences were apparent
for observed versus expected occurrence of histopathology scores for any of the other
17 remaining measurements. These findings suggest that the liver, a target organ of heavy metal
contamination, in fish associated with study sites is more impacted than fish associated with
reference sites. The kidney is another organ that would be expected to be impacted by heavy
metals, yet the number of encysted kidney parasites was higher in fish associated with reference
locations. However, there were no significant correlations between near-shore aquatic
environment COPECs in pore water or fish tissue and adverse histopathological measurements
having higher frequency of occurrence in study site fish (Appendix F-8).

Measured Tissue Concentrations. There were four statistically significant correlations
between COPEC concentrations in pore water or sediment with fish tissues. Manganese
concentrations in sculpin kidney were correlated to sediment manganese concentrations.
Strontium (elemental) concentrations in juvenile sucker and sculpin kidney were correlated to
sediment concentrations. Zinc concentrations in sculpin liver were correlated to
sediment concentrations. There were no significant relationships between COPECs in

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 6-119



Evaluation of Ecological Risks in the DOE/RL-2007-21
Near-Shore Aquatic Environment Rev. 0

pore water with any fish tissue. Thus, for most COPECs, this indicates a lack of significant
COPEC bioaccumulation.

Contaminants of potential ecological concern concentrations in fish tissue were compared to
thresholds for tissue effects based on literature data. Cadmium, chromium, nickel and selenium
in fish livers exceeded no-effect levels at both study sites and reference sites. Selenium
concentrations in whole fish tissues exceeded the no effect level but were below the low effect
level at study sites and reference sites.

Threatened and Endangered Fish Surveys. Habitat for steelhead is present at the Hanford Site
(conditions suitable for steelhead spawning were found at 8 of 33 locations [24%]), but steelhead
redds (nests) have seldom been observed, even in areas on the opposite side of the river from the
Hanford Site COPEC source areas. A plausible explanation of the scarcity of spawning
steelhead along the Hanford Reach as a whole is that fluctuating water levels during critical
periods discourage nest building (Stables and Tiller 2007, WCH-274 Appendix E).

Literature Values for Survival, Growth, and Reproduction Compared to Measured
Exposure. One measure of the potential for effects or risk to fish is based on comparisons of
COPEC concentrations in pore water to benchmarks (Table 6-118). Based on this measure, there
is the potential for adverse effects and risk at the study sites. Literature values are appropriate in
many cases and form the basis of screening-level ecological risk assessments because they are
typically based on peer-reviewed literature and databases. However, the weight assigned to
comparison to literature values is low, as this information is not site-specific to the chemical
forms and mixtures of COPECs present at near-shore aquatic sites. Literature values may also be
based on a single species and could have less relevance to the broad array of species found at the
Hanford Site.

Uncertainty Analysis. Limitations associated with the risk assessment data and methodologies
for the near-shore evaluation of the RCBRA are presented for each line of evidence and
summarized qualitatively in Table 6-119 for fish. Known uncertainties and data gaps associated
with the screening and focused risk evaluations are summarized, and their implications for
estimating potential adverse effects and conclusions are noted.

Both filtered and unfiltered water sample results were evaluated in the near-shore environment.
In some cases, the toxicity information or standards/criteria are based on dissolved metals
concentrations (filtered samples). Therefore, exposure and the potential for risk from metals
contaminants may be overestimated by using the unfiltered (or total metals) concentrations.

Fish Risk Summary. In the data collected for the risk assessment, there are COPEC
concentrations in pore water at levels greater than aquatic community benchmarks. Some of
these comparisons are not specific to any particular kind of aquatic organism and are applicable
to fish. Thus, there are pore water concentrations at which effects on fish might be expected to
occur.
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Concentrations were greater than water standards for hexavalent chromium in pore water at
study sites only; hexavalent chromium was not detected in reference site pore water.
Concentrations were greater than water standards or criteria at both study sites and reference
sites for three COPECs (aluminum, cadmium, and lead). Copper and selenium were greater than
standards at reference sites only. Pore water concentrations for two COPECs (manganese and
nitrate) exceeded fish benchmarks for study site and reference concentrations, suggesting a
potential for adverse effects.

Fish were smaller (in length and mass) at study sites relative to reference sites. There were no
strong trends in fish histopathological observations between those collected at study sites and
those from reference site locations; of 18 endpoints, slight adverse effects were associated with
two endpoints in study sites and with two endpoints in reference sites. No tissue COPECs were
correlated with histopathological endpoints associated with adverse effects at study sites.
Exceedances of tissue effects levels for near-shore aquatic COPECs measured in fish tissue
occurred at both study sites and reference sites. In addition, evidence of greater contaminant
uptake in fish from study sites was not apparent for most COPECs and tissues.

A summary of risk characterization results and uncertainties for all fish COPECs is presented in
Table 6-120. Contaminants of potential ecological concern with concentrations in water greater
than the ambient water quality standard/criterion and reference concentrations or COPECs with
exposure levels that exceeded an effect level for fish and reference concentrations are discussed
below. Unless otherwise noted, the observations for these COPECs are based on the exposure
evaluation results for 17 pore water/seep study sites and gradient analyses for 15 pore water
study sites (all but the 100-B/C Pilot and 100-NR-2 study sites).

* Aluminum: The maximum concentration of aluminum in pore water (399 pg/L at aquatic
site 2a) exceeded the ambient water quality criterion (87 pg/L). Note that the water quality
criteria for aluminum are based on pH in the range of 6.5 to 9, and that aluminum is more
toxic to aquatic biota at pH less than 6.5 or greater than 9. At seven study sites and one
reference site, pH was in the range of 9 to 10. There were no fish tissue effect levels for
aluminum.

* Hexavalent chromium: Hexavalent chromium pore water concentrations were greater than
the Washington State standard (chronic is 10 pg/L, acute is 15 pg/L) at five study sites
(42 pg/L at aquatic site Cr1, 25 pg/L at aquatic site Cr2, 21 pg/L at aquatic site Cr6, 24 pg/L
at aquatic site 2a, 13 pg/L at aquatic site 2a). Hexavalent chromium was not measured at the
100-B/C Pilot or 1 00-NR-2 study sites. Hexavalent chromium was not measured in any
tissues.

* Manganese: The maximum pore water concentrations for manganese (1,640 pg/L at
aquatic site UI and 1,210 pg/L at Beverly reference 2) were greater than the fish benchmark
(655 pg/L). Because manganese concentrations exceeded the water benchmarks, it has
potential for adverse effects on fish from this pathway. The magnitude of the benchmark
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exceedance was moderate (benchmark HQs were about 3.0 or less). In addition,
concentrations of this COPEC in sculpin kidney were correlated to sediment concentrations.

6.3.5.5 Middle Trophic-Level Birds and Mammals. The ecological risk assessment for
middle trophic-level vertebrates is representative of the potential effects of Hanford Site
contaminants on bufflehead, kingbird, mink, and ecologically similar species. The assessment of
risk to these animals is based on an exposure evaluation based on measured concentrations of
COPECs in their diet.

Measures of Exposure. This aspect of the assessment provides information for quantifying
ecological exposure to contaminants in sediment, water, and biota living there that the birds and
mammals may eat. Ecological exposure analysis characterizes potential or actual contact or
co-occurrence of receptor species with COPECs (EPA/630/R-95/002F). The principle aspect of
the middle trophic-level exposure is the measurement of COPEC concentrations in surface water,
sediment, invertebrates, and fish. The exposure evaluation was based on the food intake rates
and diet preference of representative bird and mammal species. Exposure was calculated from
the measured, average concentrations of COPECs in food for each near-shore study site or
reference site. A summary of the exposure parameters for middle trophic-level representative
receptors is provided in Table 6-121.

Contaminant of potential ecological concern tissue concentrations provide exposure information
for evaluating ecological effects of contaminants on wildlife in the near-shore aquatic
environment. Tissue sample results for near-shore aquatic COPECs are presented in figures in
Appendix F-3. Study site sediment, water, invertebrate, and fish contaminant concentrations
were discussed in Section 6.3.4, and these data are evaluated in the exposure model discussed
below.

To understand if the diets of kingbirds and other insectivores are more effectively modeled as
part of the riparian environment or near-shore aquatic environment, the detected concentrations
of inorganic chemicals in the contents of their esophageal crops (actual exposure; the crop is an
enlarged part of the esophagus where food is retained) were compared to the assumed potential
diet of either terrestrial invertebrates or aquatic macroinvertebrates. Figures 6-53 and 6-54 are
scatter plots that compare the concentrations of inorganic chemicals in kingbird and swallow
crop contents to each potential food source. Figure 6-53 shows a comparison of aquatic
macroinvertebrate tissue to bird crop tissue while Figure 6-54 shows a comparison of terrestrial
tissue invertebrate to bird crop contents. The y-axis on each figure indicates the mean
concentration of detected inorganic chemicals measured at near-shore aquatic study sites
(Figure 6-53) or riparian study sites (Figure 6-54). The x-axis displayed on both figures
indicates the mean concentrations of correspondingly detected inorganic chemicals in bird crop
contents.
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Figure 6-53. Correlation of Aquatic Macroinvertebrate Inorganic Chemical
Concentrations to Bird Esophageal Crop Contents.
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Figure 6-54. Correlation of Terrestrial Invertebrate Inorganic Chemical
Concentrations to Bird Esophageal Crop Contents.
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The mean concentration for each inorganic chemical detected in crop and invertebrate tissue is
shown for study sites and reference sites in Figures 6-53 and 6-54. The mean sample results for
calcium were labeled as an example and also because calcium represented an influential
concentration for the regression analyses. Overall, there is a very good fit between the bird crop
content concentrations and invertebrate concentrations (r2 is 0.91 for aquatic macroinvertebrate
tissue compared to 0.88 for terrestrial invertebrate tissue, both on a log-log scale). In particular,
the close match in calcium concentration in crop contents to aquatic macroinvertebrates seems to
be diagnostic of a primarily near-shore aquatic diet because calcium carbonate is a major
component of the exoskeleton of some aquatic invertebrates. Therefore, the bird diet more
closely matches the concentrations reported for near-shore aquatic food with the regression
falling closer to the line of equality.
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Theoretically, the invertebrate concentrations in the crop should match those in the environment
where the birds primarily feed. In this case, all of the points would fall along a line of equality.
The distribution of concentrations above and below the line of equality differs for aquatic
macroinvertebrates compared to the terrestrial invertebrates. The cumulative bionomial
distribution can test if the overall frequency of values either above or below the line of equality
is significantly different from 50:50. For the aquatic macroinvertebrate plot, 24 of 49 (49%)
inorganic chemical combinations fall above the line of equality, and this is associated with a
0.5 cumulative probability based on the binomial distribution (Figure 6-53). In contrast for the
terrestrial invertebrate plot, 16 of 49 (33%) inorganic chemical combinations fall above the line
of equality, and this is associated with a 0.01 cumulative probability based on the binomial
distribution (Figure 6-54).

Measures of Effect. Measures of effect consisted of tissue effect levels and exposures
associated with adverse effects on reproduction, survival, or growth. A literature review was
performed to compile TRVs for riparian COPECs (Section 6.3.4.4). The compilation
encompassed effects levels for wildlife that are representative of receptors at the Hanford Site,
insofar as possible. Most of the published toxicological data represent results of tests with single
chemicals. Toxicity information such as this may be expressed as concentrations in soil or diet
or as dietary doses associated with the presence or absence of effects. The potential for
ecological risk to wildlife was assessed by comparing dietary exposure to TRVs. Both NOAELs
and LOAELs were used for middle trophic-level wildlife to provide a range of possible effects
for risk managers.

Risk Estimation and Description. Risk estimation and description evaluated dietary exposure
compared to levels associated with adverse effects on reproduction, survival, or growth of birds
and mammals. Wildlife are exposed to COPECs primarily through oral exposure. Drinking of
surface water and incidental ingestion of sediment are included in the near-shore exposure
evaluation.

The oral exposure model used for wildlife is from the Wildlfe Exposure Factors Handbook
(EPA/600/R-93/187) and is provided in Equation 6-4.

Doseo,,a =

Dose,,dime,, + Dose,,,er + Dosefood = Equation 6-4

(Cedimen, * lsedime, + Cater Iwaer CF + CfOod d IfOO )AUF

where:
Doseoral = the estimated oral daily dose for a COPEC (mg/kg/day)

Dosesediment = the estimated sediment daily dose for a COPEC (mg/kg/day)

Csediment = the concentration of chemical constituent x in sediment (mg/kg dry weight)
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Isediment = the normalized daily sediment ingestion rate (kg of sediment/ [kg of body
weight/day], simplified to kg/kg/day in subsequent equations)

Dosewater = the estimated water daily dose for a COPEC (mg/kg/day)

Cwater = the concentration of chemical constituent x in water (pg/L)

Iwater = the normalized daily water ingestion rate (L of water/ [kg of body
weight/day], simplified to L/kg/day in subsequent equations)

CF is a conversion factor (1 kg/i L x 0.001 mg/i pg)

Dosef0 od = the estimated food daily dose for a COPEC (mg/kg/day)

Cf0 cd = the concentration of COPEC in food (mg/kg fresh weight, simplified to

mg/kg-fw)

Ifod = the normalized daily dietary ingestion rate (kg of food [fresh weight] / [kg of
body weight/day], simplified to kg-fw/kg/day in subsequent equations)

AUF = the area use factor that represents the fraction of sediment, water, or food
ingested from a contaminated area relative to the total foraging area (this
fraction is set to one).

Given an organism's normalized daily ingestion rate, this model provides an estimate of the oral
exposure associated with a COPEC concentration in sediment, water, and food. Sediment
ingestion is calculated as a fraction of dietary intake. An implicit assumption of this model is
that the bioavailability of the COPEC from sediment and food is comparable to the
bioavailability of the contaminant in the toxicological experiment. The area use factor of one
corresponds to the equality between receptor home range and the size of the study sites and
reference sites. Because little information currently exists on bioavailability conversions
(Frameworkfor Metals Risk Assessment [EPA/120/R-07/001]), a bioavailability term was not
included in the general wildlife exposure model, and bioavailability was considered to be 100%.
In general, this is a protective approach to estimating ecological exposure.

Considering the mobility of wildlife receptors, it is logical to proportion their exposure to a
contaminated site relative to their use of that site. For example, in the course of daily foraging,
the site may represent a small fraction of the total areas where the animal forages. In these
calculations, it is assumed that an animal receives all of its exposure from the site. This is a
reasonable assumption for the near-shore aquatic representative receptors based on the size of the
study sites and the home range for these species (see Section 3.3). Exposure was calculated for
each COPEC, each receptor, and each site in the near-shore environment.
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Equation 6-4 assumes that a single food type is ingested. Assessment endpoint-specific exposure
modeling must be defined for insectivores and piscivores. Exposure evaluation is based on
site-specific sediment and water COPEC data and on COPECs detected in food items sampled
for tissue analyses (aquatic invertebrates and fish).

Biological tissue data are reported as fresh weight. Because the Wildlife Exposure Factors
Handbook (EPA/600/R-93/187) calculations for body-weight-normalized food ingestion rates are
on a dry-weight basis, dietary constituents must undergo dry-to-wet weight conversions. Food
ingestion rates are expressed as kilograms of food (wet weight) per kilogram of body weight
(wet weight) per day (kg/kg-day). Dietary composition (e.g., proportion of diet consisting of
various plant or animal materials), often measured by stomach-content analyses, is expressed as
percentage of total intake. This convention facilitates comparison with contaminant
concentrations in dietary items reported on a wet-weight basis. Parameters required for
calculations of the general wildlife exposure model, conversions and other elements of the model
are provided for wildlife assessment endpoints in Table 6-121. Exposure parameters are based
on information from the literature, and specific references are provided in the table. It is
important to note that exposure parameters provided generally represent conservative upper
estimates of potential exposure.

Data used for the calculation of HQs consisted of measured COPEC concentrations from
sediment, water, and tissue. Generally, only the CTE or mean values are available for near-shore
representative species' food exposure pathways. Sediment values used for CTE exposure are the
concentrations for each COPEC from a single sample per location. There are also insufficient
sediment data for most sites and COPECs (at least three detected sample results are required) to
estimate the RME for sediment based on the maximum or UCL of the mean concentration (see
Section 3.4 for more information). Site-specific aquatic invertebrate and fish tissue
concentrations were used for middle-level trophic invertivore and piscivore CTE exposure
calculations. A single composite sample of benthic macroinvertebrates and another composite
sample of clams was collected from each location, and the sample result, if the COPEC was
detected, was used in exposure calculations. Pathways and representative concentrations
evaluated in the HQ calculation for near-shore aquatic receptors based on RCBRA data are listed
in Table 6-122. In some cases, there are sufficient data to calculate the RME concentrations
(typically for the 100-B/C Pilot or 100-NR-2 Project data). Any sites with sufficient sample
results to calculate the RME are also evaluated, and the RME concentrations are also tabulated.

For wildlife, there is oral exposure via multiple pathways. The HQ is calculated for each
pathway contribution by dividing the dose from that pathway by the TRV (Equation 6-5).

HQpathway = Dosepathway/TR V[receptor, analyte] Equation 6-5

For wildlife with exposure to multiple pathways, HQs from each pathway were summed to
determine the summed HQ or total HQ for each COPEC, site, and receptor combination.
Wildlife TRVs with references for near-shore aquatic COPECs are provided in Section 6.3.4.4.
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Table 6-123 presents the range of HQs for middle trophic-level vertebrates NOAELs/LOAELs
based on the minimum and maximum of exposures across study sites and reference sites. The
pathway HQs for sediment and food were calculated based on Equation 6-4 (converting media
concentrations to dose) and Equation 6-5 (converting the dose to HQ). Ecological exposures of
10 COPECs (cadmium, calculated total uranium, hexavalent chromium, lead, manganese, nitrate,
nitrite, tin, uranium [inorganic], and zinc) were less than both the NOAEL and LOAEL. For the
remaining COPECs there is either a data gap for the NOAEL or the LOAEL or one or the other
of these effect levels is exceeded.

Additional information on COPECs for which sediment, water, or tissue pathway doses exceeded
wildlife effect levels is presented in Tables 6-124, 6-125, and 6-126. Those tables present all site
and COPEC combinations for near-shore wildlife for which either the CTE or RME exposures
exceeded the NOAEL or LOAEL values; the COPECs listed in Tables 6-124 through 6-126 are
aluminum, antimony, barium, chromium, copper, lead, mercury, nickel, selenium, and vanadium.
Both study sites and reference sites had HQ greater than 1.0 for one or more of these COPECs.
The HQ results for all COPECs and sites are provided in an electronic attachment to
Appendix F-5.

Bufflehead HQs are based on comparing estimated ingested dose from sediment, water, and diet
(clams and other benthic macroinvertebrates) to COPEC-specific TRVs for birds. Chromium
and selenium LOAELs were exceeded for the bufflehead, which suggests a potential for adverse
effects. In addition, NOAEL-based HQs for five other COPECs (aluminum, copper, nickel,
mercury, and vanadium) were greater than 1.0 for the bufflehead (Table 6-124). The aluminum
NOAEL-based HQ was slightly greater than 1.0 (but rounded to 1.0) at a single study site based
on CTE exposure. The chromium NOAEL-based HQ was 1.3 at one study site based on
CTE exposure; the dominant exposure pathways were sediment and clam ingestion. Copper
NOAEL-based HQs were greater than 1.0 for RME exposures at study sites and reference sites
(HQ was between 1.0 and 3.0 at 22 study sites and 8 reference sites); the dominant exposure
pathways were benthic macroinvertebrate and clam ingestion. The mercury NOAEL-based HQ
was 1.3 at a single study site based on CTE exposure; the dominant exposure pathway was clam
ingestion. The nickel NOAEL-based HQ was 1.6 at a single study site based on RME exposure.
Selenium NOAEL-based HQs were greater than 1.0 for CTE exposures at study sites and
reference sites (HQ was between 1.0 and 2.0 at 18 study sites and 4 reference sites); the
dominant exposure pathways were benthic macroinvertebrate and clam ingestion. Vanadium
NOAEL-based HQs were greater than 1.0 at study sites and reference sites (HQ was between 1.0
and 1.9 at 28 study sites and 5 reference sites); the dominant exposure pathway was sediment
ingestion.

Kingbird HQs are based on comparing COPEC exposure from water and diet (benthic
macroinvertebrate) to COPEC-specific TRVs for birds. Lowest observable adverse effect
level-based HQs for four COPECs (barium, copper, nickel, and selenium) were greater than 1.0
for the kingbird, which suggests a potential for adverse effects (Table 6-125). The dominant
exposure pathway for all COPECs was benthic macroinvertebrate ingestion. Barium exceeded
the LOAEL at two study sites with a low magnitude of HQ (between 1.0 and 1.1).

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 6-128



Evaluation of Ecological Risks in the DOE/RL-2007-21
Near-Shore Aquatic Environment Rev. 0

Copper exceeded the LOAEL at 10 study sites and 4 reference sites with a low magnitude of HQ
(between 1.0 and 1.6). Nickel exceeded the LOAEL at one study site with a low magnitude
of HQ (2.5). Selenium exceeded the LOAEL at three study sites (2j, U2, and U4) with a low
magnitude of HQ (between 1.4 and 2.3). NOAEL-based HQs for five COPECs (barium, copper,
nickel, selenium, and vanadium) were greater than 1.0 for the kingbird, which suggests a low
potential for adverse effects (Table 6-122). Barium exceeded the NOAEL at 10 study sites and
6 reference sites with a low magnitude of HQ (between 1.0 and 2.2). Copper exceeded the
NOAEL at 17 study sites and 9 reference sites with a moderate magnitude of HQ (between
1.4 and 4.7). Nickel exceeded the NOAEL at one study site with a moderate magnitude of
HQ (4.3). Selenium exceeded the NOAEL at 16 study sites and 5 reference sites with a
moderate magnitude of HQ (between 1.0 and 4.6). Vanadium exceeded the NOAEL at two
study sites and one reference site with a low magnitude of HQ (between 1.1 and 1.3).

Mink HQs are based on comparing COPEC exposure from sediment, water, and diet (fish) to
COPEC-specific TRVs for mammals. The LOAEL-based HQ for three COPEC (aluminum,
nickel, and selenium) was greater than 1.0 for the mink, which suggests a potential for adverse
effects (Table 6-126). The LOAEL-based HQ for aluminum was greater than 1.0 at 16 study
sites and 6 reference sites; the dominant exposure pathway was sediment ingestion. The
LOAEL-based HQ for nickel and selenium were greater than 1.0 at a single study site only; the
dominant exposure pathway was fish ingestion. In addition, two other COPECs (antimony and
mercury) had HQs somewhat greater than 1.0 based on NOAELs. Because mercury had a
NOAEL-based HQ greater than 1.0 at a single reference site it is not included in Table 6-126.

Weight of Evidence. The middle trophic-level vertebrate component of the ecological risk
assessment is broadly representative of the potential effects of Hanford Site contaminants on
birds and mammals. Representative species are bufflehead, eastern and western kingbird, and
mink. The quantitative lines of evidence are ecological exposure evaluation through measured
COPEC concentrations in sediment, water, and food.

Multiple lines of evidence were employed to assess risks to middle trophic-level animals, and the
results are summarized in Table 6-127. The weights for these measures are discussed below.

Dietary Exposure Evaluation. The potential for adverse ecological effects to wildlife was
assessed by comparing estimated dietary exposure to effect levels. Effect levels were available
for all COPECs except for nitrate, nitrite, phosphorus, tin, and titanium. These COPECs were
considered as part of the uncertainty analysis. The uncertainty analysis also considered RME
and nondetected analytes. Some organic chemicals had dose levels based on maximum
nondetect values that were greater than adverse effect levels. The weight assigned to comparison
to literature values is medium because dietary exposure is based on concentrations in food
measured at each site, and the size of the investigation area is similar to the home range of the
representative species. Food ingestion rates and the amount of incidental sediment ingestion are
from the literature. The toxicity information is from the literature, and this information is not
site-specific to the chemical forms and mixtures of COPECs present at these sites.
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Literature values are appropriate because they are typically based on peer-reviewed literature and
databases.

A supplemental exposure evaluation for the Aroclor mixtures or PCB congener data is provided
in Appendix F-10. The highlight of these calculations was that HQs greater than 1.0 were
calculated only for the mink consuming fish from a reference location. None of the PCB
congener HQs based on consuming fish from study sites were greater than 1.0.

Uncertainty Analysis. Limitations associated with the risk assessment data and methodologies
for the near-shore aquatic environment are presented for each line of evidence and summarized
qualitatively in Table 6-128 for middle trophic-level animals. Known uncertainties and data
gaps associated with the screening and focused risk evaluations are summarized, and their
implications for estimating potential adverse effects and conclusions are noted.

Middle Trophic-Level Bird and Mammal Risk Summary. There is potential for adverse
effects of COPECs in diet to birds based on LOAEL-based HQs greater than 1.0 for exposures at
study sites from dietary exposure to barium, chromium, copper, nickel, and selenium. No effect
levels for birds were exceeded for aluminum, barium, chromium, copper, mercury, nickel,
selenium, and vanadium, which suggests a low potential for adverse effects from these COPECs
in diet.

There is potential for adverse effects of COPECs in diet to mammals based on LOAEL-based
HQs greater than 1.0 for exposures at study sites from dietary exposure to aluminum, nickel, and
selenium. No effect levels for mammals were exceeded for aluminum, antimony, mercury,
nickel, and selenium, which suggests a low potential for adverse effects from these COPECs in
diet.

A summary of middle trophic-level vertebrate risk characterization results and uncertainties for
all near-shore COPECs is presented in Table 6-129. Estimated exposures for nine COPECs
exceeded an effect level and reference exposures; these are the key COPECs for middle
trophic-level wildlife and are discussed below. The observations for these COPECs are based on
the exposure evaluation results for a total of 52 study sites where sediment, water, or food were
measured.

0 Aluminum: This COPEC exceeds the LOAEL and thus has a potential for adverse effects
on middle trophic-level wildlife. The magnitude of the HQs was high; the NOAEL-based
HQ was 25, and the LOAEL-based HQ was 2.5. The NOAEL-based HQ was greater
than 1.0 (HQ = 1.0) for the bufflehead at a single study site, and there is no aluminum
LOAEL for birds. Exposures to the mink and bufflehead were almost entirely from
sediment. Because EPA has determined that ecological exposures to aluminum in soil at
circumneutral pH are not likely to drive ecological risk, it is logical to extrapolate this
determination from soil to another solid exposure medium (sediment).
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* Antimony: Estimated exposures exceeded the NOAEL, but not the LOAEL for the mink, so
antimony has a low potential for adverse effects on middle trophic-level wildlife. The
magnitude of the HQs was low; the maximum NOAEL-based HQ was 1.2.

* Barium: Barium exceeded the NOAEL and LOAEL for the kingbird and thus has a
potential for adverse effects on middle trophic-level wildlife. The magnitude of the HQs was
low; the maximum NOAEL-based HQ was equal to 2.2, and the LOAEL-based HQ was 1.1.

* Chromium: This COPEC exceeded the NOAEL and LOAEL for the bufflehead at a single
study site (2m) and, thus chromium has a potential for adverse effects on middle
trophic-level wildlife. The magnitudes of the NOAEL and LOAEL-based HQs were low
(1.3 and 1.2).

* Copper: Copper exposure exceeded the NOAEL and LOAEL for the kingbird at study sites
and reference sites, so it has a potential for adverse effects on middle trophic-level wildlife.
Copper exposures also exceeded the NOAEL for the bufflehead. The magnitude of the HQs
was low to moderate for most receptors and sites.

* Mercury: This COPEC exceeded the NOAEL but not the LOAEL for the bufflehead and
thus has a low potential for adverse effects on middle trophic-level vertebrates. No
observable adverse effect level-based HQs were greater than 1.0 at one study site, but the
magnitude of the HQs was also low (1.3) for two RCBRA study sites (Cr9). Exposures for
the mink at a reference site were also greater than the NOAEL for this COPEC.

* Nickel: Nickel exceeded the LOAEL for the kingbird and mink and thus has a potential for
adverse effects on middle trophic-level wildlife. Lowest observable adverse effect
level-based HQ for the kingbird was greater than 1.0 at 100-B/C Pilot site, and the magnitude
of the HQ was low (2.5). LOAEL-based HQ for the mink was greater than 1.0 at the
100D elevated site, and the magnitude of the HQ was moderate (7.1).

* Selenium: This COPEC exceeded the NOAEL and LOAEL for the mink, kingbird, and
bufflehead and thus has a potential for adverse effects on middle trophic-level wildlife.
Lowest observable adverse effect level-based HQs were greater than 1.0 at four study sites.

* Vanadium: Vanadium exceeded the NOAEL but not the LOAEL for the kingbird and
bufflehead at the study sites and reference sites and thus has a low potential for adverse
effects on middle trophic-level wildlife, although the magnitude of the HQs were low.

6.4 NEAR-SHORE AQUATIC ENVIRONMENT CONCLUSIONS

This ecological risk assessment evaluated risks to an array of assessment endpoints using
multiple measures of exposure, effect, and ecosystem/receptor characteristics at representative
near-shore study sites. The study sites were selected to represent locations that may be
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adjacent to or directly affected by known contaminated media (groundwater seeps and springs,
soil, sediment). In addition, data from the 100-B/C Pilot study and the 100-NR-2 ecological
study were evaluated.

The overall objectives were to determine whether current conditions at these potentially affected
sites are protective of ecological receptors in the near-shore environment and to ensure
ecological risks are at levels that result in the recovery and maintenance of healthy populations
and communities of biota. This information will be used to inform risk management decisions
and support development of the final records of decision for the River Corridor.

To meet the objectives of the risk assessment, the analyses focused on addressing the following
questions:

* Is there risk to human health2 and the environment under current conditions?
* What are the uncertainties associated with the RCBRA risk results and conclusions?

The following information summarizes the results provided by analytical results and studies for
each of the COPECs and each of the assessment endpoints (aquatic plants and invertebrates,
amphibians, fish, and middle trophic-level wildlife) to answer those questions. Sediment, pore
water, surface water, and biotic tissue analytical results for the near-shore environment were
obtained from the RCBRA project, the 100-B/C Pilot project, and the 100-NR-2 shoreline
assessment for this evaluation. In addition, sediment and pore water bioassays were obtained
from the RCBRA project. In some cases, the data obtained from the studies did not fully meet
the requirements of the regulator-approved RCBRA SAP for this project. These discrepancies
are discussed as uncertainties.

6.4.1 Is There Risk to Human Health and the Environment Under Current Conditions?

Based on evaluation of near-shore assessment endpoints, 16 of the 22 near-shore COPECs may
present some level of risk for one or more of the assessment endpoint entities. Risk results that
are relevant to specific COPECs are the comparison of COPEC concentrations to benchmarks or
the results of wildlife exposure analyses. To address the overall question as to whether there is
risk to human health and the environment under current conditions, five specific additional
questions were addressed for the identified assessment endpoints in the near-shore environment;
those questions are the subheads for this section below. Evaluation of ecological significance of
risks focused on benchmarks and LOAELs.

6.4.1.1 Do Contaminant Concentrations in Sediment or Pore Water Decrease Aquatic
Plant Survival or Growth? Potential effects on aquatic plants were evaluated through results of
a bioassay and comparison of sediment and pore water concentrations to benchmarks.
Laboratory bioassays (i.e., toxicity tests) were conducted with field-collected sediments. No
risks to aquatic plants were noted based on toxicity testing.

2 Human health risks are evaluated in Volume I.
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Sediment concentrations were greater than benchmarks and reference concentrations for seven
COPECs (antimony, barium, cadmium, chromium, manganese, selenium, and zinc), and this
information suggests a potential for adverse effects. The antimony and barium sediment
benchmarks were exceeded at a single site (100-B/C Pilot); the chromium sediment benchmark
was exceeded at another single study site (128-F2); and the selenium sediment benchmark was
exceeded at a different single study site (U4). Sediment concentrations were greater than the
cadmium, manganese, and zinc benchmarks at multiple study sites and reference sites.

Unfiltered pore water concentrations were greater than the water standards/criteria and reference
concentrations for aluminum and hexavalent chromium. Waterborne concentrations for
calculated total uranium and uranium (inorganic) exceeded benchmarks for aquatic plants at a
single study site (U4); this suggests a potential for adverse effects. Manganese concentrations
were greater than the aquatic plant benchmark at one study site (U1) and one reference site
(Beverly reference 2); this suggests a potential for adverse effects.

Risks to aquatic plants based on toxicity testing showed relationships with some confounding
factors and some COPECs. Nevertheless, there were clear measures of exposure, primarily for
inorganic COPECs that were detected in pore water and sediment. Of the key plume
contaminants, only hexavalent chromium and uranium had concentrations of ecological
relevance in the near-shore environment. Elemental strontium was also identified in some
analyses and could be associated with the strontium-90 groundwater plumes.

A summary of risk characterization results and uncertainties for all near-shore aquatic plant
COPECs is presented in Table 6-97. Concentrations in sediment or pore water at study sites for
12 COPECs were greater than the sediment benchmarks and reference concentrations, water
standards/criteria, or aquatic plant water benchmarks and reference concentrations; these are the
key COPECs for near-shore aquatic plants and are discussed below. Unless otherwise noted, the
observations for these COPECs are based on the exposure evaluation results for 17 pore
water/seep study sites and gradient analyses for 15 pore water study sites (all but the
100-B/C Pilot and 100-NR-2 study sites). The results are also based on the exposure evaluation
results for 47 sediment sample study sites and gradient analyses for 45 sediment study sites (all
but the 100-B/C Pilot and 100-NR-2 study sites).

* Aluminum: The maximum sediment concentration (13,000 mg/kg) was less than the
benchmark (14,000 mg/kg). The maximum unfiltered concentration of aluminum in
pore water (399 pg/L at aquatic site 2a) exceeded the ambient water quality criterion
(87 pg/L). Note that the water quality criteria for aluminum are based on pH in the range of
6.5 to 9, and that aluminum is more toxic to aquatic biota at pH less than 6.5 or greater
than 9. At seven study sites and one reference site, pH was in the range of 9 to 10. There
were no relationships of Pak Choi growth to aluminum concentrations in sediment.

* Antimony: The highest concentration of antimony in sediment (0.65 mg/kg at
100-B/C Pilot) was slightly greater than the benchmark (0.6 mg/kg). The maximum
unfiltered pore water concentration (2.6 pg/L at Beverly aquatic reference 1) was far less
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than the water criterion (30 pg/L). Based on the sediment pathway, antimony has a potential
for adverse effects on the aquatic plant community. However, the sediment benchmark was
exceeded by less than a factor of 2 and only at one study site (100-B/C Pilot). There were
insufficient detections of antimony in sediment to test for relationships to bioassay measures.

* Barium: Barium concentrations exceeded the sediment benchmark (300 mg/kg) at the
100-B/C Pilot study site only (870 mg/kg). Unfiltered pore water concentrations did not
exceed the aquatic plant water benchmark (maximum was 104 pg/L at aquatic site Ul and
less than the aquatic plant water benchmark 2600 pg/L). Based on the sediment pathway,
barium has potential for adverse effects on the aquatic plant community. However, the
sediment benchmark was exceeded by about a factor of 3 at a single study site
(100-B/C Pilot). There were no relationships of bioassay measures to barium concentrations
in sediment.

