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EXECUTIVE SUMMARY

This document presents a plan for initiating the CERCLA process (a Federal law that establishes

how to evaluate and cleanup contamination in the environment) to investigate Hanford Site

releases to the Columbia River. The information gained from performing this investigation will

ultimately be used to help make final regulatory decisions for cleaning up Hanford Site

contamination that exists in and along the Columbia River.

Purpose and Scope

Cleanup of contaminated soil and groundwater at the Hanford Site is under way and is striving to

prevent further contaminants from reaching the Columbia River. However, some contaminants

have already been released to the Columbia River from past discharges that occurred during the

Hanford Site weapons production mission from 1943 to 1989. Waste disposal practices also

resulted in release of contaminants to the soil. Some of the contaminants have moved from the

soil into groundwater that lies beneath the Hanford Site, then moved with the flow of

groundwater into the Columbia River where it comes up through the river bottom, or upwells. It

is important to understand what contaminants are present, how concentrated they are, and where

they are located at the present time because they may have undesirable effects on humans,

animals. and plants that use or live in the Columbia River.

The purpose and scope of this work plan is to describe the initial work to:

* Collect and analyze samples to identify what Hanford Site-related contaminants are present

in the Columbia River, what their concentrations are, and where they are locnted

* Use the sample results to estimate the current risk to humans, animals, and plants if they are

exposed to Hanford Site-related contaminants while they use or live in the Columbia River

* Determine whether or not any cleanup actions are needed to lower the risk to humans,

animals, and plants from being exposed to Hanford Site-related contaminants.
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Depen ding, on evaluation of the results, it is possible that additional investigation or sample

collection activities may be needed that are not presently described in the work plan. The

purpose and scope of any additional sample collection activities will be documented in a new

work plan or a revision to this work plan.

Investigation Area

The investigation area was determined from review of existing sample results for the Columbia

River from upstream of the Hanford Site to where it empties into the Pacific Ocean. Information

relating to how the river flows through the land. the shape of the river bottom, construction

periods for dams along the Columbia River, and the Hanford Site operational history were also

considered.

The investigation area begins upriver from the Hanford Site above the Wanapun Dam and

continues to McNary Dam, the first downriver dam from the Hanford Site. Limited sampling is

also planned in the vicinity of Bonneville Dam because the Hanford Site operated for a short

period of time before McNary Dam was constructed. During that time period, the Bonneville

Dam was the first dam downriver of the Hanford Site. As a starting point to manage the work,

the investigation area has been divided into five sub-areas. These five sub-areas are shown in

Fiture ES-l and identified as upriver, 100 Area, 300 Area, Lake Wallula, and Bonneville Dam

Pool.

Sample Collection

Thousands of samples have been collected previously in and around the Columbia River to

measure the concentration of chemicals in river water, the river bottom and shoreline, fish and

other animals, and plants. Results from previous samples and new samples that will be collected

under this work plan will be used together to help address these questions and make better

conclusions about the need for additional investigations or cleanup activities.
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Figure ES-1. Renedial Investigation Area.
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The results from previous samples, information about where the contaminants came from, and an

understanding of the different ways contaminants can move around in nature were used to help

prepare the plan for collecting new samples. More than 1.100 samples will be collected as part

of this work, with an emphasis on areas where;

* Hanford Site contaminants are most likely to be present. Examples include locations where

build up of sediments exist on the river bottom downstream of Hanford Site reactors and

behind the first downstream dam, islands, and areas where contaminated groundwater is

upwelling in the river bottom.

* People use the Columbia River for recreational and other activities. Examples include

islands, shoreline parks and beaches. boat launches, and other public access points.

Areas where non-Hanford Site contaminants are most likely to be present will also be sampled

because it is important to help understand background conditions that are introduced into the

investigation area. Examples include areas upriver from the Hanford Site, irrigation returns, and

locations where other rivers enter the Columbia Riven

The total number of samples collected will be split among various types of material, or media:

* Pore water (groundwater that is upWelling beneath the surface of the river bottom in the

space between rocks and sediment)

* Sediment

* Surthce water (river water)

* Fish

* Island soil.

Most sediment samples will consist of material collected from the tipper 4 inches of the river

bottom. A smaller number of sediment samples will consist of a "core" of material from the

upper surface of material built tip on the river bottom to the base of the river bed. Sediment
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cores will be divided into multiple pieces representing different depths of the river bottom. Each

individual piece will be sampled and tested separately to get information on how contaminant

concentrations vary with depth.

Fish will be sampled primarily to estimate the potential health hazards to people eating them.

The type of fish that will be sampled include whitefish, sucker, walleye- carp, bass, and sturgeon.

These fish species were selected because they were identified by Native Americans as being part

of their diet and/or because they are popular sport fish in the investigation area. Data generated

will also be used when possible to estimate potential health risks to the fish itself

Salmon (Chinook, steelhead, coho), Pacific Lamprey, and smelt are also part of the Native

American diet but will not be sampled during this phase of the remedial investigation. Salmon

do not spend much time in the Hanford Reach area during their lifetimes. Pacific Lamprey and

smelt are not present in large numbers within the Hanford Reach.

The laboratory tests requested for each sample will depend on its location, collection purpose,

and media type. Tests for most of the sanples will include radionuclides and metals, which

represent the most common groups and largest quantities of contaminants that resulted from

Hanford Site operations. Tests for other contaminants, such as organic compounds, will be

performed on a smaller number of samples.

Estimates of Potential Risk

Results from the new samples collected during this work will be combined with results from

previous samples to estimate the potential health risks to humans, animals, and plants from

exposure to Hanford Site releases to the Columbia River. These estimates of risk, which are also

called risk assessments, will help inform decision makers on whether or not there is a need for

additional investigation or cleanup activities to control or reduce the risk from exposure.

Different methods will be used to estimate risk to humans and risk to animals and plants.
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Ecological Risk Assessment. The ecological risk assessnent will estimate potential risks to

animals and plants. The CERCLA process that will be followed to estimate these risks includes

eight steps. This work plan describes the approach for completing the first three steps of the

eight-step process. Samples of plants and animals are not typically collected as part of these

steps. Instead, sample results from media that plants and animals may be exposed to, such as

sediment and surface water, are compared with "benchmarks" published by the scientific

community. Comparison with these benchmarks provides an initial stimate of potential risk.

Depending on the results of this comparison, additional studies may be needed as part of

completing Steps 4 through 8 of the regulatory process for estimating risk to plants and animals.

It is at this time that a plan would be developed to sample specific plants and animals that are

present in the investigation area. If needed, the sampling plan and methods for estimating risk in

Steps 4 through 8 would be developed and documented in a revision to this work plan or as a

sepirate work plan.

Human Health Risk Assessment. Potential risk to humans will be estimated for a range of

different exposure levels to thc river media (sediment, surface water, island soils, and fish).

Assumptions about the way in which the exposures occur (pathways), such as skin contact or

from eating fish, are combined with assumptions about exposure duration or quantity for

diffcre nt media to establish an exposure "scenario." The human exposure scenarios proposed for

this investigation are intended to represent a full rainge of uses from high to low intensities.

Exposure scenarios have been created for the following people to represent a range of uses for

this investigation:

* Native Americans who have ties to Columbia River and eat a large amount of fish from the

river as a primary part of their daily diet

* Adults and older children who spend a lot of time fishing in the river and eat what they catch

* Adults and children who use the Columbia River for swimming. boating, and playing on

beaches.
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Information gathered during the investigation will be used to estimate the potential risk for each

type of use represented by the exposure scenarios. The results will identify how much of the

total estimated risk to humans would be caused by potential exposure to Hanford Site-related

contaminants and how much would be caused by contaminants that may have come from places

other than the Hanford Site. The contaminants and the exposure pathways that are risk "drivers."

or those that have the greatest influence on the risk estimates, will be identified to assist in

decision-making activities.

Project Schedule

Sample collection activities outlined in this work plan will begin in the fall of 2008 and continue

through the summer of 2009. The results that are produced from the laboratory tests performed

on the samples will be evaluated as they are returned and summarized in a report after all of the

tests are complete. Sample results will then be used to perform the initial steps of the CERCLA

process to estimate the potential risk to plants and animals and help decision makers determine if

additional investhgation is needed. This decision point is anticipated to occur in 2011.

Updates on the progress of work plan activities will be communicated to the regulators, Tribes,

and stakeholders periodically during the performance of vork. Unit manager meetings, Tribal

consultations, Natural Resource Trustee Council meetings, Hanford Advisory Board meetings,

and periodic workshops will provide opportunities for briefings on the project work and results.

Relation to Hanford Cleanup Activities Near the Columbia River

The results of this investigation are important to other Hanford Site cleanup activities in areas

that border the Columbia River. also known as the "River Corridor In the early 1990s, the

Tri-Parties (the U.S. Environmental Protection Agency, the Washington State Department of

Ecology, and the U.S. Department of Energy) decided that enough information was known about

contaminated soil and groundwater at the I lanford Site to begin cleanup instead of performing

additional studies to help refine the existing information. This decision led to an early start for

cleanup of contaminated soil and groundwater in areas of the Hanford Site that border the river.

ES-7
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As the cleanup progresses, new information on the contamination is gallered and used to help

influence future cleanup activities.

The Tri-Parties have recently developed a strategy to make final decisions about the actions that

are needed to complete cleanup in the River Corridor. Part of the strategy is to split these final

cleanup decisions into smaller pieces of work that are more manageable and aligned with

Hanford Site operational functions. Final cleanup decisions will be developed for areas

associated with the following:

* 1 00-B/C reactors

* 100-K reactors

* 1 00-N reactor

* 100-D and 100-H reactors

* 100-F reactor and Hanford townsite

* 300 Area fuel fabrication and development facilities.

Final decisions for each of these six areas will address the cleanup of contaminated soil and

groundwater. The impacts of the Ha nford Site releases to the Columbia River are an integral

piece of these final decisions. 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.
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Community Relations Plan
cancer slope factor
conceptual site model
central tendency exposure
Confederated Tribes of the Umatilla Indian Reservation
dichloroethene
U.S. Department of Energy
data quality objective
drinking water standard
Washington State Dcpartmcnt of Ecology
U. S. Environmental Protection Agency
exposure point concentration
feasibility study
fiscal year
health and safety plan
Han ford Environmental Information System
incremental lifetime cancer risk
Integrated Work Control Program
job hazards analysis
thousand cubic feet per second
lower bound of gray region
lowest observed adverse effect level
Auhi-Agency Radiation Surve is and Site In 'estigation ;Vanu oal
maximum contaminant level
multi-incremental sampling
Model Toxics Control Act
National Priorities List
polychlorinated biphenyl
tetrachloroethylene
petroleum hydrocarbons
Pacific Northwest National Laboratory
practical quantitation limit
quality assurance project plan
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QC
RAO
RBC
RC
RCBRA
RCRA
RI
RM
RME
ROD
SAP
SHOALS
SSHASP
SVOC
TAG
TCE
Tri-Party A greement
UCL
VSP
VOC
W AC
WCH

quality control
remedial action objective
risk-based concentration
representative concentration
River Corridor Baseline Risk Assessment
Resource Conservation and Recoveri Act of 1976
remedial investigation
river mile
reasonable maximum exposure
record of decision
sampling and analysis plan
Scanning Hydrographic Operational Airborne Lidar Survey
ate-specific health and safety plan
semivolatile organic compound
technical assistance grant
tricl hloroethene
Hanford Federal FaciiM v A greemen and Consent Order
upper confidence limit
Visual Sample Plan
volatile organic compound
Wash ingon A dministraive Code
Washington Closure Hanford

S
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1.0 INTRODUCTION

The Columbia Rier stretches 2,000 km ( L243 mi) from the Canadan province of British
Columbia through the U.S. State of \Washington. forming much of the border between

Washington and Oregon. before emptying into the Pacific Ocean. Measured by the v olume of its
flow, the ( olumbia River is the largest river flowmig into the Pacific from North America and is
the fourth-largest ri er in the United States In south-central Washington State. the riv er flows
through the U.S. Department of Energy (DOE) Hanford Site (Figure 1-1 ) An area known as the
I lanford Reach is an 82-kni (5 1 -mi) stretch Of the Columbia River that flows unimpeded between
Priest Rapids Dam to the head of I ake Wal lula upstream of McNary Dam. The Hanlord Reach
is the only free-flowing portion of the river above Bonneville Dam In the United States.

The Hanford Site is a 1,5 i7-km2 (586-mi) federal facility located within the semiarid
shrub-steppe Pasco Basin of the Columbia Plateau in south-central Washington State.
(Note: For the purposes of this report, the 1 lanford Site refers to the boundaries of the IIanford
Reservation.) It is situated north and west of the cities of Richland. Kennewiek, and Pasco. The
Hanford Site became a federal Iacility in 1943 when the U.S. Government took possession of the
land to produce weapons-grade plutonium during World War II

During Hanford Site operations, ILiquid effluents from plutonium produclion reactors were
discharged directly to the Columbia River. and unplanned overland flows from retention ponds
and basins occasionally occurred. In addition, plumes of contaminated groundwater developed
in portions of the HI an lord Site Es a result of the practice of discharging waste waters to the soil

column and subsequent migration through the soil. Some of these contaminated groundwater
plumes have reached the Columbia River. discharging in springs along the shoreline and
upwell ing through the river bottom.

Ilanlord Site production activities continued until the late I980s, when the mission focus
changed to cleaimng up the radioactive and hazardous wastes that had been generated during the

previous decades. In 1989, areas of the Hanford Site were placed on the National Prioiies List

(NPL) under the aLuthionity of the Coniprehensive Lnronmental RctVponse, Compensulion. and
LohibIil Act of 19NO (CE RC LA). Placement on the NPL initiated the CL-RCA process that

would result in the cleanup of contaminated areas.

A primary objective of the I lanford Site cleanup mission is protection of the Columbia River,
through r emediation of contamInated soil and groundwater that iesuled from its product ion
mission. These remedial actions were iitated in 1994 and contimue today. with an emphasis on
acti ities in the "River Corridor because of its proximity to the river and presence of the former
production reactors in the 100 Area and research and development facilities in the 3(0 Arel

Current activiies in the River Corridor alSo include performance (If a baseline nsk assessment of
the upland, riparliin. and near-shore areas (i)OEiRL-2007-2 1. River Corridor Baseline Risk
Asscsment Report. Soure and G( oundwer Conponent). T hese areas are now referred to
collectively as the Source and Groundwater Component.

1-1
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Figure 1-1. Columbia River Remedial Investigation Area.
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Within the Columbia River system. surface water, sediment, and biota samples related to
potential Hanford Site hazardous substance releases have been collected since the start of
Hanford operations. 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
prev iously investigtated as mandated by DOE requirements under the :1 tomni/ Ene'r Y4ct of /954.
The current impacts are now being assessed under CERCLA via the remedial investigation (RI)
activities described in this work plan.

1.1 PURPOSE AND SCOPE

The purpose of this work plan is to describe the approach for conducting a CERCLA compliant
R I to:

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

SAsess the current risk to ecological and human health receptors that is posed by those
Hianord Site-related contaminants

* Determine the need to perform remedial action.

To fulfill the purpose, this work plan has been prepared to direct the sample collection, analysis,
data review activities, and methods to be used for a baseline human health risk assessment
(BHHRA) and baseline ecological risk assessment (BERA). Although this work plan describes
the initial sampling that will be conducted, additional phases of investigation may be considered
and implemented based on the results of the Rl.

The scope of this work plan focuses on the impacts of Hanford Site hazardous substance releases
to the Columbia River. In order to evaluate the impacts from Hanford Site hazardous substance
releases, it is also important to understand the contributions of non-Hanford influetices to the
Columbia River upstream, within, and downstream of the Hanford Site. To address this scope.
the geographical investigation area for this work plan includes the Columbia River and islands
from the Vermita Bridge (approximately 4 river miles [RM] upriver of the 100-B/C Reactor
Area) to McNary Dam (the first downriver dam from the Hanford Site), plus a limited
investigation of the area immediately upstream of Bonneville Dam. Limited sampling is planned
in the vicinity of Bonneville Dam to address potential deposits that may have occurred prior to
the construction of McNary Dam. Construction of Bonneville Dam started in 1935 and was
completed in 1937, several years before Hanford Site operations started. This investigation area
has been divided into five sub-areas based on proximity to the Hanford Site and the relation of
production operations. These five sub-areas include the upriver. 100 Area, 300 Area, Lake
Wallula (downriver), and Bonneville Dam Pool segments (Figure 1-1).

1-3
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The lateral investigation area of the Columbia River extends shore to shore (ordinary high water
mark to ordinary high water mark, except for areas within the HFanford Reach that have been

previously characterized and assessed by the River Corrdor Baseline Risk Assessment

(RCBR A) Source and Groundwater Component (nominally to a depth of 2 mn [6 ft] into the river

from the low water mark). In these areas of the Hanford Reach. the investigation area for this

work plan begins where the RCBRA Source and Groundwater Component investigation left off.

For ibiotic media (e.g., soil sediment. water) and most biota, sample collection for the RCI3RA

source and groundwater component stopped at the low water mark of the river. which is

characterized by the presence of the "green line" of algae delineating the permanently inundated

portion of the river channel. The lateral investigation areas are depicted in Figures 1-2 and 1-3.

Additional information on the investigation area boundaries is presented in Section 4.0.

1.2 APPLICATION OF THE CERCLA RUFS PROCESS

This RI work plan is prepared in accordance with the Guidance/6 Conlducting Remedial

Investigatioms and Feidhilit Studlies Undce C E RCELA (EPA 1988a). The RI/feasibility study

(FS) process represents the methodology that the Superfund program has established for

characterizing the nature and extent of hazardous substance releases, assssin g tie risks posed by

exposure to these releases, and evaluating potential remedial options. It is meant to be viewed as

a dynamic, flexible process that can be tailored to specific site circumstances. The objective of

the RI/FS process is not removal of all uncertainty, but to gather sufficient information to make

an informed risk management decision regarding potential remedial action.