* Cadmium: Sediment concentrations exceeded the benchmark at 14 study sites and
3 reference sites with low magnitude of exceeding the benchmark (HQ was
between 1.1 and 2.4). The maximum study site cadmium sediment concentration was
2.4 mg/kg at UlO. Unfiltered cadmium pore water concentrations exceeded the water
criterion (chronic is 0.19 pg/L and acute is 1.4 pg/L) at one study site (0.27 pg/L at
100-B/C Pilot), but were less than reference concentrations (maximum was 0.85 pg/L at
aquatic reference 14). Cadmium sediment concentrations were greater than the benchmark
(1 mg/kg) and thus have potential for adverse effects on aquatic plants. There were no
relationships of bioassay measures to cadmium concentrations in sediment.

* Calculated total uranium: The maximum sediment concentration (15 mg/kg) for this
COPEC was less than the sediment benchmark (100 mg/kg); thus, adverse effects on aquatic
plants are unlikely for this pathway. Unfiltered pore water concentrations were greater than
the aquatic plant benchmark (14 pg/L) at a single study site (140 pg/L at U4), so there is a
potential for adverse effects from this pathway. Calculated total uranium was not measured
at the 100-B/C Pilot or 100-NR-2 study sites. There were no relationships of bioassay
measures to total calculated uranium concentrations in sediment.

* Chromium: Sediment concentrations for chromium at a single study site (290 mg/kg at
aquatic site 128-F2) exceeded the benchmark (100 mg/kg) and thus have potential for
adverse effects on aquatic plants. Unfiltered chromium pore water concentrations were less
than the standard and criterion (chronic is 55 pg/L, acute is 410 pg/L) (maximum was
44 pg/L at aquatic site Crl). There were no relationships of bioassay measures to chromium
concentrations in sediment.

* Hexavalent chromium: There is no sediment benchmark for hexavalent chromium.
Hexavalent chromium pore water concentrations were greater than the Washington State
standard (chronic is 10 pg/L, acute is 15 pg/L) at five study sites (42 pg/L at aquatic site Crl,
25 pg/L at aquatic site Cr2, 21 pg/L at aquatic site Cr6, 24 pg/L at aquatic site 2a, 13 pg/L at
aquatic site 2a). Hexavalent chromium was not measured at the 100-B/C Pilot or
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1 00-NR-2 study sites. There were insufficient detections of hexavalent chromium in
sediment to test for relationships with bioassay measures.

" Manganese: The maximum sediment concentration (920 mg/kg at aquatic site Sr6) was
greater than the benchmark (460 mg/kg), and manganese sediment concentrations were
greater than the benchmark at another six study sites and three reference sites. Because
manganese concentrations exceeded the sediment benchmark, it has potential for adverse
effects on the aquatic plants from this pathway. The magnitude of the sediment benchmark
exceedance was low (maximum sediment benchmark HQ was 2.0). The maximum unfiltered
pore water concentrations for manganese (1,640 pg/L at aquatic site Ul; 1,210 pg/L at
Beverly reference 2) were greater than the aquatic plant benchmark (190 pg/L). There were
no relationships of bioassay measures to manganese concentrations in sediment.

* Selenium: Sediment concentrations of selenium were greater than the benchmark (4 mg/kg)
at a single study site (4.3 mg/kg at aquatic site U4), which means that there is a potential for
adverse effects on the aquatic plants from the sediment pathway. The sediment benchmark
was exceeded at a single study site with a low benchmark HQ magnitude (1.1). Selenium
pore water concentrations were not greater than the Washington State standard (chronic is
5 pg/L) at study sites. There were no relationships of bioassay measures to selenium
concentrations in sediment.

* Uranium (inorganic): The maximum sediment concentration (6.8 mg/kg) for this COPEC
was less than the sediment benchmark (100 mg/kg); thus, adverse effects on aquatic plants
are unlikely from this pathway. Unfiltered pore water concentrations were greater than the
aquatic plant benchmark (14 pg/L) at a single study site (140 pg/L at U4), so there is a
potential for adverse effects from this pathway. There were no relationships of bioassay
measures to uranium (inorganic) concentrations in sediment.

* Zinc: Concentrations were greater than the sediment benchmark (160 mg/kg) at
20 study sites (maximum concentration was 800 mg/kg at aquatic site 128-F2) and
4 reference sites (maximum concentration was 358 mg/kg at aquatic reference 300-1), so zinc
has a potential for adverse effects on aquatic plants from this pathway. The magnitude of the
sediment benchmark HQ was moderate at study sites (maximum benchmark HQ was 5.0).
The maximum concentration of zinc in pore water was from a reference site (12 pg/L at
aquatic reference 13) and was less than the Washington State standard (77 pg/L). There
were no relationships of bioassay measures to zinc concentrations in sediment.

6.4.1.2 Do Contaminant Concentrations in Sediment or Water Decrease Aquatic
Invertebrate Survival or Growth? The aquatic invertebrate component of the ecological risk
assessment is broadly representative of the potential effects of Hanford Site contaminants on the
aquatic invertebrate community. The primary lines of evidence are field surveys, the results of
bioassays, and comparison of sediment and water concentrations to benchmarks.
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Sediment concentrations were greater than benchmarks and reference concentrations for seven
COPECs (antimony, barium, cadmium, chromium, manganese, selenium, and zinc), and this
information suggests a potential for adverse effects. The antimony and barium sediment
benchmarks were exceeded at a single site (100-B/C Pilot); the chromium sediment benchmark
was exceeded at another single study site (128-F2); and the selenium sediment benchmark was
exceeded at a different single study site (U4). Sediment concentrations were greater than the
cadmium, manganese, and zinc benchmarks at multiple study sites and reference sites.

Unfiltered pore water concentrations at study sites were greater than the water standards/criteria
and reference concentrations for aluminum and hexavalent chromium. Waterborne
concentrations for calculated total uranium and uranium (inorganic) exceeded benchmarks for
aquatic invertebrates at a single study site (U4); this suggests a potential for adverse effects.

Key community metrics do not suggest that contaminant-related impacts to benthic
macroinvertebrates are evident in aquatic study sites as a group (e.g., no statistical difference in
the EPT taxa at study sites compared to reference sites). Risks to aquatic macroinvertebrates
based on toxicity testing and higher weighted lines of evidence showed relationships with some
confounding factors and some COPECs. Histopathology measures differed in study sites
compared to reference sites; these measures also showed some negative relationships
with COPECs. There are significant uncertainties relative to any of the conclusions based on
pore water sampling because of the way samples were collected. Nevertheless, there were clear
measures of exposure, primarily for inorganic COPECs that were detected in water, sediment,
and tissues. Of the key plume contaminants, only hexavalent chromium and uranium had
concentrations of ecological relevance in the near-shore environment. Elemental strontium was
also identified in some analyses and could be associated with the strontium-90 groundwater
plumes.

A summary of risk characterization results and uncertainties for all near-shore aquatic
invertebrate COPECs is presented in Table 6-110. Concentrations in sediment or pore water
were greater than the sediment benchmarks and reference concentrations, water
standards/criteria, or aquatic invertebrate water benchmarks and reference concentrations; these
are the key COPECs for near-shore aquatic invertebrates and are discussed below. Unless
otherwise noted, the observations for these COPECs are based on the exposure evaluation results
for 17 pore water/seep study sites and gradient analyses for 15 pore water study sites (all but the
100-B/C Pilot and 100-NR-2 study sites). The results are also based on the exposure evaluation
results for 47 sediment sample study sites and gradient analyses for 45 sediment study sites (all
but the 100-B/C Pilot and 100-NR-2 study sites).

* Aluminum: The maximum sediment concentration (13,000 mg/kg) was less than the
benchmark (14,000 mg/kg). The maximum unfiltered concentration of aluminum in
pore water (399 pg/L at aquatic site 2a) exceeded the ambient water quality criterion
(87 pg/L). Note that the water quality criteria for aluminum are based on pH in the range of
6.5 to 9, and that aluminum is more toxic to aquatic biota at pH less than 6.5 or greater
than 9. At seven study sites and one reference site, pH was in the range of 9 to 10.
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There were no relationships of aluminum in sediment or pore water to aquatic invertebrate
tissue concentrations, nor were there any negative relationships of aluminum in sediment or
pore water to bioassay measures.

" Antimony: The highest concentration of antimony in sediment (0.65 mg/kg at
100-B/C Pilot) was greater than the benchmark (0.6 mg/kg). The maximum unfiltered pore
water concentration (2.6 pg/L at Beverly aquatic reference 1) was far less than the water
criterion (30 pg/L). Based on the sediment pathway, antimony has a potential for adverse
effects on the aquatic community. However, the sediment benchmark was exceeded by less
than a factor of 2 and only at one study site (100-B/C Pilot). There were insufficient
detections of antimony in sediment or pore water to test for relationships with aquatic
invertebrate tissue concentrations or bioassay measures.

* Barium: Barium concentrations exceeded the sediment benchmark (300 mg/kg) at the
100-B/C Pilot study site only (870 mg/kg). There is no aquatic invertebrate water
benchmark. Based on the sediment pathway, barium has potential for adverse effects on the
aquatic community. However, the sediment benchmark was exceeded by about a
factor of 3 at a single study site (100-B/C Pilot). There were no adverse relationships of
bioassay measures to barium concentrations in sediment or pore water.

* Cadmium: Cadmium sediment concentrations were greater than the benchmark (1 mg/kg)
and thus have potential for adverse effects on the benthic community. Sediment
concentrations exceeded the benchmark at 14 study sites and 3 reference sites with low
magnitude of exceeding the benchmark (HQ was between 1.1 and 2.4). The maximum
study site cadmium sediment concentration was 2.4 mg/kg at UlO. Unfiltered cadmium pore
water concentrations exceeded the water criterion (chronic is 0.19 pg/L and acute is
1.4 pg/L) at one study site (0.27 pg/L at 100-B/C Pilot), but study site concentrations were
less than reference concentrations (maximum was 0.85 pg/L at aquatic reference 14). There
were no relationships of cadmium in sediment to aquatic invertebrate tissue concentrations or
sediment bioassay measures. There were insufficient detections of cadmium in pore water to
test for relationships with aquatic invertebrate tissue concentrations or bioassay measures.

* Calculated total uranium: The maximum sediment concentration (15 mg/kg) for this
COPEC was less than the sediment benchmark (100 mg/kg); thus, adverse effects on aquatic
invertebrates are unlikely for this pathway. Unfiltered pore water concentrations were
greater than the aquatic invertebrate benchmark (30 pg/L) at a single study site (140 pg/L at
U4), so there is a potential for adverse effects from this pathway. Calculated total uranium
was not measured at the 100-B/C Pilot or 100-NR-2 study sites. There were insufficient
detections of total calculated uranium in sediment or pore water to test for relationships with
aquatic invertebrate tissue concentrations. There were no adverse relationships of total
calculated uranium in sediment or pore water to bioassay measures.
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* Chromium: Sediment concentrations for chromium at a single study site (290 mg/kg at
aquatic site 128-F2) exceeded the benchmark (100 mg/kg) and thus have potential for
adverse effects on aquatic invertebrates. Unfiltered chromium pore water concentrations
were less than the standard and criterion (chronic is 55 pg/L, acute is 410 pg/L) (maximum
was 44 pg/L at aquatic site Crl). There were relationships of chromium aquatic invertebrate
tissue concentrations to sediment but not to pore water concentrations. There were no
relationships of chromium in sediment or pore water to bioassay measures.

* Hexavalent chromium: There is no sediment benchmark for hexavalent chromium.
Hexavalent chromium pore water concentrations were greater than the Washington State
standard (chronic is 10 pg/L, acute is 15 pg/L) at five study sites (42 pg/L at aquatic site Crl,
25 pg/L at aquatic site Cr2, 21 pg/L at aquatic site Cr6, 24 pg/L at aquatic site 2a, 13 pg/L at
aquatic site 2a). Hexavalent chromium was not measured at the 100-B/C Pilot or
1 00-NR-2 study sites. Hexavalent chromium was not measured in aquatic invertebrate
tissues. There were insufficient detections of hexavalent chromium in sediment to test for
relationships with bioassay measures. There were no relationships of hexavalent chromium
in pore water to bioassay measures.

* Manganese: The maximum sediment concentration (920 mg/kg at aquatic site Sr6) was
greater than the benchmark (460 mg/kg), and manganese sediment concentrations were
greater than the benchmark at another six study sites and three reference sites. The
maximum pore water concentrations for manganese (1,640 pg/L at aquatic site Ul and
1,210 pg/L at Beverly reference 2) were less than the aquatic invertebrate benchmark
(6,900 pg/L). Because manganese concentrations exceeded the sediment benchmarks, it has
potential for adverse effects on aquatic invertebrates from this pathway. The magnitude of
the benchmark exceedance was low (benchmark HQs were 2.0 or less). There were no
positive relationships of manganese in sediment or pore water to aquatic invertebrate tissue
concentrations, nor were there any adverse relationships of manganese in sediment or
pore water to bioassay measures.

* Mercury: The maximum sediment concentration (0.2 mg/kg at aquatic site Cr3) was less
than the benchmark (0.75 mg/kg) and the maximum pore water concentration (0.004 pg/L at
100-NR-2) was less than the Washington State standard (chronic is 0.0 12 pg/L). Because
mercury concentrations were less than the effect levels, adverse effects on the aquatic
community were unlikely based on these comparisons. There were insufficient detections of
mercury in sediment or pore water to test for relationships with aquatic invertebrate tissue
concentrations. There was a negative relationship of Hyalella survival to mercury
concentrations in sediment, which is evidence for adverse effects related to one of two
bioassay measures. There were insufficient detections of mercury in pore water to test for
relationships with bioassay measures.

* Selenium: Sediment concentrations of selenium were greater than the benchmark (4 mg/kg)
at a single study site (4.3 mg/kg at aquatic site U4), which means that there is a potential for
adverse effects on the aquatic invertebrates from the sediment pathway. The sediment
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benchmark was exceeded at a single study site with a low benchmark HQ magnitude (1.1).
Unfiltered selenium pore water concentrations were not greater than the Washington State
standard (chronic is 5 pg/L) at study sites. There were no relationships of selenium in
sediment or pore water to aquatic invertebrate tissue concentrations. There were no
relationships of selenium to sediment bioassay measures and insufficient detections to
evaluate relationships to pore water bioassay measures.

* Uranium (inorganic): The maximum sediment concentration (6.8 mg/kg) for this COPEC
was less than the sediment benchmark (100 mg/kg); thus, adverse effects on aquatic
invertebrates are unlikely from this pathway. Pore water concentrations were greater than the
aquatic invertebrates benchmark (30 pg/L) at a single study site (140 pg/L at U4), so there is
a potential for adverse effects from this pathway. There were insufficient detections to
evaluate relationships of uranium in sediment or pore water to aquatic invertebrate tissue
concentrations. There were no negative relationships of uranium to sediment bioassay
measures and insufficient detections to evaluate relationships to pore water bioassay
measures.

* Zinc: Concentrations were greater than the sediment benchmark (160 mg/kg) at 20 study
sites (maximum concentration was 800 mg/kg at aquatic site 128-F2) and 4 reference sites
(maximum concentration was 358 mg/kg at aquatic reference 300-1), so zinc has a potential
for adverse effects on aquatic invertebrates from this pathway. The magnitude of the
sediment benchmark HQ was moderate at study sites (maximum benchmark HQ was 5.0).
The maximum concentration of zinc in pore water was from a reference site (12 pg/L at
aquatic reference 13) and was less than the Washington State standard (77 pg/L). There are
no relationships of zinc in sediment or pore water to aquatic invertebrate tissue
concentrations. There were no relationships of zinc to sediment or pore water to bioassay
measures.

6.4.1.3 Do Contaminant Concentrations in Pore Water Decrease Amphibian Survival or
Growth? The amphibian component of the ecological risk assessment is broadly representative
of the potential effects of Hanford Site contaminants on this portion of the aquatic community.
The primary lines of evidence are the results of a bioassay and comparison of water
concentrations to benchmarks.

Unfiltered pore water concentrations were greater than the water standards/criteria and reference
concentrations for aluminum and hexavalent chromium. No COPECs had unfiltered pore water
concentrations greater than the amphibian benchmark.

The results of FETAX bioassays show no survival or growth differences between study sites and
reference sites. There were greater deformities at reference sites compared to study sites. There
were also differences in FETAX measures associated with differences in COPEC concentrations.
Although some of the 2006 pore water samples may have represented mostly river water,
subsequent pore water sampling obtained more representative pore water samples. Some tissue
samples of amphibians were collected, but at only four locations, which makes field measures of

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 6-139



Evaluation of Ecological Risks in the DOE/RL-2007-21
Near-Shore Aquatic Environment Rev. 0

exposure to amphibians uncertain. The available data do not provide strong evidence that
COPEC concentrations associated with the Hanford Site are adversely affecting amphibian
survival or growth. Statistical relationships with manganese and phosphorus are associated with
both study sites and reference sites. However, there are significant uncertainties relative to these
conclusions based on pore water sampling. There are measures of exposure, primarily for
inorganic COPECs that were measured in pore water at concentrations greater than reference
sites. There were also elevated pore water concentrations at Beverly reference site 2 that were
likely associated with groundwater seeping into the river.

A summary of risk characterization results and uncertainties for all amphibian COPECs is
presented in Table 6-115. Contaminants of potential ecological concern with concentrations in
water greater than the ambient water quality criterion, COPECs with exposure levels that
exceeded an effect level for amphibians, or COPECs that had a statistical relationship with the
FETAX bioassay measures are discussed below. Unless otherwise noted, the observations for
these COPECs are based on the exposure evaluation results for 17 pore water/seep study sites
and gradient analyses for 15 pore water study sites (all but the 100-B/C Pilot and
100-NR-2 study sites).

* Aluminum: The maximum unfiltered concentration of aluminum in pore water (399 pg/L at
aquatic site 2a) exceeded the ambient water quality criterion (87 pg/L). Note that the water
quality criteria for aluminum are based on pH in the range of 6.5 to 9 and that aluminum is
more toxic to aquatic biota at pH less than 6.5 or greater than 9. At seven study sites and one
reference site, pH was in the range of 9 to 10. There were no negative relationships of
aluminum in pore water to bioassay measures.

* Hexavalent chromium: Hexavalent chromium pore water concentrations were greater than
the Washington State standard (chronic is 10 pg/L, acute is 15 pg/L) at five study sites
(42 pg/L at aquatic site Crl, 25 pg/L at aquatic site Cr2, 21 pg/L at aquatic site Cr6, 24 pg/L
at aquatic site 2a, 13 pg/L at aquatic site 2a). Hexavalent chromium was not measured at the
100-B/C Pilot or 1 00-NR-2 study sites. There were no relationships of hexavalent chromium
in pore water to bioassay measures.

* Manganese: The maximum unfiltered pore water concentrations for manganese were
1,640 pg/L at aquatic site Ul and 1,210 pg/L at Beverly reference 2. There was no
amphibian benchmark for manganese. Because manganese concentrations exceeded the
water benchmark, it has potential for adverse effects on amphibians from this pathway. The
magnitude of the benchmark exceedance was low (benchmark HQs were 3.0 or less). There
were negative relationships of growth with manganese pore water concentrations but not with
survival or deformities. The amount of difference in growth was small (<20% difference
from reference site average values). Thus, the relatively low reduction in growth may not
represent a biologically relevant effect on populations.
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6.4.1.4 Do Contaminant Concentrations in Pore Water Affect Fish Survival or Growth?
The fish component of the ecological risk assessment is broadly representative of the potential
effects of Hanford Site contaminants on the aquatic community. The primary lines of evidence
are the comparison of tissue concentrations to effect levels and comparison of water
concentrations to benchmarks.

Pore water concentrations at study sites were greater than the water standards/criteria and
reference concentrations for aluminum and hexavalent chromium. Pore water concentrations for
manganese exceeded benchmarks for fish and reference concentrations; this suggests a potential
for adverse effects.

Fish were smaller (in length and mass) at study sites relative to reference sites. There were no
strong trends in fish histopathological observations between those collected at study sites and
those from reference site locations; of 18 endpoints, slight adverse effects were associated with
two endpoints in study sites and with two endpoints in reference sites. No tissue COPECs were
correlated with histopathological endpoints associated with adverse effects at study sites. There
were no exceedances of tissue effects levels for near-shore aquatic COPECs measured in fish
tissue. In addition, evidence of greater contaminant uptake in fish from study sites was not
apparent for most COPECs and tissues.

A summary of risk characterization results and uncertainties for all fish COPECs is presented in
Table 6-120. Contaminants of potential ecological concern with concentrations in water greater
than the ambient water quality criterion, COPECs with exposure levels that exceeded an effect
level for fish, or COPECs that had a statistical relationship between fish tissue and sediments or
pore water are discussed below. Unless otherwise noted, the observations for these COPECs are
based on the exposure evaluation results for 17 pore water/seep study sites and gradient analyses
for 15 pore water study sites (all but the 100-B/C Pilot and 100-NR-2 study sites).

* Aluminum: The maximum concentration of aluminum in pore water (399 pg/L at
aquatic site 2a) exceeded the ambient water quality criterion (87 pg/L). Note that the water
quality criteria for aluminum are based on pH in the range of 6.5 to 9, and that aluminum is
more toxic to aquatic biota at pH less than 6.5 or greater than 9. At seven study sites and one
reference site, pH was in the range of 9 to 10. There were no fish tissue effect levels for
aluminum.

* Hexavalent chromium: Hexavalent chromium pore water concentrations were greater than
the Washington State standard (chronic is 10 pg/L, acute is 15 pg/L) at five study sites
(42 pg/L at aquatic site Cr1, 25 pg/L at aquatic site Cr2, 21 pg/L at aquatic site Cr6, 24 pg/L
at aquatic site 2a, 13 pg/L at aquatic site 2a). Hexavalent chromium was not measured at the
100-B/C Pilot or 1 00-NR-2 study sites. Hexavalent chromium was not measured in any
tissues.
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0 Manganese: The maximum pore water concentrations for manganese (1,640 pg/L at
aquatic site UI and 1,210 pg/L at Beverly reference 2) were greater than the fish benchmark
(655 pg/L). Because manganese concentrations exceeded the water benchmarks, it has
potential for adverse effects on fish from this pathway. The magnitude of the benchmark
exceedance was moderate (benchmark HQs were about 3.0 or less). In addition,
concentrations of this COPEC in sculpin kidney were correlated to sediment concentrations.

6.4.1.5 Do Contaminant Concentrations in Sediment, Water, and Food Decrease Bird or
Mammal Survival, Growth, or Reproduction? The evidence for exposure and effects to
middle trophic-level wildlife is summarized below. Estimated dietary contaminant exposures
were compared to ecological effects levels for diet. This information provides an indication of
the potential for risk to wildlife from COPECs.

There is potential for adverse effects of COPECs in diet to birds based on LOAEL-based HQs
greater than 1.0 for exposures at study sites from dietary exposure to barium, chromium, copper,
nickel, and selenium. No effect levels for birds were exceeded for aluminum, barium,
chromium, copper, mercury, nickel, selenium, and vanadium, which suggests a low potential for
adverse effects from these COPECs in diet.

There is potential for adverse effects of COPECs in diet to mammals based on LOAEL-based
HQs greater than 1.0 for exposures at study sites based on dietary exposure to aluminum, nickel,
and selenium. No effect levels for mammals were exceeded for aluminum, antimony, mercury,
nickel, and selenium, which suggests a low potential for adverse effects from these COPECs in
diet.

A summary of middle trophic-level vertebrate risk characterization results and uncertainties for
all near-shore COPECs is presented in Table 6-129. Estimated exposures for nine COPECs
exceeded an effect level; these are the key COPECs for middle trophic-level wildlife and are
discussed below. The observations for these COPECs are based on the exposure evaluation
results for a total of 52 study sites where sediment, water, or food were measured.

* Aluminum: This COPEC exceeds the LOAEL and thus has a potential for adverse effects
on middle trophic-level wildlife. The magnitude of the HQs was high; the NOAEL-based
HQ was 25.0, and the LOAEL-based HQ was 2.5. The NOAEL-based HQ was greater
than 1.0 (HQ=1.0) for the bufflehead at a single study site, and there is no aluminum LOAEL
for birds. Exposures to the mink and bufflehead were almost entirely from sediment.
Because EPA has determined that ecological exposures to aluminum in soil at circumneutral
pH are not likely to drive ecological risk, it is logical to extrapolate this determination from
soil to another solid exposure medium (sediment).

* Antimony: Estimated exposures exceeded the NOAEL but not the LOAEL for the mink, so
antimony has a low potential for adverse effects on middle trophic-level wildlife. The
magnitude of the HQs was low; the maximum NOAEL-based HQ was 1.2.
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* Barium: Barium exceeded the NOAEL and LOAEL for the kingbird and thus has a
potential for adverse effects on middle trophic-level wildlife. The magnitude of the HQs was
low; the maximum NOAEL-based HQ was equal to 2.2, and the LOAEL-based HQ was 1.0.

* Chromium: This COPEC exceeded the NOAEL and LOAEL for the bufflehead at a single
study site (2m) and thus chromium has a potential for adverse effects on middle trophic-level
wildlife. The magnitudes of the NOAEL and LOAEL-based HQs were low (1.3 and 1.2).

* Copper: Copper exposure exceeded the NOAEL and LOAEL for the kingbird at study sites
and reference sites, so it has a potential for adverse effects on middle trophic-level wildlife.
Copper exposures also exceeded the NOAEL for the bufflehead. The magnitude of the HQs
was low to moderate for most receptors and sites.

* Mercury: This COPEC exceeded the NOAEL but not the LOAEL for the bufflehead and
thus has a low potential for adverse effects on middle trophic-level vertebrates.
NOAEL-based HQs were greater than 1.0 at one study site, but the magnitude of the HQs
was also low (1.3) for two RCBRA study sites (Cr9). Exposures for the mink at a reference
site were also greater than the NOAEL for this COPECs.

* Nickel: Nickel exceeded the LOAEL for the kingbird and mink and thus has a potential for
adverse effects on middle trophic-level wildlife. LOAEL-based HQ for the kingbird was
greater than 1.0 at 100-B/C Pilot site, and the magnitude of the HQ was low (2.5).
LOAEL-based HQ for the mink was greater than 1.0 at the 100-D elevated site, and the
magnitude of the HQ was moderate (7.1).

* Selenium: This COPEC exceeded the NOAEL and LOAEL for the mink, kingbird, and
bufflehead and thus has a potential for adverse effects on middle trophic-level wildlife.
LOAEL-based HQs were greater than 1.0 at four study sites.

* Vanadium: Vanadium exceeded the NOAEL but not the LOAEL for the kingbird and
bufflehead at the study sites and reference sites and thus has a low potential for adverse
effects on middle trophic-level wildlife, although the HQs were low.

The risk results are summarized for aquatic plants, aquatic invertebrates, amphibians, fish, and
middle trophic-level wildlife in Table 6-130, which also presents conclusions for the near-shore
COPECs.

6.4.2 What are the Uncertainties Associated with the RCBRA Risk Results and
Conclusions?

Known uncertainties and data gaps associated with these risk evaluations are summarized, and
their implications for estimating potential adverse effects and conclusions are noted in
Table 6-131. The qualitative uncertainty analysis identifies specific causes of uncertainties and
evaluates their potential impact on risk estimates.
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Uncertainties identified for key COPECs and for the assessment endpoint entities include
detection limits that did not meet RCBRA SAP requirements, collection of representative pore
water samples, and exposure values in clams due to potentially rapid depuration rates of
COPECs. Only the pore water sampling uncertainty represents a critical loss of information. In
other cases, there is sufficient redundancy in the measures available for each assessment
endpoint entity that sound conclusions can be drawn regarding the potential for differences in
ecological risk at study sites compared to reference sites.

Both filtered and unfiltered water sample results were evaluated in the near-shore environment.
In some cases, the toxicity information or standards/criteria are based on dissolved metals
concentrations (filtered samples). Therefore, exposure and the potential for risk from metals
contaminants may be overestimated by using the unfiltered (or total metals) concentrations.

For wildlife, the key uncertainties are associated with estimated exposure levels based on uptake
through the food chain and with TRVs for site-specific receptors.

6.4.3 Overall Conclusions

The strength of the different kinds of information for assessing ecological risks and the
uncertainties associated with each result must be weighted to develop an overall conclusion of
the potential for ecological risks at the sites studied in the near-shore environment. As presented
in the RCBRA SAP and consistent with EPA guidance (OSWER 9285.7-28P, Issuance ofFinal
Guidance: Ecological Risk Assessment and Risk Management Principles for Superfund Sites),
site-specific information on exposure and effects is preferred to literature information and is,
therefore, given a higher weight in the risk assessment.

The following statements are based on the higher weighted site-specific measures evaluated for
the near-shore ecological risk assessment:

* Evidence for adverse effects at study sites is suggested based on comparisons of measures of
effect (Hyalella survival, Ceriodaphnia reproduction) obtained for study sites compared to
reference sites. However, not all sites evaluated were tested with the bioassays. The
maximum concentrations of chromium, lead, mercury, and zinc in sediment were not tested.
The maximum concentrations of mercury and vanadium in pore water were not tested.

* Ecological recovery can be established based on future surveys of the aquatic invertebrate
community abundance and diversity and information obtained from mollusk and fish surveys
to locate habitat suitable for special-status species. One can also review the results for the
RCBRA versus previous ecological risk evaluations like the bioassays of seeps (aka springs)
and sediments conducted in the mid 1990s (Delistraty and Yokel 1998, 1999) about a decade
earlier than the RCBRA.
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* Correlations are lacking between measures of exposure (concentrations of COPECs at study
sites) and effects. Thus, cause-and-effect evidence is lacking for gradient of concentrations
and consistent differences in exposure and effects.

In addition to the summary statements for site-specific measures, the following observations are
provided relative to the comparison of sediment, water, or dietary exposure information to
literature effects levels for the receptors evaluated in this study.

* Aquatic plants: Concentrations of seven COPECs in sediment were greater than sediment
benchmarks and reference concentrations. Concentrations of two COPECs in pore water
were greater than water standards/criteria and reference concentrations. In addition, three
COPECs exceeded water benchmark values and reference concentrations. All of these
observations indicate a potential for adverse effects.

* Aquatic invertebrates: Concentrations of seven COPECs in sediment were greater than
sediment benchmarks and reference concentrations. Concentrations of two COPECs in pore
water were greater than water standards/criteria and reference concentrations. In addition,
two COPECs exceeded the water benchmark values and reference concentrations. All of
these observations indicate a potential for adverse effects.

* Amphibians: Concentrations of two COPECs in pore water were greater than ambient water
quality criteria and reference concentrations. In addition, one COPEC exceeded water
benchmarks and reference concentrations, indicating a potential for adverse effects. One
COPEC was related to bioassay measures, indicating a potential for adverse effects.

* Fish: Concentrations of two COPECs in pore water were greater than ambient water quality
criteria and reference concentrations. In addition, one COPEC exceeded water benchmarks
and reference concentrations, indicating a potential for adverse effects.

* Wildlife: Nine COPECs exceeded the literature-derived NOAEL values and reference
exposures, indicating a low potential for adverse effects on birds or mammals. Six of these
nine COPECs also exceed LOAELs and exposures at reference sites, which indicates a
potential for adverse effects on wildlife.

As shown on Table 6-130, COPECs from the near-shore ecological risk assessment, presented in
this section, that indicate a potential for adverse effects were further evaluated in Section 8.0.
Section 8.0 also evaluated COPECs from the upland, riparian, and broad-scale ecological risk
assessments that indicate a potential for adverse effects. Finally, this information was applied in
Section 8.0 to support development of site-specific ecological preliminary remediation goals
(PRGs) for protection of ecological receptors on the Hanford Site.
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7.0 BROAD-SCALE ASSESSMENT OF ECOLOGICAL RISKS

This section describes the broad-scale ecological risk assessment methods and results. For the
purposes of remedial action decisions in the 100 Area and the 300 Area, the River Corridor was
divided into six ROD decision areas corresponding to the final Records of Decision (RODs) that
will be developed to define the final requirements for closing waste sites. Additional
information on the ROD decision areas can be found in Section 2.4 of this report.

The assessment of broad-ranging species evaluates ecological risks at the spatial scale of the
River Corridor and addresses the potential for cumulative effects from contaminants in the
upland, riparian, and near-shore environments. The assessment endpoints and associated
measures, data inputs, and exposure calculations for the broad-ranging wildlife are described in
this section of the report.

The primary guidance followed in this volume of the report is Ecological Risk Assessment
Guidance for Superfund: Process for Designing and Conducting Ecological Risk Assessments,
Interim Final (ERAGS) (EPA/540/R-97/006); this section provides the technical information
supporting ERAGS Steps 1 through 7 for the broad-scale environment (see Section 1.0 for more
information on ERAGS).

Section 7.1 presents introductory materials, including a road map for this section of the report.
Section 7.2 provides a summary of the broad-scale screening-level ecological risk assessment
(SLERA). Section 7.3 is the broad-scale baseline ecological risk assessment (BERA).
Section 7.4 presents a summary of risk conclusions for broad-scale ecological risks and discusses
how the conclusions can be applied to the River Corridor. Uncertainties associated with these
conclusions are highlighted.

7.1 INTRODUCTION

The broad-scale ecological risk assessment evaluated conditions at remediated waste sites and
nonoperational portions of the Hanford Site along the Columbia River that may have been
affected by Hanford contaminants due to the river's proximity to the operational areas. The
broad-scale exposures and risks were evaluated to address the following questions:

* Is there risk to human health' and the environment under current conditions?
* What are the uncertainties associated with the risk results and conclusions?

Figure 7-1 presents the eight steps of the ERAGS process that were followed for the broad-scale
assessment and shows the corresponding sections and appendices where information on that step
can be found in this document.

1 Human health risks are evaluated in Volume I.
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Figure 7-1. Application of the ERAGS Process to the
Broad-Scale Ecological Risk Assessment.
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ERAGS Steps 1 and 2 constitute the SLERA using available data at the time the SLERA was
completed (BHI-01757, DQO Summary Report for the 100 Area and 300 Area Component of the
River Corridor Baseline Risk Assessment [DQO Summary Report]). Based on information from

the SLERA, the project proceeded to the BERA. The BERA is ERAGS Steps 3 through 7; it
focuses on studies of representative study sites and evaluates the risk associated with multiple
environments and exposure pathways.

7.2 SCREENING-LEVEL ECOLOGICAL RISK ASSESSMENT

The RCBRA SLERA evaluated existing soil, sediment, and water data from 10 operational areas
within the River Corridor as part of the DQO Summary Report (BHI-01757). The results of the
SLERA have been summarized in Sections 4.2, 5.2, and 6.2 for the upland, riparian, and
near-shore environments. A separate SLERA was not completed for wide-ranging species
because the screening assessments prepared for each environment are inclusive of exposures to
multiple feeding guilds, including receptors that range broadly across the site.

7.3 BASELINE ECOLOGICAL RISK ASSESSMENT

The BERA fulfills ERAGS Steps 3 through 7 (Figure 7-1), which are Problem Formulation
(ERAGS Step 3), Study Design and DQO Process (ERAGS Step 4), Field Verification of
Sampling Design (ERAGS Step 5), Site Investigation and Data Analysis (ERAGS Step 6), and
Risk Characterization (ERAGS Step 7). The detailed project documentation that supports the
BERA is provided in the DQO Summary Report (BHI-01757) and the 100 Area and 300 Area
Component of the RCBRA Sampling and Analysis Plan (SAP) (DOE/RL-2005-42).

7.3.1 Problem Formulation (ERAGS Step 3)

Problem formulation for the BERA (ERAGS Step 3) was presented in the RCBRA DQO
Summary Report and SAP (BHI-01757, DOE/RL-2005-42); it included identifying contaminant
suites, defining the conceptual exposure model, and selecting assessment endpoints. The
broad-scale ecological risk assessment contaminant suites based on the indicator contaminants of
potential ecological concern (COPECs) were identified in Tables 4-1, 5-1, and 6-1.

The primary ecological remediation goal for CERCLA sites is to reduce ecological risks to levels
that will result in the recovery and maintenance of healthy local populations and communities of
biota (OSWER Directive 9285.7-28P, Issuance ofFinal Guidance: Ecological Risk Assessment
and Risk Management Principlesfor Superfund Sites). The specific purpose of this ecological
risk assessment is to characterize potentially adverse effects on plants and animals that may be
exposed to residual contamination in areas that may have been affected by Hanford Site
operations in the River Corridor waste sites. This assessment focuses on contaminants that are
associated with Hanford Site-related operations and is intended to support CERCLA decision
making. In addition, management goals for the River Corridor include considering impacts to
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state or federally listed threatened or endangered species, protecting rare habitats, and
minimizing contaminant loading (or bioaccumulation) into biota (BHI-0 1757).

The characterization of ecological risks in this report is structured around upland (Section 4.0),
riparian (Section 5.0), near-shore (Section 6.0), and broad-scale (this section) exposure zones in
accord with COPECs and assessment endpoints developed for these areas. To limit repetition of
information from earlier sections, components of the problem formulation presented elsewhere
(e.g., site description and the conceptual model, Section 3.0) are discussed only briefly here.

7.3.1.1 Assessment Endpoints. EPA guidance (Guidelines for Ecological Risk Assessment,
EPA/630/R-95/002F) defines assessment endpoints as explicit expressions of the environmental
values (e.g., ecological resources) that are to be protected. Useful assessment endpoints define
both the ecological entity (e.g., species, ecological resources, habitat type) and attributes
(e.g., reproductive success, survival, growth) for the entity. Assessment endpoint entities were
selected as representative species in a simplified food web. Assessment endpoints were
developed from ecological management goals and an ecological understanding of the
Hanford Site conceptual exposure model, including trophic relationships among
ecological receptors.

Thus, species considered for the broad-scale assessment are intended to be representative of biota
potentially at risk from exposure to contaminants in areas larger than individual waste sites,
including exposures across one or more exposure zones. Assessment of these representative
species addresses key management goals and stakeholder concerns. Broad-ranging
representative receptors include the following middle and upper trophic-level birds
and mammals:

* Middle trophic level
- Aerial insectivores: Myotis bat and bank swallow

* Upper trophic level
- Piscivores: mink and great blue heron
- Carnivores: badger and red-tailed hawk.

The evaluation of broad-scale exposures of wildlife species complements the assessment of
species with localized exposures and potential risk in the upland, riparian, and near-shore aquatic
environments, which were evaluated in Sections 4.0, 5.0, and 6.0. The broad-scale assessment
evaluated exposure and the potential for effects on the scale of the River Corridor. The home
range for the representative broad-scale receptors is similar to the size of the operating areas
within ROD decision areas.
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Figure 7-2 shows the relative size of the home ranges for the broad-scale receptors evaluated in
this section in comparison to the size of an example ROD decision area. Because the number of
locations sampled for exposure media for broad-scale receptors varies by environment and ROD
decision area, a reasonable evaluation for broad-scale ecological risks considered the spatial
central tendency exposure (CTE) and reasonable maximum exposure (RME) for contaminants
across River Corridor study sites. Thus, concentrations for each medium (soil, sediment, water,
biota) were calculated across all ROD decision areas.

Figure 7-2. Overlay of Broad Area Receptor Home Ranges and
the 100-N Record of Decision Area.

Risks at the pooled study sites were compared to risks at pooled reference sites, and any
significant risks were further evaluated to support ROD decision area and waste site
decision-making.

Risks for broad-ranging species were evaluated based on ecological exposure information
obtained for the upland, riparian, and near-shore environments. The badger and red-tailed hawk
were assumed to receive exposure across all three environments. The upland environment was
conceptually evaluated for two kinds of study sites - those associated with remediated
native-soil waste sites and those associated with remediated backfill waste sites. The other
broad-scale receptors were assumed to receive exposure from the near-shore environment.
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7.3.1.2 Consideration of Threatened and Endangered Species and Migratory Birds.
Various species are recognized by state or federal agencies as having special status based on the
species' risk of extinction. The threatened and endangered species are considered at risk, and, as
such, they were not identified for sacrificial sampling and subsequent analyses for the risk
assessment effort. Data for selected surrogate species were required for contaminant or
biological characterization based on the guild in which the special-status species were identified
(DOE/RL-2004-37, Table 5-1). The list of state and federally listed species of concern
(including candidate, sensitive, and monitored species) thought or known to occur on the
Hanford Site is updated regularly in PNNL-6415. No plants, invertebrates, amphibians, reptiles,
or mammals on the federal list of threatened and endangered wildlife and plants are known to
occur on the Hanford Site (PNNL-SA-41467). Terrestrial species listed by Washington State's
Natural Heritage Program (PNNL-SA-41467) were discussed in Sections 4.0 and 5.0.

As discussed in Section 1.3.7, the RCBRA addresses potential impacts on migratory birds based
on the Migratory Bird Treaty Act of 1918 (MBTA). The MBTA prohibits unregulated "taking"
of migratory birds, so the RCBRA evaluates ecological effects on representative species of
migratory birds.

7.3.1.3 Risk Questions and Measures. Risk questions for the broad spatial scale focused the
investigation on components of the ecosystem that have the greatest potential for exposure to
Hanford Site-related contaminants. Questions to be addressed (listed below) were initially
developed as hypotheses as part of the data quality objective (DQO) process (BHI-01757) and
the RCBRA SAP (DOE/RL-2005-42). These hypotheses were simplified and consolidated to a
series of open-minded questions to avoid a potential bias in the way that they are addressed. To
address one of the overall questions (from Section 7.1), "Is there risk to human health and the
environment under current conditions," the specific risk questions for broad-ranging wildlife are
as follows:

* Do contaminant concentrations in food and water decrease aerial insectivore species (bird
and mammal) survival, growth, or reproduction?

* Do contaminant concentrations in sediment, soil, food, and water decrease piscivorous bird
or mammal survival, growth, or reproduction?

* Do contaminant concentrations in sediment, soil, food, and water decrease carnivorous bird
or mammal survival, growth, or reproduction?

Evaluation of the risk questions that were posed for the broad-scale assessment provides
information for decision-making. Figure 7-3 provides an overview of the assessment endpoint
entities (representative receptors) and the exposure evaluation measures used to assess
ecological risk.
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Figure 7-3. Summary of Measures and Species Evaluated
Across the Broad Spatial Scale.
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7.3.2 Study Design and DQO Process (ERAGS Step 4)

The assessment of the potential for ecological risks to broad-ranging receptors was based only on
exposure evaluation and a comparison to literature effect levels (i.e., one line of evidence).
Thus, unlike upland, riparian, and near-shore environments, multiple lines of evidence were not
used in this part of the RCBRA ecological risk assessment. The data evaluated in the
broad-scale assessment were previously described for each environment (upland, Section 4.3.2;
riparian, Section 5.3.2; and near-shore, Section 6.3.2).

7.3.3 Field Verification of Sampling Design (ERAGS Step 5)

Field verification of sampling design (ERAGS Step 5) considers the location of the study sites
based on the field conditions, the ability to obtain adequate sample mass for all planned tissue
analyses, and other relevant information. Field verification information was previously
described for each environment (upland, Section 4.3.3; riparian, Section 5.3.3; and near-shore,
Section 6.3.3).

7.3.4 Site Investigation and Data Analysis (ERAGS Step 6)

ERAGS Step 6 presents the information used to characterize exposure and effects. This step
provides the information that is used in Risk Characterization (ERAGS Step 7) to link exposure
to contaminants with effects on plants or animals observed in field or laboratory studies
(EPA/910/R-97/005). The contaminant sources for the broad-scale assessment of ecological
risks include remediated waste sites and riparian and near-shore areas potentially affected by
groundwater plumes originating from the Hanford Site; as noted in previous sections, study sites
associated with those contaminant sources were sampled to provide data for exposure evaluation.
Broad-scale receptors could also be affected by other potential sources of contamination, such as
from agriculture, mining, and industry, that do not originate on the Hanford Site. There are also
non-DOE activities (commercial landfill, for example) on the Hanford Site that could potentially
affect broad-ranging receptors. Investigations that were used to quantify contaminant sources
and current day exposures to broad-ranging ecological receptors include the RCBRA upland,
riparian, and near-shore aquatic investigations and other investigations that led to defining
contaminants of potential concern (COPCs) as presented in Sections 4.3.4, 5.3.4, and 6.3.4.

7.3.4.1 COPEC Refinement. COPECs for broad-ranging receptors are based on the combined
list of COPECs in the upland, riparian, and near-shore aquatic environment. Development of the
COPEC lists for the upland, riparian, and near-shore aquatic environments is described in
Sections 4.3.4, 5.3.4, and 6.3.4, respectively. The combined list of COPECs used to assess the
broad-scale receptors is in Table 7-1, which summarizes the COPC refinement results for these
COPECs. Although some of the COPECs were included based on plants or invertebrates only,
the combined list includes all COPECs in order to be comprehensive in the assessment.
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The list has the following groups of analytes:

* Inorganic chemicals - 23 analytes

* Polychlorinated biphenyl (PCB) mixtures - 3 analytes

* PCB congeners - 3 analytes (total PCBs and TCDD (2,3,7,8-Tetrachlorodibenzo-p-Dioxin)
equivalent concentration [TEC]) for birds and mammals)

* Organic chemicals - Polycyclic aromatic hydrocarbons, total petroleum hydrocarbons,
herbicides, pesticides, and phthalates - 22 analytes

* Other compounds - nitrogen compounds, and phosphorus - 3 analytes.

7.3.4.2 Toxicity Reference Values. Estimated exposures through the diet, soil, sediment, and
water ingestion pathway for birds and mammals were compared to COPEC-specific effect levels
(toxicity reference values [TRVs]). Effect levels are presented for wildlife in Tables 7-2 (birds)
and 7-3 (mammals). These tables provide information on the COPEC, chemical form, citation
for the primary study, test species and body weight, duration, exposure route, generic effect
endpoint, specific endpoint, uncertainty factor (if applicable), no effect dose (the no observable
adverse effect level, or NOAEL), lowest effect dose (lowest observable adverse effect level, or
LOAEL), secondary source for the effect levels, applicable notes on effect level selection, and
the NOAEL and LOAEL selected for comparison with estimated exposures.

7.3.5 Risk Characterization (ERAGS Step 7)

This section presents ERAGS Step 7, Risk Characterization, which includes exposure and effects
information, risk estimation and description, and uncertainty analysis.

Risks to broad-ranging species were estimated based on exposures compared to literature-
derived effect levels. Types of literature toxicity information are presented in Section 7.3.4.

The following conventions are used to describe comparisons to literature-derived effect levels:

* "Adverse effects are unlikely" is associated with doses less than NOAELs.

* "Low potential for adverse effects" is associated with doses between NOAELs and the
LOAELs.

* "Potential for adverse effects" is associated with doses greater than LOAELs.

7.3.5.1 Media and Data Sources Evaluated for Broad-Scale Exposures. The ecological risk
assessment for the badger, red-tailed hawk, Myotis bat, bank swallow, mink, and great blue
heron receptors is representative of the potential effects of Hanford Site contaminants on aerial
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insectivores and upper trophic-level vertebrates. The assessment of risk to these representative
animals is based on an exposure evaluation estimated from measured concentrations of COPECs
in their diet. RCBRA study site data were supplemented with samples obtained from the
100-B/C Pilot and 100-NR-2 projects to calculate representative concentrations in food, water,
soil, and sediment. Each sampled location was assumed to be equally representative of the
post-remediation concentrations in the environment, and these data were used to calculate the
mean and upper confidence limit (UCL) of the mean location-average concentrations.
Ecological exposures were also calculated for RCBRA reference sites.

Some media were not included in the broad-scale exposure calculations based on the diet
preferences of the species being evaluated or the number of samples available for these media.
The following media were not included in broad-scale calculations:

* Biota: aquatic and terrestrial vegetation, clams, mussels, terrestrial invertebrates, amphibians
* Water: aquifer tube, drive point, irrigation water, pore water, seep.

The following sections describe the media and data sources that were evaluated for broad-scale
exposures.

Soil Characterization. Soil is an exposure medium for some broad-scale wildlife. As noted in
Table 7-4, RCBRA sample results and sample results from other data sources (100-B/C Pilot
Project Risk Assessment Report [100-B/C Pilot], [DOE/RL-2005 -40] Aquatic and Riparian
Receptor Impact Information for the 100-NR-2 Groundwater Operable Unit [DOE/RL-2006-26])
were used to calculate COPEC concentrations in upland and riparian surface soil. For the
purposes of broad-scale exposure, some of the sample results were combined. For example, the
upland 100-B/C Pilot samples were collected from study sites associated with remediated
backfill waste sites and can be combined with other samples collected from remediated backfill
waste sites for evaluating broad-scale ecological exposures.

Sediment Characterization. Sediment is an exposure medium for some broad-scale wildlife.
As noted in Table 7-4, RCBRA sample results and sample results from other sources
(100-B/C Pilot and 100-NR-2) were used to calculate COPEC concentrations in sediment for the
study site exposure group.

Surface Water Contaminant Analyses. Water is an exposure medium for all broad-scale
wildlife. As noted in Table 7-4, RCBRA sample results and sample results from other sources
(100-B/C Pilot and 100-NR-2) were used to calculate mean COPEC concentrations in surface
water for the study site exposure group.

Aquatic Invertebrate Contaminant Analyses. Insects are food items for aerial insectivores.
Certain types of aquatic invertebrates are used as a reasonable surrogate for emergent insects
(adult forms of some benthic invertebrates) that dominate the diet of aerial insectivores. The
RCBRA aquatic invertebrate samples include some taxa of emergent insects, but the sample
mass for RCBRA samples was dominated by crayfish. Although crayfish were included with
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other, more relevant taxa in the RCBRA samples, all RCBRA aquatic invertebrate samples were
included in the diet for aerial insectivores. As discussed in Section 6.3.5, the concentrations of
most inorganic chemicals for aquatic invertebrate samples were similar to the concentrations in
esophageal crops of birds, which suggests that the aquatic invertebrate data from the rock baskets
represent a reasonable surrogate for emergent insects for most COPECs. Concentrations of
copper in aquatic invertebrates were about two times greater than the concentrations of copper in
the crops, and this difference could be due to including crayfish among more relevant taxa in the
RCBRA samples. Thus, because crayfish have copper-based blood, the RCBRA samples that
include crayfish would overestimate exposure to this COPEC.

It would be preferable to include only taxa consistent with emergent insects in the broad-scale
exposure evaluation of aerial insectivores. For non-RCBRA data sources, samples of crayfish
were analyzed separately from other aquatic invertebrates. Thus, it was possible to exclude
crayfish among non-RCBRA data sources as not being realistic representatives of emergent
insects.

As noted in Table 7-5, RCBRA and 100-B/C Pilot sample results were used to calculate COPEC
concentrations of aquatic invertebrates for the study site exposure group. Table 7-5 also
indicates that sample results are available for crayfish from the 100-B/C Pilot, and these data
were not evaluated for broad-scale exposures. Species evaluated in broad-scale exposures are
caddisflies or composite aquatic invertebrates.

Fish Contaminant Analysis. Fish are food items for piscivorous birds and mammals. As noted
in Table 7-6, sample results from RCBRA, 100-B/C Pilot, and 100-NR-2 were used to calculate
COPEC concentrations in fish for the study site exposure group. All of the sampled fish tissues
were included in the calculations. The species were sculpin and sucker with samples collected
from whole organisms, livers, or kidneys.

Mouse Contaminant Analysis. Small mammals (mice) are food items for some carnivorous
birds and mammals. As noted in Table 7-7, sample results from RCBRA, 100-B/C Pilot, and
1 00-NR-2 were used to calculate COPEC concentrations in mouse tissue for the study site
exposure group. All of the sampled small mammal tissues were included in the calculations.
The species were deer mouse, pocket mouse, or multiple species collected from RCBRA sites
with samples collected from whole organisms, offal, brains, livers, or kidneys.

Bird Contaminant Analysis. Birds are eaten by one of the broad-scale wildlife species
(red-tailed hawk). As noted in Table 7-8, RCBRA samples were used to calculate COPEC
concentrations in birds for the study site and reference site groups. All of the sampled swallow
or kingbird tissues (crops or offal) were included in the calculations.

7.3.5.2 Measures of Exposure. This aspect of the assessment provides information for
quantifying ecological exposure to contaminants in food and abiotic media. Ecological exposure
analysis characterizes actual or potential contact or co-occurrence of receptor species with
COPECs (EPA/630/R-95/002F). The principal aspect of aerial insectivore or upper trophic-level
exposure is the measurement of COPEC concentrations in food. The spatial-average
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concentrations in food, water, sediment, or soil were used to evaluate ecological exposure.
The exposure evaluation was based on the food intake rates and diet preference of representative
bird and mammal species. Exposure was calculated from the measured, average concentrations
of COPECs in food for each ROD decision area. Using the average concentrations assumes that
area use of the ROD decision area is 100% for each of the receptors.

The basic protocol for calculating the representative concentrations distinguishes between data
sets with fewer than five detects and data sets with five or more detects. The following is a
synopsis of how the representative concentrations were calculated for various numbers of
detects:

* No detects: no representative concentrations

* One or two detects: used the maximum detected value as both the CTE and RME
representative concentrations

* Three or four detects: used only the detected values to estimate representative concentrations
as either an average (CTE) or reasonable maximum (RME) of the detected sample results

* If the data set contained five or more detects, then three statistical methods were used to
calculate the mean (CTE) and the UCL of the mean (RME) based on all data (detects and
nondetects). Nondetect sample results were substituted with a replacement value based on
the regression-on-order statistics method.

Additional information on representative concentration calculations is provided in Section 3.4.4,
because these statistical methods apply to multiple environments and sample media. One
difference in the application of the representative calculation methods from the localized
exposures (Sections 4.0, 5.0, and 6.0) to broad-scale exposures is that it is assumed that each
location should be equally represented in the exposure evaluation. For localized exposures
evaluated in each environment, the representative concentrations were based on the statistical
distribution of sample results, because the samples all represented a location. Because there
were multiple samples or replicates at a given location, the broad-scale representative
concentrations were based on the average (CTE) for each location (first pass) and then the spatial
distribution of location-average concentrations were evaluated through the representative
concentration logic (second pass).

Both passes of the representative concentration logic and the values used in the broad-scale
assessment are provided in electronic format in Appendix G-1. The representative
concentrations in the broad-scale assessment were calculated for media listed in this section.
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The broad-scale assessment was based to combine locations sampled as study sites or as
reference sites into "study site" or "reference" "virtual sites" for ecological exposure estimates.
This assessment leads to the following exposure data groupings:

* Study sites associated with upland remediated native-soil waste sites: This was a virtual site
that utilized a subset of upland exposure information for study sites, which means that
broad-scale receptors move among a subset of sampled sites. Ecological exposures are
expected to be overestimated with these data because areas between waste sites are not
considered. It is also important to note that unremediated waste sites are not addressed with
this virtual site, which may underestimate exposures.

* Native-soil reference sites: This was a virtual site that utilized a subset of upland exposure
information for reference sites, which means that broad-scale receptors move among a subset
of sampled sites.

* Study sites associated with upland remediated backfill waste sites: This was a virtual site
that utilized a subset of upland exposure information for study sites, which means that
broad-scale receptors move among a subset of sampled sites. Ecological exposures are
expected to be overestimated with these data because areas between waste sites are not
considered. It is also important to note that unremediated waste sites are not addressed with
this virtual site, which may underestimate exposures.

* Backfill reference sites: This was a virtual site that utilized a subset of upland exposure
information for reference sites, which means that broad-scale receptors move among a subset
of sampled sites.

* Riparian study sites: This was a virtual site that utilized all riparian exposure information
from study sites that covered all ROD decision areas.

* Riparian reference sites: This was a virtual site that utilized all riparian exposure information
from reference sites.

* Near-shore study sites: This was a virtual site that utilized all near-shore exposure
information from study sites that covered all ROD decision areas.

* Near-shore reference sites: This was a virtual site that utilized all near-shore exposure
information from reference sites.

Summaries of the location-based data support and methods used for calculating representative
concentrations for chemicals or radionuclides are provided in Table 7-9, which shows that most
representative concentrations for broad-scale exposure media are based on five or more detects.
Table 7-10 summarizes the ratio of the maximum detect to the RME concentration for the
broad-scale media (soil, sediment, surface water, and biotic tissues). Most of the RME
concentrations are similar to the maximum detect (ratio is between 0.8 and 1.2). Table 7-11 lists
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those RMEs that are either greater than five times or less than 50% of the maximum detect in the
near-shore environment. Because the numbers of location results are very large for many
combinations of COPECs, media, environments, and categories, more significant differences
were noted for the maximum to RME ratio, and the magnitude of these ratios is larger than that
noted in the upland, riparian, and near-shore environments where representative concentrations

for each site generally had a small number of samples (often a single composite sample per site).
All of the representative concentrations reported in Table 7-11 are near-shore media, and the
numbers of locations were between 20 and 50. For example, out of 50 sample locations, there
was a maximum value five times or more than the RME. These combinations of COPECs and
exposure media were considered in the uncertainty analysis.

The exposure parameters for aerial insectivore and upper trophic-level vertebrate representative
receptors are provided in Table 7-12. All of the broad-ranging species are assumed to drink
water from the river, and incidental soil ingestion is a reasonable potential exposure for the
badger and red-tailed hawk, so this medium was included in the exposure calculations for these
receptors. Because the heron and mink eat fish, there is reasonable potential for incidental
sediment ingestion, and this medium was included in the exposure calculations for these
receptors. The aerial insectivores were assumed to have minimal exposure to surface soil and
sediment based on their foraging method, so these media were not included in the exposure
calculations for these receptors.

7.3.5.3 Measures of Effect. Measures of effect consisted of literature-based TRVs associated
with effects on reproduction, survival, or growth, as provided in Section 7.3.4.2. The
compilation encompassed effects levels for wildlife that are representative of receptors at the
Hanford Site, insofar as possible. Most of the published toxicological data represent results of
tests with single chemicals. Toxicity information such as this may be expressed as
concentrations in soil or diet or as dietary doses associated with the presence or absence of
effects. The potential for adverse effects of COPECs on broad-ranging species is based on
comparisons of COPEC doses calculated from concentrations in abiotic media and food to
wildlife TRVs. Both NOAELs and LOAELs were used for wildlife to provide a range of
possible effects for risk managers.

7.3.5.4 Risk Estimation and Description. Risk estimation and description evaluated of dietary
exposure compared to levels associated with adverse effects on reproduction, survival, or growth
of birds and mammals.

The oral exposure model used for wildlife is from the Wildlfe Exposure Factors Handbook
(EPA/600/R-93/187a) and is provided in Equation 7-1:

Doseo,,l =

Dosea0 1 + Dose,,dime,, + Dose,,,,er + Dosefood = Equation 7-1

(C -1.*Y 1 + Cedimnl, - ,,edimen, + C,,,-e I,,aer CF + CfOod Ifood) AUF
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where:
Doseoral = the estimated oral daily dose for a COPEC (mg/kg/day)

Dosesil = the estimated daily dose from soil for a COPEC
(mg/kg/day)

Csoil = the concentration of chemical constituent x in soil (mg/kg dry weight)

Isoil = the normalized daily soil ingestion rate (kg of soil/[kg of body
weight/day], simplified to kg/kg/day in subsequent equations)

Dosesediment = the estimated daily dose from sediment for a COPEC
(mg/kg/day)

Csediment = the concentration of chemical constituent x in sediment (mg/kg dry weight)

Isediment = the normalized daily sediment ingestion rate (kg of sediment/
[kg of body weight/day], simplified to kg/kg/day in subsequent
equations)

Dosewater = the estimated daily dose from water for a COPEC (mg/kg/day)

Cwater = the concentration of chemical constituent x in water (pg/L)

'water = the normalized daily water ingestion rate (L of water/[kg of body
weight/day], simplified to L/kg/day in subsequent equations)

CF is a conversion factor (1 kg/i L x 0.001 mg/i pg).

Doseood = the estimated daily dose from food for a COPEC (mg/kg/day)

Cfood = the concentration of COPEC in food (mg/kg fresh weight, simplified to
mg/kg-fw)

Ifood = the normalized daily dietary ingestion rate (kg of food [fresh weight]/
[kg of body weight/day], simplified to kg-fw/kg/day in subsequent equations)

AUF = the area use factor that represents the fraction of soil, sediment, water, or food
ingested from a contaminated area relative to the total foraging area (this
fraction is set to one).

Given an organism's normalized daily ingestion rate, this model provides an estimate of the oral
exposure associated with a COPEC concentration in soil, sediment, water, and food. Soil and
sediment ingestion are calculated as fractions of dietary intake. An implicit assumption of this
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model is that the bioavailability of the COPEC from food, water, soil, or sediment is comparable
to the bioavailability of the contaminant in the toxicological experiment from which the TRV
was derived. The area use factor of one corresponds to the equality between receptor home
range and the size of the ROD decision areas and reference area. Because little information
currently exists on bioavailability conversions (EPA/120/R-07/001), a bioavailability term was
not included in the general wildlife exposure model, and bioavailability was considered to be
100%. In general, this is a protective approach to estimating ecological exposure.

Considering the mobility of wildlife receptors, it is logical to proportion their exposure to a
potentially contaminated site relative to their use of that site. For example, in the course of daily
foraging, the site may represent a small fraction of the total area where the animal forages.
In these calculations, it is assumed that an animal receives all of its exposure from the virtual
sites described above. This is a reasonable assumption for the broad-scale representative
receptors based on the size of the ROD decision areas and the home range for these species (see
Section 3.4 and Figure 7-2). Exposure was calculated for each COPEC, each receptor, and each
virtual site (exposure data group).

Equation 7-1 assumes that a single food type is ingested. Assessment endpoint-specific exposure
modeling must be defined for carnivores, aerial insectivores, and piscivores. Exposure
evaluation was based on site-specific soil, sediment, and water COPEC data and on COPECs
detected in food items sampled for tissue analyses (small mammals, aquatic invertebrates, and
fish).

Biological tissue data are reported as fresh weight. Because the Wildlife Exposure Factors
Handbook (EPA/600/R-93/187a) calculations for body-weight normalized food ingestion rates
are on a dry-weight basis, dietary constituents must undergo dry-to-wet weight conversions.
Food ingestion rates are expressed as kilograms of food (wet weight) per kilogram of body
weight (wet weight) per day (kg/kg-day). Dietary composition (e.g., proportion of diet
consisting of various plant or animal materials), often measured by stomach-content analyses, is
expressed as percentage of total intake. This convention facilitates comparison with contaminant
concentrations in dietary items reported on a wet-weight basis. Parameters required for
calculations of the general wildlife exposure model, conversions, and other elements of the
model are provided in Table 7-12. It is important to note that exposure parameters provided
generally represent conservative upper estimates of potential exposure.

Data used for the calculation of hazard quotients (HQs) consisted of measured COPEC
concentrations from soil, sediment, water, and tissue. Both the CTE or mean values and the
RME or upper confidence level for the mean were available for broad-scale representative
species exposure pathways. Pathways and representative concentrations evaluated in the HQ
calculation for broad-scale receptors based on RCBRA data are listed in Table 7-13.

Birds and mammals receive oral exposure via multiple pathways. The HQ is calculated for each
pathway contribution by dividing the dose from that pathway by the TRV (Equation 7-2).

HQpathway = Dosepathway / TR V[receptor, analyte] Equation 7-2
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Hazard quotients from each pathway were summed to determine the summed HQ or total HQ for
each COPEC, virtual site (exposure data group), and receptor combination.

Table 7-14 presents minimum and maximum HQ information at study sites and reference sites
for wildlife based on NOAELs and LOAELs. Table 7-14 also presents the results for the surface
water pathway for the badger and red-tailed hawk separately. With the exception of thallium, the
surface water pathway is HQ<0.01 for all COPECs. The maximum HQ for the surface water
pathway for thallium was <0.05, which is not significant compared to the thallium HQ for other
pathways and receptors. The surface water pathway is therefore not considered to be significant
and is not considered in cumulative exposures for the badger and red-tailed hawk. Both CTE
and RME exposures at study sites are less than the NOAEL and LOAEL for 37 COPECs (aldrin,
Aroclor-1260, Aroclor-1262, arsenic, benzo[a]anthracene, benzo[a]pyrene,
benzo[b]fluoranthene, benzo[ghi]perylene, benzo[k]fluoranthene, beta- 1,2,3,4,5,6-
hexachlorocyclohexane, bis[2-ethylhexyl]phthalate, boron, cadmium, calculated total uranium,
chromium, chrysene, dibenz[a,h]anthracene, dichlorodiphenyldichloroethylene,
dichlorodiphenyltrichloroethane, dieldrin, endrin aldehyde, hexavalent chromium,
indeno[1,2,3-cd]pyrene, lead, manganese, mercury, methoxychlor, nitrogen in nitrate, nitrogen in
nitrite, pyrene, silver, TEC mammal, tin, total PCB, total petroleum hydrocarbons-diesel range,
uranium [inorganic], and zinc); no potential for adverse effects is suggested for these COPECs.
Effect level information was not available for three COPECs (dichloroprop, phosphorus, and
titanium), which makes the potential for adverse effects uncertain. For the remaining COPECs
there is either a data gap for the NOAEL or the LOAEL, or one or the other of these effect levels
was exceeded.

Additional information on COPECs for which soil, sediment, water, or tissue concentrations
contributed to doses exceeding wildlife effect levels is presented in Tables 7-15 through 7-19.
Those tables present all site category and COPEC combinations for broad-scale wildlife for
which either the CTE or RME exposures exceeded the NOAEL or LOAEL values and for which
study site exposures were greater than reference. The COPECs listed in Tables 7-15 through
7-19 include aluminum, Aroclor-1254, nickel, and thallium, although they differ by receptor.
Both study sites and reference sites had HQ>1 for one or more of these COPECs. Antimony,
barium, copper, selenium, and vanadium are not shown because ecological exposures are greater
in reference sites compared to study sites. Hazard quotient results for all COPECs and locations
are provided in an electronic attachment to Appendix G-2.

Badger HQs are based on comparing estimated ingested dose from food and soil to
COPEC-specific TRVs for mammals. The aluminum LOAEL-based HQ was greater than 1 for
the badger (Table 7-15) and, therefore, there is a potential for adverse effects from this COPEC.
However, this conclusion must be considered in context of the ecological soil-screening levels
(Eco-SSL) for aluminum that is based on soil pH. The EPA concluded that aluminum is not
toxic at circumneutral soil pH (OSWER Directive 9285.7-60). The magnitude of the
LOAEL-based HQ was low (HQ was 1.5), and the maximum HQ was calculated for reference
sites. Aluminum was also not a COPC for any abiotic media and was identified as a COPC
based on only four tissues across the three environments. Therefore, statistical differences from
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background are not observed, and the cumulative exposure evaluation across environments does
not show a difference in risk from reference.

Red-tailed hawk HQs were based on comparing estimated ingested dose from food and soil to
COPEC-specific TRVs for birds. Neither diet variations of the red-tailed hawk (bird or mammal
diet) had study site HQs greater than 1 for any COPECs. Therefore, adverse effects on red-tailed
hawks are unlikely.

Occult Myotis bat HQs were based on comparing estimated ingested dose from aquatic
invertebrates and surface water to COPEC-specific TRVs for mammals. LOAEL-based HQs for
aluminum, nickel, and thallium were greater than 1 for the bat, which suggests a potential for
adverse effects (Table 7-16). The magnitude of the LOAEL-based HQs was low (HQ<3); they
were greater than 1 but less than 3 for aluminum and nickel at both study sites and reference
sites. The thallium LOAEL-based HQ was 1.2 for RME exposures at study sites and
less than 1 at reference sites.

Bank swallow HQs were based on comparing estimated ingested dose from aquatic invertebrates
and surface water to COPEC-specific TRVs for birds. The NOAEL-based HQ exceeded 1 for
nickel, so there is a low potential for adverse effects from nickel, although the HQs for study
sites (1.3) and reference sites (1.2) were similar (Table 7-17).

Mink HQs were based on comparing estimated ingested dose from food, surface water, and
sediment to COPEC-specific TRVs for mammals. LOAEL-based HQs for Aroclor-1254 and
thallium were between 1.6 and 2.2 for the mink, which suggests a potential for adverse effects;
the dominant exposure pathway was fish ingestion (Table 7-18). Aluminum reference site
exposures were greater than study site exposures, so this COPEC is not displayed in Table 7-18.
Except for Aroclor-1254, the difference in HQs calculated for study sites and reference sites was
small.

Great blue heron HQs were based on comparing estimated ingested dose from food, surface
water, and sediment to COPEC-specific TRVs for birds. The NOAEL-based HQ exceeded 1 for
Aroclor-1254, and there is a low potential for adverse effects from this COPEC. The dominant
exposure pathway was fish ingestion. The Aroclor-1254 NOAEL-based HQ was moderate at
study sites (HQ for RME was 5.6).

7.3.5.5 Weight of Evidence. The aerial insectivore and upper trophic-level vertebrate
component of the ecological risk assessment is broadly representative of the potential effects of
Hanford Site contaminants on wide-ranging birds and mammals. Representative species are
badger, red-tailed hawk, bat, swallow, mink, and heron. One line of evidence, comparison of
calculated dose (exposures to COPECs) to literature-based effects levels, was employed to assess
risks to aerial insectivores and upper trophic-level vertebrates.

Dietary Exposure Evaluation. The potential for adverse ecological risk to wildlife was
assessed by comparing estimated dietary exposure to effect levels. Effect levels for both birds
and mammals were available for all COPECs except for dichloroprop, nitrogen in nitrate,
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nitrogen in nitrite, phosphorus, tin, and titanium, which make the potential for adverse effects
from these COPECs uncertain. The assessment considered central tendency and reasonable
maximum exposures. Sufficient data were not always available for calculating the reasonable
maximum exposure for the food exposure pathways; this caused the food exposures to
broad-ranging species to be uncertain.

The weight assigned to comparison with literature values is medium because conclusions are
based on a combination of site-specific and literature-based data. Dietary exposure was based on
concentrations in food measured in the River Corridor. Food ingestion rates and the amount of
incidental soil ingestion were from the literature. The toxicity information also was from the
literature, and this information is not site-specific to the chemical forms and mixtures of
COPECs present in the broad-scale exposure areas. Literature values may also be based on a
single species and could have less relevance to the broad array of species found at the
Hanford Site. Literature values are appropriate because they are typically based on
peer-reviewed literature and databases. There are also some abstractions in the exposure
assessment. For example, the sampled aquatic invertebrates include crayfish; the actual diet for
aerial insectivores does not include crayfish.