The RI/VS process consists of multiple steps or phases, the first of which is "scoping." The

scoping phase includes evaluating existing data, developing the conceptual site model (CSM),

identifying data quality objectives (DQOs), and prepairing project plans. The information

presented in this work plan represents the culmination of'the scoping phase of the RI/FS process

for Hanford Site hazardous substance releases to the Columbia Ri er.

An extensive data compilation effort was performed bet w een 2004 and 2006. as documented in

the Coltinbia River Component Data Evaluation Swmmart' Rcpo't (WCH-9 1). The conpiled
data were thei further evaluated with the purpose of identifyimg potential data g'ps to be

addressed in this RI work plan. Results of this ev iluation and the associated data gaps were

summari zed in th e Cvimnbia Fir er Component Daft Gap dnaltwi (\\CI-l-20 I ). Prev ious
in estigations and a summary of the data compilation and e aluation efforts are presented In

Section 2.0. The available body of nformaion gathered and evaluaed during the scoping effort

provides the ability to develop the CSM estabsh the initial DQOs, and 'upport a rationale for

conducting a focused sampling program as presented in Sections 3.0 and 4.0 of this work plan.

From WAC 173-22-030, "the ordinary iigh water mark on all lakes, streams, and tidal water is that mark that will
be found by examining the bed and banks and ascertaining where the presence and action of waters are so common

and usual, and so long continued in all ordinary years, as to mark upon the soil a character distinct from that of the
abutting upland.."
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Figure 1-2. Remedial Investigation Area WNithin the Hlanford Site.
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Figure 1-3. Remedial Investigation Area Downstream of the Hanford Site.
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With approval of this work plan by the Tri-Parties (i.e., DOE. U.S. Environmental Protection
Agency [EPA], and Washington State Department of Ecology [Ecology]), a transition from the
scoping phase to the "site characterization" phase of the RI:FS process will be initiated for
Hanford Site hazardous substance releases to the Columbia River. The site characterization
phase will include a field investi-ation to collect additional information and sample data to build
on and supplement the existingz body of information and data evaluated in the scoping phase.
The resulting combined data set w ill be used to conduct the BHHRA and BERA as part of the
site characterization phase. These risk assessments will become the Columbia River Component
(CRC) of the RCBRA and will be conducted in a manner that is consistent with the Source and
Groundwater Component that is currently under way. The project plan for the field investigation
and baseline risk assessment activities is presented in Section 4.0.

1.3 ROLE IN THE INTEGRATED CLEANUP STRATEGY FOR THE
RIVER CORRIDOR

In 1991, the Tri-Parties agreed to a "bias-for-action" approach to the CERCLA process for the
Ilanford Site NPL sites. The agreement, known as the Han/rd I uPas-Pruclhce S/ra/op
(DOE/RL-91-40), streamlined the RI/FS process to begin reiediation of contaminated waste
sites earlier than typically performed under the tradiional CER('CLA process in place at that time.
The approach outlined in the Han/brd' Past-Practice Srwategt (DOE/RI .- 91-40) is consistent with
later EPA initiatives implemented to expedite cleanups, such as the Super/ud kJceleraied
Cleanup Model (EPA I 998a) and the RCRl Facilitn Stabilizauion Iniliative (DOE 2003).

The River Corridor consists of more than 544 km 2 (210 mi) adjacent to the Columbia River and
includes the 100 Area and 300 Area NPL sites. To date, numerous RIs, FSs. proposed plans, and
interim action records of decision (RODs) have been completed to support and authorize the
source and troundwater cleanup activities that began in 1994. Remaining remedial actions at
source operable units in the River Corridor are expected to take 5 to 7 years to complete.
Consequently, the Tri-Parties developed a strategy to pursue a transition from interim remedial
actions to final remedial actions for the River Corridor source and groundwater operable units.
The fial remedy RODs that are produced from this effort will establish the final remedial coals
and objectives and any associated actions required to complete the CERCLA process for the
River Corridor 100 Area and 300 Area NPL sites.

In accordance w ith the strategy developed by the Trn-Parties, six final remedy RODs are
anticipated for the River Corridor. The decision to pursue six RODs was based on organimmg
the ROD development and reew processes into manageable pieces that are generally aligned
with an operational tLnction oi historical use (e., reactor areas). Final remedy RODs will be
developed for the following areas:

* 100-B/C
* 100-K
* 100-N
* l00-D and 100-H

1-7
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0 100-F and l00-IU-2/6
* 300 Area.

Boundaries for the six final remedy RODs were establshed by the Tri-Parties to provide

complete coverage of the River Corridor geographical area and are depicted in Figure 1-4.

Each of the six final remedy RODs will be integrated to address both source and groundwater

remedial actions for the decision area. In addition, the Tri-Parties have stated that the ability to

address the impacts of Hanford Site hazardous substance releases to the Columbia River is

another integral piece of the final ROD development process. The site characterization

information that results from implementation of this work plan and the RI/FS process for the

Columbia River is intended to provide the information needed to evaluate impacts to the river in

the context of the proposed source and groundwater remedial actions.

1.4 COMMUNITY INVOLVEMENT

The Conmmnity Relcaions Plan fbr the Hanford Federal FacilitY Agreenit and Consent Order

(Ecology et al. 2002) is the Hanford Site roadmap for public involvement under the H nford

Federal Facility Agreement £nd Consent Orcer (Tri-Party Agreement) (Ecology et a]. 1989).

The strategies outlined in the Community Relations Plan are designed to increase effectiveness

and meaningful opportunities for interested parties to participate in key H anford Site decisions.

Compliance with CERCLA community involvement requirements as specified in 40 Code of

federal Regulations (CFR) 300.430 (c)(ii)(A) is presented in Section 5.2.

Throughout the history of the project, DOE has recognized the benefits of having deliberate and

ongoi communication with the regulatory agencies, Tribes. and stakeholders, particularly in

the development of study and sample design and selection of risk characterization

methodologies. A number of w orkshops and meetngs were held throughout the RI scoping

process to facilitate participaton of interested parties, including state and federa agences,

natural resource trustees. Tribal member s, site contractors, and the public. These workshops

scred as important forums for solicing nput and feedback for project objectives, study design,

and resource protection. Meeting notes from the various x orkshops held betw een 2004 and

2008, as well as other reference documents, are provded on the Washington Closure Hanford

(WC H) End State and Final Closure proict library w eb site In the section entitled "Remedial

I estigation of Hanford Site Releases to the Columbia Rv er':

ht :w w asliitonclosure comiProiects; EndState/rik ibrarv html.
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2.0 SITE BACKGROUND AND SETTING

The physical setting. history, and background of the Hanford Site are summarized in this section.
Discussion of this information, inclusive of chemical and radiological sources, and the extent of
contamination are described to identify impacts from Hanford Site hazardous substance releases
to the Columbia River. In addition, Columbia River dynamics and ecology are summarized,
along with previous investigations and assessment activities. This summary provides a
framework for an understanding of site conditions and development of the CSM for the RI
(Section 3.0 of this work plan).

2.1 PHYSICAL SETTING

The Hanford Site is located in the Pasco Basin within the Yakirna Fold Belt on the
Columbia Plateau. The Hanford Site is considered one of the source areas for chemical and
radiological contaminants that enter the Columbia River along a portion of the Hanford Reach.
The Hanford Reach is an 82-km (5 1 -mi) stretch of river that flows unimpeded from the base of
Priest Rapids Dam downstream to the head of Lake Wallula above McNary Dam. It is the only
free-flowing portion of the Columbia River above Bonneville Dam in the United States.

Primary surface water features associated with the Hanford Site are the Columbia and
Yakima Rivers. The Yakima Ri 'er fows along the southern boundary of the Hanford Site.
Cold Creek and its tributary, Dry Creck. are ephemeral streams on the Hanford Site that are
within the Yakima River drainage system. Cold Creek occasionally contains water after large
precipitation events. The Yakima River drains into the Columbia Ri ver several miles south of
the Hanford Site. The Snake River also drains into the Columbia River downstream of the
Hanford Site near Pasco, Washington.

Topography, climate, and geology at the Hanford Site have been previously summarized and are
not included in this RI work plan. Topographical iformation has been previously included in
the Columbia Gorge \Iainstem Subbasin Plan (NWPC 2004). Climatological data are monitored
at the Hanford Meteorological Station, located between the 200 East and 200 West Areas, and at
numerous locations throughout the Hanford Site Meteorological data from the Hanford
Meteorological Station span a period from 1945 to present and hav e been previously
summarized in the Hanford Sue Lmronnienal Reportbfor Calendar Year 2006 (PNNI - 1 6623).
Geology at the Hanford Site has been summarized in previous reports, including Geologic
Seincg of the 200 West Area (Lindsey et al. 1991 ) and Latc Pletocene- and l/olocene-Age
Co/umn ba Riv er Sediments and Bedforms: Han/ord IR each A rea ( B Il-U 1648)

2-1
Remedial lnv'estigarioi Work Plan /r lHan/Ld Site Releases io the Chfntia River
Sepiemiber 20t)X



DOE/RL-2008-11

Site Background and Setting Rev. 0

2.2 HANFORD SITE HISTORY

The Hanford Site is located in southeastern Washington State and occupies an area about
1,450 kn2 (560 ml).