Uncertainty Analysis. Limitations associated with the risk assessment data and methodologies
for the evaluation of the aerial insectivores and upper trophic-level vertebrates are summarized
qualitatively in Table 7-20. Known uncertainties and data gaps associated with the screening
and focused risk evaluations are summarized, and their implications for estimating potentially
adverse effects and conclusions are noted. The qualitative uncertainty analysis identifies specific
causes of uncertainties and evaluates their potential impact on risk estimates.

7.3.5.6 Risk Summary. No COPECs had exposures to birds greater than the LOAEL and
reference. NOAELs and reference exposures for birds were exceeded for Aroclor-1254 and
nickel, which suggests a low potential for adverse effects from these COPECs in diet.

There is potential for adverse effects of COPECs in diet to some mammals because
LOAEL-based HQs were greater than 1, and exposures were greater than reference for
aluminum, Aroclor-1254, nickel, and thallium.

A summary of wildlife risk characterization results and uncertainties for all broad-scale COPECs
is presented in Table 7-21. Aluminum, Aroclor-1254, nickel, and thallium have exposures that
exceed an effect level and reference exposures; these are the key COPECs and are discussed
below. It should be noted that for essentially all the inorganics, the TRVs are based on
bioavailable forms of the element and thus could greatly overestimate the potential for adverse
effects when compared to environmental concentrations and doses. As noted in Table 7-11,
some of the COPECs had variable concentrations in near-shore exposure media used to evaluate
risk to broad-ranging species. Among these COPECs, one had variable concentrations in aquatic
invertebrates (nickel), and this COPEC also had significant LOAEL-based HQs from these
exposure pathways (HQ >0.1 for the bat).
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" Aluminum: Estimated exposures exceeded the NOAEL and LOAEL for all three mammals
at study sites, so aluminum may have a potential for adverse effects on mammals.
LOAEL-based HQs were greater than 1 at study sites and reference sites, but the magnitude
of the HQs was low (up to 2.2). The main pathways for aluminum were soil and sediment
ingestion. Reference site LOAEL-based HQs were greater than study site for the badger and
the mink, and the bat LOAEL-based HQs at study sites were 2% greater than at
reference sites. These observations of minimal differences of the study site to reference site
HQs were consistent with the lack of any statistical difference of study site to reference site
primary media concentrations (Table 7-1). Statistical differences are also lacking for most
tissues. In addition, adverse effects from aluminum in circumneutral soil pH (such as those
in the River Corridor) would not be predicted by the Eco-SSL (OSWER Directive 9285.7-60,
Ecological Soil Screening Levels for Aluminum: Interim Final). Therefore, given the
information available, further evaluation of aluminum based on broad-scale exposures is not
indicated, and aluminum has not been carried forward to Section 8.0.

* Nickel: Estimated nickel exposures exceeded the NOAEL and LOAEL for the bat and the
NOAEL for the swallow; thus, it has a potential for adverse effects on wildlife. The bat
LOAEL-based HQs were greater than 1 at both study sites (HQ was 1.3) and reference sites
(1.2). Similarly, the swallow NOAEL-based HQs were greater than 1 at both study sites
(HQ was 1.3) and reference sites (1.2). The magnitude of these HQs was low, and the
difference from reference was small (less than 10%). The most significant exposure pathway
for nickel was through ingestion of aquatic invertebrates. As noted in Table 7-11
concentrations of nickel in aquatic invertebrates varied widely among locations, and this was
an important pathway for exposure (HQ>1.0). Therefore, study site HQs could be greater
when exposure is calculated at smaller scales but still representative of home ranges for
broad-scale receptors (like a ROD decision area scale). The observations of minimal
differences of the study site to reference site HQs were consistent with the lack of any
statistical difference of study site to reference site primary media concentrations (Table 7-1).
Statistical differences are also lacking for most tissues. Although the differences in risk and
exposure are small, there is potential for adverse effects on aerial insectivores from nickel in
their diet.

* Thallium: Estimated thallium exposures exceeded the NOAEL and LOAEL for the bat and
mink at study sites only, where it has a potential for adverse effects on wildlife. The
magnitude of the LOAEL-based HQs was low (2.2 for mink; 1.2 for bat). Significant
exposure pathways for thallium included ingestion of aquatic invertebrates and fish.
Statistical differences of study site to reference site primary media concentrations are
lacking, and statistical differences are also lacking for most tissues (Table 7-1). Although the
differences in risk and exposure are small, there is potential for adverse effects on aerial
insectivores and piscivores from thallium in their diet.

* Aroclor-1254: Estimated exposures for Aroclor-1254 exceeded the LOAEL for the mink;
thus, it has a potential for adverse effects on mammals. LOAEL-based HQs were greater
than 1 at study sites only, and the magnitude of the HQs was low (1.6). The largest RME and
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NOAEL-based HQs (between 5.6 and 16) were also for the mink and heron at study sites.
The most significant exposure pathway for Aroclor-1254 was through ingestion of fish.
Aroclor-1254 was not identified as a near-shore COPC due to the low detection frequency
and this analyte being detected in both 100-B/C Pilot reference site and study site fish. The
representative concentration for fish in study sites included both the 100-B/C Pilot and
RCBRA sample results. Aroclor-1254 was detected only three times among the 14 fish
samples analyzed from the 100-B/C Area. Although the exposure evaluation indicated that
Aroclor-1254 has the potential for adverse effects on piscivores over broad areas, the
potential for risks from Aroclor-1254 appears to be overstated by the 100-B/C Pilot sample
results. Another line of evidence regarding the potential for adverse effects from PCBs in
fish was provided by the PCB congener analyses; none of the PCB congener-related HQs
were greater than 1 at study sites (see Table 7-14 for TEC Bird, TEC Mammal, and
Total PCB COPEC entries). Although the PCB congener analyses were on different fish
collected during supplemental sampling to follow up on high Aroclor concentrations reported
by the 100-B/C Pilot Project, the PCB congener HQs suggest no potential for adverse effects
on piscivores.

7.4 BROAD-SCALE ASSESSMENT CONCLUSIONS

This broad-scale ecological risk assessment evaluated ecological exposures for birds and
mammals that may be exposed in more than one of the environments of the River Corridor
(upland, riparian, and near-shore). This assessment was based on comparisons of calculated
exposures to literature-derived toxicity values. To meet the objectives of the risk assessment, the
analyses focused on addressing the following questions:

* Is there risk to human health2 and the environment under current conditions?
* What are the uncertainties associated with the RCBRA risk results and conclusions?

The following sections summarize the results of analyses and studies for each of the COPECs
and each of the assessment endpoints (aerial insectivores and upper trophic-level wildlife) to
answer those questions.

7.4.1 Is There Risk to Human Health and the Environment Under
Current Conditions?

To address that overall question, the following specific question was the focus for broad-scale
species: "Do contaminant concentrations in soil, sediment, water, and food decrease survival,
growth, or reproduction of broad-ranging birds or mammals?"

All COPECs identified for the upland, riparian, and near-shore environments were used for the
broad-scale exposure evaluation. A total of 54 COPECs that represent the upland, riparian, and
near-shore environmental media were evaluated for six broad-scale receptors (red-tailed hawk,

2 Human health risks are evaluated in Volume I.
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bank swallow, great blue heron, badger, occult Myotis bat, and mink). Based on those
evaluations, 4 of the 54 COPECs (aluminum, Aroclor-1254, nickel, and thallium) exceeded
effect levels and reference exposures for 1 or more of the assessment endpoint entities as
summarized in Table 7-21. A low potential for adverse effects was noted based on the most
restrictive effect levels (NOAELs), and the potential for adverse effects was noted based on
comparison to LOAELs. The four COPECs that have exposures exceeding an effect level and
reference exposures were discussed above in Section 7.3.5.5. Evaluation of ecological
significance of risks focused on LOAELs. Thus, there is potential for adverse effects of
aluminum, Aroclor-1254, nickel, and thallium on mammals from dietary exposures at study sites
(LOAEL-based HQs >1). However, note that the potential for risk for aluminum in soil appears
to be overstated for sites with circumneutral soil pH. No COPECs had exposures greater than
both LOAELs and reference for birds.

7.4.2 What are the Uncertainties Associated with the RCBRA Risk Results and
Conclusions?

Uncertainties in exposure and the protective nature of the toxicity values for inorganic COPECs
suggest that risk could be overstated for broad-scale wildlife. The HQ results for organic
COPECs present contradictory findings (PCB congeners versus Aroclors). In addition, there was
low overall magnitude of the HQ values and the lack of consistent differences in HQs between
the study sites and reference sites. There are cases where the COPEC concentrations vary widely
among locations, and exposure and effects could be greater when calculated at a smaller but still
realistic spatial scale (like a ROD decision area). There is one COPEC (nickel) for which
aquatic invertebrate concentrations vary greatly. Although the pathway HQ is significant, risks
from nickel might be overestimated or understated for some areas.

Uncertainties in exposures are noted by the general lack of difference in study site concentrations
compared to reference concentrations for primary contaminated media (soil, sediment,
pore water) or tissues (Table 7-1). The lack of statistical difference has been noted above for
three of the four key COPECs, including all of the inorganic chemical COPECs (aluminum,
nickel, thallium). There were also inconsistent results for PCBs measured as Aroclor mixtures
versus congeners; potential for adverse effects was noted at study sites based on Aroclors, but
adverse effects were unlikely based on the congeners.

A basic uncertainty in the broad-scale assessment is that upland exposures focused on study sites
associated with remediated waste sites and are intended to be applicable to other remediated
waste sites. There are other sources of contamination like lead-arsenates used as insecticides at
former orchards ("Arsenic, Lead, and Other Trace Elements in Soils Contaminated with
Pesticide Residues at the Hanford Site," Yokel and Delistraty 2003) or possibly PCBs associated
with waste oils that may have been used as dust suppressants. Significant nonpoint sources of
PCBs have not been identified at the Hanford Site (WCH-208, Polychlorinated Biphenyl
Presence in the Columba River Corridor). It is worth noting that PCBs have been identified as
contaminants of concern in regional studies of contamination in fish, which suggests that there
are regional sources of contamination (EPA/910-R-08-004). The assessment of contamination in
nonoperational areas of the Hanford Site was discussed in Section 3.2.
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7.4.3 Overall Conclusions

The following observations are provided relative to the comparison of dosages calculated on the
basis of soil, sediment, water, or dietary exposure information to literature effects levels for the
receptors evaluated in this study:

* Four COPECs (aluminum, nickel, thallium, Aroclor-1254) had study site exposures that
exceeded LOAELs and reference exposures for at least one receptor, indicating a potential
for adverse effects on higher trophic-level mammals that may forage across River Corridor
habitats. No avian LOAELs and reference exposures were exceeded at study sites.

* Ecological exposure conclusions for effects of PCBs on piscivores depended on the whether
Aroclors or congeners were evaluated.

* Adverse effects on badger or red-tailed hawk that integrate exposure from study sites
associated with remediated waste in the upland environment with riparian or near-shore
exposures were not indicated except for aluminum (badger only). Equivalent risk levels were
calculated for aluminum at both study sites and reference sites and thus no difference in risk
is suggested. The potential for risk for aluminum in soil appears to be overstated for sites
with circumneutral soil pH. Therefore, aluminum is not recommended for further evaluation
in Section 8.0.

In conclusion, evidence for the potential of adverse effects from multiple COPECs on
broad-scale wildlife receptors was identified. This evidence is based solely on calculating HQ
values (a comparison of media concentration-based dosages to literature values). No other lines
of evidence, such as community abundance and diversity, were evaluated for the
broad-scale receptors.

As shown on Table 7-21, three COPECs from the broad-scale ecological risk assessment,
presented in this section, indicate that a potential for adverse effects was further evaluated in
Section 8.0. Section 8.0 also evaluated COPECs from the upland, riparian, and near-shore
ecological risk assessments that indicate a potential for adverse effects. Finally, this information
was applied in Section 8.0 to support development of site-specific ecological preliminary
remediation goals for protection of ecological receptors on the Hanford Site.
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8.0 CONCLUSIONS AND RECOMMENDATIONS

This section provides a summary of the ecological risk assessment for the River Corridor as well
as key conclusions and recommendations pertinent to the remedial investigation/feasibility study
(RI/FS) process. This ecological risk assessment evaluated current risks to ecological receptors
associated with releases of hazardous substances to the soil, sediment, surface water, and
groundwater of the River Corridor. The ecological risk assessment followed the evaluation
process described in Ecological Risk Assessment Guidance for Superfund: Process for
Designing and Conducting Ecological Risk Assessments (Interim Final) (ERAGS)
(EPA/540/R-97/006) and evaluated risks in each of three environments (upland, riparian, and
near shore).

The ecological risk assessment is a key component of the RI/FS process under the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA)
and provides information related to contaminants and environmental media that may require
further evaluation in the FS and/or remedial action. Per Role of the Ecological Risk Assessment

in the Baseline Risk Assessment (OSWER Directive 9285.7-17), the main objectives of an
ecological risk assessment are to accomplish the following:

* Identify and characterize the current and potential threats to the environment from a
hazardous substance release

* Evaluate the ecological impacts of alternative remediation strategies

* Establish cleanup levels in the selected remedy that will protect those natural resources
at risk.

The RCBRA proposes preliminary remediation goals (PRGs) that can be used as the basis for
cleanup levels. The ecological impacts of alternate remediation strategies will be evaluated in
the FS for each decision area.

In addition to providing information to address the objectives listed above, the RCBRA
addresses the following questions, insofar as they are applicable to each of the three
environments, to provide information needed by risk managers to support final CERCLA
decisions in the River Corridor that ensure protection of human health' and the environment:

* Are residual conditions in the River Corridor following cleanup actions completed under the
interim action records of decision (IARODs) protective of human health and the environment
for various assessment endpoint entities?

* Is there risk to human health and the environment under current conditions?

1 Human health risks are evaluated in Volume I.
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* What are the uncertainties associated with the RCBRA risk results and conclusions?

* Are soil cleanup levels currently established under the IARODs protective of human health
and the environment using current regulatory guidelines?

* What are the ecological PRGs for various assessment endpoint entities?

* Are there any recommendations for additional studies or monitoring that should be
considered at this time to reduce uncertainties with specific risk results and conclusions or
establishing environmentally protective PRGs?

This section provides a summary description of the lines of evidence (measures) evaluated to
characterize risk and uncertainties associated with these measures, the process for selection of
contaminants of potential concern (COPCs) and contaminants of potential ecological concern
(COPECs), risk results for a range of assessment endpoints that cover a broad range of species
inhabiting the River Corridor, and uncertainties associated with the risk results. In addition,
ecological PRGs for soil are presented for various COPECs and assessment endpoint entities.

The remainder of this section is organized as follows:

* Section 8.1, Background Information - Contains a summary of the cleanup strategy used in
the River Corridor and how the RCBRA will be used to support the FSs and final records of
decision (RODs) for the River Corridor.

* Section 8.2, Overview of Ecological Risk Assessment in the River Corridor - Contains a
summary of previous risk assessments for the River Corridor and the methods used to
conduct the RCBRA, including a description of the conceptual site model, the measures of
exposure and effect evaluated, the data and the COPC/COPEC selection process, and
methods for characterizing risk.

* Section 8.3, Upland Environment - Provides a summary of the risk results for study sites
associated with remediated waste sites in the upland environment.

* Section 8.4, Riparian Environment - Provides a summary of the risk results for study sites in
the riparian environment.

* Section 8.5, Near-Shore Environment - Provides a summary of the risk results for study sites
in the near-shore environment.

* Section 8.6, Broad-Scale Exposures - Provides a summary of the risk results for assessment
endpoint entities likely to integrate exposure across environments.
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* Section 8.7, Ecological PRGs - Provides proposed ecological PRGs for soil that can be used
to evaluate remedial alternatives in the FS for each decision area. Preliminary remediation
goals for sediment and water are not proposed in this report.

* Section 8.8, Conclusions - Provides a summary of the conclusions including a compilation of
contaminants of ecological concern (COECs) for all environments and uncertainties
associated with risk conclusions.

* Section 8.9, Recommendations - Provides recommendations to address key uncertainties or
monitoring to help document whether the ecosystem is on a path toward recovery.

* Section 8.10, References.

8.1 BACKGROUND INFORMATION

This section provides a brief summary of cleanup activities in the River Corridor. Additional
detail is provided in Sections 2.5 and 2.6.

In 1989, the 100 Area and the 300 Area were placed on the National Priorities List under the
authority of CERCLA. Together, the 100 Area and 300 Area compose the River Corridor.
Placement on the National Priorities List initiated the CERCLA process that would result in the
cleanup of contaminated areas that pose a threat to human health and the environment. The
U.S. Department of Energy (DOE), the U.S. Environmental Protection Agency (EPA), and the
Washington State Department of Ecology (Ecology) (collectively called the Tri-Parties)
developed an approach for expedited remediation of the River Corridor in 1991. The Tri-Parties
decided that enough information was known about contaminated soil at the Hanford Site to begin
cleanup with a focus on protecting groundwater and the Columbia River. Cleanup decisions
were established through IARODs based on existing knowledge of the waste sites
(e.g., site types, processes, contaminants) and supplemented by limited amounts of
characterization. In 1995, cleanup actions were initiated focusing on removal of contaminated
soil and debris from waste sites with the highest potential to adversely affect groundwater and
the Columbia River. Actions to address existing plumes of groundwater contamination were also
initiated.

Waste site and groundwater cleanup actions in the River Corridor have continued from 1995 to
date. Cleanup actions at hundreds of waste sites have been completed, with most of the cleanup
work in the River Corridor anticipated to be complete by 2015. At each waste site where
remediation has occurred, the goals and objectives of the IARODs have been met as
demonstrated by verification documentation that has been completed and submitted to the DOE
and approved by the regulatory agencies.

Unacceptable risks are present in the River Corridor at waste sites that are identified in the
IARODs but have yet to be remediated. Qualitative risk assessments provided the original
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determination of unacceptable risk and basis for action for waste sites in the River Corridor. The
original determination of the presence of unacceptable risk and basis for action at yet-to-be
remediated waste sites is supported by the field experiences and information gathered through
implementation of the observational approach-based soil cleanup actions in the River Corridor
over the past 16 years. The risk associated with the quantity and type of waste that has been
excavated confirms unacceptable risks that appropriately drive CERCLA cleanup actions.
Additional details of the qualitative risk assessment results are presented in Section 3.2.1.

This information and the results of this risk assessment support the conclusion that there is
currently unacceptable risk at yet-to-be remediated waste sites in the River Corridor. In parallel
with establishing final cleanup actions for the River Corridor through the RI/FS process, DOE is
committed to continuing cleanup actions at these sites according to goals and objectives of the
IARODs.

Remedial investigation/feasibility study processes under CERCLA have been initiated for the
River Corridor to gather and evaluate information needed to make final cleanup decisions. The
process to pursue cleanup decisions has been organized into pieces of work that are aligned with
Hanford Site operational functions. Six final remedy RODs will be developed in association
with the operations areas.

The final remedy decision areas (from upstream to downstream) and the size of each are as
follows:

* 100-B/C 11.53 km2 (4.45 mi2)
* 100-K 8.99 km2 (3.47 mi2 )

* 100-N 8.88 km2 (3.43 mi 2 )

* 100-D/100-H 20.31 km2 (7.84 mi2)
* 100-F/100-IU-2/100-IU-6 376.15 km2 (145.23 mi 2 )

(100-F Area = 5.44 km2 [2.1Omi 2])

* 300 Area 145.95 km2 (56.35 mi 2 ).

A key element in the RI/FS decision-making process is the performance of a baseline risk
assessment. Under CERCLA, a baseline risk assessment is needed to provide risk managers with
an understanding of the current and potential future risks posed by a site to support RODs
documenting final remedies. The RCBRA is being conducted while cleanup actions are under
way. As such, baseline conditions that are assessed include a mix of areas where cleanup has
been completed in accordance with the IARODs, areas that are currently scheduled for cleanup,
and areas that are currently not identified for cleanup actions. The IAROD cleanup levels were
based only on human health risk; in contrast, this baseline risk assessment evaluated risks to both
human health and the environment.

This ecological risk assessment (Volume I) provides the ecological portion of the RCBRA and
presents a comprehensive assessment of the River Corridor, considering all relevant sources of
contamination, exposure pathways, and contaminants. The methodologies and exposure
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scenarios used in the ecological risk assessment were developed with stakeholder input through a
series of workshops that included the Tri-Parties, Natural Resource Trustees, and other
stakeholders. Relevant project documents include the DQO Summary Reportfor the 100 Area
and 300 Area Component of the River Corridor Baseline Risk Assessment (DQO Summary
Report) (BHI-01757) and the 100 Area and 300 Area Component of the RCBRA Sampling and
Analysis Plan (RCBRA SAP) (DOE/RL-2005-42). Volume I will be used, with the
complementary human health risk assessment (Volume II), to support final cleanup decisions for
the River Corridor. Risk managers will use the results from this baseline risk assessment, in
conjunction with other information from the RI/FS process, to develop final cleanup decisions
that will be protective of human health and the environment. Final cleanup decisions, applying
to all portions of the River Corridor, will be identified in proposed plans that will undergo public
review and will be documented in RODs.

8.2 OVERVIEW OF ECOLOGICAL RISK ASSESSMENT IN THE
RIVER CORRIDOR

This section provides a summary of risk assessment activities that have been completed for the
River Corridor and outlines the ecological risk assessment methodology used for the RCBRA.
Risk assessment methods have evolved through time, so there may be differences in approaches
used for risk assessment activities that were conducted for the River Corridor in the past as
compared to the RCBRA. It is important to understand these differences in approaches when
comparing risk results from earlier assessments to the RCBRA results. This section provides
information about previous risk assessments that have been conducted for the River Corridor and
a summary of the methods used for the ecological risk assessment component of the RCBRA.

8.2.1 Previous Risk Assessments in the River Corridor

Information gathered and lessons learned from a prior study called the Columbia River
Comprehensive Impact Assessment (CRCIA) were incorporated into the RCBRA. The purpose
of the CRCIA was to assess the effects of Hanford Site-derived materials and contaminants on
the Columbia River environment, river-dependent life, and users of river resources for as long as
those contaminants remain intrinsically hazardous. The CRCIA screening assessment scope
included current conditions at that time, the Columbia River and adjacent riparian zone between
Priest Rapids Dam and McNary Dam, a limited number of contaminants, a limited amount of
monitoring data, a limited number of species, and a limited number of scenarios. Several
documents were published during the course of the CRCIA project, the most comprehensive of
which is Screening Assessment and Requirements for a Comprehensive Assessment:
Columbia River Comprehensive Impact Assessment (DOE/RL-96-16).

The nature of the potential exposure scenarios to be used in the RCBRA was the subject of
numerous discussions among the Tri-Parties and various stakeholders. One outcome of the early
discussions was a decision to implement a pilot human health and ecological risk assessment for
the 100-B/C Area. The draft pilot assessment is documented in 100-B/C Pilot Project Risk
Assessment Report (DOE/RL-2005-40). The 100-B/C Pilot Project identified exposures in the
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upland environment (associated with remediated waste site), the riparian environment, and the
near-shore aquatic environment.

Information from the 100-B/C Pilot Study and the 1 00-NR-2 ecological risk assessment
(DOE/RL-2005-22, 100-NR-2 Study Area Ecological Risk Assessment Sampling and Analysis
Plan) is part of the data set being used for the RCBRA and is integrated into the report to present
a comprehensive picture of current and potential threats to human health and the environment
from contaminants in the River Corridor.

8.2.2 River Effluent Pipelines Assessment

Water that was used to cool the 100 Area reactors was discharged through pipelines that
extended into the Columbia River. These effluent pipelines are now inactive, existing as seven
waste sites that remain in their original location on or beneath the Columbia River channel
bottom. Pipe scale and sediment from the interior of the effluent pipelines at the 105-B, 105-C,
105-D, 105-DR, and 105-F Reactors were sampled in 1984 and 1995 for radionuclides and
(in 1995) metals. The major radionuclides detected included cobalt-60, cesium-137,
europium-152, europium-154, and europium-155. Mercury was measured above detection
limits, and total chromium concentrations were over 1,000 mg/kg in some scale samples. A
human health and ecological risk assessment (BHI-01141) was conducted in 1998 for the
pipelines, including a scenario in which a pipeline section breaks away from the main pipeline
and is washed onto the shore of the river. This assessment concluded that the concentrations of
chromium and mercury in the scale and sediment within the pipelines pose minimal ecological
risk. However, it was determined that elevated human radiological exposure could occur if
portions of the river pipelines become dislodged and washed ashore.

8.2.3 Summary of Ecological Risk Assessment Methods Used in the RCBRA

This ecological risk assessment evaluated current risks to ecological receptors associated with
releases of hazardous substances to the soil and groundwater of the River Corridor. The
ecological risk assessment in this volume is based on applying the eight-step ERAGS
(EPA/540/R-97/006), which consists of three main parts: screening, baseline, and risk
management. Figure 8-1 shows the eight-step ERAGS process.

The approach used for the ecological component of the RCBRA was described in Section 3.0.
Briefly, a phased approach was used, with Steps 1 and 2 being a screening-level ecological risk
evaluation. The screening-level ecological risk assessment (SLERA) for the RCBRA was done
as part of the data quality objective (DQO) process and was documented in the DQO Summary
Report (BHI-01757). The SLERA evaluated data available for soil, sediment, and water that
represented potential ecological exposures. Such data included cleanup verification soil data
collected from remediated waste sites. These data represent residual contaminant concentrations
in soil from the surface to a depth of up to 4.5 m (15 ft) below grade level.
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Figure 8-1. U.S. Environmental Protection Agency
Eight-Step Ecological Risk Assessment Process.
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The results of the SLERA suggested the potential for adverse effects of Hanford waste site
contaminants or groundwater plumes on biota. Thus, it was decided to proceed with the baseline
ecological risk assessment (BERA, per ERAGS Steps 3 through 7) that is presented in this
report, which also provides some risk management information (ERAGS Step 8).

The baseline risk assessment process included the identification of exposure pathways and
receptors for evaluation, compilation and collection of data, data analyses, comparisons of
contaminant concentrations to applicable standards or other effect levels, and quantification of
risk associated with current contaminant concentrations, as described in more detail in
Section 3.0.

The BERA was developed with input from regulatory agencies, Natural Resource Trustees, and
other interested parties. This participation process is displayed as a series of decision points in
Figure 8-1. These decision points are also known as "scientific management decision points" in
ERAGS and offered opportunities to refine the approach to be used in the completion of this risk
assessment to better inform risk management decision-making.

The ERAGS and related EPA guidance were critical in defining the scope of this ecological risk
assessment and how it can be used for risk management. The EPA risk assessment guidance
(OS WER Directive 9285.7-28 P, Issuance of Final Guidance: Ecological Risk Assessment and
Risk Management Principlesfor Superfund Sites) lists the following six management principles:

1. Superfund's goal is to reduce ecological risks to levels that will result in the recovery and
maintenance of healthy populations and communities of biota.

2. Coordinate with federal, tribal, and state natural resource trustees.

3. Use site-specific ecological risk data to support cleanup decisions.

4. Characterize site risks.

5. Communicate risks to the public.

6. Remediate unacceptable ecological risks.

These management principles were followed in developing the objectives for the ecological risk
assessment as stated in the DQO Summary Report (BHI-01757), specifying measures of
exposure and effects in the sampling and analysis plan, and in presenting the risk assessment
results and conclusions in this report.

The ecological risk assessment approach is based on an overall conceptual site model (CSM) that
summarizes what is known about site conditions, including the location of contamination sources
and a description of transport and exposure pathways through various environmental media that
may be important in evaluating potential exposure of ecological receptors. The CSM was used
in the SLERA (ERAGS Steps 1 and 2) and refined in the BERA (ERAGS Steps 3 through 7).
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For this assessment, "current conditions" are represented through the end of 2005 in accordance
with the risk assessment work plan (DOE/RL-2004-37, Risk Assessment Work Planfor the
100 Area and 300 Area Component of the RCBRA).

The natural setting of the River Corridor includes three main types of environments: the upland,
riparian, and near-shore environments, including soil, sediments, groundwater, and river water
(the abiotic media) as well as ecological resources within them. Each environmental zone
supports unique vegetation and wildlife that may be at risk due to exposure to residual hazardous
substances or, as a result of their exposure, may serve as contaminant carriers to other animals,
including humans. Figure 8-2 shows the three ecological study zones (environments) studied in
this risk assessment and illustrates potential sources of contamination in the River Corridor.

Figure 8-2. Environments Evaluated in the Ecological Risk Assessment.

Upland Zone

)kdt Well

Riparian Zone

Near Shore Zone
(up to 6 ft depth)

Columbia River +- Groundwater

Waste
Disposal Site

Potential residual
"__00 cocnlarinatlon

Vadose Zone

Water
Table

V7

E0907016 10

The characterization of ecological risks is structured around the three exposure zones in
accordance with the assessment endpoints in upland, riparian, and near-shore environments.
Assessment endpoints were developed from the ecological management goals, the conceptual
exposure model, and the trophic relationships among ecological receptors. Assessment
endpoints are representative of biota potentially at risk from contaminants within and across
exposure zones. For the upland and riparian terrestrial environments, this includes producers
(i.e., plants), invertebrates, and middle and upper trophic-level birds and mammals. Receptors in
the near-shore aquatic environment include plants and herbivorous invertebrates and vertebrates;

River Corridor Baseline Risk Assessment
Volume I, Part]: Ecological Risk Assessment

March 2012 8-9



DOE/RL-2007-21

Conclusions and Recommendations Rev. 0

omnivorous invertebrates, fish, birds, and mammals; invertivorous (invertebrate-eating)
amphibians, fish, birds, and mammals; and carnivorous fish, birds, and mammals. Sculpins are
considered to be protective representatives of threatened and endangered salmonids due to their
limited home range and year-round exposure to potential contaminants. While some receptors
are unique to one type of environment, such as fish in the near-shore aquatic area, others can
traverse multiple environments in the course of daily foraging activities. For example, the
broad-ranging red-tailed hawk may capture mammalian prey at upland locations and use the
river as a source of drinking water.

Ecological risk assessment guidance indicates that a variety of measures should be evaluated for
each assessment endpoint. These constitute the "lines of evidence" in this risk assessment and
include measures of exposure, measures of effect, and measures of ecosystem/receptor
characteristics (EPA/630/R-95/002F, Guidelines for Ecological Risk Assessment). Lines of
evidence, composed of one or several of these measures, are evaluated based on literature
information, historical information, and data collected as described in the RCBRA SAP
(DOE/RL-2005-42). Where possible, multiple lines of evidence were used to comprehensively
evaluate the potential for adverse effects on plants and animals. Figure 8-3 provides an overview
of the specific receptors evaluated in this assessment.

The following specific measures were evaluated in this assessment:

* Measures of Exposure
- Exposure concentrations in abiotic media
- Bioaccumulation into plants and animals
- Calculation of exposure dosages to wildlife.

* Measures of Effect
- Literature toxicity information
- Literature tissue effect levels
- Laboratory toxicity tests
- In situ biota survival
- Biological condition

o General field measurements
o Histopathology measurements.

* Measures of Ecosystem/Receptor Characteristics
- Field measures

o Aquatic community abundance and diversity
- Abiotic data (pH, soil texture, etc.).
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Figure 8-4 provides an overview of the process used in the RCBRA to evaluate contaminants and
associated effects. As previously stated, the process corresponds to the EPA ERAGS steps for
conducting ecological risk assessment. Each step of the process builds upon the previous steps
to refine the evaluation of contaminants and assessment endpoints. In developing the
conclusions of the risk assessment, the COPECs that had been identified in Step 6 were
evaluated to determine if they should be identified as COECs and considered for further
evaluation or development of ecological PRGs. Contaminants of potential ecological concern
were identified as COECs if exposures were greater than an effect level and greater than
reference exposures or if there was a significant relationship for a bioassay measure.

Conclusions and related uncertainties are presented for each environment in Sections 8.3, 8.4,
8.5, and 8.6 (the latter for broad-ranging species across environments) for the general study
questions identified in Section 8.0 and the specific questions applicable to characterizing risk in
each environment. In addition, the BERA evaluated the effectiveness of cleanup actions under
IARODs and completed before the sampling for the RCBRA was done. A primary goal of the
RCBRA was to determine whether cleanup for human health protection was adequately
protective for ecological receptors.

Radionuclides are key contaminants for the River Corridor and were the main focus of many of
the remedial actions completed under the IARODs. Cleanup levels developed for the IARODs
resulted in residual levels that are less than applicable ecological goals. The IAROD cleanups
have been implemented in upland areas of the River Corridor. The result was that the
radionuclide doses at all upland study sites were less than the relevant radionuclide dose limits
based on the Tier 1 biota concentration guides (BCGs), and no radionuclides were retained as
COPECs in the upland environment. In contrast, implementation of IAROD cleanup levels
resulted in residual levels of other contaminants that exceeded applicable ecological goals. The
result was that several chemicals were retained as COPECs in the upland environment. As
appropriate, proposed ecological PRGs for radionuclides and other contaminants considered in
the IARODs are presented in Section 8.7.

8.3 UPLAND ENVIRONMENT

The RCBRA used multiple measures of exposure, ecological effects, and ecosystem/receptor
characteristics to evaluate risks at 20 study sites associated with remediated waste sites
(10 remediated/backfilled sites and 10 remediated/native soil sites) and 10 reference areas. In
addition, data from the 100-B/C Pilot study were evaluated.

The waste sites studied were selected from high-priority waste sites that had been remediated at
the time the study was developed and are representative of the types of waste sites and remedial
actions addressed by the IARODs. The overall objective was to determine whether the interim
actions conducted in accordance with the IARODs are protective of ecological receptors in the
upland environment. The goal of remedial actions under CERCLA is to reduce ecological risks
to levels that will result in the recovery and maintenance of healthy populations and communities
of biota.
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Figure 8-4. RCBRA Ecological Contaminant Evaluation Process.
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To meet the overall objective of the risk assessment, the analyses focused on addressing the
following questions for the upland environment:

* Are cleanup levels currently established under the IARODs protective of human health and
the environment using current regulatory guidelines?

* Are residual conditions at remediated waste sites following cleanup actions completed under
the IARODs protective of human health and the environment for various assessment
endpoint entities?

* What are the uncertainties associated with the RCBRA risk results and conclusions?

The following information summarizes the results provided by analytical measurements and
other studies for the COPECs and the assessment endpoints (plants, terrestrial invertebrates, and
middle trophic-level wildlife) to answer those questions. Soil and biotic tissue analytical results
for the upland environment were obtained from the RCBRA project and the 100-B/C Pilot
project. Soil bioassays were obtained from the RCBRA project. In some cases, the data
obtained from the studies did not fully meet the requirements of the regulator-approved RCBRA
SAP for this project; these discrepancies are discussed as uncertainties.

8.3.1 Are Cleanup Levels Currently Established Under the IARODs Protective of
Human Health and the Environment Using Current Regulatory Guidelines?

Table 8-1 shows the indicator contaminants and the COPCs and COPECs indentified for the
upland and riparian environments. Thirty-nine COPECs were identified for the upland
environment. As discussed below, 13 of the identified 39 COPECs may present some level of
risk for one or more of the assessment endpoint entities based on soil bioassays, comparison of
COPEC concentrations to plant or terrestrial invertebrate benchmarks, or the results of wildlife
exposure analyses. To address the overall question as to whether cleanup levels under the
IARODs are protective of human health and the environment, three additional specific questions
were addressed for the upland environment; those questions are the subheads for this section
below.