2.2.1 Cultural History

The Hanford Site's cultural resources are diverse, ranging from early prehistoric times to the
atomic age. The Hanford Site contains a fragile and extensive record of human occupation

stretching thousands of years into the past. Cultural history at the Hanford Site has been

previously summarized in the Hia/ord Cultural Resources Managemzeni Plan (DOE/RL-98- 10).

2.2.2 Operational History

In March 1943, construction at the Hanford Site began on three reactors (B, D. and F Reactors)
and three chemical processing facilities (B, T. and U Plants). The Hanford Site was originally

designed, built, and operated as part of the Manhattan Project to produce plutonium for nuclear

weapons using production reactors and chemical reprocessing plants. After World War II, six

additional reactors were built (H. DR, C. KW, KE. and N Reactors) along with two additional

chemical separation plants. In the 1950s, energy research and development, isotope use, and

other aetivities were added to the Hanford Site mission. Specific area> of the Hanford Site have

been designated for the uses described above. Operational areas generally contait support

facilities including maintenance buildings. powerhouses. raw water treatment plants. water

storage tanks, electrical maintenance facilities, and subsurface sewage disposal systems.

2.2.2.1 100 Areas. These areas are located upstream from the Cty of Richland along the

Columbia River in the northern portion of the Hanford Site and occupy an area of approximately

68 km 2 (26 m ) (Figure 1-1). Between 1943 and 192. nine water-cooled graphite-moderated

plutonium production reactors w ere built along the shore of the Columbia River. Table 2-1

provides a summary of the time that the Hanford St sigle-pass cooling water reactors were in

production and their locations are shoxvn In i- Hure 2-I The tmission of each reactor w as to

produce weapons-grade plutonium. The main component of each re'itor was a large stack of

graphite blocks (pile) with process tubes containing the fuel elements and coolng water. The

confinement of large numbers of uranium fuel elements within the reactor piles cr eted an

miense radiation field and a nuclear chain reaction that converted some uranium atoms to

plutonium atoms. Other atoms in the pile structure were converted into radioactive fission and

activation products that were disposcd of as waste.

The first eitht reactors (105-B, 105-C, 105-D. 105-DR, 105-F, 105-H, 105-KE, and I05-KW)
used water from the Coluibia River for direct cooling of the reaC'tor pile. The ninth reactor

(105-N) recirculated purified water through the reactor core In a closed-loop cooling system
Effluent from the 105-N Reactor was discharged to trenches and crbs near the river.

Repndial Ini e Iigwin 'lan a - Jwbrd Site Releases to the Colnhia River
September 2008 2-2
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Table 2-1. Hanford Site Single-Pass
Reactor Time Line.

Starts Production

September 1944

Cooling Water

Shut Down

FebrLuar 1968

December 1944 June 1967

February 1945 .unc 1961

October 1949 April 1965

November 1952 April 1969

October 1949 1964

Reactor

105-B

105-D

105-F

IW-1 I

I(5-(

M-7DR

105-KW

I (5-K F

February 1970

anuar-v 1971

Figure 2-1. 100 Area Reactor Locations.

January 1955

April 1955

1 O-H Area

100- Area

100-F Area
100-N Area

River Effluent
Pipeline
ITypc, I

100-K Area

Outfall

spilway

100-B/C Area
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Columbia River water passed through 100 Area reactors, absorbing and removMg heat generated
by the nuclear process. Coohing xw ater was w\ithdrawn from the Columbia Rv er though the river

pump houses located directly on the river and sent to the reservoirs The reser oirs each stored
25 million gallons of water for primary and secondary (backup) \ ater uses (DOE/RL-97- 1047).
The water w as pumped to a series of support buldins for treatment and filtration prior to use to
remove particulate matter, dissolved gases (i.e.. carbon dioxide and oxygen), and chemicals.
Follow ing injection of water Mio the r eactor at a rate of about 13,562 l./min (30,000 gal Tmin),
processed water was discharged to the retenion basins where it cooled to allow for decay of
short-lived radionucides From the retenton basis, the w ater reentered the Columbia River via
outfall structures and underground pipehnes, emergin at the nid-channel of the Columbia River
(DO I/ RL-97-1047) (Figure 2-1).

Coolin water also contained radioacte materials (ission products) that escaped from the fuel
elements or tube w\alls durmyin the irradiation process (DOE: RL-97-02). The coolant water was
occasionall\ contaminated while passing through reactors due to failed aluminum jackets.
Failure of aluminum jackets allo ed cooling w ater to come in direct contact with irradiated
uranium. This resulted In a release of fission products and actinides to the effluent stream
Fission products included isotopes such as cesium, strontlum. and iodine. This highly
contamnated cooling water was sent to trenches rather than being returned to the C olumbia
River.

Other past waste disposal practices in the 100 Areas resulted in releases of radionuclides and
chemlicals to soi and groundwater. Unplanned anid pllned releases to the soll colum1n in the

100 Areas also created hundreds of waste sItes. Unplanned releases wee mainly from leaks or

overflow of reactor cooling w ater transfer sstems. Planned releases were made at hlquid waste
sus solid wastc burial grounds, and "iemainint sites- (a nam' u'ed for idmstratae d
remediation purposes).

L iquid waste sites In the 100 Area include retention basis trenches, crbs french drains, and
efiluent pipelines Contaminated ater from process tubes n w hich fuel cladding failures
occurred xas generaly discharged to cbs distant from the reactors and percolated Into the soil

(IDOL RL-97-1047). Solid waste containing hazardous and r adioactive w astes w as managed
Within burial grounds. Burial grounds contain concrete, construction debris and other w astes.
The "remaiMing sitesare scattered across the 100 and 600 Areas and inlude, but are not limited
to, septI sy stems bum pits, french drains. pre-Hanford Site and I-lan olrd-era waste dumps small

oil spills, noreactor effluent pipeines and animal experiment facies Additional details on
100 Area Naste sites are found in the Risk Asessnni rk Plan 1(r the 100 rea and 30 Area
Component u /Me RCBRA (DOE RL-2004-37).

2.2.2.2 200 Areas (Central Plateau). \fter coolng in the 100 Areas, the irradiated fuel
elements were taken to the 200 Areas for storage, additional cooling, and processing w ithin the
chemical separation plants. The 200 Areas (200 East and 200 West Areas) are located in the
center of the Hanford Site and are located approximately 8 to 10 km (5 to 6 mi) from the
Columbia River, respectiv ely. The 200 Areas occupy approximately 16 km (6 mi) and
contained the facilities used to separate. isolate. store, and ship the plutonium. To separate the
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plutonium from the base uranium and activated by-products formed in the irradiation process, the
chemical separation plants first dissolved the fuel elements with acids and then chemically
separated the plutonium isotopes from the liquefied materials. The plants produced large
quantities of high-level radioactive waste that were stored first in single-shell underground tanks
and later in double-shell underground tanks. The various separation processes are described in
the 200 .Areas Remedial hnvesligauiunFeasibilit Studi hmplenmentauion Plan Evircnimenal
Resen-aion Program (DOE/RL-98-28). Following separation and concentration, the plutonium
(in the form of plutonium nitrate) was put into storage and then shipped to Los Alamos,
New Mexico, during the Manhattan Project and later to Rocky Flats., Colorado. One metric ton
of uranium metal produced approximately 250 g of plutonium (DOE:RL-97-1047).

The separation process in the 200 Areas generated large volumes of effluent. Most of the low-
level liquid wastes were discharged to the soil column at liquid waste receiving sites (i.e., ponds,
cribs, trenches, reverse wells, ditches, and cribs). Over 633 billion L (167 billion gal) of effluent
was discharged to the soil column (PNL-5506). Other wastes such as uranium- and fission
product-rich wastes were stored in the underground storage tanks. Over time some waste has
leaked from the single-shell tanks. The maximum estimated volume of leaked waste from the
single-shell tank system is approximately 3,8 million L (I million gal) (C'HG 2004).
Unintentional and intentional releases to the ground from chemical separation operation have
impacted the soil column and aquifer beneath the Hanford Site.

The discharge of effluent to the soil columns provided the primary driving force for liquid and
contaminant migration through the vadose zone to groundxater. Key radionuclides with half-
ives longer than 10 years that were discharged to the soil column included cesium-I 37,
barium-137, iodine-129, strontium-90, yttrium-90, technetium-99, uranium, carbon-I 4,
americium-241, plutonium-239 240, and tritium as tritiated water. Two-thirds of the
radioactivity in liquids discharged to the ground is from tritium, which has a 12.3-year half-life.
The least contaminated liquids were discharged to ponds and ditches, which comprised more
than 90% by volume of all liquid waste discharged. Conversely, the low-volume streams
contained 95% of all radionuclides discharged. The radioactive inventory in solid \vaste burial
grounds represents a very small part of the total Hanford Site inventory.

Major chemicals in liquids discharged to the ground include nitrate, sodium, phosphate, sulfate,
ammonia, carbon tetrachloride. fluoride. and sodium dichromate. Inorganic chemicals were used
and discharged in much greater quantities than organics. The greatest amount of hazardous
chemicals in liquids was discharged between 1945 and 1958 (WHC 1991, DOE/RL-98-28).

2.2.2.3 300 Area. This area borders the Columbia River on the southeastern edge of the
Hanford Site and is located just north of the City of Richland. The 300 Area occupies
approximately 1.35 kn- (0.52 ni). In March 1 943. construction of a fuel fabrication complex
began at the Hanford Site in the 300 Area. As a manufacturer of uranium fuel, the 300 Area
housed the first essential step in the plutonium production process. Nuclear fuel was fabricated
from uranium shipped in from offsite support facilities,. Metallic uranium was extruded into the
proper shape and encapsulated in aluminum alloy cladding (during early years) or zirconium
alloy cladding (during later years). In addition to housing the Hanford Site fuel fabrication
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plants, the 300 Area was the center of many of the site research and development projects.
Process improvement laboratories were constructed beginning with the Manhattan Project.
These facilities included research laboratories, chemical process laboratories, test reactors, and
numirous ancillary support structures, The addition of new research and laboratory facilities
continued into the 1950s and 1960s to support defense and energy research. New support and
laboratory facilities were added in the I970s for further research on energy, waste management,
biolouical sciences, and environmental sciences. The 300 Area continues to be an active
industrial complex, housing many of the Hanford Site research and development facilities and
analytical laboratories.

Operations in the 300 Area created both liquid and solid waste sites. Prior to 1973, a series of
solid waste burial grounds were used for solid waste and debris (DOE/RL-2004-37). After 1973,
the 300 Area burial grounds were no longer used for disposal, and waste was transported to other
Hanford Site burial grounds. Between 1943 and 1994, unlined ponds and process trenches
received millions of gallons of contaminated waste vater from 300 Area operations. These
ponds and trenches are suspected to be the primary source of uranium in the groundwater
beneath the 300 Area.

2.2.3 Historical Contaminant Sources and Waste Streams

A comprehensive summary of radionuclides released fron the eight single-pass reactors during

operation from 1944 to 1971 is pro\ ided In DOE/RL-97-1047, H fnhe Historic Distrit.-
Hisburyv- Jhe Plutonium Production Faiitis 1943-1990. A majority of the radionuclides are
short-lived and are no longer present. The follow ing radionuclides are known to have been
released to the Columbia River: cobalt-60, zinc-65, strontium-90. cesiurn-137, europium-152,
europium-154, thorium-228, radium-226, plutoium-238, plutonum-239, plutoniurn-240, and
americum-241 (BNWL-2305). In addition, nonradioactive chromium is known to have been
released to the river through the river effluent pipelines. Figure 2-2 shows the total annual
production of plutonium at the HaiiOrd Site from 1947 until 1986. As shown in this figure, the
highest production of plutonium at the Hanford Site occurred between 1954 and 1970, ranging
between approximately 1 .000 and 4,700 kg/yr. The highest production of plutonium at the
H nford Site occurred when construction of McNarv Dam w \as completed (Section 2.3. 1
Section 3.1.2.1 provides additional information on the rner effluent discharge pipelines.

Groundwater contaminated by past operations contiues to flow toward and discharge to the
Columbia River. I his up' elling groundw ater contans chromium, nitrate, strontium-90, tritium
and, in the 300 Area, uramium and olatile organic compounds (VOCst) Section 3 1.2.2 provdes

additional information on contaminated groundw ater seepage to the ri er.

Historic spills and overland discharees are considered releases to the Columbia River. These
included an overland discharge of liquid process effluent contaiMn uranium from the 300 Area
South Process pond i 1948 (EMO-1026) and a spill from a sodium dichromate storage tank at
the 183-C Buildimg in 1965 (DUN-3032). Section 3.1.2.3 provides additional information on

limited overland flow.
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Figure 2-2. Total Annual Production of Plutoniun at the Hanford Site.

Adapted from DOE/RL-97-1047
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2.3 COLUMBIA RIVER

The Columbia Riv er originates in Canada on the west slope of British Columbia's Rocky
\ountains and lo5s I54 km (1.2 14 mi) to the Pacific Ocean along the \\ashiinton/Ore(ton
sattc boundary. Approximately I,207 km (750 ni) of the river flows through the state of
Washi ngton.

Ihe -LanfOrd Reach is an 52 km (51 -ni) stretch of river that flows uimpeded from the base of
Prest Rapids Dam downstream to the head of L.ake Wallula abme \cNary Dam. It is the only
undammed portion of the Columbia River in the United States ahove Bonneville Dam.

The Columbia River enters the Hanford Site from the west and flows through the northern
portion and along the eastern site boundary. The Yakima River flows south of the Hanford Site
and drains to the Columbia River several miles south of the site boundary. The confluence of the
Snake River, the largest tributary to the Columbia River, is located downstream. The smaller
Walla Walla River drains to the Columbia River downstream (f the Snake River confluence.
The Yakinia and Snake Rivers are the primary contributors of suspended sediment to the
Columbia River Fl 1 999),
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2.3.1 River Dynamics

With respect to discharge, the Columbia River and its 30 major tributaries are the predominant
river system in the Pacilic Northwest and the fourth largest in the United States. The

Pend Oreille and Spokane Rivers provide the largest annual tributary contributions to flow (over

850 1sec 130,000 fi'/scc]) on the Columbia RIver in the upper reach het w een Canada and
Grand Coulee Dam. The tributaries between the Okanogan River and the Snake River contribute
approximately 396 m sec ( 14,000 f1/sec). and the Snake River itself contributes approximately
1,529 iw sec (54,000 ft' see), Below the Snake Ri ver. dow nstream to Bonne ille Dam, the mean

annual tributur inflow totals approximately 396 mse (14,000 ft sec) (CRW P 20 6).

The low of' ater in the Columbia River is regulated by several dams within the United States

that were constructed between 1938 and 1967. The construction of the dams greatly slow ed the
water travel times and resulted in lower sediment loads being discharged to the Pacific Ocean.
Of the I I11 major danms constructed along the mai channel of the ( olumbia Ri er, only 2 dams
(Bonnev ille and (rand Coulee Dams) were in place when the first sinle-pass reactor

(105-B Reacto) came on line in September 1944, Bonneville Dam was constructed downs team

of the Hanford Site near Hood River, Oregon, im 1937. Grand Co mle Dam was completed in
1941. upstream of the Hii anlOrd Site. creatit iake Roosevelt. T'abLe 2-2 provides a summary of
the Columbia Ri er dam construction dates M proximity to the Hanford Site and directly
dow nstream, and F iEure 2-3 show s the locaions of these dams. Construction beaan on three
additional dams downstream of the Hanford Site after operations began: MeNary Dam (the

nearest dam downstream oh the Hanford Site) in the late 1940s, TFhe Dalles Dam in the early
1 950s, and John Day Dam i the late 1950s, Dams along the Columbia Rie w \ere constructed
for several purposes including flood control, water for irrigation, and electrical power generaion.
The net results hav e been a control of the ri er from its headwaters in Canada to the mouth and

have r esulted in "new" depositional areas behid each of these dams

Flows through the I lanford Reach fluctuate significantly and are controlled primarily by power

demand operations at Priest Rapids Dam (FH 1999), the nearest dam upstream of the Hanford
Site. The flow rate of the Columbia River at Priest Rapids averages approximately 3.400 m see
(120,000 ft 3 see) (PNNL-14027) The tributaries along the Hanford Reach have average flow
rates of approximately 1,529 m3/sec (54,000 ft'sec) (Snake River), 99 m_'sec (3,512 ft sec)
(Yakima River), and 16 m' sec (568 ft5 /sec) (Walla Wlla River) (USGS 2006). As a result of
the fluctuations m discharges at Priest Rapids Dam, the depth of the Columbia River varies
signficantly over tme, and may change by up to I n (3 ft) w ithin a few hours along the HanFlrd
Reach (FH 1999).
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Table 2-2. Dam Construction Along the Columbia River.

Name Location Relative to the Hanford Site Construction I)ate'

BonnvcxiIlle Daim Downstreamll 1935 to 1937

Grand Coulee Dam Upstream 1938 to 1941

McNary Darn Directly downstream 1947 to 1954

The Dalles Darn Dowinstream 1952 to 1957

John Day Dam Downstreanm 1958 to 1971

Priest Rapids Dam

Ice Harbor Darn

Directly upstream

Last damn on the Snake River icar confluence with
Columbia River

1956 to 961

195i-o 1961

t1am OnsrucLtion date,, frmm the 11S- Army C rps ongimeers (A.(()

Figure 2-3. Dam Locations on the Columbia and Snake Rivers.
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A number of studies have becn conducted to me -ure flow and dispcrsion (eg , mixing of
surface water and sediments) within the I ian ford Reach of the Columbia River. Additional
information may be obtained from the Ibilown references, The Turbulent lifision o/ R
( ontammnant (I \\ -49195). Pivyre. in Stue.w ol/Radiunu lides in Cohunhia kN er Sedent:
A S1nniari' o Han/rd lchieen eni x in his Pror unde) Gcneral Electric, 1963-1964
(VI-W-83614); Evavuation ofthe E//ed of Water management on Fall Chinook Spawning and
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Rearing Ho/mar, and oin Stranding and AEtrapment vofJmenile Full Chinuok (USFEW S 2003);
River Do1a Package/r lion/bra Assessments ( PNNL-14824); and Hidrodvnomne Simu aoion ti
the C(lumbia River, lion/4d Reach i94)-20t)4 (PNN L-15226). These data have also been used
to develop hvdrodynamie models of this reach. The intent of these modeling efforts has been to
provide a predictive tool that can be used to reconstruct historical river elevations or build
scenarios of future river elevations for solving environmental problems such as groundwater-
river interactions (e.g., mixing and mass transport) or fish habitat inventories (PNNL- 15226).
HW-49195 specifically focuses on the mixing that occurred within the river as cooling water was
discharged i a subsurface pipes.