Evaluation of ecological significance of risks focused on benchmarks (for plants and
invertebrates) and lowest observable adverse effect levels (LOAELs; used for birds and
mammals). In addition, emphasis was placed on finding a statistical difference of study site soil
from reference in order to identify a COPEC as an upland COEC. The reason is that risk
management decisions emphasize soil as the primary contaminated medium and ecological
PRGs are developed for soil (Section 8.7). Thus, comparisons to benchmarks, LOAELs, and
reference site soils were used to designate which COPECs should be identified as COECs for
further evaluation or development of ecological PRGs.
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In the upland environment, two other pieces of information are evaluated in this section to
determine the significance of ecological risks. First, soil concentrations at remediated waste sites
are provided for comparison to study site concentrations. This includes study site soil samples
that were collected from 0 to 15.2 cm (0 to 6 in.) depth and used as noted in Section 8.2.3 and in
Figure 8-4. The information also includes cleanup verification soil sample results for
156 remediated waste sites collected from depths up to 4.5 m (15 ft) below ground surface. The
cleanup verification soil data presented in this volume help provide a comparison of the risk
assessment results to all remediated waste sites evaluated in the RCBRA.

Second, the site-specific no observed effect concentration (NOEC) values based on the bioassay
tests with soil from the upland environment are provided as available. Site-specific NOEC
values from the bioassays can be compared to literature-based benchmarks for assessing the
potential for adverse ecological effects related to site-specific conditions. In addition, soil
bioassay results from the pooled upland and riparian data (see Appendix H-1) are considered to
establish site-specific NOECs for the ecological PRGs presented in Section 8.7.

8.3.1.1 Do Contaminant Concentrations in Shallow-Zone Soils Decrease Plant Survival
or Growth? Potential effects on terrestrial plants were evaluated using rare plant surveys, the
results of a bioassay, and comparison of soil concentrations to plant benchmarks.

No rare plants were observed at any of the study sites, but there was potential habitat for rare
plants. This habitat was sampled for COPECs and the potential for exposure and adverse effects
at these locations (along with other locations) was evaluated by comparing COPEC
concentrations to benchmarks.

Concentrations of some COPECs in soil exceeded plant benchmarks, indicating that effects on
plants might occur. Soil concentrations for antimony, arsenic, boron, lead, selenium, tin, and
zinc were greater than benchmarks and reference concentrations suggesting a potential for
adverse effects. The antimony benchmark was exceeded at one remediated waste site (600-132).
The arsenic benchmark was exceeded at two study sites. The boron benchmark was exceeded at
all 21 study sites (including 100-B/C Pilot study site) and all 10 reference sites. The lead
benchmark was exceeded at five study sites. The selenium benchmark was exceeded at a single
study sites (JA Jones). Soil concentrations of tin were greater than benchmark for the
100-B/C Pilot samples. The zinc benchmark was exceeded at 10 study sites and 4 reference
sites.

However, the other lines of evidence indicate that most COPECs do not adversely affect upland
plants. Bioassay results using Sandberg's bluegrass showed evidence for potential adverse
effects based on differences in two of nine plant bioassay measures (total [shoot and root] wet
mass and wet shoot mass) when study sites were compared to reference sites. In contrast, one of
nine plant bioassay measures showed better performance at study sites compared to reference
sites, and the other six measures were not different at study sites compared to reference sites. In
addition, statistically significant trends were noted for three COPECs and three phytotoxicity
measures. Germination was lower at sites with higher concentrations of lead. Roots were
shorter at sites with higher concentrations of manganese, and stems were shorter at sites with
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higher concentrations of zinc. There were no negative relationships of plant bioassay measures
with soil concentrations of the remaining COPECs. There were more relationships of
phytotoxicity measures with confounding factors (mostly nutrients and soil properties) than with
COPECs, creating uncertainties about the potential for cause-and-effect relationships of COPECs
and adverse effects on plants.

In addition, some COPECs were detected in plants, but tissue concentrations generally did not
differ between upland study sites and reference sites (boron was higher at study sites), and only
copper correlated with soil concentrations. Therefore, although soil concentrations are greater
than plant benchmarks for some COPECs, the weight attributed to this line of evidence is low,
and benchmark hazard quotient (HQ) results do not overwhelm the conclusions of the other lines
of evidence.

Exposures for seven COPECs exceeded an effect level and reference concentrations, or there
was a significant negative trend with plant measures. Unless otherwise noted, the observations
for these COPECs are based on the exposure evaluation results for reference sites and 21 study
sites (including the 100-B/C Pilot study site) and gradient analyses for reference sites and 7 study
sites (those resampled for bioassays).

For these COPECs, the representative concentration as the reasonable maximum exposure (RME) is
plotted for each study site. The soil concentrations plotted in these figures are obtained from Appendix
D-4. The plots also show the representative concentrations for soil collected from depths up to 4.5 m (15
ft) below ground surface that were obtained from cleanup verification data for up to 156 remediated waste
sites evaluated in the RCBRA. The representative concentrations for each site are documented in Volume
II, Appendix C-3. For most locations the information is sufficient to calculate an upper bound on
concentration; thus, the RME concentration is plotted. These plots also show the 9 0th percentile of
background (when available), the maximum reference site representative concentration, and relevant
benchmarks for points of comparison. The sites are organized by ROD area, showing the reference sites
first and then each ROD area from upstream to downstream along the river. Unless otherwise noted, the
discussion focuses on the RME. In some cases, the central tendency exposure (CTE) or the mean is also
discussed for comparison purposes. Note that Figure 8-5 and similar figures display site representative
concentrations based on MULTIINCREMENT* sampling (MIS), discrete, statistical, or focused samples.
Therefore, they display the available data associated with these sites, but do not all represent exactly the
same portion of the site or sampling methodology. In all cases, only shallow zone (no deeper than 4.5 m
[15 ft]) data are displayed. NOTE: The 100-F/100-IU-2/100-IU-6 ROD area is noted as
"IU-2/IU-6" in Figures 8-5 through 8-43.

* MULTIINCREMENR is a registered trademark of EnviroStat, Inc.
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Figure 8-5. Antimony Reasonable Maximum Exposure Upland Soil
Concentration for Reference Sites, Study Sites, and

Remediated Waste Sites.
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0 Antimony: Concentrations of antimony exceeded the benchmark (5 mg/kg) by about 20% at
a single remediated/native soil study site (6.1 mg/kg at 600-132), so it may cause adverse
effects in plants there or at similar sites. The next-largest antimony study site soil
concentration was 1.4 mg/kg. Most of the antimony soil detections were at
remediated/native soil study sites. Figure 8-5 displays these study site concentrations with
the reference site results for comparison. There is no background value or site-specific
NOEC available for antimony. Antimony concentrations in soil at other waste sites are also
displayed in Figure 8-5; no waste site soil concentrations were greater than the plant
benchmark. There were insufficient detections of antimony in soil and plant tissues to draw
conclusions regarding gradients with plant measures. Although the magnitude of the
exceedance of the benchmark was small, antimony is identified as a COEC for further
evaluation or development of an ecological PRG because the single study site identified
could be representative of other similar waste sites in the River Corridor. In addition, soil
concentrations were statistically greater than reference at multiple study sites and waste sites.
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0 Arsenic: The maximum study site soil MIS concentration (14 mg/kg at 600-171) was
roughly 40% greater than the benchmark (10 mg/kg) (Figure 8-6). There were no
relationships of arsenic concentrations in plant tissues to those in soil, and there were no
negative relationships of phytotoxicity measures to arsenic in soil. Figure 8-6 also displays
the sample results for the supplemental MIS soil collected for the phytotoxicity bioassays,
which were greater than the original MIS results at two sites (1607-H2 and 116-F-1). The
maximum concentration tested with the bioassay (16 mg/kg in a supplemental MIS from
1607-H2) was a site-specific NOEC. Figure 8-6 displays the study site concentrations with
the reference site results for comparison. Other waste site soil concentrations are also
displayed in Figure 8-6; waste site soil concentrations at 100-F-37 were about 10% greater
than the site-specific plant NOEC. Because arsenic concentrations were greater than the
plant benchmark and soil concentrations are statistically greater than reference, arsenic is
identified as a COEC for further evaluation or development of an ecological PRG.

Figure 8-6. Arsenic Reasonable Maximum Exposure Upland Soil
Concentration for Reference Sites, Study Sites, and

Remediated Waste Sites.
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* Boron: Soil concentrations for boron were greater than the benchmark (0.5 mg/kg) at all
study sites and reference sites (Figure 8-7). The maximum RME concentration of boron in
MIS soil was 36 mg/kg at a study site (1607-H2). There were no relationships of boron
concentrations in plant tissues to those in soil, and there were no negative relationships of
phytotoxicity measures to boron in soil. Figure 8-7 displays the sample results for the
supplemental MIS soil collected for the phytotoxicity bioassays. The maximum CTE
concentration tested with the bioassay (29.6 mg/kg) was a site-specific NOEC, which was a
single supplemental MIS soil sample collected from 1607-H2. Figure 8-7 displays the study
site concentrations with the reference site results for comparison. There is no background
value available for boron. Other waste site soil concentrations are also displayed in
Figure 8-7; no waste site soil concentrations were greater than the site-specific plant NOEC.
Because boron concentrations were greater than the NOEC at 1607-H2 (based on RME) and
soil concentrations are statistically greater than reference boron is identified as a COEC for
further evaluation or development of an ecological PRG.

Figure 8-7. Boron Reasonable Maximum Exposure Upland Soil
Concentration for Reference Sites, Study Sites, and

Remediated Waste Sites.
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* Lead: Lead concentrations were greater than the benchmark (50 mg/kg) in MIS soil from
six study sites or the supplemental MIS soil collected for the phytotoxicity bioassays. The
maximum concentration of lead was 510 mg/kg at 600-131. Figure 8-8 displays these study
site concentrations with the reference site results for comparison. Waste site soil
concentrations are also displayed in Figure 8-8; five waste site soil concentrations were
greater than the plant benchmark. There is no site-specific NOEC available for lead. One of
the nine phytotoxicity measures showed evidence for adverse effects based on a
concentration gradient with lead, but there were more relationships of phytotoxicity measures
with confounding factors (soil properties and nutrients) than lead. Because lead
concentrations were greater than the plant benchmark and soil concentrations were
statistically greater than reference, lead is identified as a COEC for further evaluation or
development of an ecological PRG.

Figure 8-8. Lead Reasonable Maximum Exposure Upland Soil
Concentration for Reference Sites, Study Sites, and

Remediated Waste Sites.
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* Selenium: Selenium concentrations in soil were greater than the benchmark (0.52 mg/kg) at
a single remediated/native soil study site (0.73 mg/kg at JA Jones). Selenium was also
detected at two other study sites (0.24 mg/kg at 600-131 and 0.31 mg/kg at 100-F-2) and at a
reference site (1.2 mg/kg at Saddle Mountain) in a supplemental MIS soil collected for the
phytotoxicity bioassays. Figure 8-9 displays these study site concentrations with the
reference site results for comparison. A background value and site-specific NOEC are not
available for selenium, but waste site soil concentrations are displayed in Figure 8-9.
Cleanup verification data collected from three remediated waste sites (600-233, 316-1,
128-C-1) showed soil concentrations greater than the maximum reference site concentration.
There were insufficient detections of selenium in soil and plant tissues to draw conclusions
regarding gradients with plant measures. Because soil selenium concentrations were not
greater than both the plant benchmark and statistically greater than reference soil
concentrations (even though the conservative benchmark was exceeded) selenium is not
identified as a COEC for plants based on the results for the RCBRA study sites.

Figure 8-9. Selenium Reasonable Maximum Exposure Upland Soil
Concentration for Reference Sites, Study Sites, and

Remediated Waste Sites.

Reference BC D/H IU2/ IU6 300
E1107023 2a

River Corridor Baseline Risk Assessment
Volume I, Part]: Ecological Risk Assessment

March 2012 8-21

31

E

E

2

" Reference Site Soil
* Study Site Soil

Waste Site Soil
600-233

Max Reference RME = 1.2 (mg/kg)

316-1
128-C-1

Plant Benchmark = 0.52 (mg/kg)

N
0

1



DOE/RL-2007-21

Rev. 0Conclusions and Recommendations

* Tin: Soil concentrations were greater than the benchmark (50 mg/kg) for the
100-B/C Pilot study sites only. The maximum soil concentration of tin was 94 mg/kg, and
the next-largest concentration was 27 mg/kg (Figure 8-10). There is no background value or
site-specific NOEC available for tin, and there are no waste site soil sample results. Tin was
infrequently detected (20% overall) in study-site or reference-site soil, and there were
insufficient detections to draw conclusions regarding relationships with plant tissue
concentrations or phytotoxicity measures. The soil concentrations at the 100-B/C Pilot study
sites were greater than RCBRA reference, and the maximum was also greater than
100-B/C Pilot reference site sample results (see plots in Appendix D-2). However, the
maximum 100-B/C Pilot reference site sample result was 62 mg/kg, which also was greater
than the plant benchmark. Although both 100-B/C Pilot study sites and the 100-B/C Pilot
reference site were greater than the benchmark, a clear source of tin that would affect soil
concentrations at the 100-B/C Area and its associated reference area, causing them to be
greater than effect levels and reference in other parts of the River Corridor, is not evident.
Tin concentrations were not greater than reference for any upland tissues. Thus, tin is not
identified as a COEC for plants.

Figure 8-10. Tin Reasonable Maximum Exposure Upland Soil
Concentration for Reference Sites, Study Sites, and

Remediated Waste Sites.
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* Zinc: MIS soil concentrations of zinc were greater than the benchmark (50 mg/kg) at
10 study sites and 4 reference sites. The maximum study site concentration of zinc in those
samples was 88 mg/kg (600-139), but the supplemental MIS soil collected at 600-132 for the
phytotoxicity bioassays had a concentration greater than the original MIS results (145 mg/kg)
(Figure 8-11). Waste site soil concentrations displayed in Figure 8-11 show that seven waste
site soil concentrations were greater than the reference. The maximum concentration at a
remediated waste site was 250 mg/kg (118-B-9). One of the nine phytotoxicity measures
showed evidence for adverse effects based on a concentration gradient with zinc, but there
were more relationships of phytotoxicity measures with confounding factors (soil properties
and nutrients) than with zinc. Zinc concentrations in soil at study sites were not different
from reference and were well below the site-specific NOEC. Therefore, zinc was not
identified as a COEC for plants based on the sample results for the RCBRA study sites.

Figure 8-11. Zinc Reasonable Maximum Exposure Upland Soil
Concentration for Reference Sites, Study Sites, and

Remediated Waste Sites.
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8.3.1.2 Do Contaminant Concentrations in Shallow-Zone Soils Affect Terrestrial
Invertebrate Survival? Potential effects on terrestrial invertebrates were evaluated using the
results of a bioassay and comparison of COPEC concentrations in soil to invertebrate
benchmarks.

Concentrations of some COPECs in soil were greater than terrestrial invertebrate benchmarks,
so adverse effects on terrestrial invertebrates could occur. Soil concentrations of barium, copper,
and mercury exceeded benchmarks and reference concentrations; this suggests a potential for
adverse effects. Unless otherwise noted, the observations for these COPECs are based on the
exposure evaluation results for reference sites and 21 study sites and gradient analyses for
reference sites and 20 study sites (all but the 100-B/C Pilot study site).

There were no indications of differences in risk between study sites associated with remediated
waste sites and reference sites based on the higher weighted line of evidence (bioassay results).
Nematode survival did not negatively correlate with concentrations of COPECs in soil. Some
COPECs were detected in invertebrates; however, except for arsenic and cadmium,
concentrations of COPECs in invertebrates did not correlate with soil concentrations. Hand
picking invertebrates was necessary to gain sufficient mass for analytical COPEC measurements.
While this practice facilitated laboratory analyses, the collection approach precluded using
estimates of relative abundance as a line of evidence.

For the three COPECs (barium, copper, and mercury) and using the same soil data as presented
in Section 8.3.1.1, the representative concentration as the RME is plotted for each study site.
The concentrations plotted in these figures are obtained from Appendix D-4. The plots also
show the representative concentration for up to 156 remediated waste sites evaluated in the
RCBRA. The representative concentrations values were obtained from cleanup verification data
for each site from soil depths up to 4.5 m (15 ft) below ground surface. The representative
concentrations for each site are documented in Appendix C-3 of Volume II. For most locations,
information is sufficient to calculate an upper bound on concentration; thus, the RME
concentration is plotted. These plots also show the 9 0 th percentile of background, the maximum
reference site representative concentration, and relevant benchmarks for points of comparison.
The sites are organized by ROD area showing the reference sites first and then each ROD area 2

from upstream to downstream along the river. Unless otherwise noted, the discussion focuses on
the RME. In some cases, the CTE or the mean is also discussed for comparison purposes. Note
that the following figures display site representative concentrations based on MIS, discrete,
statistical, or focused samples. Therefore, they display the available data associated with these
sites, but do not all represent exactly the same portion of the site or sampling methodology
although only shallow-zone data (no deeper than 4.5 m [15 ft]) are displayed.

2 The 100-F/i 00-IU-2/100-IU-6 ROD area is noted as "IU-2/IU-6" in the figures.
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0 Barium: Barium exceeded the benchmark (330 mg/kg) at one study site (410 mg/kg at
1607-H2) and thus has a potential for adverse effects on invertebrates. Figure 8-12 displays
the study site concentrations, reference site results, and other waste site soil concentrations.
Cleanup verification data collected from three remediated waste sites (100-F-37, 100-F-38,
100-B-14:6) show that concentrations were greater than the invertebrate benchmark.
Figure 8-12 also shows that most of the study site and waste site concentrations were less
than the reference site and 90th percentile of background values. There was no statistically
significant relationship between barium concentrations in soil and terrestrial invertebrate
tissue concentrations or nematode survival. However, because barium concentrations were
greater than the invertebrate benchmark and soil concentrations were statistically greater than
reference, barium is identified as a COEC for further evaluation or development of an
ecological PRG.

Figure 8-12. Barium Reasonable Maximum Exposure Upland Soil
Concentration for Reference Sites, Study Sites, and

Remediated Waste Sites.
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* Copper: Concentrations of copper in soil exceeded the benchmark (50 mg/kg) at one
study site (58 mg/kg at 600-139), so there is potential there for adverse effects on
invertebrates. The magnitude of the benchmark exceedance was low (maximum benchmark
HQ was 1.2). Figure 8-13 displays the study site concentrations with the reference site
results for comparison, and also displays soil concentrations for other waste sites. There is
no site-specific NOEC plotted for copper on Figure 8-13 because it is less than the
benchmark (i.e., the maximum concentration of copper in soils tested with the bioassay was
relatively low). One remediated waste site (316-1: RME = 1,420 mg/kg; CTE = 734 mg/kg)
had a notable concentration of copper after remediation. There was no statistically
significant relationship between copper concentrations in terrestrial invertebrate tissues and
those in soil, and there was no relationship between nematode survival and soil
concentrations. Because copper concentrations at 600-139 were greater than the invertebrate
benchmark and soil concentrations were statistically greater than reference, copper is
identified as a COEC for further evaluation or development of an ecological PRG.

Figure 8-13. Copper Reasonable Maximum Exposure Upland Soil
Concentration for Reference Sites, Study Sites, and

Remediated Waste Sites.
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* Mercury: Soil concentrations of mercury were greater than the benchmark (0.1 mg/kg) at
two study sites (0.14 mg/kg at 300-49 and 0.14 mg/kg at 628-1). The magnitude of the
benchmark exceedances was low; both benchmark HQs were 1.4. Figure 8-14 displays the
study site concentrations with the reference site results for comparison; other waste site soil
concentrations are also displayed. All study sites evaluated and nearly all other waste sites
show concentrations consistent with background levels. Cleanup verification data collected
from five remediated waste sites (100-K-30, 100-K-31, 1607-H2, 100-K-33, 100-K-32,
100-B-14:6, 116-B-10, and 316-1) show soil concentrations that exceed background. There
was no statistically significant relationship between terrestrial invertebrate tissue
concentrations or nematode survival and mercury soil concentrations. However, because
mercury concentrations were greater than the invertebrate benchmark and soil concentrations
were statistically greater than reference, mercury is identified as a COEC for further
evaluation or development of an ecological PRG.

Figure 8-14. Mercury Reasonable Maximum Exposure Upland Soil
Concentration for Reference Sites, Study Sites, and

Remediated Waste Sites.
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8.3.1.3 Do Contaminant Concentrations in Shallow-Zone Soils and Food Decrease Bird or
Mammal Survival, Growth, or Reproduction? Exposure and potential effects to middle
trophic-level wildlife were evaluated using information on dietary contaminant exposures and
COPEC concentrations in small mammal tissues compared to ecological effects levels for diet
or tissues.

There is a potential for adverse effects to birds from dietary exposure to copper and lead
(LOAEL-based HQ values greater than 1.0). Estimated copper and lead exposures to the killdeer
were greater than the LOAEL at study sites associated with waste sites but not at reference sites.

The evaluation for potential adverse effects from COPECs on small mammals, a focal taxon of
this investigation, included examination of animals for gross morphological anomalies,
bioaccumulation of COPECs in tissues, and comparison of estimated dietary exposures to no
observable adverse effect levels (NOAELs) and LOAELs. Anomalies were not evident in
field-collected animals, and there was only limited evidence of contaminant uptake. Significant
positive correlations of concentrations of COPECs in small mammal tissue versus soil were
noted only for boron and lead, and COPECs in small mammal tissue at upland study sites were
all below levels of concern. LOAEL-based selenium HQs for small mammals were equally
greater than 1.0 at study sites and reference sites; thus, the same potential for risk is possible at
both study sites and reference sites. Copper and dieldrin HQs in small mammals were greater
than 1.0 only at study sites and suggest a potential for adverse effects from these COPECs on
small mammals.

Estimated exposures for copper, lead, and dieldrin exceeded wildlife LOAEL-based effect levels
and exposures at study sites were greater than at reference sites. Unless otherwise noted, the
observations for these COPECs are based on the exposure evaluation results for reference sites
and 21 study sites and gradient analyses for reference sites and 20 study sites (all but the
100-B/C Pilot study site). Because birds and mammals receive exposure from food and
incidental soil ingestion, plots of soil contamination at study sites, reference sites, and
remediated waste sites were not prepared. However, we note that figures of soil concentrations
for copper (Figure 8-13) and lead (Figure 8-8) were previously presented for plants or
invertebrates.

* Copper: Estimated copper exposures exceeded the LOAEL for killdeer and deer mouse and
thus represent a potential for adverse effects to middle trophic-level vertebrates. The
LOAEL-based HQs were greater than 1.0 at 600-139 and the 100-B/C Pilot sites. The
magnitude of the HQs was low (maximum HQ at study sites was 1.1; maximum HQ at
reference sites was 0.8). The most significant pathways were consumption of plants and
terrestrial invertebrates. Because copper exposures were greater than the LOAEL at study
sites and soil concentrations were statistically greater than reference, copper is identified as a
COEC for further evaluation or development of an ecological PRG for wildlife.
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* Lead: Estimated exposures to lead exceeded the LOAEL for killdeer and thus represent a
potential for adverse effects to birds. The LOAEL for killdeer was exceeded at one study site
(600-13 1). The magnitude of the LOAEL-based HQ was low (2.2 at that study site; the
maximum reference site HQ was 0.1). The most significant pathway was incidental
ingestion of soil. Because lead exposures were greater than the LOAEL and soil
concentrations were statistically greater than reference, lead is identified as a COEC for
further evaluation or development of an ecological PRG for wildlife.

* Dieldrin: Estimated dieldrin exposure exceeded the LOAEL for the deer mouse and pocket
mouse, and thus represents a potential for adverse effects on mammals. The LOAEL for
deer mouse and pocket mouse was exceeded at two study sites (600-139 and 600-204), with
LOAEL-based HQs of moderate magnitude (maximum of 6.6). The most significant
pathway was consumption of plants. Dieldrin was not measured at the 100-B/C Pilot study
site, and dieldrin was not detected in soil or biota at upland reference sites. Because dieldrin
exposures were greater than the LOAEL, dieldrin is identified as a COEC for further
evaluation or development of an ecological PRG for wildlife.

8.3.2 Are Residual Conditions at Remediated Waste Sites Following Cleanup Actions
Completed Under the IARODs Protective of Human Health and the Environment
for Various Assessment Endpoint Entities?

Eight COECs (antimony, arsenic, barium, boron, copper, lead, mercury, and dieldrin) were
identified as posing a potential for adverse effects for one or more assessment endpoints at the
level of assessment specified (i.e., benchmark for plants and invertebrates; LOAEL for birds and
mammals). These COECs will be further evaluated for development of ecological PRGs (in
Section 8.7). Ultimately, the PRGs will be used to define protective concentrations for
ecological receptors and, therefore, supersede the risk assessment findings from these study sites.
It should be noted, however, that additional COECs will be identified based on riparian,
near-shore, or broad-scale assessments for further evaluation. Development of ecological PRGs
will focus on upland soil as these PRGs apply to contaminated soils at waste sites or other
operational areas. Ecological PRGs may be applied to soil anywhere at the Hanford Site,
including soils in the riparian environment. Ecological PRGs are not developed for sediment or
water media in this report.

Most of the study sites for which potential ecological risks were identified for plants,
invertebrates, or middle trophic-level wildlife are remediated solid waste sites (6 of 10 solid
waste sites [either nonradioactive solid waste or radioactive solid waste], but 0 of 9 study sites
associated with remediated liquid waste sites [except at 100-B/C Pilot study sites]). A general
conclusion from this evaluation is that the cleanup of waste sites containing radionuclides
appears to have been effective for radionuclides. Thus, the IAROD cleanup levels for
radionuclides are protective of the environment. However, where the main contamination was
nonradioactive contaminants, such as at nonradioactive solid waste sites, the cleanup levels were
not always protective of the environment. This information is further considered in Section 8.8
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along with the conclusions from the riparian, near-shore, and broad-scale ecological risk
assessments.

8.3.3 What are the Uncertainties Associated With the RCBRA Risk Results and
Conclusions?

Uncertainties identified for the listed COECs and for the assessment endpoint entities include
detection limits that did not meet RCBRA SAP requirements, obtaining phytotoxicity
measurements at only 10 instead of 30 sites, and the lack of terrestrial invertebrate relative
abundance information. In addition, plant bioassays were planned for discrete soil samples
collected from rare plant habitat. However, bioassays were not conducted on these soils, and
their omission represents a data gap from the approved RCBRA SAP (DOE-RL 2005-42). None
of these uncertainties represent a critical loss of information. The 10 sites selected for
phytotoxicity measures were based on reviewing the available soil contaminant information and
comparing soil concentrations to phytotoxicity benchmarks from WAC 173-340, Table 749-3.
Terrestrial invertebrate abundance information was not obtained, but contaminant levels in
terrestrial invertebrate tissue were measured, and the potential for risk was evaluated using the
nematode bioassay. Thus, there is sufficient redundancy in the measures available for plant and
invertebrate assessment endpoint entities that sound conclusions can be drawn regarding the
potential for differences in ecological risk at study sites versus reference sites. For wildlife, the
key uncertainties are associated with estimated exposure levels based on uptake through the food
chain and with effect levels for site-specific receptors.

For all endpoints, exposure was based on the average concentrations for each study site using
MIS results for soil or composite sample results for biotic tissues. Thus, exposure is integrated
to the entire site incorporating high and low concentrations. There are uncertainties in applying
the results of these studies to cases where discrete samples are collected or to sites that are
heterogeneous, and the average may not adequately represent exposure to some individuals or
populations.

8.3.4 Conclusions for the Upland Environment

The strength of the different kinds of information for assessing ecological risks and the
uncertainties associated with each result must be weighted to develop an overall conclusion
about the potential for ecological risks at the sites studied in the upland environment. As
presented in the RCBRA SAP and consistent with EPA guidance
(OSWER Directive 9285.7-28 P), site-specific information on exposure and effects is preferred
to literature information and, therefore, is given a higher weight in the risk assessment.

The upland ecological risk assessment followed ERAGS (EPA/540/R-97/006) and related
guidance (EPA/540/F-01/014), which included steps to refine contaminants, develop a
conceptual site model, and identify assessment endpoint entities. The upland ecological risk
assessment started with a SLERA that defined indicator contaminants and associated analytical
suites. The upland BERA evaluated all analytes in these contaminant suites and identified
COPCs based on concentrations measured in soil and biotic media. Contaminants of potential
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concern were refined to COPECs based on a comparison of soil concentrations to ecological
screening values, and those COPECs were further evaluated using various lines of evidence.
This process emphasizes contaminants with potential for adverse effects on ecological receptors.
It is important to note that no radionuclides were retained as COPECs in the upland BERA
because the dose was less than the relevant dose limits based on the Tier 1 BCGs. Radionuclides
are key contaminants for the River Corridor and were the focus of the remedial actions
completed under the IARODs. As summarized in Section 8.1, unacceptable risks are present at
waste sites in the River Corridor that are identified in the IARODs but have yet to be remediated.
Because radionuclides are among the contaminants at these yet-to-be-remediated waste sites,
they have been included for development of ecological PRGs (Section 8.7).

In summary, eight COPECs in the upland environment (antimony, arsenic, barium, boron,
copper, lead, mercury, and dieldrin) were identified as posing sufficient potential for adverse
effects (or there were sufficient uncertainties) for one or more assessment endpoints to warrant
designation as a COEC.

Table 8-2 provides a summary of the eight COECs identified in the upland environment,
presenting information related to ERAGS Steps 6 and 7. The site characterization and data
analysis summary information (ERAGS Step 6) presents the maximum study site and reference
site soil representative concentrations and background comparison values ( 9 0 th percentile of
background soil [Hanford Site or Washington State Yakima Basin]). The ERAGS Step 6
summary also presents the results of COPC refinement for soil and biotic tissues (plant,
invertebrate, mammal-organ, and mammal-carcass). The COECs and media for which the study
site concentrations were greater than reference or background are identified. Lastly, the ERAGS
Step 6 summary presents the soil-screening levels (plant, invertebrate, wildlife) used to
determine if the COPC were to be retained as COPECs for the upland environment. Screening
levels that indicate a potential ecological risk (study site concentration is greater than the
screening value) are highlighted in the table.

The risk characterization summary information (ERAGS Step 7 in Table 8-2) presents the
ecological exposure evaluation and applicable bioassay results for these COECs. The ecological
exposure information for plants and invertebrates is summarized based on the comparison of
study site concentrations to benchmarks and the site-specific NOECs based on the bioassays. If
one or more bioassay endpoints show a negative relationship with COEC concentrations in soil
this is noted, and there is no site-specific NOEC for this receptor and COEC. The ecological
exposure information for wildlife is presented as the HQ that sums exposure across pathways for
study sites and across pathways for reference sites. Risk characterization results for plants and
invertebrates are highlighted based on comparison of the study site concentrations to the relevant
benchmarks and site-specific NOEC. Wildlife risk characterization results are highlighted based
on study site or reference site exposure compared to the relevant LOAEL.

Some overall trends are evident among the upland COECs listed in Table 8-2. First, evidence for
adverse effects for a particular COEC is typically limited to one of the four receptor groups
(plants, invertebrates, birds, mammals). Copper and lead are the two exceptions that show
evidence for adverse effects on two of the four receptor groups. Second, either the
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literature-derived effect levels or the bioassays provide information that suggests adverse
ecological effects are unlikely for plants and invertebrates. For plants, the exception is lead, for
which there were insufficient detections to test for relationships with the seedling germination
test. Finally, exposure to wildlife was either of low magnitude or comparable to reference. The
exceptions to this trend were lead for birds and dieldrin for mammals.

8.4 RIPARIAN ENVIRONMENT

The RCBRA evaluated ecological risks at 18 representative riparian study sites located adjacent
to, or where they may be directly affected by, known contaminated media (groundwater seeps,
soil, sediment). In addition, data from the 100-B/C Pilot study and the 100-NR-2 ecological
study were evaluated.

The overall objectives were to determine whether current conditions at these potentially affected
sites are protective of ecological receptors in the riparian environment and to ensure ecological
risks are at levels that will result in the recovery and maintenance of healthy populations and
communities of biota.

To meet those objectives, the analyses focused on addressing the following questions for the
riparian environment:

* Is there risk to human health and the environment under current conditions?
* What are the uncertainties associated with the RCBRA risk results and conclusions?

The following information summarizes the results of analyses and studies for each of the
COPECs and each of the assessment endpoints (plants, terrestrial invertebrates, and middle
trophic-level wildlife) to answer those questions. Soil and biotic tissue analytical results for the
riparian environment were obtained from the RCBRA project, the 100-B/C Pilot project, and the
1 00-NR-2 shoreline assessment. Soil bioassays were conducted for the RCBRA project. In
some cases, the data obtained from the studies did not fully meet the requirements of the
regulator-approved SAP for this project; these discrepancies are discussed as uncertainties.

8.4.1 Is There Risk to Human Health and the Environment Under Current Conditions?

Table 8-1 shows the indicator contaminants, COPCs, and COPECs identified for the upland and
riparian environments. Twenty-two COPECs were identified for the riparian environment. As
discussed below, 9 of the identified 22 COPECs may present some level of risk for one or more
of the assessment endpoint entities, based on soil bioassays, comparison of COPEC
concentrations to plant or terrestrial invertebrate benchmarks, or the results of wildlife exposure
analyses. To address the overall question as to whether there are risks to human health and the
environment, three specific additional questions were addressed for the riparian environment;
those questions are the subheads for this section below.
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Evaluation of ecological significance of risks focused on benchmarks and LOAELs. In addition,
emphasis was placed on whether there was a statistical difference between study site soil and
reference in order to identify a riparian COPEC as a COEC. The reason is that risk management
decisions emphasize soil as the primary contaminated medium, and ecological PRGs are
developed for soil (Section 8.7). Thus, comparisons to benchmarks, LOAELs, and reference site
soils were used to designate which COPECs should be identified as COECs for further
evaluation or development of ecological PRGs. In the riparian environment, another piece of
information is provided. The site-specific NOEC values based on the riparian environment
bioassay tests are provided, as available. Site-specific NOEC values from the bioassays provide
a comparison to literature-based benchmarks for assessing the potential for adverse ecological
effects. Note, however, that the soil bioassay results from the pooled upland and riparian data
(see Appendix H-1) are considered later to establish site-specific NOECs presented in
Section 8.7 for development of ecological PRGs.

8.4.1.1 Do Contaminant Concentrations in Riparian Soils Decrease Plant Survival or
Growth? Potential effects on terrestrial plants were evaluated through rare plant surveys, the
results of a bioassay, and comparison of soil concentrations to plant benchmarks.

Rare plants were observed at several of the study sites, so this habitat was sampled for COPECs;
the exposure and effects evaluation included use of plant bioassays of soils collected from these
sites. Field surveys of rare plant presence or absence and associated bioassays are ranked high as
a line of evidence.

Concentrations of some COPECs in soil exceeded plant benchmarks, indicating that effects
might occur in plants. Soil concentrations of arsenic, chromium, lead, vanadium, and zinc
exceeded benchmarks and reference concentrations, suggesting a potential for adverse effects.
The arsenic benchmark was exceeded at six study sites, and the chromium benchmark was
exceeded at four study sites. The lead benchmark was exceeded at eight study sites and two
reference sites. The vanadium and zinc benchmarks were exceeded at every site (both study sites
and reference sites).