The suspended load of the Columbia River is typically very low. The bedload consists mainly of
tine and medium sand. The coarser sediments are typically deposited at the head of pools, while
the finer sediments are deposited near or may be transported past the dams. Because of the flow
rate along the I Lanford Reach, the majority of this stretch of river is a nondepositional area. As
applied to any river or section of river, the Wild and Scenic Rivers Act defines 'free flowing' as
meaning 'existing or flow ing in natural conditions without impoundment, dix ersion,
straightening. rip-rapping, or other modification of the waterway.' Although the portion of the
Columbia River in the RI area is frequently referred to as 'free ilowing'. river flow rates are
affected by Priest Rapids dam discharges. As such, river deposits do occur but are far less than
those occurring near the dams. The sediment thickness on the upstream side of McNary Dam
was estimated at up to 9 m (30 ft). with an average annual depositional rate of 5 to 18 cm-yr (2 to
7 in. r) in 1976 (B3NWL-2305). Deposition of sediment also occurs on the shoreline portions of
the islands along the Hanford Reach.

Groundwater beneath the I lanford Site discharges to the Columbia Ri er. The presence of
shoreline seeps and springs depends on the water level in the river. Groundxwater levels are

influenced by fluctuations in river stage. xvith locations near the river being most strongly
affected (FIH 1999). Changes In ier-stage elev ation can be co-elated to changes In water table
elevation 360 m (1 180 ft) from the rv er (PNL-8580) In many areas, w ater Slovs from the riVer

into the aquifer at high river stages, causing local groundxater lex eN to rise. During lox river

stages, riverbank seeps can be observed discharging to the rv er.

Assessment of river stage is also importat because it affects groundwater concentrations.
Mlovement of ner water into bank storage can dilute ground ater and contaminant
concentrations in seeps along the river. I Ioxvever, as river w ater moxes from bank storage during
low river stage, the percentage of groundwater increases and concentrations are more
representati e of the aquifer. Specific conductivity is used to determIe the presence of river
water in bank storage. -LanfOrd Site groundwater has a higher specili condictiv ity compared to
Columbia Rix er vater (PNNL- 16623). The flow of groundx arer from the aquifer to the rix er is
about 1. l to 2.5 m sec (39 to 99 ft see) (PNNL-14753}. The influence of the river stage on
bank storage (movement of ri er water into the riverbank) has been numerically modeled in
some River Corridor areas including: 100-11 and 300 (PNNL_-13404). Refer to Section 3.1.2.2

for additional in formation on contaminated groundwater seepage to the river.
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2.3.2 River Ecology

This section describes the aquatic ecosystem within the Columbia River in the vicinity of tile
Hanford Site. The followini text w nas icluded in the September 2007 Han/brd Site National
Emironmental Polic. Act (NEP/U) Charactc-rizaiion report (PNNL-64 15) and has been modified
and Included below for the purposes of this work plan. References associated with the text
below have not been included in this RI work plan, but can be found in PNNL-6415.

Aquatic resources on the Hanford Site are primarily associated with the Columbia River. The
river crosses the Hanford Site entering at the northwest corner, travelimn eastward, and then
turning south, formine the eastern boundary of the Site. The Columbia River and associated
riparian zones provide habitat for numerous wildlife and plant species. The area known as tile
I lanford Reach, the Columbia River from Priest Rapids Dam (RM 397) to McNary pool
(RM 346). is the last nonimpounded, nontidal segment of the Columbia River in the United
States.

The Columbia River supports a large and diverse population of plankton. benthic (bottom
dwelling) inv ertebrates (e.g. insect larvae, clams, crayfish), fish, and othier communities, Larve
rivers, like the Columbia River with its series of large reservoirs, contain significant populations
ofprimary energy producers (e.g. algae and plants) that contribute to the biotas basic enermy
requirements. The followino subsections discuss riverine (w ater column) and benthic habitats.

Plants and animals residig in the water column include planktonic species (phytoplankton and
zooplanktony, macrophytes, aquatic insects. and many species of fish. Phytoplankton and
zooplankton populations at the I ian ford Site are largely transient, flowing from one reservoir to
another, With the relatively rapid flow of the Columbia Riv er, there is generally insuffIcielnt
time for characteristic endemic groups of phytoplankton and zooplankton to develop in the
Hanford Reach, and cycles of population are more transient than observed kvithin impoundments
and reservoirs.

Macrophytes are sparse in tile Columbia Ri ver because of strong currents., rocky bottom. and
frequently fluctuatin water levels RusLles (luu 10 spp.) and sedges (Carex spp.) occur alog
shorelines of the slack-water areas on tile -Lanford Site side of the river, these include White
Bluffs SlougLh below the 100- II Area, the slough area downstrean of the 100-F Area, and the
laiford Slough. Reed caniary rass (Phalanis candiwa t ) is a common non-native species

found along shorcline areas. Macrophytes are also present along gently sloping shorelines that
are subject to flooding during the sprimg freshet and daily fluctuatIM rniver levels (downstream of
Coyote Rapids and the I 00-D Area). Where they exist, naer ophytes have considerable
ecological vIalue, providing food and shelter for juvellle fish and spawning areas for swlme
species of w arm-water game fish. Eurasian milfoil (M1i/rop himn spicau) an itoduced
macr ophv te, hlas Increased to nuisance lev els since the late 1 980s and may encourage imcreased
sedinentation 01 fine particulate matter.
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Forty-five species of fish have been listed in the Hanford Reach of the Columbia River, of which

16 are introduced. Of native species, Chinook salmon (Oncorhvnchus ishawis ha), sockeye
salmon (Oncorhrnchus nerka), coho salmon (OncorhYnchus kisuwh), and steelhead trout
(Oncarhrnchus mykiss) use the river as a migration route to and from upstream spawning areas
and are of the greatest economic importance. Additionally, fall Chinook salmon and steelhead

trout spawn in the Hanford Reach. Inundation of other mainstream Columbia River spaw Ing
grounds by dams has increased the relative importance of the Hanford Reach to fall Chinook

salmon production in the Columbia and Snake Rivers. There are presently 10 areas identified in

the Hanford Reach that support salmon spawning.

The steelhead fishery in the Hanford Reach consists almost exclusively of summer-run fish. The

Washington State Department of Fish and Wildlife estimates steelhead sport catch for the 2002

season at 1,100 fish. The majority of these fish were marked hatchery fish.

American shad (Alosa sapidissima), an introduced anadromous species, may also spawn in the
Hanford Reach. The upsream range of the shad has been increasing since 1956 when less than

10 adult shad passed MeNary Dam. Since then, the number of shad ascending Priest Rapids
Dam has risen to many thousands each year and young-of- he-year (fish bom the year of
collection) have been collected in the Hanford Reach. Shad are not dependent on the same

conditions that are required by salmonids for spawning and apparently have found favorable
conditions for reproduction.

Other fish of importance to sport anglers are the native mountain whitefish (Prosopiun

wxliamsomi) and white sturgeon t upmer lransmonlanus). Introduced species like smallmouth

bass (Micropterus dolonici). crappie (Ponoxis igromnaczdaius). catfish (Ic/talurs pun ia/us),
walleye (SrIostewdion vireurn), and y ellow perch (Perca /lavesccns) are also present. Large

populations of rough fish are also present, including introduced carp (Ciprinus carpia) and

native species such as redside shiner (Richardvonius baulaius), suckers (Cenostomnus
GCroCIheIus) and northern pikeminnow (PrYchoc'heilus ore gonensis). Because northern

pikeminnow feed on juvenile salmon, the Washington State Department of Fish and Wildlife has

establshed a bounty program on adult pike minnow to bolster salmon runs.

Benthic (bottom) habitat and its associated biota are defined by the composition of the sediments

that range firom accumulations of fines (mud in the sloughs, backwater areas, and shoreline areas
of reduced current flow) to a gradation of gravel and cobbles up to large (>0.5 m diameter)

boulders. Classification schemes have been proposed for characterizing benthic habitat based on

the distribution of cobble by size and the degree of embeddedness in the fines, Bottom-dwelline

(benthic) organisms are found either attached to or closely associated with thIl substratum. A

total of 151 different taxa of aquatic in ertebrates have been identified in the Columia River. All

major freshwater benthic taxa are represenied in the Columbia River. Insect larvae such as

caddisflies ( Trichopiera), midge flies (Chironomtdac) and black flies (Sinuhidac) are dominant.