The other lines of evidence indicate that COPECs may not adversely affect riparian plants,
including those at the rare plant sites. Bioassays showed no differences in plant growth between
study sites and reference sites. Plant bioassays were rated as a medium-weighted line of
evidence because the bioassays conducted in 2006 were determined to be unusable; the bioassay
laboratory did not document that it followed all required quality assurance protocols for the
seedling germination test, so only the 2007 data were available for use in the assessment for
plants.

Some COPECs were detected in plant tissues, but the concentrations did not differ between study
sites and reference sites. Similar to the upland plant data, COPEC concentrations found in
riparian plant tissues did not correlate to those in riparian soil. Therefore, although soil
concentrations were greater than plant benchmarks for some COPECs, the weight attributed to
this line of evidence is low, and benchmark HQ results do not overwhelm the conclusions based
on the other lines of evidence.

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 8-33



DOE/RL-2007-21

Rev. 0Conclusions and Recommendations

Estimated exposures for five COPECs exceeded an effect level and also reference
concentrations, or they had a significant negative trend with plant measures. Unless otherwise
noted, the observations for these COPECs are based on the exposure evaluation results for
reference sites and 20 study sites (includes the 100-B/C Pilot and 1 00-NR-2 study sites) and
gradient analyses for reference sites and 18 study sites (all but the 100-B/C Pilot and 100-NR-2
study sites).

For these COPECs, the RME (typically the upper confidence limit of the mean) is plotted as the
representative concentration for each study site or reference site. The soil concentrations plotted
in these figures are obtained from Appendix E-4. Information for most locations is sufficient to
support calculation of an upper bound on concentration; thus, the RME concentration is plotted.
These plots also show the 9 0 th percentile of background (when available), the maximum
reference site representative concentration, and relevant benchmarks and site-specific NOECs for
points of comparison. The sites are organized by ROD area showing the reference sites first and
then each ROD area3 from upstream to downstream along the river. Unless otherwise noted, the
discussion is based on the RME. In some cases, the CTE or the mean is also discussed for
comparison purposes. Note that Figure 8-15 and similar figures display site representative
concentrations based on MIS or discrete samples.

Figure 8-15. Arsenic Reasonable Maximum Exposure Riparian Soil
Concentration for Reference Sites and Study Sites.
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" Arsenic: Maximum soil concentrations were greater than the benchmark (10 mg/kg) at
six study sites (maximum concentration was 19 mg/kg at riparian site 21) (Figure 8-15), and
the maximum benchmark HQ was low (1.9). There were no relationships of arsenic in plant
tissue to soil concentrations, and there were no negative relationships of phytotoxicity
measures to arsenic in soil. No study site soil concentrations were greater than the
site-specific plant NOEC. However, because arsenic concentrations were greater than the
plant benchmark (even though they did not exceed the NOEC) and soil concentrations were
statistically greater than reference, arsenic is identified as a COEC for further evaluation or
development of an ecological PRG.

* Chromium: Concentrations of chromium in soil exceeded the benchmark (42 mg/kg), so
there is a potential for adverse effects on plants. The benchmark HQ was 4.1 at one site
(171 mg/kg at riparian 7) and between 1 and 2 at two other study sites (52 mg/kg at riparian 2
and 69 mg/kg at riparian 4) (Figure 8-16). There is no riparian site-specific NOEC for plants.
Note that Figure 8-16 also displays invertebrate-relevant comparison values, and these are
discussed below in Section 8.4.1.2. There were no relationships of chromium in plant tissue
to soil concentrations, but there was a negative relationship of one phytotoxicity measure
(germination) to chromium in soil. There are uncertainties in the gradient analysis for the
phytotoxicity measures because usable bioassay results were not available for the site with
the largest benchmark HQ (riparian 7). Because chromium concentrations were greater than
the plant benchmark and soil concentrations were statistically greater than reference
chromium is identified as a COEC for further evaluation or development of an ecological
PRG.

Figure 8-16. Chromium Reasonable Maximum Exposure Riparian
Soil Concentration for Reference Sites and Study Sites.
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0 Lead: Maximum soil concentrations of lead were greater than the benchmark (50 mg/kg) at
eight study sites and two reference sites (Figure 8-17). The site with the largest benchmark
HQ was a study site (125 mg/kg at riparian site 21). There were no relationships of lead
concentrations in plant tissues to those in soil, and there were no negative relationships of
phytotoxicity measures to lead in soil. No study site soil concentrations were greater than the
site-specific plant NOEC. Because lead concentrations were greater than the plant
benchmark (even though they did not exceed the NOEC) and soil concentrations were
statistically greater than reference, lead is identified as a COEC for further evaluation or
development of an ecological PRG.

Figure 8-17. Lead Reasonable Maximum Exposure Riparian Soil
Concentration for Reference Sites and Study Sites.
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* Vanadium: Soil concentrations were greater than the benchmark (2 mg/kg) at all study and
reference sites (Figure 8-18), and the benchmark HQs were high (typically greater than 20.0).
Maximum study site soil concentrations (89 mg/kg) were greater than the highest reference
site (77 mg/kg) or the 9 0 th percentile of Hanford Site background (85.1 mg/kg). Vanadium
was frequently detected in soil and tissue, but there were no relationships between plant and
soil concentrations. There were negative relationships between two of the nine phytotoxicity
measures (shoot mass [fresh weight] and root mass [fresh weight]) and vanadium
concentrations. However, there were no relationships of dry-weight measures to vanadium
soil concentrations. There is no riparian site-specific NOEC for plants. Vanadium soil
concentrations at study sites were not different from reference, and tissue concentrations
were greater than reference for one of four riparian tissues (invertebrate). Because vanadium
concentrations in study site soil are lower than the plant benchmark and are not statistically
greater than reference soil concentrations, vanadium is not identified as a COEC for plants.

Figure 8-18. Vanadium Reasonable Maximum Exposure Riparian Soil
Concentration for Reference Sites and Study Sites.
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0 Zinc: Zinc concentrations in soil were greater than the benchmark (50 mg/kg) at all study
sites and reference sites (Figure 8-19). The maximum study site concentration was
620 mg/kg at riparian 21, and the maximum reference site concentration was 330 mg/kg at
reference 13. Note that Figure 8-19 also displays invertebrate-relevant comparison values
and these are discussed below in Section 8.4.1.2. None of the nine phytotoxicity measures
showed evidence for adverse effects based on a concentration gradient with zinc, and there
was no relationship of zinc in plant tissue to zinc concentrations in soil. No study site soil
concentrations were greater than the site-specific plant NOEC (620 mg/kg). However,
because zinc concentrations were greater than the plant benchmark (even though they are
lower than the NOEC) and soil concentrations were statistically greater than reference, zinc
is identified as a COEC for further evaluation or development of an ecological PRG.

Figure 8-19. Zinc Reasonable Maximum Exposure Riparian Soil
Concentration for Reference Sites and Study Sites.
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8.4.1.2 Do Contaminant Concentrations in Riparian Soils Affect Terrestrial Invertebrate
Survival? Potential effects on terrestrial invertebrates were evaluated using the results of a
bioassay and comparison of COPEC concentrations in soil to invertebrate benchmarks.

Concentrations of some COPECs in soil were greater than terrestrial invertebrate benchmarks, so
adverse effects could occur. Soil concentrations of chromium, copper, mercury, zinc, and
TPH-diesel exceeded benchmarks and reference concentrations, which suggest a potential for
adverse effects.
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There were no indications of differences in risk between study sites and reference sites based on
the higher weighted line of evidence (bioassay results); nematode survival did not negatively
correlate with concentrations of COPECs measured in riparian soil. Some COPECs were
detected in invertebrates, but concentrations of COPECs in invertebrates at study sites did not
correlate with soil concentrations. Hand-picking invertebrates was necessary to gain sufficient
mass for COPEC analyses. While this practice facilitated laboratory analyses, it precluded
estimates of relative abundance as a line of evidence.

Estimated exposures of five COPECs (chromium, copper, mercury, zinc, and TPH-diesel)
exceeded an effect level and also reference concentrations. Unless otherwise noted, the
observations for these COPECs are based on the exposure evaluation results for reference sites
and 20 study sites and gradient analyses for reference sites and 18 study sites (all but the
100-B/C Pilot and 100-NR-2 study sites).

For these COPECs, and using the same soil data as presented in Section 8.4.1.1, the
representative concentration (RME, typically the upper confidence limit of the mean) is plotted
for each study site and reference site. The soil concentrations plotted in these figures are
obtained from Appendix E-4. There is sufficient sample support for most locations to support
calculating an upper bound on concentration; thus, the RME concentration is plotted. These
plots also show the 9 0 th percentile of background (when available), the maximum reference site
representative concentration, and relevant benchmarks for points of comparison. The sites are
organized by ROD area showing the reference sites first and then each ROD area 4 from upstream
to downstream along the river. Unless otherwise noted, the discussion focuses on the RME. In
some cases, the CTE or the mean is also discussed for comparison purposes. Note that the
figures display site representative concentrations based on MIS or discrete samples.

* Chromium: Concentrations of chromium in soil exceeded the benchmark (42 mg/kg) at
four study sites (maximum was 170 mg/kg at riparian site 7 and the next-highest was
69 mg/kg at riparian site 4) (Figure 8-16), so there may be potential for adverse effects on
invertebrates. The magnitude of the benchmark exceedance was moderate (maximum
benchmark HQ was 4.1). There was no statistically significant relationship between
concentrations in terrestrial invertebrate tissues and those in soil. There also was no
relationship between nematode survival and soil concentrations. The site-specific NOEC is
the CTE soil concentration at riparian site 7 (149 mg/kg). Only the RME soil concentration
at riparian site 7 was greater than the site-specific invertebrate NOEC. Because chromium
concentrations were greater than the invertebrate benchmark and NOEC and soil
concentrations were statistically greater than reference, chromium is identified as a COEC
for further evaluation or development of an ecological PRG.

4 The 100-F/i 00-IU-2/100-IU-6 ROD area is noted as "IU-2/IU-6" in the figures.
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* Copper: Concentrations of copper in MIS soil exceeded the benchmark (50 mg/kg) at two
study sites (51 mg/kg at riparian site 3b, 60 mg/kg at riparian site 7) and also in the discrete
soil samples collected in rare plants habitat at site 21 (Figure 8-20), so there is potential there
for adverse effects on invertebrates. The magnitude of the benchmark exceedance was low
(maximum benchmark HQ was 1.2). There was no statistically significant relationship
between concentrations in terrestrial invertebrate tissues and those in soil, and there also was
no relationship between nematode survival and soil concentrations. Copper concentrations in
study site soil were not different from reference, but tissue concentrations were greater than
reference for two of four riparian tissues (plant and invertebrate). Because copper
concentrations were not greater than the invertebrate benchmark and were not statistically
greater than reference soil concentrations, copper is not identified as a COEC for
invertebrates.

Figure 8-20. Copper Reasonable Maximum Exposure Riparian Soil
Concentration for Reference Sites and Study Sites.
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* Mercury: Mercury concentrations in soil were greater than the benchmark (0.1 mg/kg) at
seven sites (riparian sites 6, 10, 2j, 21, 3b, 4a, and riparian reference site 16) (Figure 8-21).
The maximum mercury soil concentration was 0.16 mg/kg at riparian site 4a. There was no
statistically significant relationship between terrestrial invertebrate tissue concentrations or
nematode survival and soil concentrations. However, because mercury concentrations were
greater than the invertebrate benchmark and soil concentrations were statistically greater than
reference, mercury is identified as a COEC for further evaluation or development of an
ecological PRG.

Figure 8-21. Mercury Reasonable Maximum Exposure Riparian Soil
Concentration for Reference Sites and Study Sites.
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* Zinc: Zinc concentrations in soil were greater than the benchmark (100 mg/kg) at all study
sites and reference sites (Figure 8-19). The maximum study site concentration in an MIS soil
was 411 mg/kg, and maximum reference site concentration was 326 mg/kg; the benchmark
HQs were less than 5 at all sites. Figure 8-19 also displays the sample results for the discrete
soil samples collected in rare plants habitat, and sites 21 and 3b were also greater than the
zinc invertebrate benchmark based on those discrete samples. There was no statistically
significant relationship between zinc concentrations in terrestrial invertebrate tissue and soil
concentrations, and there was no relationship between nematode survival and soil
concentrations. Reasonable maximum exposure soil concentrations were greater than the
site-specific invertebrate NOEC at four sites (discrete samples collected from sites 21 and 3b
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and MIS from sites 1 and 3b). The maximum CTE at sites tested with the nematode bioassay
was 393 mg/kg from riparian site 1, which was the site-specific invertebrate NOEC. Because
zinc concentrations were greater than the invertebrate benchmark and soil concentrations
were statistically greater than reference, zinc is identified as a COEC for further evaluation or
development of an ecological PRG.

* TPH-diesel: Soil concentrations of TPH-diesel were greater than the benchmark at one
study site (100-NR-2), which was the only location where TPH was measured. The
benchmark HQ was less than 3.0. There were no tissue data to evaluate statistical
relationships between TPH-diesel concentrations in soil and terrestrial invertebrate tissues.
There also were no data to evaluate statistical relationships between soil TPH-diesel
concentrations and nematode survival. Because TPH-diesel concentrations were greater than
the invertebrate benchmark, it is identified as a COEC for further evaluation or development
of an ecological PRG.

8.4.1.3 Do Contaminant Concentrations in Riparian Soils and Food Decrease Bird or
Mammal Survival, Growth, or Reproduction? Exposure and potential effects to middle
trophic-level wildlife were evaluated using information on dietary contaminant exposures and
COPEC concentrations in small mammal tissues compared to ecological effects levels for diet
or tissues.

There is a potential for adverse effects to birds from dietary exposure to copper, selenium,
vanadium, and zinc (LOAEL-based HQ values greater than 1.0). Estimated copper, selenium,
and zinc exposures to birds were greater than the LOAEL at study sites but not at reference sites.
Vanadium exposures to birds were greater than the LOAEL at both study sites and reference
sites.

The evaluation for potential adverse effects from COPECs on small mammals, a focal taxon of
this investigation, included examination of animals for gross morphological anomalies,
bioaccumulation of COPECs in tissues, and comparison of estimated dietary exposures to
NOAELs and LOAELs. Anomalies were infrequently noted in field-collected animals, and there
was limited evidence of contaminant uptake. Significant positive correlations of concentrations
of COPECs in small mammal tissue versus soil were noted only for barium, and COPECs in
small mammal tissue were all below levels of concern except for lead at 100-NR-2. Estimated
exposures for copper and selenium were greater than lowest effect levels for mammals,
suggesting there is a potential for adverse effects on small mammals based on COPECs in diet.

Estimated exposures for four COPECs exceeded the LOAEL and exposures at study sites were
greater than reference sites. Unless otherwise noted, the observations for these COPECs are
based on the exposure evaluation results for reference sites and 20 study sites (including the
100-B/C Pilot and 100-NR-2 study sites). Because birds and mammals receive their exposure
from food and incidental soil ingestion, plots of soil contamination at study sites and reference
sites were not prepared. However, we note that figures of soil concentrations for copper
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(Figure 8-20), vanadium (Figure 8-18), and zinc (Figure 8-19) were previously presented for
plants or invertebrates.

" Copper: Copper exceeded the LOAEL for the kingbird, deer mouse, and grasshopper
mouse, so there is a potential for adverse effects on middle trophic-level vertebrates, with a
maximum LOAEL-based HQ of 1.5. The most significant pathway was consumption of
terrestrial invertebrates. Copper concentrations in soil were not different from reference soil,
but tissue concentrations were greater than reference for two of four riparian tissues (plant
and invertebrate). Because soil copper concentrations were not statistically greater than
reference, copper is not identified as a COEC for further evaluation for wildlife.

* Selenium: LOAEL-based HQs were greater than 1.0 for five of the six wildlife receptors (all
but the California quail) at both study sites and reference sites. The maximum
LOAEL-based HQ was 3.5. The most significant pathways were consumption of plants and
terrestrial invertebrates. Selenium concentrations in study site soil were not different from
reference soil, but tissue concentrations were greater than reference for one of four riparian
tissues (invertebrate). Because study site soil selenium concentrations were not statistically
greater than for reference soil, selenium is not identified as a COEC for further evaluation for
wildlife.

* Vanadium: Estimated exposures exceeded the LOAEL for the kingbird at both study sites
and reference sites, so it has a potential for adverse effects; the maximum LOAEL-based HQ
was 2.5 for exposures calculated for the 100-NR-2 study sites. The most significant pathway
was incidental ingestion of soil. Vanadium concentrations in soil were not different from
reference sites, but tissue concentrations were greater than reference for one of four riparian
tissues (invertebrate). Because vanadium concentrations in soil were not statistically greater
than reference soil, vanadium is not identified as a COEC for further evaluation for wildlife.

* Zinc: Estimated exposures to zinc exceeded the LOAEL at the 100-B/C Pilot sites for the
kingbird; thus, it has a potential for adverse effects on birds. The magnitude of the maximum
LOAEL-based HQ was low (less than 1.1). The most significant pathway was consumption
of terrestrial invertebrates. Because zinc exposures were greater than the LOAEL and soil
concentrations were statistically greater than reference, zinc is identified as a COEC for
further evaluation or development of an ecological PRG for wildlife.

8.4.2 What are the Uncertainties Associated With the RCBRA Risk Results and
Conclusions?

Uncertainties identified for COECs and for the assessment endpoint entities include detection
limits that did not meet RCBRA SAP requirements, unusable phytotoxicity measurements at
10 study sites and 4 reference sites, and the lack of terrestrial invertebrate relative abundance
information. Only the unusable phytotoxicity measurements represent a significant loss of
information. Terrestrial invertebrate abundance information was not obtained, but contaminant
levels in terrestrial invertebrate tissue were measured, and the potential for risk was evaluated

River Corridor Baseline Risk Assessment
Volume I, Part 1: Ecological Risk Assessment

March 2012 8-43



DOE/RL-2007-21

Conclusions and Recommendations Rev. 0

using the nematode bioassay. There is sufficient redundancy in the measures available for each
assessment endpoint entity except plants that sound conclusions can be drawn regarding the
potential for differences in ecological risk at study sites compared to reference sites/areas. For
wildlife, the key uncertainties are associated with estimated exposure levels based on uptake
through the food chain and with toxicity reference values for site-specific receptors.

The main uncertainty for the riparian assessment is the concentration range evaluated with the
studies to determine toxicity thresholds for plants and invertebrates. The full range of chromium
concentrations was not tested with the bluegrass germination bioassay, and the toxicity of
TPH-diesel to invertebrates was not tested for 100-NR-2 soils. There are also uncertainties
associated with exposure of small mammals to lead at 1 00-NR-2.

For all endpoints, exposure was based on the average concentrations for each study site using
MIS results for soil or composite sample results for biotic tissues. Thus, exposure is integrated
to the entire site incorporating high and low concentrations. There are uncertainties in applying
the results of these studies to cases where discrete samples are collected or to sites that are
heterogeneous, and the average may not adequately represent exposure to some individuals or
populations.

8.4.3 Conclusions for the Riparian Environment

The strength of the different kinds of information for assessing ecological risks and the
uncertainties associated with each result must be weighted to develop an overall conclusion of
the potential for ecological risks in the riparian environment. As presented in the RCBRA SAP
and consistent with EPA guidance (OSWER Directive 9285.7-28 P), site-specific information on
exposure and effects is preferred to literature information and, therefore, is given a higher weight
in the risk assessment.

The riparian ecological risk ecological assessment followed ERAGS (EPA/630/R-95/002F) and
related guidance (EPA/540/F-01/014), which included steps to refine contaminants, develop a
conceptual site model, and identify assessment endpoint entities. The riparian ecological risk
ecological assessment started with a SLERA that defined indicator contaminants and associated
analytical suites. The riparian BERA evaluated all analytes in these contaminant suites and
identified COPCs based on concentrations measured in soil and biotic media. Contaminants of
potential concern were refined to COPECs based on a comparison of soil concentrations to
ecological screening values. Those COPECs were then further evaluated using various lines of
evidence. This process emphasizes contaminants with potential for adverse effects on ecological
receptors. It is important to note that no radionuclides were retained as COPECs in the riparian
BERA because the dose based on the Tier 1 BCGs was less than the relevant dose limits.

In summary, six COPECs (arsenic, chromium, lead, mercury, zinc, and TPH-diesel) were
identified as posing sufficient potential for adverse effects (or there were sufficient uncertainties)
for one or more assessment endpoint to warrant their designation as a COEC.
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Table 8-3 provides a summary of the six COECs identified in the riparian environment,
presenting information related to ERAGS Steps 6 and 7. The site characterization and data
analysis summary information (ERAGS Step 6 in Table 8-3) presents the maximum study site
and reference site soil representative concentrations and background comparison values
(90th percentile of background soil [Hanford Site or Washington State Yakima Basin]). The
ERAGS Step 6 summary in Table 8-3 also presents the results of COPC refinement for soil and
biotic tissues (plant, invertebrate, mammal-organ, and mammal-carcass). Contaminants of
ecological concern and media for which the study site concentrations were greater than reference
or background are identified. Lastly, the ERAGS Step 6 summary in Table 8-3 presents the soil
screening levels (plant, invertebrate, wildlife) used to determine if the COPCs were to be
retained as COPECs for the riparian environment. Screening levels that indicate a potential
ecological risk (study site concentration is greater than the screening value) are highlighted in
Table 8-3.

The risk characterization summary information (ERAGS Step 7 in Table 8-3) presents the
ecological exposure evaluation and applicable bioassay results for these COECs. The ecological
exposure information for plants and invertebrates is summarized based on the comparison of
study site concentrations to benchmarks and the site-specific NOEC based on the bioassays. If
one or more bioassay endpoint shows a negative relationship with COEC concentrations in soil,
this is noted, and there is no site-specific NOEC for this receptor and COEC. The ecological
exposure information for wildlife is presented as the HQ that sums exposure across pathways for
study sites and across pathways for reference sites. Risk characterization results for plants and
invertebrates are highlighted based on study site concentrations compared to the relevant
benchmarks and the site-specific NOEC. Wildlife risk characterization results are highlighted
based on study site or reference site exposure compared to the relevant LOAEL.

Some overall trends are evident among the riparian COECs listed in Table 8-3. First, evidence
for adverse effects for a particular COEC is typically limited to one of the four receptor groups
(plants, invertebrates, birds, mammals). Chromium and zinc are the exceptions with evidence
for adverse effects on two of the four receptor groups. Second, for plants and invertebrates,
either the literature effect levels or the bioassays provide information that suggests adverse
ecological effects are unlikely. An apparent exception to this trend is chromium, for which
concentrations were greater than literature effect levels and there were trends between plant
bioassay endpoints and exposure. TPH-diesel is an uncertainty for invertebrate bioassays. The
maximum representative concentrations were not bounded by the site-specific NOECs from the
invertebrate bioassay, but the central tendency values were bounded. Finally, exposure to
wildlife was either of low magnitude or comparable to reference. The exception to this last trend
was zinc for birds.

8.5 NEAR-SHORE ENVIRONMENT

The RCBRA evaluated ecological risks at 48 near-shore study sites potentially affected by
contamination from Hanford Site sources. Study sites were selected in areas where known
contaminated groundwater plumes enter the Columbia River and in areas between the plumes.
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Based on available plume monitoring data, three groundwater plume areas were identified,
as characterized by hexavalent chromium (near the 100-K and 1 00-D Areas), strontium-90
(near 100-N Area), and uranium (near the 300 Area) levels. Within each major plume area,
aquatic study sites were selected to capture a gradient of contaminant concentrations. Areas of
fine sediments and gravel-pebble-size substrate were targeted to focus the sampling in areas that
would support biotic communities potentially affected by contaminants entering the river. In
addition, data from the 100-B/C Pilot study and the 1 00-NR-2 ecological study were evaluated.

The overall objectives were to determine whether current conditions at these potentially affected
sites are protective of ecological receptors in the near-shore environment and to ensure
ecological risks are at levels that will result in the recovery and maintenance of healthy
populations and communities of biota.

To meet those objectives, the analyses focused on addressing the following questions for the
near-shore environment:

* Is there risk to human health and the environment under current conditions?
* What are the uncertainties associated with the RCBRA risk results and conclusions?

The following sections summarize the results of analyses and studies for each of the COPECs
and each of the assessment endpoints (aquatic plants, aquatic invertebrates, amphibians, fish, and
middle trophic-level wildlife) to answer those questions. In addition, sediment, pore water,
surface water, and biotic tissue analytical results for the near-shore environment were obtained
from the RCBRA project, the 100-B/C Pilot project, and the 100-NR-2 shoreline assessment.
Sediment and pore water bioassays were obtained from the RCBRA project. In some cases, the
data obtained from the studies did not fully meet the requirements of the regulator-approved
RCBRA SAP for this project; these discrepancies are discussed as uncertainties.

8.5.1 Is There Risk to Human Health and the Environment Under Current Conditions?

Table 8-4 shows the indicator contaminants, COPCs, and COPECs identified for the near-shore
environment. Twenty-two COPECs were identified for the near-shore environment. As
discussed below, 16 of the 22 COPECs may present some level of risk for one or more of the
assessment endpoint entities. Risk results that are relevant to specific COPECs are the
comparison of COPEC concentrations to benchmarks or the results of wildlife exposure
analyses. To address the overall question as to whether there is risk to human health and the
environment under current conditions, five specific additional questions were addressed for the
identified assessment endpoints in the near-shore environment; those questions are the subheads
for this section below.

Evaluation of ecological significance of risks focused on benchmarks and LOAELs. In addition,
emphasis was placed on whether there was a statistical difference of study site sediment or
pore water from reference in order to identify a COPEC as a near-shore COEC. The reason is
that risk management decisions emphasize sediment and pore water as the primary
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contaminated media. Thus, comparisons of exposure levels to benchmarks, LOAELs, and
reference site sediment and pore water were used to designate which COPECs should be
identified as COECs for further evaluation or development of ecological PRGs. The site-specific
NOEC values based on bioassays with near-shore media also are provided as available.

8.5.1.1 Do Contaminant Concentrations in Sediment or Pore Water Decrease Aquatic
Plant Survival or Growth? Potential effects on aquatic plants were evaluated through results of
a bioassay and comparison of sediment and pore water concentrations to benchmarks.
Laboratory bioassays (i.e., toxicity tests) were conducted with field-collected sediments. No
risks to aquatic plants were noted based on toxicity testing.

Sediment concentrations were greater than benchmarks and reference concentrations for seven
COPECs (antimony, barium, cadmium, chromium, manganese, selenium, and zinc), and this
information suggests a potential for adverse effects. The antimony and barium sediment
benchmarks were exceeded at a single site (100-B/C Pilot); the chromium sediment benchmark
was exceeded at another single study site (128-F2); and the selenium sediment benchmark was
exceeded at a different single study site (U4). Sediment concentrations were greater than the
cadmium, manganese, and zinc benchmarks at multiple study sites and reference sites.

Unfiltered pore water concentrations were greater than the water standards/criteria and reference
concentrations for aluminum and hexavalent chromium. Waterborne concentrations for
calculated total uranium and uranium (inorganic) exceeded benchmarks for aquatic plants at a
single study site (U4); this suggests a potential for adverse effects. Manganese concentrations
were greater than the aquatic plant benchmark at one study site (U1) and one reference site
(Beverly reference 2); this suggests a potential for adverse effects.

Risks to aquatic plants based on toxicity testing showed relationships with some confounding
factors and some COPECs. Nevertheless, there were clear measures of exposure, primarily for
inorganic COPECs that were detected in pore water and sediment. Of the key plume
contaminants, only hexavalent chromium and uranium had concentrations of ecological
relevance in the near-shore environment. Elemental strontium was also identified in some
analyses and could be associated with the strontium-90 groundwater plumes.

Concentrations of 11 COPECs5 in sediment or pore water at study sites were greater than the
sediment benchmarks and reference concentrations, water standards/criteria, or aquatic plant
water benchmarks and reference concentrations. Unless otherwise noted the observations for
these COPECs are based on the exposure evaluation results for reference sites and 17 pore
water/seep study sites and gradient analyses for reference sites and 15 pore water study sites (all
but the 100-B/C Pilot and 100-NR-2 study sites). The results are also based on the exposure
evaluation results for reference sites and 47 sediment sample study sites and gradient analyses
for reference sites and 45 sediment study sites (all but the 100-B/C Pilot and 1 00-NR-2 study
sites).

5 Uranium was evaluated as two COPECs in Section 6.0 (calculated total uranium and uranium [inorganic]), but it is
presented as a single COPEC for this discussion.
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For these COPECs, the representative concentration (RME, typically the upper confidence limit
of the mean) is plotted for each study site. The sediment and water concentrations plotted in
these figures are obtained from Appendix F-4. Although risk characterization focuses on
pore water as the media most likely to have contamination associated with Hanford Site sources,
the plots also display surface water concentrations as a point of comparison and a measure of
ambient levels for contaminants. Information for some locations is sufficient to calculate an
upper bound on concentration; thus, the RME concentration is plotted. These plots also show the
maximum reference site representative concentration and relevant benchmarks for points of
comparison. The sites are organized by ROD area showing the reference sites first and then each
ROD area6 from upstream to downstream along the river. Unless otherwise noted, the discussion
is based on the RME. In some cases, the CTE or the mean is also discussed for comparison
purposes. Note that Figure 8-22 and similar figures display site representative concentrations
based on discrete samples.

Figure 8-22. Aluminum Sediment Concentration for
Reference Sites and Study Sites.
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6 The 100-F/100-IU-2/100-IU-6 ROD area is noted as "IU-2/IU-6" in the figures.
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0 Aluminum: The maximum sediment concentration (13,000 mg/kg) was less than the
benchmark (14,000 mg/kg) (Figure 8-22). The maximum unfiltered concentration of
aluminum in pore water (399 pg/L at aquatic site 2a) exceeded the ambient water quality
criterion (87 pg/L) (Figure 8-23). Note that the water quality criteria for aluminum are based
on pH in the range of 6.5 to 9, and that aluminum is more toxic to aquatic biota at pH less
than 6.5 or greater than 9. At seven study sites and one reference site, pH was in the range of
9 to 10. There were no relationships of Pak Choi growth to aluminum concentrations in
sediment. The site-specific NOECs are based on bioassays performed on sediment and
pore water aluminum concentrations at study sites. Concentrations of aluminum in sediment
at study sites are not typically greater than the maximum reference site concentration
(Figure 8-22). Water concentrations are also not generally greater than reference
(Figure 8-23). Sediment and pore water aluminum concentrations were not statistically
different from reference, but tissue concentrations were greater than reference for one of four
near-shore tissues (clam). Due to the lack of statistical differences of study site from
reference for the abiotic media, aluminum is not identified as a COEC for aquatic plants.

Figure 8-23. Aluminum Water Concentration for
Reference Sites and Study Sites.
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* Antimony: The highest concentration of antimony in sediment (0.65 mg/kg at
100-B/C Pilot) was slightly greater than the benchmark (0.6 mg/kg) (Figure 8-24). The
maximum unfiltered pore water concentration (2.6 pg/L at Beverly aquatic reference 1) was
far less than the water criterion (30 ptg/L) (Figure 8-25). Based on the sediment pathway,
antimony has a potential for adverse effects on the aquatic plant community. However, the
sediment benchmark was exceeded by less than a factor of 2 and only at one study site
(100-B/C Pilot). There were insufficient detections of antimony in sediment to test for
relationships to bioassay measures. There are few detections of antimony in water or
sediment from which to infer contaminant sources or trends for antimony
(Figures 8-24 and 8-25). Sediment and pore water antimony concentrations were not
statistically different from reference although tissue concentrations were greater than
reference for one of four near-shore tissues (fish organ). Due to the lack of statistical
differences of study site from reference for the abiotic media, antimony is not identified as a
COEC for aquatic plants.

Figure 8-24. Antimony Sediment Concentration for
Reference Sites and Study Sites.
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Figure 8-25. Antimony Water Concentration for
Reference Sites and Study Sites.
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0 Barium: Barium concentrations exceeded the sediment benchmark (300 mg/kg) at the
100-B/C Pilot study site only (870 mg/kg) (Figure 8-26). Unfiltered pore water
concentrations did not exceed the aquatic plant water NOEC (maximum tested concentration
was 104 pg/L at aquatic site UI) and were less than the aquatic plant water benchmark
2,600 pg/L) (Figure 8-27). Based on the sediment pathway, barium has potential for adverse
effects on the aquatic plant community. However, the sediment benchmark was exceeded
(by about a factor of 3) only at a single study site (100-B/C Pilot). There were no
relationships of bioassay measures to barium concentrations in sediment. Although sediment
concentrations were notably greater in a sample from the 100-B/C Pilot study site, water
concentrations at study sites varied little from reference site concentrations (Figures 8-26 and
8-27). Sediment and pore water barium concentrations were not statistically different from
reference, but tissue concentrations were greater than reference for one of four near-shore
tissues (clam). Due to the lack of statistical differences of study sites from reference for the
abiotic media, barium is not identified as a COEC for aquatic plants.
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Figure 8-26. Barium Sediment Concentration for
Reference Sites and Study Sites.
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Figure 8-27. Barium Water Concentration for
Reference Sites and Study Sites.
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0 Cadmium: Sediment concentrations exceeded the benchmark at 14 study sites and
3 reference sites with low magnitude of exceeding the benchmark (HQ was
between 1.1 and 2.4). The maximum study site concentration of cadmium in sediment was
2.4 mg/kg at UlO (which also was the NOEC). Concentrations of cadmium in sediment at
study sites were rarely greater than the maximum reference site concentration (Figure 8-28).
Unfiltered pore water cadmium concentrations exceeded the water criterion (chronic is
0.19 pg/L and acute is 1.4 pg/L) at one study site (0.27 pg/L at 100-B/C Pilot), but were less
than reference concentrations (maximum was 0.85 ptg/L at aquatic reference 14,
Figure 8-29). Sediment cadmium concentrations were greater than the benchmark (1 mg/kg)
and thus have potential for adverse effects on aquatic plants. There were no relationships of
bioassay measures to cadmium concentrations in sediment. Because cadmium
concentrations were greater than the sediment benchmark and sediment concentrations were
greater than reference (outliers), cadmium is identified as a COEC for further evaluation or
development of an ecological PRG for aquatic plants.