Other benthic organisms include clams (Corbicula spp_ Aniodonri z spp.), limpets (Fi/shero/a

spp.), snails (Ph sa spp.) sponges (Spongi/a spp and crayfish (Asiacus irmhridgiii). River

fluctuations from the operation of Priest Rapids Dam do not allow for the establishment of

persistent benthic communities, particularly In shoreline areas. Clams and crayfish have
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difficulty in establishing populations in stranded shoreline areas that are frequently left
dewvatered by rv er level fluctuations, Species with rapid life cycles are less likely to be
impacted by river tluctuatons,

2.4 PREVIOUS INVESTIGATIONS AND ASSESSMENT ACTIVITIES

Previous investigations and assessments include those conducted for the RCBRA and the
Columbia RiNer, both of which are summarized in the following subsections. The information
provided in the previous investigations and assessments has been used to compile existing data,
identify data gaps, establish a list of analytes. and support the risk assessments.

2.4.1 RCBRA Investigations

This subsection summarizes previous RCBRA investigations, including the Source and
Groundwater Component investigations and the Inter-Areas assessment investigations. Data
from all these studies are used to support both human health and ecological risk assessments.
Table 2-3 summarizes the relationship between the risk assessment endpoints for the Source and
Groundwater Component of the RCBRA and those supported by this RI work plan.

Table 2-3. Comparison Between Columbia River and Source and Groundwater
Component Risk Assessment Endpoints. (2 Pages)

Remedial Investigation of Hanford Releases River Corridor Baseline Risk

to the Columbia River Assessment Source and
Groundwater Component

Human Health Risk /ssevsment Exposure Scenarios

Scenario

Casual user Casual uscr

Recreationa Av id angler Avid angler

Avid wild came hunter

Yakama Nation Yakama Nation
Natixve American Confederated Tribes of the

Umaill Indian Reserv ation

Dredged sediment exposure Rural resident
Residential Surface \\ Iter consumption Resident national monument

worker

Industrial Industrial worker
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Table 2-3. Comparison Between Columbia River and Source and Groundwater
Component Risk Assessment Endpoints. (2 Pages)

River Corridor Baseline Risk
Remedial Investigation of Hanford Releases Assessment Source and

to the Columbia River Groundwater Component

Ecological A ssessmnent Endpoint Receptors

Environment Steps 1-3 Steps 4-8 As Needed Riparian and Near-Shore

Fish Fish Fish

Aquatic plants Aquatic plants Aquatic plants

Algae and Algae and zooplankton Algae and zooplankton

Aq ic zooplanktonAquaic -- --
Amphibians Amphibians Amphibians

Benthic Benthic invertebrates Benthic macroinvertebrates
macroinvertebrates (insects. calms, snails. (insects. clams, snails, mussels)

mussels)

Terrestrial/ Soil invertebrates Soil invertebrates Soil invertebrates
npanran Terrestrial plants Terrestrial plants Terrestrial plants

Mammals Pocket mouse Pocket mouse (herbivore, deer
(herbivore), deer mouse mouse (omnivore), grasshopper
(omnivore), grasshopper mouse (omnivore), badger. hats
mouse (omnivore).
badger, bats

Birds Kingbirds KI gbirds (insectivores),
(insectivores) leadow lark (omnivore),
meadow lark mourning dove (herbi ore).
(omnivore), mourning huterhead (carnivore), theron
dove (herbivore). (carni ore)
butterhead (carnivore),
heron (carnivore)

2.4.1.1 Source and Groundwater Component investigations. The groundwork for the Source
and Groundw ater Component (i.e., 100 300 and Inter-Area studies) of thc RCBRA was initiated
im the sprit of 2003. \\ ork conduLctd to support the risk assessment effort included definmg
the basis and assumptions of work scope (DOE RL-2003-61 ), development of a work plan

(DOE RL-2004-37), public and stakeholder participation, identification of issues through a series
of agcncy and stakeholder interiews,. identification of DQOs (BI-l-01757). development and
implementation of a sampling and analysis plan (SAP) (DOE/RL-2005-42), and completion of

the initial risk assessment evaluation for the Source and Groundwater Component of the RCBRA

in June 2007.
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The purpose of the Source and Groundwater Component of the RCBRA is two-fold:

* Evaluate human health and ecological risks resulting from conditions subsequent to the
implementation of the remedial actions in the 100 Area and 300 Area of the Hanford Site

* Use results to support risk management decision making and to support development of final
RODs.

The Source and Groundwater Component focused on the risk from current conditions (post-
remediation) in operational areas, historical townsites. riparian areas adjacent to operational
areas, and related groundwater plumes emerging in the near-shore river environment
(DOE/RL-2005-37, DOE/RL-2004-37). Known emergent groundwater contaminant plume areas
were evaluated as part of this component of the RCBRA investigation, and contaminant trends in
groundwater were evaluated by location over time for each of the three key contaminants of
potential concern (COPC) plume areas: chromium. strontium-90, and uranium.

2.4.1.2 1 nter-Areas Assessment Investigations. After completion of the initial Source and
Groundwater Component sampling effort, an additional study was identified to complete data
gaps ol various locations, media types, and potential contaminants. This additional study is
referred to as the Inter-Areas assessment of the RCBRA. The primary purpose of the inter-Areas
assessment is to e aluate risks from current concentrations of chemicals and radionuclides in the
riparian and near-shore aquatic zones between operational areas in the 100 Area and 300 Area.
This includes evaluating areas from emerging 200 Area groundwater plumes (under current
conditions), slough and backwater areas, and habitats found predominantly in areas between
reactor and operational areas.

Data collected for the Inter-Areas assessment also filled data gaps for the RCBRA. The Inter-
Areas DQOs and study design re documented in Appendix E of the 100 Aia and 300 Area
( apuneni o//he RCBR I Sampling and Analwsis Plan (DOEIRL-2005-42). Between
October 2005 and December 2006, field sampling and surveys of soil, sediment, surface water,
pore water, groundw ater (well vater), and biota were conducted. Results of the Inter-Areas
assessment are bemi icluded in the next update of the RCBRA (DOE, RL-2007-2 I)

2.4.2 Columbia River Data Compilation and Data Gap Analysis

This subsection summarizes the assessment activities that were conducted in preparation for the
Columbia Riv er RI. These activities consisted of two parts: the compilation of all available and
relevant Columbia River data into a sigle CRC database, and the use of that database to identify
data gaps, which were then used as a basis for selecting sampling locations in this RI work plan.
Both of these activities w ere described in the C olumbia River Component DLaia Gap Ana/is/s
(WCH-20 I ) and are summarized in Sections 2.4.2.1 and 2.4.22.

2.4.2.1 Data Compilation. Known and available data were reviewed and compiled into a single
combined database as the first step in the Data Gap Analysis effort. In addition. river analytical
data were obtained electronically from a variety of sources and combined into a single electronic
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database that could be queried, crosschecked, and used to support mapping, data evaluation, and
reporting needs.

The cormbined database for the Columbia River Component Data Gap Ana/vsis (WCH-20 1)
conssts of data from the following sources:

. The original CRC database

. U.S. Army Corps of Engineers (ACOE)

. Data used in the Source and Groundwater Component of the RCBRA

a RCBRA Report for Inter-Areas data (WCH-274)

* Mid-Columbia River sediment data provided by EPA Region 10, Watershed Restoration
Unit, on June 8. 2007

. 2004. 2005. and 2006 data from the Pacific Northwest National Laboratory (PNNL). Data
from previous years were included in the original CRC database above.

The original CRC database was a compilation of data obtained from the detailed data collection
effort conducted as part of the Existing Source n/ormation Summarv Report Coipilation/
Ex'aluanim Effint: Decemher 2004 to September 20. Con Ihia Rhier Conponent ofthe R her
Corridor Baseline Risk Assessment (WCH-64) and Colunbia River Conponent Data Evaluation

Summary Report (WCH-91 ). As part of those Lfforts, data were obtained, reviewed, and selected
by a team composed of researchers from uniersities, PNNL, WCH, and a Native American
consulting firm through a process that imvolved extensive review and input by the Hanford
Natural Resource Trustee Council. The Hanford Natural Resource Trustee Council consists of
the following entities: Yakama Nation; Confederated Tribes of the Umatilla Indian Reservation
(CTUIR); Nez Perce Tribe; State of Oregon Department of Energy; Washington State
Department of Ecology: U S. Department of Commerce (National Occani and Atmospheric
Administration); DOE, Richland Operations Office; and U.S. Department of Interior (U.S. Fish
and Wildlfc Service). The extensive details of the data collection and evaluation method are
provided in those documents. particularly WCil1-64, and specific decisions :bout what data to
include or exclude were maidc by those researchers.

Refer to Section 2.0 of the Columbia River Component Dara Gap Analysis (WCH-20l ) for the
qualty control (Q(, standardization. and u. abiit) evaluations conducted to confirm that the
final combined data set was accurate, consistent, and scientifically sound.

For the Source and Groundwater Component of the RCBRA, a custom built softwae application
know n as the Guided Interac tive Statistics Decision Tools serves as the user interface for data.
The data presented using the Guided Interacve Statistics Decision Tools application v cre
doxwnloaded from the WCH Data Management web site
(http://rcbra I 00-?00.neptuneinc.org/rebra 100-300/home/index.xml).
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During the time of data compilation for the CRC. data were being collected for the Inter-Areas
assessment. Specific data from the Inter-Areas assessment were obtained from project staff at
WCH between May and October 2007.