Figure 8-28. Cadmium Sediment Concentration for
Reference Sites and Study Sites.
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Figure 8-29. Cadmium Water Concentration for
Reference Sites and Study Sites.
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* Chromium: Sediment concentrations for chromium at a single study site (290 mg/kg at
aquatic site 128-F2, Figure 8-30) exceeded the benchmark (100 mg/kg) and thus have
potential for adverse effects on aquatic plants. Unfiltered pore water chromium
concentrations were less than the standard and criterion (chronic is 55 pg/L, acute is
410 pg/L); (maximum concentration was 44 pg/L at aquatic site Crl, Figure 8-3 1). There
were no relationships of bioassay measures to chromium concentrations in sediment.
Site-specific NOECs were based on bioassays performed on sediment and pore water
chromium concentrations at study sites with the exception of two sediment sites
(100-B/C Pilot and 128-F2, Figure 8-30). Because chromium concentrations are greater than
the sediment benchmark and sediment concentrations are statistically greater than reference,
chromium is identified as a COEC for further evaluation or development of an ecological
PRG for aquatic plants.
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Figure 8-30. Chromium Sediment Concentration for
Reference Sites and Study Sites.
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Figure 8-31. Chromium Water Concentration for
Reference Sites and Study Sites.
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* Hexavalent chromium: There is no sediment benchmark for hexavalent chromium, and it
was not frequently detected in sediment (Figure 8-32). Hexavalent chromium concentrations
in pore water were greater than the Washington State standard (chronic is 10 pg/L, acute is
15 pg/L) at five study sites (42 pg/L and 24 pg/L at aquatic site Crl, 25 tg/L at aquatic site
Cr2, 21 ptg/L and 16 gg/L at aquatic site Cr6, 24 pg/L at aquatic site 2a, 13 tg/L at aquatic
site 2a, Figure 8-33). Hexavalent chromium was not detected at reference sites. Hexavalent
chromium was not measured at the 100-B/C Pilot or 100-NR-2 study sites. There were
insufficient detections of hexavalent chromium in sediment to test for relationships with
bioassay measures. The site-specific NOEC is the CTE pore water concentration at
near-shore site Cr1 (40 gg/L). Only the RME concentration at near-shore site Cr1 was
greater than the site-specific NOEC. Because hexavalent chromium concentrations are
greater than the Washington State standard and pore water concentrations are statistically
greater than reference, hexavalent chromium is identified as a COEC for further evaluation or
development of an ecological PRG for aquatic plants.

Figure 8-32. Hexavalent Chromium Sediment Concentration for
Reference Sites and Study Sites.

10 1

Reference K N D/H IU2 / IU6
E1107023_14

8-56

E

E
E

2

4

0 Study Site Sediment

. 128-F2

(Not detected
in Reference)

'Cr2 e Cr4 e Cr5
e 2c

2

0

River Corridor Baseline Risk Assessment
Volume I, Part]: Ecological Risk Assessment

March 2012

8|

6|



DOE/RL-2007-21

Conclusions and Recommendations Rev. 0

Figure 8-33. Hexavalent Chromium Water Concentration for
Reference Sites and Study Sites.
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Manganese: The maximum sediment concentration (920 mg/kg at aquatic site Sr6) was
greater than the benchmark (460 mg/kg), and sediment concentrations of manganese were
greater than the benchmark at another six study sites and three reference sites (Figure 8-34).
Because manganese concentrations exceeded the sediment benchmark, manganese has
potential for adverse effects on aquatic plants from this pathway. The magnitude of the
sediment benchmark exceedance was low (maximum sediment benchmark HQ was 2.0).
The maximum unfiltered pore water concentrations for manganese (1,640 pg/L at aquatic site
Ul; 1,210 tg/L at Beverly reference 2, Figure 8-35) were greater than the aquatic plant
benchmark (190 ptg/L). There were no relationships of bioassay measures to manganese
concentrations in sediment, even at the maximum detected concentration. However, because
manganese concentrations are greater than the sediment benchmark and sediment
concentrations are statistically greater than reference, manganese is identified as a COEC for
further evaluation or development of an ecological PRG for aquatic plants.
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Figure 8-34. Manganese Sediment Concentration for
Reference Sites and Study Sites.
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Figure 8-35. Manganese Water Concentration for
Reference Sites and Study Sites.
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* Selenium: Sediment concentrations of selenium were greater than the benchmark (4 mg/kg)
at a single study site (4.3 mg/kg at aquatic site U4, Figure 8-36) with a low benchmark HQ
magnitude (1.1), which means that there is a potential for adverse effects on aquatic plants
from the sediment pathway. Selenium concentrations in pore water were not greater than the
Washington State standard (chronic is 5 pig/L) at study sites (Figure 8-37). There were no
relationships of bioassay measures to selenium concentrations in sediment. Sediment and
pore water selenium concentrations were not statistically different from reference although
tissue concentrations were greater than reference for one of four near-shore tissues (fish).
Due to the lack of statistical differences of study sites from reference for the abiotic media,
selenium is not identified as a COEC for aquatic plants.

Figure 8-36. Selenium Sediment Concentration for
Reference Sites and Study Sites.
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Figure 8-37. Selenium Water Concentration for
Reference Sites and Study Sites.
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0 Uranium (combines analytical results for calculated total uranium and uranium
[inorganic]): The maximum sediment concentration (15 mg/kg) for this COPEC was less
than the sediment benchmark (100 mg/kg) (Figure 8-38); thus, adverse effects on aquatic
plants are unlikely for this pathway. Unfiltered pore water concentrations were greater than
the aquatic plant benchmark (14 pg/L) at a single study site (140 pg/L at U4) (Figure 8-39),
so there is a potential for adverse effects from this pathway. There were no relationships of
bioassay measures to uranium concentrations in sediment. Site-specific NOECs were based
on bioassays performed on sediment and pore water uranium concentrations at study sites.
Concentrations of uranium (calculated total uranium) in sediment at 300 Area study sites
were greater than the maximum reference site concentration (Figure 8-38). Water
concentrations are not generally greater than reference, but one study site in the 300 Area
was greater than reference (Figure 8-39). Because uranium concentrations in pore water
were greater than the aquatic plant water benchmark and pore water concentrations were
greater than reference, uranium is identified as a COEC in water for further evaluation or
development of an ecological PRG for aquatic plants.
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Figure 8-38. Uranium (Calculated Total Uranium) Sediment
Concentration for Reference Sites and Study Sites.
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Figure 8-39. Uranium Water Concentration for
Reference Sites and Study Sites.
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0 Zinc: Concentrations of zinc were greater than the sediment benchmark (160 mg/kg) at
20 study sites (maximum concentration was 800 mg/kg at aquatic site 128-F2, Figure 8-40)
and 4 reference sites (maximum concentration was 358 mg/kg at aquatic reference 300-1), so
zinc has a potential for adverse effects on aquatic plants from this pathway. The magnitude
of the sediment benchmark HQ was moderate at study sites (maximum benchmark HQ
was 5.0). The maximum concentration of zinc in pore water was from a reference site
(12 gg/L at aquatic reference 13, Figure 8-41) and was less than the Washington State
standard (77 gg/L). There were no relationships of bioassay measures to zinc concentrations
in sediment. Sediment and pore water zinc concentrations were not statistically different
from reference although tissue concentrations were greater than reference for one of four
near-shore tissues (invertebrate). Due to the lack of statistical differences of study sites from
reference sites for the abiotic media, zinc is not identified as a COEC for aquatic plants.

Figure 8-40. Zinc Sediment Concentration for
Reference Sites and Study Sites.
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Figure 8-41. Zinc Water Concentration for
Reference Sites and Study Sites.
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8.5.1.2 Do Contaminant Concentrations in Sediment or Water Decrease Aquatic
Invertebrate Survival or Growth? The aquatic invertebrate component of the ecological risk
assessment is broadly representative of the potential effects of Hanford Site contaminants on the
aquatic invertebrate community. The primary lines of evidence are field surveys, the results of
bioassays, and comparison of sediment and water concentrations to benchmarks.

Sediment concentrations were greater than benchmarks and reference concentrations for seven
COPECs (antimony, barium, cadmium, chromium, manganese, selenium, and zinc), and this
information suggests a potential for adverse effects. The antimony and barium sediment
benchmarks were exceeded at a single site (100-B/C Pilot; Figures 8-24 and 8-26); the chromium
sediment benchmark was exceeded at another single study site (128-F2; Figure 8-30); and the
selenium sediment benchmark was exceeded at a different single study site (U4; Figure 8-36).
Sediment concentrations were greater than the cadmium and zinc benchmarks at multiple study
sites and reference sites.

Unfiltered pore water concentrations at study sites were greater than the water standards/criteria
and reference concentrations for aluminum and hexavalent chromium (Figures 8-23 and 8-30).
Waterbome concentrations for calculated total uranium and uranium (inorganic) exceeded
benchmarks for aquatic invertebrates at a single study site (U4); this suggests a potential for
adverse effects.
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Key community metrics do not suggest that contaminant-related impacts to benthic
macroinvertebrates are evident in aquatic study sites as a group (e.g., no statistical difference in
the EPT (Ephemeroptera, Plecoptera, and Trichoptera) taxa at study sites compared to reference
sites). Risks to aquatic macroinvertebrates based on toxicity testing and higher weighted lines of
evidence showed relationships with some confounding factors and some COPECs (as discussed
below). Histopathology measures differed in study sites compared to reference sites; these
measures also showed some negative relationships with COPECs (more information is provided
in Section 6.3.5.2 and Appendix F-8). There are significant uncertainties relative to any of the
conclusions based on pore water sampling because of the way samples were collected.
Nevertheless, there were clear measures of exposure, primarily for inorganic COPECs that were
detected in water, sediment, and tissues. Of the key plume contaminants, only hexavalent
chromium and uranium had concentrations of ecological relevance for invertebrates in the
near-shore environment. Elemental strontium was also identified in some analyses and could be
associated with the strontium-90 groundwater plumes.

Concentrations in sediment or pore water for 12 COPECs7 were greater than the sediment
benchmarks and reference concentrations for sediment or the standards/criteria or aquatic
invertebrate benchmarks and reference concentrations for water. Unless otherwise noted, the
observations for these COPECs are based on the exposure evaluation results for reference sites
and 17 pore water/seep study sites and gradient analyses for reference sites and 15 pore water
study sites (all but the 100-B/C Pilot and 100-NR-2 study sites). The results are also based on
the exposure evaluation results for reference sites and 47 sediment sample study sites and
gradient analyses for reference sites and 45 sediment study sites (all but the 100-B/C Pilot and
100-NR-2 study sites).

For these COPECs, the representative concentration (typically RME or upper confidence of the
mean) is plotted for each study site. The concentrations plotted in these figures referenced below
are obtained from Appendix F-4. Although risk characterization focuses on pore water as the
media most likely to have contamination associated with Hanford Site sources, the plots also
display surface water concentrations as a point of comparison and a measure of ambient levels
for contaminants. These plots also show the maximum reference site representative
concentration and relevant benchmarks for points of comparison. The sites are organized by
ROD area showing the reference sites first and then each ROD area8 from upstream to
downstream along the river. Unless otherwise noted, the discussion focuses on the RME. In
some cases, the CTE or the mean is also discussed for comparison purposes. Note that the
following figures display site representative concentrations based on discrete samples.

0 Aluminum: The maximum sediment concentration (13,000 mg/kg) was less than the
benchmark (14,000 mg/kg) (Figure 8-22). The maximum unfiltered concentration of
aluminum in pore water (399 pg/L at aquatic site 2a) exceeded the ambient water quality
criterion (87 pg/L) (Figure 8-23). Note that the water quality criteria for aluminum are based

'Uranium was evaluated as two COPECs in Section 6.0 (calculated total uranium and uranium [inorganic]), but it
presented as a single COPEC for this discussion.
8 The 100-F/1 00-IU-2/100-IU-6 ROD area is noted as "JU-2/IU-6" in the figures.
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on pH in the range of 6.5 to 9, and that aluminum is more toxic to aquatic biota at pH less
than 6.5 or greater than 9. At seven study sites and one reference site, pH was in the range of
9 to 10. There were no relationships of aluminum in sediment or pore water to aquatic
invertebrate tissue concentrations, nor were there any negative relationships of aluminum in
sediment or pore water bioassay measures. The site-specific NOECs are based on bioassays
performed on sediment and pore water bound aluminum concentrations at study sites.
Concentrations of aluminum in sediment at study sites were not typically greater than the
maximum reference site concentration (Figure 8-22). Water concentrations were also not
generally greater than reference (Figure 8-23). Sediment and pore water aluminum
concentrations were not statistically different from reference, but tissue concentrations were
greater than reference for one of four near-shore tissues (clam). Due to the lack of statistical
differences of study site from reference for the abiotic media, aluminum is not identified as a
COEC for aquatic invertebrates.

" Antimony: The highest concentration of antimony in sediment (0.65 mg/kg at
100-B/C Pilot) was greater than the benchmark (0.6 mg/kg) (Figure 8-24). The maximum
unfiltered pore water concentration (2.6 pg/L at Beverly aquatic reference 1) was far less
than the water criterion (30 pg/L) (Figure 8-25). Based on the sediment pathway, antimony
has a potential for adverse effects on the aquatic invertebrate community. However, the
sediment benchmark was exceeded by less than a factor of 2 and only at one study site
(100-B/C Pilot). There were insufficient detections of antimony in sediment or pore water to
test for relationships with aquatic invertebrate tissue concentrations or bioassay measures.
There were few detections of antimony in water or sediment from which to infer contaminant
sources or trends (Figures 8-24, 8-25). Sediment and pore water antimony concentrations
were not statistically different from reference, but tissue concentrations were greater than
reference for one of four near-shore tissues (fish organ). Due to the lack of statistical
differences of study site from reference for the abiotic media, antimony is not identified as a
COEC for aquatic invertebrates.

* Barium: Barium concentrations exceeded the sediment benchmark (300 mg/kg) at the
100-B/C Pilot study site only (870 mg/kg) (Figure 8-26). There is no aquatic invertebrate
water benchmark. Based on the sediment pathway, barium has potential for adverse effects
on the aquatic invertebrate community. However, the sediment benchmark was exceeded by
about a factor of 3 at only a single study site (100-B/C Pilot). There were no adverse
relationships of bioassay measures to barium concentrations in sediment or pore water.
Although sediment concentrations are notably greater at the 100-B/C Pilot study site, water
concentrations at study sites vary little from reference site concentrations
(Figures 8-26 and 8-27). Sediment and pore water barium concentrations were not
statistically different from reference, but tissue concentrations were greater than reference for
one of four near-shore tissues (clam). Due to the lack of statistical differences of study site
from reference for the abiotic media, barium is not identified as a COEC for aquatic
invertebrates.
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" Cadmium: Cadmium concentrations in sediment were greater than the benchmark
(1 mg/kg) and thus have potential for adverse effects on the benthic community. Sediment
concentrations exceeded the benchmark at 14 study sites and 3 reference sites (Figure 8-28)
with low magnitude of exceeding the benchmark (HQ was between 1.1 and 2.4). The
maximum study site sediment cadmium concentration was 2.4 mg/kg at U10. Unfiltered
pore water cadmium concentrations exceeded the water criterion (chronic is 0.19 pg/L and
acute is 1.4 pg/L) at one study site (0.27 pg/L at 100-B/C Pilot), but study site concentrations
were less than reference concentrations (maximum was 0.85 pg/L at aquatic reference 14,
Figure 8-29). There were no relationships of cadmium in sediment to aquatic invertebrate
tissue concentrations or sediment bioassay measures. There were insufficient detections of
cadmium in pore water to test for relationships with aquatic invertebrate tissue concentrations
or bioassay measures. Because cadmium concentrations were greater than the sediment
benchmark and sediment concentrations were greater than reference (outliers), cadmium is
identified as a COEC for further evaluation or development of an ecological PRG for aquatic
invertebrates.

* Chromium: Sediment concentrations for chromium at a single study site (290 mg/kg at
aquatic site 128-F2, Figure 8-30) exceeded the benchmark (100 mg/kg) and thus have
potential for adverse effects on aquatic invertebrates. Unfiltered pore water chromium
concentrations were less than the standard and criterion (chronic is 55 pg/L, acute is
410 pg/L); maximum concentration was 44 pg/L at aquatic site Crl, Figure 8-31). There
were relationships of aquatic invertebrate tissue chromium concentrations to sediment but not
to pore water concentrations. There were no relationships of chromium in sediment or pore
water to bioassay measures. Because chromium concentrations were greater than the
sediment benchmark and sediment concentrations were statistically greater than reference,
chromium is identified as a COEC for further evaluation or development of an ecological
PRG for aquatic invertebrates.

* Hexavalent chromium: There is no sediment benchmark for hexavalent chromium and it
was not frequently detected in sediment (Figure 8-32). Hexavalent chromium concentrations
in pore water were greater than the Washington State standard (chronic is 10 pg/L,
acute is15 pg/L) at five study sites (42 pg/L and 24 pg/L at aquatic site Cr1, 25 pg/L at
aquatic site Cr2, 21 pg/L and 16 pg/L at aquatic site Cr6, 24 pg/L at aquatic site 2a, 13 pg/L
at aquatic site 2a, Figure 8-33). Hexavalent chromium was not measured at the
100-B/C Pilot or 100-NR-2 study sites. Hexavalent chromium was not measured in aquatic
invertebrate tissues. There were insufficient detections of hexavalent chromium in sediment
to test for relationships with bioassay measures. There were no relationships of hexavalent
chromium in pore water to bioassay measures. The site-specific NOEC is the CTE pore
water concentration at near-shore site Cr1 (40 pg/L). Only the RME concentration at near-
shore site Cr1 was greater than the site-specific NOEC. Because hexavalent chromium
concentrations were greater than the standard and pore water concentrations were statistically
greater than reference, hexavalent chromium is identified as a COEC for further evaluation or
development of an ecological PRG for aquatic invertebrates.
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" Manganese: The maximum sediment concentration of manganese (920 mg/kg at aquatic site
Sr6) was greater than the benchmark (460 mg/kg), and sediment concentrations were greater
than the benchmark at another six study sites and three reference sites (Figure 8-34). The
maximum pore water concentrations for manganese (1,640 pg/L at aquatic site Ul and
1,210 pg/L at Beverly reference 2, Figure 8-35) were less than the aquatic invertebrate
benchmark (6,900 pg/L). Because manganese concentrations exceeded the sediment
benchmark at several locations, manganese has potential for adverse effects on aquatic
invertebrates from this pathway. The magnitude of the benchmark exceedance was low
(benchmark HQs were 2 or less). There were no positive relationships of manganese in
sediment or pore water to aquatic invertebrate tissue concentrations, nor were there any
adverse relationships of manganese in sediment or pore water to bioassay measures. Because
manganese concentrations were greater than the sediment benchmark and sediment
concentrations were statistically greater than reference, manganese is identified as a COEC
for further evaluation or development of an ecological PRG for aquatic invertebrates.

* Mercury: The maximum sediment concentration (0.2 mg/kg at aquatic site Cr3,
Figure 8-42) was less than the benchmark (0.75 mg/kg) and the maximum pore water
concentration (0.004 pg/L at 100-NR-2, Figure 8-43) was less than the Washington State
standard (chronic is 0.012 pg/L). Thus, mercury concentrations in both sediment and pore
water were less than the effect levels, so adverse effects on the aquatic invertebrate
community were unlikely based on these comparisons. There were insufficient detections of
mercury in sediment or pore water to test for relationships with aquatic invertebrate tissue
concentrations. There was a negative relationship of Hyalella survival to mercury
concentrations in sediment, which is evidence for adverse effects related to one of two
bioassay measures. There were insufficient detections of mercury in pore water to test for
relationships with bioassay measures. Mercury concentrations in sediment were greater than
reference, but concentrations in pore water were not statistically different from reference.
Tissue concentrations were greater than reference for one of four near-shore tissues (fish).
Because mercury concentrations are less than the sediment benchmark and the water
standard, mercury is not identified as a COEC for aquatic invertebrates.

* Selenium: Sediment concentrations of selenium were greater than the benchmark (4 mg/kg)
at a single study site (4.3 mg/kg at aquatic site U4, Figure 8-36), which means that there is a
potential for adverse effects on the aquatic invertebrates from the sediment pathway. The
sediment benchmark was exceeded at a single study site with a low benchmark HQ
magnitude (1.1). Unfiltered selenium pore water concentrations were not greater than the
Washington State standard (chronic is 5 pg/L) at study sites (Figure 8-37). There were no
relationships of selenium in sediment or pore water to aquatic invertebrate tissue
concentrations. There were no relationships of selenium to sediment bioassay measures and
insufficient detections to evaluate relationships to pore water bioassay measures. Sediment
and pore water selenium concentrations were not statistically different from reference, but
tissue concentrations were greater than reference for one of four near-shore tissues (fish).
Due to the lack of statistical differences of study site from reference for the abiotic media,
selenium is not identified as a COEC for aquatic invertebrates.
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Figure 8-42. Mercury Sediment Concentration for
Reference Sites and Study Sites.
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" Uranium (combines analytical results for calculated total uranium and uranium
[inorganic]): The maximum sediment concentration (15 mg/kg) for this COPEC was less
than the sediment benchmark (100 mg/kg) (Figure 8-3 8); thus, adverse effects on aquatic
invertebrates are unlikely for this pathway. Unfiltered pore water concentrations were
greater than the aquatic invertebrates benchmark (30 pg/L) at a single study site (140 pg/L at
U4) (Figure 8-39), so there is a potential for adverse effects from this pathway. There were
insufficient detections to evaluate relationships of uranium in sediment or pore water to
aquatic invertebrate tissue concentrations. There were no negative relationships of uranium
to sediment bioassay measures and insufficient detections to evaluate relationships to pore
water bioassay measures. Site-specific NOECs are based on bioassays performed on
sediment and pore water uranium concentrations at study sites. Concentrations of uranium
(calculated total uranium) in sediment at 300 Area study sites were greater than the
maximum reference site concentration (Figure 8-38). Water concentrations were not
generally greater than reference, but one study site in the 300 Area was greater than reference
(Figure 8-39). Because uranium concentrations were greater than the aquatic invertebrate
water benchmark and pore water concentrations were greater than reference, uranium is
identified as a COEC for further evaluation or development of an ecological PRG for aquatic
invertebrates.

* Zinc: Concentrations of zinc were greater than the sediment benchmark (160 mg/kg) at
20 study sites (maximum concentration was 800 mg/kg at aquatic site 128-F2, Figure 8-40)
and 4 reference sites (maximum concentration was 358 mg/kg at aquatic reference 300-1), so
zinc has a potential for adverse effects on aquatic invertebrates from this pathway. The
magnitude of the sediment benchmark HQ was moderate at study sites (maximum
benchmark HQ was 5.0). The maximum concentration of zinc in pore water was from a
reference site (12 pg/L at aquatic reference 13, Figure 8-41) and was less than the
Washington State standard (77 pg/L). There are no relationships of zinc in sediment or pore
water to aquatic invertebrate tissue concentrations or to bioassay measures. Sediment and
pore water zinc concentrations were not statistically different from reference, but tissue
concentrations were greater than reference for one of four near-shore tissues (invertebrate).
Due to the lack of statistical differences of study sites from reference sites for the abiotic
media, zinc is not identified as a COEC for aquatic invertebrates.

8.5.1.3 Do Contaminant Concentrations in Pore Water Decrease Amphibian Survival or
Growth? The amphibian component of the ecological risk assessment is broadly representative
of the potential effects of Hanford Site contaminants on this portion of the aquatic community.
The primary lines of evidence are the results of a bioassay and comparison of water
concentrations to benchmarks.

Unfiltered pore water concentrations were greater than the water standards/criteria and reference
concentrations for aluminum and hexavalent chromium (as discussed in previous sections and
below). No COPECs had unfiltered pore water concentrations greater than the amphibian
benchmark.
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The results of FETAX bioassays showed no survival or growth differences between study sites
and reference sites. There were greater deformities at reference sites compared to study sites.
There were also differences in FETAX measures associated with differences in COPEC
concentrations. Although some of the 2006 pore water samples may have represented mostly
river water, subsequent pore water sampling obtained more representative pore water samples.
Tissue samples of amphibians were collected, but at only four locations, which makes field
measures of exposure to amphibians uncertain. The available data do not provide strong
evidence that COPEC concentrations associated with the Hanford Site are adversely affecting
amphibian survival or growth. Statistical relationships with manganese and phosphorus were
associated with both study sites and reference sites. However, there are significant uncertainties
relative to these conclusions based on pore water sampling. There are measures of exposure,
primarily for inorganic COPECs that were measured in pore water at concentrations greater than
reference sites. There were also elevated pore water concentrations at Beverly reference site 2
that were likely associated with groundwater seeping into the river.

Contaminants of potential ecological concern with concentrations in water greater than the
ambient water quality criterion, COPECs with exposure levels that exceeded an effect level for
amphibians, or COPECs that had a statistical relationship with the FETAX bioassay measures
are discussed below. Unless otherwise noted, the observations for these COPECs are based on
the exposure evaluation results for reference sites and 17 pore water/seep study sites and gradient
analyses for reference sites and 15 pore water study sites (all but the 100-B/C Pilot and
100-NR-2 study sites).

* Aluminum: The maximum unfiltered concentration of aluminum in pore water (399 pg/L at
aquatic site 2a) exceeded the ambient water quality criterion (87 pg/L) (Figure 8-23). Note
that the water quality criteria for aluminum are based on pH in the range of 6.5 to 9, and that
aluminum is more toxic to aquatic biota at pH less than 6.5 or greater than 9. At seven study
sites and one reference site, pH was in the range of 9 to 10. There were no negative
relationships of aluminum in pore water to bioassay measures. Pore water aluminum
concentrations were not statistically different from reference although tissue concentrations
were greater than reference for one of four near-shore tissues (clam). Due to the lack of
statistical differences of study site from reference for pore water, aluminum is not identified
as a COEC for amphibians.

* Hexavalent chromium: Hexavalent chromium concentrations in pore water were greater
than the Washington State standard (chronic is 10 pg/L, acute is 15 pg/L) at five study sites
(42 pg/L and 24 pg/L at aquatic site Crl, 25 pg/L at aquatic site Cr2, 21 pg/L and 16 pg/L at
aquatic site Cr6, 24 pg/L at aquatic site 2a, 13 pg/L at aquatic site 2a, Figure 8-33).
Hexavalent chromium was not measured at the 100-B/C Pilot or 100-NR-2 study sites.
There were no relationships of hexavalent chromium in pore water to bioassay measures.
The site-specific NOEC is the CTE pore water concentration at near-shore site Cr1
(40 pg/L). Only the RME concentration at near-shore site Cr1 was greater than the
site-specific NOEC. Because hexavalent chromium concentrations were greater than the
standard and pore water concentrations were statistically greater than reference,
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hexavalent chromium is identified as a COEC for further evaluation or development of an
ecological PRG for amphibians.

0 Manganese: The maximum unfiltered pore water concentrations for manganese were
1,640 pg/L at aquatic site Ul and 1,210 pg/L at Beverly reference 2 (Figure 8-35). There
was no amphibian benchmark for manganese. There were negative relationships of growth
but not survival or deformities with manganese pore water concentrations. The amount of
difference in growth was small (<20% difference from reference site average values). Thus,
the relatively low reduction in growth may not represent a biologically relevant effect on
populations. Due to the lack of statistical differences of study site pore water from reference,
manganese is not identified as a COEC for amphibians.

8.5.1.4 Do Contaminant Concentrations in Pore Water Affect Fish Survival or Growth?
The fish component of the ecological risk assessment is broadly representative of the potential
effects of Hanford Site contaminants on this portion of the aquatic community. The primary
lines of evidence are the comparison of tissue concentrations to effect levels and comparison of
water concentrations to benchmarks.

Pore water concentrations at study sites were greater than the water standards/criteria and
reference concentrations for aluminum and hexavalent chromium (as discussed in previous
sections and below). Pore water concentrations for manganese exceeded benchmarks for fish
and reference concentrations; this suggests a potential for adverse effects.

Fish were smaller (in length and mass) at study sites relative to reference sites. There were no
strong trends in fish histopathological observations between those collected at study sites and
those from reference site locations; of 18 endpoints, slight adverse effects were associated with
2 endpoints in study sites and with 2 endpoints in reference sites. No tissue COPECs at study
sites were correlated with histopathological endpoints associated with adverse effects. There
were no exceedances of tissue effects levels for near-shore aquatic COPECs measured in
fish tissue. In addition, evidence of greater contaminant uptake in fish from study sites was not
apparent for most COPECs and tissues (exceptions are discussed below).

Contaminants of potential ecological concern with concentrations in water greater than the
ambient water quality criterion, COPECs with exposure levels that exceeded an effect level for
fish, or COPECs that had a statistical relationship between fish tissue and sediments or pore
water are discussed below. Unless otherwise noted, the observations for these COPECs are
based on the exposure evaluation results for reference sites and 17 pore water/seep study sites
and gradient analyses for reference sites and 15 pore water study sites (all but the 100-B/C Pilot
and 100-NR-2 study sites).

* Aluminum: The maximum concentration of aluminum in pore water (399 pg/L at aquatic
site 2a) exceeded the ambient water quality criterion (87 pg/L) (Figure 8-23). Note that the
water quality criteria for aluminum are based on pH in the range of 6.5 to 9 and that
aluminum is more toxic to aquatic biota at pH less than 6.5 or greater than 9. At seven study
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sites and one reference site, pH was in the range of 9 to 10. There were no fish tissue effect
levels for aluminum. Aluminum concentrations in water were not generally greater than
reference (Figure 8-23). Aluminum concentrations in pore water were not statistically
different from reference, but tissue concentrations were greater than reference for one of four
near-shore tissues (clam). Due to the lack of statistical differences of study sites from
reference sites for water, aluminum is not identified as a COEC for fish.

* Hexavalent chromium: Hexavalent chromium concentrations in pore water were greater
than the Washington State standard (chronic is 10 pg/L, acute is 15 pg/L) at five study sites
(42 pg/L and 24 pg/L at aquatic site Cr1, 25 pg/L at aquatic site Cr2, 21 pg/L and 16 pg/L at
aquatic site Cr6, 24 pg/L at aquatic site 2a, 13 pg/L at aquatic site 2a, Figure 8-33).
Hexavalent chromium was not measured at the 100-B/C Pilot or 100-NR-2 study sites.
Hexavalent chromium was not measured in any tissues. Because hexavalent chromium
concentrations were greater than the standard/criterion and pore water concentrations were
statistically greater than reference, hexavalent chromium is identified as a COEC for further
evaluation or development of an ecological PRG for fish.

* Manganese: The maximum pore water concentrations for manganese (1,640 pg/L at
aquatic site Ul and 1,210 pg/L at Beverly reference 2, Figure 8-35) were greater than the fish
benchmark (655 pg/L). Because manganese concentrations exceeded the water benchmark,
it has potential for adverse effects on fish from this pathway. The magnitude of the
benchmark exceedance was moderate (benchmark HQs were about 3 or less). In addition,
concentrations of this COPEC in sculpin kidney were correlated to sediment concentrations.
However, due to the lack of statistical differences of study site pore water from reference site
pore water, manganese is not identified as a COEC for fish.

8.5.1.5 Do Contaminant Concentrations in Sediment, Surface Water, and Food Decrease
Bird or Mammal Survival, Growth, or Reproduction? The evidence for exposure and effects
to middle trophic-level wildlife is summarized below. Estimated dietary contaminant exposures
were compared to ecological effects levels for diet. This information provides an indication of
the potential for risk to wildlife from COPECs.

There is potential for adverse effects of five COPECs (barium, chromium, copper, nickel, and
selenium) to birds from dietary exposure at study sites based on LOAEL-based HQs greater than
1.0. There is also potential for adverse effects of three COPECs (aluminum, nickel, and,
selenium) to mammals from dietary exposure at study sites based on LOAEL-based HQs greater
than 1.0. These COPECs are discussed below.

The observations for these COPECs are based on the exposure evaluation results for a total of
52 study sites where COPEC concentrations in sediment, water, or food were measured.
Because birds and mammals integrate their exposure from food, water, and incidental sediment
ingestion, plots of sediment and water contamination at study sites and reference sites were not
prepared. However, we note that figures of sediment or water concentrations for aluminum
(Figures 8-22 and 8-23), barium (Figures 8-26 and 8-27), chromium (Figures 8-30 and 8-3 1),
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and selenium (Figures 8-36 and 8-37) were previously presented for plants, invertebrates,
amphibians, or fish.

* Aluminum: This COPEC exceeds the LOAEL and thus has a potential for adverse effects
on middle trophic-level wildlife. The magnitude of the HQs was low; the LOAEL-based HQ
was 2.5. Exposures to the mink and bufflehead were almost entirely from sediment.
Because EPA has determined that ecological exposures to aluminum in soil at circumneutral
pH are not likely to drive ecological risk, it is logical to extrapolate this determination from
soil to another solid exposure medium (sediment). In addition, aluminum concentrations in
sediment and pore water were not statistically different from reference, although tissue
concentrations were greater than reference for one of four near-shore tissues (clam). Due to
the lack of statistical differences of study sites from reference sites for the abiotic media and
the lack of toxicity of aluminum in circumneutral pH, aluminum is not identified as a COEC
for wildlife.

* Barium: Barium exceeded the LOAEL for the kingbird and thus has a potential for adverse
effects on middle trophic-level wildlife. The magnitude of the HQs was low; the maximum
LOAEL-based HQ was 1.0. Barium concentrations in sediment and pore water were not
statistically different from reference although tissue concentrations were greater than
reference for one of four near-shore tissues (clam). Due to the lack of statistical differences
of study sites from reference sites for the abiotic media, barium is not identified as a COEC
for wildlife.

* Chromium: This COPEC exceeded the LOAEL for the bufflehead at a single study site
(2m) and thus chromium has a potential for adverse effects on middle trophic-level wildlife.
The magnitude of the LOAEL-based HQs was low (maximum was 1.2). Because chromium
exposures were greater than the LOAEL and sediment and pore water concentrations were
statistically greater than reference, chromium is identified as a COEC for further evaluation
or development of an ecological PRG for wildlife.

* Copper: Copper exposure exceeded the LOAEL for the kingbird at study sites and reference
sites, so it has a potential for adverse effects on middle trophic-level wildlife. The magnitude
of the HQs was low, and the study site HQ was similar to the reference site HQ
(1.6 versus 1.4). Sediment and pore water concentrations of copper were not statistically
different from reference although the tissue concentrations were greater than reference for
one of four near-shore tissues (clam). Due to the lack of statistical differences of study sites
from reference for the abiotic media and the small difference in exposures from reference
sites, copper is not identified as a COEC for wildlife.

* Nickel: Nickel exceeded the LOAEL for the kingbird and mink and thus has a potential for
adverse effects on middle trophic-level wildlife. The LOAEL-based HQ for the kingbird was
greater than 1.0 at 100-B/C Pilot site, but the magnitude of the HQ was low (2.5). The
LOAEL-based HQ for the mink was greater than 1.0 at the 100-D site, and the magnitude of
the HQ was moderate (7.1). Nickel concentrations in sediment and pore water were not
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statistically different from reference, although tissue concentrations were greater than
reference for one of four near-shore tissues (fish). Due to the lack of statistical differences of
study sites from reference sites for the abiotic media, nickel is not identified as a COEC for
wildlife.

0 Selenium: This COPEC exceeded the LOAEL for the mink, kingbird, and bufflehead and
thus has a potential for adverse effects on middle trophic-level wildlife. The LOAEL-based
HQs were greater than 1.0 at four study sites. Selenium concentrations in sediment and pore
water were not statistically different from reference although tissue concentrations were
greater than reference for one of four near-shore tissues (fish). Due to the lack of statistical
differences of study site from reference for the abiotic media, selenium is not identified as a
COEC for wildlife.

8.5.2 What are the Uncertainties Associated with the RCBRA Risk Results and
Conclusions?

Uncertainties identified for COPECs and for the assessment endpoint entities include detection
limits that did not meet RCBRA SAP requirements, collecting representative pore water samples,
and exposure values in clams due to potentially rapid depuration rates of COPECs. Only the
pore water sampling uncertainty represents a critical loss of information. In other cases, there is
sufficient redundancy in the measures available for each assessment endpoint entity that sound
conclusions can be drawn regarding the potential for differences in ecological risk at study sites
compared to reference sites.

Both filtered and unfiltered water sample results were evaluated in the RCBRA. In some cases,
the toxicity information or standards/criteria are based on dissolved metals concentrations
(filtered samples). Therefore, exposure and the potential for risk from metals contaminants may
be overestimated by using the unfiltered (or total metals) concentrations.

For wildlife, the key uncertainties are associated with estimated exposure levels based on uptake
through the food chain and with TRVs for site-specific receptors.

8.5.3 Conclusions for the Near-Shore Environment

The strength of the different kinds of information for assessing ecological risks and the
uncertainties associated with each result must be weighted to develop an overall conclusion of
the potential for ecological risks at the sites studied in the near-shore environment. As presented
in the RCBRA SAP and consistent with EPA guidance (OSWER Directive 9285.7-28 P),
site-specific information on exposure and effects is preferred to literature information and
therefore given a higher weight in the risk assessment.

The bioassays conducted on sediment and pore water provide site-specific information on
ecological effects. Evidence for adverse effects at study sites is suggested based on comparisons
of measures of effect (Hyalella survival, Ceriodaphnia reproduction) obtained for study sites
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compared to reference sites. However, not all sites evaluated were tested with the bioassays.
The maximum concentrations of chromium, lead, mercury, and zinc in sediment were not tested.
The maximum concentrations of mercury and vanadium in pore water were not tested.

Field measures of ecological conditions provide information on both ecological exposures and
effects. Ecological recovery can be established based on future surveys of the aquatic
invertebrate communities' abundance and diversity and information obtained from mollusk and
fish surveys to locate habitat suitable for special-status species.

In summary, five COPECs (cadmium, chromium, hexavalent chromium, manganese, and
uranium) were identified as posing sufficient potential for adverse effects (or there were
sufficient uncertainties) for one or more assessment endpoints to warrant their designation as
COECs.

Tables 8-5 and 8-6 provide a summary of the five COECs identified in the near-shore
environment, presenting information related to ERAGS Steps 6 and 7. These tables combine
information for the two analytical forms of uranium (calculated total uranium and uranium
[inorganic]) into information for a single COEC. The site characterization and data analysis
summary information (ERAGS Step 6 in Table 8-5) presents the maximum study site sediment
and pore water representative concentrations and reference comparison values (maximum
reference site representative concentration). The ERAGS Step 6 summary in Table 8-5 also
presents the results of COPC refinement for sediment, pore water, and biotic tissues (aquatic
invertebrate, clam, mussel, fish-organ, and fish). Contaminants of ecological concern and media
for which the study site concentrations were greater than reference are identified. Lastly, the
ERAGS Step 6 summary in Table 8-5 presents the sediment and water screening levels (aquatic
biota, wildlife) used to determine if the COPCs were to be retained as COPECs for the
near-shore environment. Screening levels that indicate a potential ecological risk (study site
concentration is greater than the screening value) are highlighted in Table 8-5.

The risk characterization summary information (ERAGS Step 7 in Table 8-6) presents the
ecological exposure evaluation and applicable bioassay results for these COECs. Table 8-6 also
presents a tabulation of the maximum study site sediment and pore water representative
concentrations and reference comparison values. The ecological exposure information for plants
and invertebrates is summarized based on the comparison of study site concentrations to
benchmarks and the site-specific NOECs based on the bioassays. If one or more bioassay
endpoints showed a negative relationship with COEC concentrations in sediment or pore water,
then this is noted and there is no site-specific NOEC for this receptor and COEC. The ecological
exposure information for wildlife is presented as the HQ that sums exposure across pathways for
study sites and for reference sites. Risk characterization results for nonwildlife are highlighted
based on study site concentrations being less than benchmarks or greater than benchmarks.
Wildlife risk characterization results are highlighted based on study site exposure being greater
than reference and being greater than LOAEL. Note that although the HQ values for aluminum
suggest it would qualify as a COEC for wildlife, it is not included in Table 8-6 because, as noted
above, EPA has determined that ecological exposures to aluminum in soil at circumneutral pH
are not likely to drive ecological risk.
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One key observation is that pore water concentrations of one COEC (hexavalent chromium) at
study sites were greater than ambient water quality standards/criteria and reference
concentrations. Note that ambient water quality standards/criteria and other applicable or
relevant and appropriate requirements (ARARs) will be evaluated in the RI/FS. Some overall
trends are evident among the near-shore COECs. First, evidence for adverse effects for a
particular COEC is typically limited to one or two of the six receptor groups (aquatic plants,
aquatic invertebrates, amphibians, fish, birds, mammals). Second, for aquatic biota, either the
literature effect levels or the bioassays provide information that suggests adverse ecological
effects are unlikely. Observations for manganese indicate effects are possible for one or more of
the aquatic biota. Third, exposure to wildlife is either of low magnitude or comparable to
reference.

8.6 BROAD-SCALE EXPOSURES

The RCBRA also considered broad-scale ecological exposures for birds and mammals that may
be exposed in more than one of the environments of the River Corridor (upland, riparian, and
near-shore). This assessment was based on comparisons of calculated exposures to
literature-derived toxicity values. To meet the objectives of the risk assessment, the analyses
focused on addressing the following questions:

* Is there risk to human health and the environment under current conditions?
* What are the uncertainties associated with the RCBRA risk results and conclusions?

The following sections summarize the results of analyses and studies for each of the COPECs
and each of the assessment endpoints (aerial insectivores and upper trophic-level wildlife) to
answer those questions.

8.6.1 Is There Risk to Human Health and the Environment Under Current Conditions?

To address that overall question, the following specific question was the focus for broad-scale
species: "Do contaminant concentrations in soil, sediment, water, and food decrease survival,
growth, or reproduction of broad-ranging birds or mammals?"

All COPECs identified for the upland, riparian, and near-shore environments were used for the
broad-scale exposure evaluation. Evaluation of ecological significance of risks to these species
focused on LOAELs. A total of 54 COPECs that represent the upland, riparian, and near-shore
environmental media were evaluated for six broad-scale receptors (red-tailed hawk,
bank swallow, great blue heron, badger, occult Myotis bat, and mink). Based on those
evaluations, 4 of the 54 COPECs (aluminum, Aroclor-1254, nickel, and thallium) exceeded
effect levels and reference exposures for one or more of the assessment endpoint entities.
Adverse effects from aluminum in circumneutral soil pH (such as those in the River Corridor)
would not be predicted by the Eco-SSL (OSWER Directive 9285.7-60, Ecological Soil
Screening Levelsfor Aluminum: Interim Final). Therefore, given the available information,
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further evaluation of broad-scale exposures to aluminum is not indicated. No COPECs had
exposures greater than both reference and LOAELs for birds, but there is potential for adverse
effects of Aroclor-1254, nickel, and thallium on mammals from dietary exposures at study sites
(LOAEL-based HQs greater than 1.0), as described below:

* Aroclor-1254: Estimated exposures for Aroclor-1254 exceeded the LOAEL for the mink;
thus, it has a potential for adverse effects on mammals. LOAEL-based HQs were greater
than 1.0 at study sites only, and the magnitude of the HQs was low (1.6). The most
significant exposure pathway for Aroclor-1254 was through ingestion of fish. Aroclor-1254
was not identified as a near-shore COPC due to the low detection frequency and this analyte
being detected in both 100-B/C Pilot reference site and study site fish. The representative
concentration for fish in study sites included both the 100-B/C Pilot and RCBRA sample
results. Aroclor-1254 was detected only three times among the 14 fish samples analyzed
from the 100-B/C Area. Although the exposure evaluation indicated that Aroclor-1254 has
the potential for adverse effects on piscivores over broad areas, the potential for risks from
Aroclor-1254 appears to be overstated by the 100-B/C Pilot sample results. Another line of
evidence regarding the potential for adverse effects from polychlorinated biphenyls (PCBs)
in fish was provided by the PCB congener analyses; none of the PCB congener-related HQs
were greater than 1.0 at study sites. Although the PCB congener analyses were on different
fish collected during supplemental sampling to follow up on high Aroclor concentrations
reported by the 100-B/C Pilot Project, the PCB congener HQs suggest no potential for
adverse effects on piscivores. Aroclor-1254 was not identified as a COPC in any near-shore
media; it was included in the broad-scale exposure evaluation only due to concentrations
greater than reference in remediated waste site soils. Due to the lack of statistical differences
of study sites from reference sites for relevant abiotic media and the difference in risk
conclusions for PCB congeners versus Aroclors, Aroclor-1254 is not identified as a COEC
for broad-scale wildlife.

* Nickel: Estimated nickel exposures exceeded the LOAEL for the bat; thus, it has a potential
for adverse effects on mammals. The bat LOAEL-based HQs were greater than 1.0 at both
study sites (HQ was 1.3) and reference sites (1.2). The magnitude of these HQs was low and
the difference from reference was small (less than 10%). The most significant exposure
pathway for nickel was through ingestion of aquatic invertebrates. The observations of
minimal differences of the study site to reference site HQs were consistent with the lack of
any statistical difference of study site to reference site primary media concentrations
(Table 8-1). Statistical differences were also lacking for most tissues with one exception
being fish tissues. Due to the lack of statistical differences of study site from reference for
the abiotic media, nickel is not identified as a COEC for broad-scale wildlife.
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0 Thallium: Estimated thallium exposures exceeded the LOAEL for the bat and mink at study
sites only, where it has a potential for adverse effects on mammals. The magnitude of the
LOAEL-based HQs was low (mink LOAEL-based HQ was 2.2; bat LOAEL-based HQ was
1.2). Significant exposure pathways for thallium included ingestion of aquatic invertebrates
and fish. Statistical differences of study site to reference site primary media concentrations
are lacking, and statistical differences are also lacking for most tissues with one exception
being plant tissues. Due to the lack of statistical differences of study site from reference for
the abiotic media, thallium is not identified as a COEC for broad-scale wildlife.

In summary, no COPECs were identified as posing sufficient potential for adverse effects (or
there were sufficient uncertainties) for one or more assessment endpoint to warrant their
designation as COECs.

8.6.2 What are the Uncertainties Associated with the RCBRA Risk Results and
Conclusions?

Uncertainties in exposure and the protective nature of the toxicity values for inorganic COPECs
suggest that risk could be overstated for broad-scale wildlife. The HQ results for organic
COPECs present contradictory findings (PCB congeners versus Aroclors). In addition, overall
magnitudes of the HQ values were low, and there were no consistent differences in HQs between
the study sites and reference sites. There were cases in which the COPEC concentrations varied
widely among locations, and exposure and effects could be greater when calculated at a smaller
but still realistic spatial scale (like a ROD decision area). There is one COPEC (nickel) for
which aquatic invertebrate concentrations varied greatly and the pathway HQ is significant; such
risks to these COPECs might be understated for some areas.

Uncertainties in exposures are noted by the general lack of difference in study site concentrations
compared to reference concentrations for primary contaminated media (soil, sediment,
pore water) or tissues. The lack of statistical difference has been noted for the COPECs
discussed above. There were also inconsistent results for PCBs measured as Aroclor mixtures
versus congeners; potential for adverse effects was noted at study sites based on Aroclors, but
adverse effects were unlikely based on the congeners.

A basic uncertainty in the broad-scale assessment is that upland exposures focused on study sites
associated with remediated waste sites and are intended to be applicable to other remediated
waste sites. There are other sources of contamination like lead-arsenates used as insecticides at
former orchards ("Arsenic, Lead, and Other Trace Elements in Soils Contaminated with
Pesticide Residues at the Hanford Site" [Yokel and Delistraty 2003]) or possibly PCBs
associated with waste oils that may have been used as dust suppressants. Significant nonpoint
sources of PCBs have not been identified at the Hanford Site (WCH-208, Polychlorinated
Biphenyl Presence in the Columbia River Corridor). It is worth noting that PCBs have been
identified as contaminants of concern in regional studies of contamination in fish, which suggests
that there are regional sources of contamination (EPA 91 0-R-08-004, Columbia River Basin:
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State of the River Reportfor Toxics January 2009). The assessment of contamination in
nonoperational areas of the Hanford Site was discussed in Section 3.2.

8.7 ECOLOGICAL PRELIMINARY REMEDIATION GOALS

Preliminary remediation goals are developed for plants, invertebrates, birds, and mammals in this
section. The general process for developing PRGs for the different receptors is similar, although
the specific steps may vary based on the nature of the information available. These ecological
PRGs have been developed for upland soils, in particular those soils associated with waste sites
or other operational areas in the River Corridor. These PRGs may also be applicable to soils
anywhere at the Hanford Site, including soils in the riparian environment. Preliminary
remediation goals are not developed for sediment or water in this report.

8.7.1 Plant and Invertebrate PRG Process

The following information summarizes the graded approach used for the initial PRG selection
for plants and invertebrates, which included consideration of screening values, bioassays results,
and literature values.

1. If either a WAC (WAC 173-340-900, Table 749-3) or EPA Eco-SSL screening value was
available, then the lowest screening value with at least moderate confidence was considered
as a potential PRG. The EPA screening values are inferred to have moderate to high
confidence (OSWER 9285.7-55). The confidence associated with the WAC screening values
is as reported in the Oak Ridge National Laboratory (ORNL) source documents. In some
cases only a screening value with low confidence was available, and it is used as an initial
value to be considered as an ecological PRG.

2. If an Eco-SSL value was available and a site-specific NOEC was developed from the
RCBRA bioassays, the site-specific NOEC was used to refine the value considered as a
potential PRG if it was greater than the Eco-SSL and greater than Hanford Site background.
In all cases the site-specific NOEC was the maximum concentration tested by the bioassays.
Additional information on the bioassays and statistical analyses of the upland and riparian
results are presented in Appendix H-1.

3. Literature values with high confidence were also considered to further refine values
considered as potential ecological PRGs. A compilation of available literature for plants and
invertebrates is presented in Appendix H-2.

4. If there is no WAC and no EPA screening value, then no ecological PRG is proposed even if
there are bioassay values, all of which were NOECs, because there is no strong reason to
remediate to those concentrations.

It is important to note that the ecological PRGs proposed in the RCBRA may be further refined
through the RI/FS process.
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8.7.2 Plant PRG Evaluation

Table 8-7 documents the selection process for the plant PRGs. The table shows the Hanford Site
background and reference comparison values and lists available plant screening values from
WAC Table 749-3, ORNL (ES/ER/TM-85/R3), and the EPA Eco-SSLs. Confidence ratings
were reported for the screening values obtained from ORNL. The Eco-SSLs are assumed to
have moderate to high confidence based on the criteria applied to identify and mark toxicity
studies as usable. The EPA required that a minimum of three studies meet criteria regarding test
conditions and responses.

Table 8-7 also shows a summary of site-specific bioassay (phytotoxicity) results for the RCBRA
BERA. The bioassay results summarized were the number of sites tested, the number of
statistically significant relationships, and the site-specific NOEC (in all cases the highest
concentrations tested). The confidence rating for the NOEC is also provided in the table. Higher
confidence is associated with testing more sites (10 or more), measuring no statistically
significant relationships, and testing a wide range of analyte concentrations (compared to
background or reference). Confidence in the bioassay results was also related to concordance
among measures with statistical differences or in the response of the bioassay measures to
confounding factors in comparison to contaminant concentrations.

Additional discussion is provided below for those low-confidence screening values that were not
refined by bioassay results or literature evaluations or that were identified as not used because
the screening value was not relevant to site conditions. The objective of this discussion is to
identify considerations for risk managers before cleanup decisions are made on the basis of
low-confidence PRGs. Seven analytes listed in Table 8-7 warrant further discussion, as follows:

* Aluminum: The WAC plant screening value for aluminum soluble salts is 50 mg/kg and
was originally from ORNL. ORNL reported this value as being of low confidence
(ES/ER/TM-85/R3). The screening value is not relevant to Hanford Site when considering
that the Eco-SSL for aluminum indicates that toxicity occurs below a soil pH threshold of 5.5
(OSWER Directive 9285.7-60). All measurements of soil pH in the River Corridor are
greater than the 5.5 threshold. Thus, based on the moderate- to high-confidence Eco-SSL
information, aluminum concentrations in the River Corridor do not pose a risk to ecological
receptors, and no plant PRG for aluminum was developed.

* Antimony: There were no plant studies that met the criteria to develop an Eco-SSL for
antimony (OSWER Directive 9285.7-6 1). The WAC Table 749-3 low effect level for plants
is 5 mg/kg based on a compilation of benchmarks (Kabata-Pendias and Pendias 1984) as
cited in ES/ER/TM-85/R3. The Kabata-Pendias and Pendias (1984) benchmark compilation
simply refers to 5 mg/kg antimony as having "unspecified toxic effects." ES/ER/TM-85/R3
indicated confidence in the antimony benchmark of 5 mg/kg to be low because it is based on
a secondary reference.
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* Barium: There was one plant study that met the criteria to develop an Eco-SSL for barium
(OSWER Directive 9285.7-63); a maximum acceptable toxicant concentration of
1,414 mg/kg was reported by EPA from a study on beans (Chaudhry et al. 1977). The
WAC Table 749-3 low effect level for plants of 500 mg/kg is based on the same study
(Chaudhry et al. 1977) as cited in ES/ER/TM-85/R3. This study had an inconsistent
dose-response relationship. Effects were noted at 500 mg/kg and 2,000 mg/kg, but not
1,000 mg/kg, and these two sources of screening values have interpreted this study
differently.

* Mercury: There are no Eco-SSLs for mercury. The WAC screening value of 0.3 mg/kg was
reported originally from ORNL as a value with low confidence (ES/ER/TM-85/R3).
Because this screening value has low confidence and is also less than Hanford Site
background, other studies available from the literature were considered. A value of
34.9 mg/kg was associated with no effect on barley seedling height after 7 days' exposure
(Panda et al. 1992). Mercury exposure in the study by Panda et al. (1992) resulted from
mercury contained in the solid waste deposits of a chloralkali plant, which may not be
relevant to contaminant sources and soil conditions at the Hanford Site. The WAC
Table 749-3 low effect level for plants is 0.3 mg/kg and was based on a compilation of
benchmarks (Kabata-Pendias and Pendias 1984) as cited in ES/ER/TM-85/R3. The
Kabata-Pendias and Pendias (1984) benchmark compilation simply refers to 0.3 mg/kg
mercury as "phytotoxic." ES/ER/TM-85/R3 indicated confidence in the inorganic mercury
benchmark of 0.3 mg/kg to be low because it was based on a secondary reference, and the
toxicity threshold in the chloralkali study was more than two orders of magnitude higher.

* Molybdenum: There are no Eco-SSLs for molybdenum. The WAC Table 749-3 low effect
level for plants is 2 mg/kg based on a compilation of benchmarks (Kabata-Pendias and
Pendias 1984) as cited in ES/ER/TM-85/R3. The Kabata-Pendias and Pendias (1984)
benchmark compilation simply refers to 2 mg/kg molybdenum as having "unspecified toxic
effects." ES/ER/TM-85/R3 cited other studies that showed molybdenum is not phototoxic at
the 2 mg/kg level, and it also indicated confidence in the molybdenum benchmark of 2 mg/kg
to be low because it is based on a secondary reference.

* Tin: There are no Eco-SSLs for tin. The WAC Table 749-3 low effect level for plants is
50 mg/kg based on a compilation of benchmarks (Kabata-Pendias and Pendias 1984) as cited
in ES/ER/TM-85/R3. The Kabata-Pendias and Pendias (1984) benchmark compilation
simply refers to 50 mg/kg tin as having "unspecified toxic effects." ES/ER/TM-85/R3 cited
other studies that showed tin is not phototoxic at the 50 mg/kg level and it also indicated
confidence in the tin benchmark of 50 mg/kg to be low because it is based on a secondary
reference.

* Uranium (reported as inorganic or calculated total): There are no Eco-SSLs for uranium.
The WAC screening value of 5 mg/kg was reported originally from ORNL as a value with
low confidence (ES/ER/TM-85/R3). Describing Sheppard et al. (1983) as the basis for the
5 mg/kg uranium soil benchmark, ES/ER/TM-85/R3 incorrectly states, "In the sandy soil,
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root weight was reduced 23% by 5 ppm U (lowest concentration tested), while shoot weight
was not affected." However, Sheppard and others (Sheppard et al. 1983, Table 4) show that
root weight was slightly increased (but not significantly) at 5 mg/kg uranium in sandy soil
(vs. its control). In reality, Sheppard et al. (1983) show that only root weight at 30 mg/kg
uranium in peat soil was significantly reduced (p<0.05), relative to its control. However, the
next-highest concentration tested (50 mg/kg uranium) in peat soil resulted in no significant
difference (vs. its control). Therefore, based on data in Sheppard et al. (1983), it is
problematic to define either a no effect or low effect level from that study. In a more recent
review article, Sheppard et al. (2005) reported 250 mg/kg as a probable no effects
concentration of uranium on plants. Because this value is from a more recent paper by the
same authors as ORNL cited for the original plant screening value, we present 250 mg/kg
from Sheppard et al. (2005) as a potential uranium PRG for plants based on the information
available for the Hanford Site River Corridor.

8.7.3 Invertebrate PRG Evaluation

Table 8-8 documents the selection process for the terrestrial invertebrate PRGs. The table shows
the Hanford Site background and reference comparison values and lists available invertebrate
screening values from WAC Table 749-3, ORNL (ES/ER/TM-126/R2), and EPA Eco-SSLs.
Confidence ratings were reported for the screening values obtained from ORNL. The Eco-SSLs
are assumed to have moderate to high confidence based on the criteria applied to identify toxicity
studies as usable. The EPA required that a minimum of three studies meet criteria regarding test
conditions and responses.

Table 8-8 also shows a summary of site-specific bioassay (nematode survival) results for the
RCBRA BERA. The bioassay results summarized were the number of sites tested, the number
of the statistically significant relationships, and the site-specific NOEC (in all cases the highest
concentrations tested). The confidence rating for the NOEC is also provided in Table 8-8.
Higher confidence is associated with testing more sites (10 or more), measuring no statistically
significant relationships, and testing a wide range of analyte concentrations (compared to
background or reference). Confidence in the bioassay results was also related to concordance
among measures with statistical differences or in the response of the bioassay measures to
confounding factors in comparison to contaminant concentrations.

Additional discussion is provided below for those low-confidence screening values or screening
values with unknown sources that were not refined by bioassay results. The objective is to
identify considerations for risk managers before cleanup decisions are made on the basis of
low-confidence PRGs. Three analytes listed in Table 8-8 warrant further discussion:

* Arsenic: There were no invertebrate studies that met the criteria to develop an Eco-SSL for
arsenic (OSWER Directive 9285.7-62). The WAC Table 749-3 effect level for invertebrates
is 60 mg/kg, and is based on a single study as cited in ES/ER/TM-126/R2. Fischer and
Koszorus (1992) tested the effects of arsenic at a concentration of 68 mg/kg and found that
the number of cocoons produced per worm showed the highest sensitivity to arsenic with a
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56% reduction at the test concentration. The benchmark of 60 mg/kg was of low confidence
because it was based on a single study.

* Copper: There is an Eco-SSL for copper of 80 mg/kg (OSWER Directive 9285.7-68). The
WAC Table 749-3 effect level for invertebrates is 50 mg/kg based on the value reported in
Table 1 of ES/ER/TM-126/R2. However, the narrative on effects of copper on invertebrates
in ES/ER/TM-126/R2 discusses several studies and proposes a benchmark of 60 mg/kg with
moderate confidence.

* Mercury: There are no Eco-SSLs for mercury. Because the ORNL screening value is of
low confidence and is also less than Hanford Site background, other studies available from
the literature were considered. The RCBRA benchmark for effects of mercury on
invertebrates is 0.1 mg/kg. This benchmark is based on a study by Abbasi and Soni (1983)
and is the result of an uncertainty factor applied to the reported low observed effect
concentration of 0.5 mg/kg. The reported effect was a 65% decrease in earthworm survival
and a 40% decrease in cocoon production over 60 days of exposure. Given the
65% reduction on survival, ES/ER/TM-126/R2 reduced the 0.5 mg/kg value by a factor of
five to yield a final benchmark of 0.1 mg/kg, which is the value selected for screening effects
of mercury on invertebrates in WAC Table 749-3. ES/ER/TM-126/R2 cites another study by
Beyer et al. (1985) in potting soil (pH and organic content unspecified) in which methyl
mercury at 2.5 mg/kg had no effect on survival or segment regeneration, and 12.5 mg/kg had
a 21 % reduction in survival and 69% reduction in segment regeneration. Thus, given the
uncertainty in the mercury invertebrate screening values, the range of invertebrate
mercury effect levels from the literature should be used as additional information to refine
PRGs in the RI/FS process. In addition, if mercury occurs in soil at concentrations above the
RCBRA NOEC, further bioassays could refine the site-specific NOEC.

8.7.4 Wildlife PRGs

Wildlife PRGs were calculated for birds and mammals on the basis of their assumed exposure to
biota from contaminants in their diet and from incidental soil ingestion. The wildlife models and
risk estimates included exposure rates, toxicity information, and bioaccumulation information.
Only the bioaccumulation information includes site-specific information.

Table 8-9 presents a compilation of the Tier 1 wildlife PRGs for chemicals (CHPRC-00784).
The table shows the Hanford Site background and reference comparison values and lists
available wildlife screening values from WAC Table 749-3 and EPA Eco-SSLs. The Tier 1
wildlife PRG values were developed using a wildlife exposure model that is based on EPA
guidelines (EPA/600/R-93/187) and using TRVs that are intended to protect wildlife populations.
The wildlife exposure model used assumptions that represent bird and mammal species found at
the Hanford Site. Tier 2 wildlife PRGs are preferable to Tier 1, provided that Tier 2 values have
at least moderate confidence (see below).
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Table 8-10 presents a compilation of the Tier 2 wildlife PRGs for chemicals (CHPRC-01311).
The table shows the Hanford Site background and reference comparison values and lists
available wildlife screening values from WAC Table 749-3 and EPA Eco-SSLs. The Tier 2
wildlife values were developed for the same bird and mammal species as for Tier 1, and also are
intended to protect wildlife populations. The wildlife exposure model for developing the Tier 2
values used a bioaccumulation model that better reflects the food chains present at the
Hanford Site. Available site-specific data also were incorporated into this bioaccumulation
model. The confidence ratings for the Tier 2 PRGs are based on the data available for the
bioaccumulation model and apply to all receptors. Tier 2 PRGs are not proposed for analytes
with low confidence bioaccumulation models; those for which Tier 1 PRGs are available are
noted in Table 8-10.

8.7.5 Radionuclide PRGs

Table 8-11 presents a compilation of the radionuclide PRGs for all of the terrestrial receptor
groups (CHPRC-00784). The PRGs for radionuclides were developed using DOE's graded
approach for biota dose evaluation (DOE/EH-0676). The specific values were calculated with
assumptions representing species found at the Hanford Site using the dose assessment model
incorporated into the RESRAD-BIOTA code. The PRGs correspond to the 0.1 rad/day dose
limit for protection of terrestrial wildlife and 1 rad/day dose limit for terrestrial plants
recommended by DOE (DOE/EH-0676).

8.7.6 Summary of Proposed Ecological PRGs

Table 8-12 presents an overall summary of the proposed ecological PRGs and relevant
supporting information for each of the analytes previously evaluated in Tables 8-8 through 8-11.
The status column shows the highest level of evaluation in the RCBRA for these analytes
(termed "analyte," "indicator," "COPC," "COPEC," or "COEC"). Those identified as "analyte"
were included in the soil and biota analyses, but were not identified as COPCs. The term
"indicator" refers to those analytes identified as indicator contaminants in the RCBRA SAP
(DOE-RL 2005-42). Contaminants of potential concern were those analytes with study site
concentrations greater than background and reference concentrations. Then among the analytes
identified as COPCs, those identified as COPECs had soil concentrations greater than screening
values or had a data gap for one of the screening receptor groups. The COECs were COPECs
with key findings for one or more of the receptor groups such as having concentrations greater
than a benchmark or exposures greater than lowest effect levels. Ultimately, the ecological
PRGs will be used to define protective concentrations for ecological receptors and therefore
supersede the risk assessment findings from the study sites in each environment.

Summary information for the upland study sites and the remediated waste sites evaluated in the
RCBRA is shown in the next two groups of columns. Representative concentrations (RCs) were
calculated for each study site and remediated waste site. The highest RC calculated is shown for
each analyte. Maximum RCs that exceed the lowest proposed ecological PRG are identified by
shading. This shows that 11 metals and 3 organic compounds were identified in concentrations
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that may cause observable effects in a particular ecological receptor. No radionuclides were
detected in concentrations that exceed a proposed ecological PRG.

Applicable Washington State and EPA ecological screening values for each receptor are shown
in the next two groups of columns. These values were compiled from Tables 8-8 through 8-11.

The next two columns show the maximum RC calculated for the 10 upland reference sites
evaluated in the RCBRA and the 9 0 th percentile of the Hanford Site background evaluation.
These values are useful for evaluating the relative levels of the values presented in the previous
columns.

Finally, the last group of columns provides a summary of the proposed ecological PRGs for each
receptor group. These values are compiled from Tables 8-8 through 8-11. The lowest proposed
PRG for each analyte is highlighted. In two cases, mercury and vanadium, the lowest proposed
PRG is lower than the Hanford Site background value. In these cases, no proposed PRG is
identified, and the Hanford Site background value is shaded. Alternative PRGs may need to be
evaluated for these analytes.

The proposed ecological PRGs shown in Table 8-12 were derived from available information
and are presented for consideration during the development of the RI/FS reports for the
River Corridor decision areas. Preliminary remediation goals may be refined during the RI/FS
process, and, ultimately, PRG values used for alternatives analyses will be identified in the RI/FS
reports.

8.8 CONCLUSIONS

Volume I of the RCBRA provides a BERA of the River Corridor in accordance with the
CERCLA RI/FS process. The primary ecological risk-assessment goal for CERCLA sites is to
support remedial action decisions that reduce ecological risks to levels that will result in the
recovery and maintenance of healthy local populations and communities of biota. The ecological
risk assessment portion of the RCBRA evaluated contaminants present at the site that pose
current and future risk to receptors as a result of releases of hazardous substances to the soil and
groundwater in the River Corridor. In addition, ecological management goals for the
River Corridor include considering impacts to state or federally listed threatened or endangered
species, protecting rare habitats, and minimizing contaminant loading (or bioaccumulation)
into biota.

Analyses of abiotic and biotic media targeted 84 indicator contaminants that had been identified
through the SLERA process. These indicator contaminants were part of a greater suite of
compounds that were analyzed and included metals, radionuclides, and several types of common
organic pollutants including polycyclic aromatic hydrocarbons, PCBs, pesticides, and herbicides.
In all, over 150 chemical and radioactive contaminants were evaluated as well as applicable
physical characteristics related to each medium sampled, such as soil particle size, water
hardness, and other similar measurements.
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The original determination of the presence of unacceptable risk and basis for action at
yet-to-be-remediated waste sites is supported by the field experiences and information gathered
through implementation of the observational approach-based soil cleanup actions in the
River Corridor over the past 16 years.

Remedial-action goals established under the IARODs have been shown to effectively reduce the
levels of radionuclides and most organic compounds evaluated to levels that reduce the risk to
ecological populations and communities of biota. Residual levels of all radionuclides measured
were below levels indicating the potential for adverse effects to the local biotic populations and
communities.

Of over 100 common organic pollutants measured, two compounds associated with specific
waste sites were identified in concentrations that indicate the potential for adverse effects to the
local biotic populations and communities. These include residual levels of the pesticide dieldrin
associated with some historic solid waste dump sites and total petroleum hydrocarbon residue
associated with historic oil spills at the 100-N Area.

Residual levels of metals were found to represent the most widespread potential for adverse
effects to the local biotic populations and communities. Some of these metals, such as barium,
cadmium, chromium, hexavalent chromium, copper, lead, mercury, and uranium can be tied to
releases of hazardous substances from Hanford operations in the River Corridor. Other metals
that were identified to present potential for adverse effects to the biotic populations and
communities are less distinguishable from background levels in the local environment and do not
have a clear tie to releases of hazardous substances in the River Corridor. These include
antimony, arsenic, boron, manganese, and zinc.

Key uncertainties associated with the BERA are related to gaps in the data. Toxicity
measurements in the terrestrial environments were difficult to complete for all sample areas.
Some early data for plant toxicity were lost because the laboratory did not document that it
followed all required quality assurance protocols for the seed germination test. The laboratory
protocols were corrected to ensure the proper quality control and selected sample sites were
resampled to recover some of the lost data. It was also discovered that the selection of sample
locations did not provide a high enough range of contaminant concentrations to determine the
upper bound of site-specific toxic effects for plants and terrestrial invertebrates. This resulted in
more contaminants (including antimony, arsenic, barium, boron, chromium, copper, mercury,
dieldrin, and total petroleum hydrocarbons) being considered to represent a potential for adverse
effects to local plant and invertebrate species than may be true.

For the terrestrial receptors, exposure was based on the average concentrations for each study
site using MIS results for soil or composite sample results for biotic tissues. Thus, exposure is
integrated to the entire site incorporating high and low concentrations. There are uncertainties in
applying the results of these studies to cases where discrete samples were collected or to sites
that are heterogeneous, and the average may not adequately represent exposure to some
individuals or populations.
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Finally, pore water samples collected from the shoreline sediments may not fully represent
conditions experienced by the biota measured. Controlling the timing and methodology of
collecting these samples under field conditions proved to be a difficult task. Data from several
sampling episodes were determined to be unusable and resulted in some gaps in the data set.
Also related to characterizing risk from pore water samples was that both filtered and unfiltered
water sample results were evaluated in the RCBRA. In some cases, the toxicity information or
standards/criteria are based on dissolved metals concentrations. Therefore, exposure and the
potential for risk is overestimated by using the unfiltered or total metals concentrations.

Soil PRGs were developed for several terrestrial receptor groups (plants, invertebrates, birds, and
mammals) in this BERA. These ecological PRGs were developed for the COECs identified by
this assessment. Preliminary remediation goals were also developed for a broader list of
chemicals identified as COPECs, common pollutants, and radionuclides. These ecological PRGs
will provide information for the analysis of remedial alternatives in the RI/FS reports for the
six decision areas in the River Corridor.

8.9 RECOMMENDATIONS

There are two main recommendations to address the findings of the assessment or uncertainties
associated with overall conclusions for the BERA. These recommendations integrate risk
information along with observations on specific contaminants.

The ecological PRGs presented in this report should be used in the CERCLA RI/FS process to
evaluate remedial alternatives for waste sites and affected media in the River Corridor. These
PRGs were developed for terrestrial COECs and other analytes of interest and address a range of
receptors. Additional toxicity testing data for plants and invertebrates could help support the
selection of the soil PRG values. In particular, testing of higher contaminant concentrations
(such as from yet-to-be-remediated sites) would help determine the upper bounding values for
COECs in abiotic media that cause toxic effects in plants and animals.

Second, it is recommended to continue monitoring ecological media in the near-shore
environment for the inorganic COECs highlighted in this section. Ecological monitoring should
focus on groundwater contaminants potentially affecting the near-shore environment. This
monitoring should address potential exposure to the receptors living in the near-shore
environment as well as broad-scale exposures derived from the near-shore environment.
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