The 2004-2006 PNNL data from the Surface Environmental Surveillance Project were not
previously included in the original CRC database due to the timing of the issuance of that
document. However, as indicated above, these data have been included in the data review for
this RI work plan.

The original CRC database was created in Microsoft' Access" and was used as a framework for
the development of the combined database created for the Data Gap Analysis (WCH-201 ) As
part of the Data Gap Analysis, additional fields and tables were added to the original database to
incorporate information from the other data sources listed previously. This information did not
have a place in the original CRC database structure and was necessary to support other data-
specific information. such as ecological and human health benchmarks.

Trhe data used to create the combined CRC database for the Data Gap Analysis (WCU1-201) are
summarized in Table 2-2 of the Data Gap Analysis (WCH-201 ) This database is not inclusive
of all available data from the entire 1.931 km (1,200 mi) of the Columbia River; rather, it was
constructed using data sets focused on probable areas affected by Hanford Site-related
contaminants. Data from beyond approximately 32 km (20 mi) upriver of the Hanford Site were
excluded, as were large EPA data sets from the lower Columbia Riv er (downriver of McNary
Dam) because these data were highly iniluenced by other industrial and agricultural sources, and
the focus of this analysis is on Hanford Site-related sources. Although other numerous
contaminant sources exist both upriver and downriver of the Hanford Site, this study is focused
on evaluating data needs relative to potential effects in proximity to known Hanford Site source
areas. As with other industrialIzed rivers, there are a significant number of contaminant sources
that drain into and thus affect the Columbia River. The majority of significant non-Hanford Site
source areas are located downriver of the Hanford Site (e.g., Snake and Yakima Rivers). Data
collected duri the investigation and possible remediation of these downrver sites were not
included in the Data Gap Analysis (WCH-201 ). Only those data that were collected in
connection with past hanford Site investIgations were included.

The current database is included on the attached CD. The CRC database on this CD is simply a
compilation of the existing data, it does not contain a user interface. Potential users will need to
be famliar with Microsoft Acess functions to successfully query this database

2.4.2.2 Data Gap Analysis. The October 2007 Columbia River Compoueni Da/a Gap Analisis
(WClH-201 ), prepared subsequent to data compilation, was conducted to review the adequacy of
the existing surfice water and sediment data set from the Columbia River, with specific
reference to the use of the data in future site characterization and baseline risk assessments. The
goal w\as to determine if there are sufficient data to characterize the current effects of lanford
Site operations on the Columbia River. The specific technical objecti e of this effort w as the

Microsoft is a registered trademark of Microsoft Corporation. Access is a trademark of Microsoft, Corporatiorn.
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identification of spatial, temporal, or analytical data gaps. The Data Gap Analysis identified site
analytes and potential data gaps. which are described below. The Data Gap Analysis also
identified the Study Area boundaries for this RI work plan, which are summarized In

Section 4.1.1.1.

The initial list of compounds identified in the Data Gap Analysis (WCH-201) consisted of all
detected compounds in samples from the Primary Study Area (i.e., the reach between the Vernita
Bridge and McNary Dam). This initial list was subsequently narrowed down to the final list of
site analytes during the Data Gap Analysis through a sequential series of data reviews that
included the following:

1. Comparison of maximum detected concentration to lowest of either the human health or
ecological risk-based values

2. Comparison to site-specific upriver background concentrations

3. Removal of known laboratory contaminants

4. Evaluation of low frequency of exceedance

5. Revision according to additional considerations: groundwater and biota data, site use,
findings from the Source and Groundwater Component of the RCBRA, etc.

The purpose of the Data Gap Analysis was to identify potential data gaps in the temporal, spatial,
and chemical composition of the existing data set and to determine if there were sufficient data to
characterize the potential effects of Hanford Site operations on the Columbia River. Achieving
this goal required the compilation of existing and relevant river data into a single database and
identifyng the specific portion of the river for which data gaps would be evaluated.

The preliminary data gaps identified in the Data Gap Analysis consisted of the followitg:

" Sloughs and backwaters on the left shore (facing downstream) of the river. Although both
surface w ater and sediment sampling transects hav e been completed most samples %ere
collected on the ight side of the river, which forms the Hanford Site boundary. Fe er data
exist for the left side.

* Islands ininiediately downstream of source areas. Depositional areas cuist around islands
dons tream of source areas, and some of these island depositional areas have not been fully
characterized.

* Locations along the left shore downriver of source areas. River transport mechanisms can
disperse sediment throughout the river, and sediment samples on the left shore are lacking

downriver of some reactors and the White Bluffs and Hanford townsites.

* Several irrigation returns throughout the reach, particularly the Saddle Mountain Wasteway.
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" Near-shore areas in the Richland area, including surface water for VOCs in the area upriver
of the Richland pump house.

* Downriver in Lake Wallula. Several sampling and coring activities have focused on
sediment behind McNary Dan, but fewer sediment samples exist near the headwaters of the
lake or along the shorelines or channel lf the middle reach of the Iake

* Sediment behind McNary Dam.

As noted, addressina these data gaps was the first objective of the sampling program described in
this RI work plan.
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3.0 INITIAL EVALUATION

The purpose of the CSM is to identify the Hanford Site sources of contamination and the
environmental transport and exposure pathways between contaminant sources and applicable
receptors by using historic information and existing data. This section organizes existing site
information to identify contaminant sources (Section 3. 1), release mechanisms and
environmental transport media (Section 3.2). and potential exposure pathways between
contaminants and applicable receptors (Section 3.3). As a communication too], the preliminary
C'SM presented in this document affords the opportunity for continued refinenient and will
continue to be refined on the basis of new or improved technical or site-specific information and
other relevant input.

3.1 CONTAMINANT SOURCES

Past and/or current Hanford Site-related contaminant sources are existing or potential sources of
hazardous substances in the environment that may pose a threat of adverse effects to both humman
and ecological receptors. In addition, contaminant sources include upriver activities and other
contributing influences (i.e. non-Hanford Site) within the RI investigation area (Figure I-1).
Non-Hanford Site sources (upriver and within the RI investigation area) and Hanford Site-related
sources (i.e., past iver effluent pipelines, contaminated groundwater seepage to the Columbia
River, and limited overland flow) are described in the following subsections.

3.1.1 Non-Hanford Site Sources

This section summarizes potential current and historical contamnant sources upr ier of the
Hanford Site and other contributing Influences within the RI investigation area (i.e., global,
municipal, idustral, agricultural, and commercial sources). More detailed informaion about
these non-Hanford Site contaminant sources is presented in WCH-9I.

3.1.1.1 Upriver. While the presence of dams upriver from the I Hanford Site currently limits the
transport of contaminants from upstream sources, the magnitude and duration of historical and
current discharges may provide a potential for long-range transport to the Hanford Site.

Contributions of contaminants to the Columbia River may come from direct sources to the river
or Indirect sources. Examples of direct and indirect sources iMlude mining operations. smelting
pulp and paper production, runoff from cities and agricultural areas, municipal and industrial
wastewater treatment plants. nuclear weapons production and atmospheric testing, and other
activities that release materials that reach the river.

\ining operations at the Teck Cominco Mine in Trail, Bntish Columbia, located 16 km (10 mi)
north of the U.S/Canadian border, beain 1 890. with smelter operations beginning in 1896
along the headwater of the Columbia River. These operations began pror to the construction of
any dams along the Columbia River. The lead and zinc smelter on the banks of the
Columbia River at the Trail facility dumped an estimated 10 million to 20 million tons of slag
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into the river. The facility released dissolved iron, manganese, zinc, copper, lead, arsenic,
cadmium, and mercury via liquid effluent and as solids in the form of slag, a smelting byproduct
(WHC-SA-1989-FP). The EPA Region 10 contends that the Trail smelter is the largest source of
metals pollution in Lake Roosevelt. a reservoir created when the river was blocked behind
Grand Coulee Dam in 1937. In 2006, an EPA study of sediment samples concluded that the
portion of the lake from Inchelium. Washington. upstream to the Canadian border already
qualified for Superfund listing because of hazards to aquatic life from heavy metals
(CI2MHill 2006). Metal contaminants flow down the river into Lake Roosevelt. Contaminants
from this facility may exist downstream of Grand Coulee Dam within the Hanford Site RI
investigation area.

Other smelting operations have taken place in Northport, Washington (EPA 2004a). The Celgar
pulp mill in Castlegar, British Columbia, was a primary source of historical loading of dioxins
and furans to the upper Columbia River (EPA 2004b). Alcoa's aluminum smelter facility in
Wenatchee, Washington, is currently the only major U.S. industrial National Pollutant Discharge
Elimination System pennitted facility located upstream of the Hanford Site. It may contribute
the following contaminants to the Columbia River: fluoride, aluminum, copper. benzo(a)pyrene,
cyanide, oil, and grease (WCH-91). There are also nine municipal treatment plants that
discharge effluent to the river upstream of the Hanford Site (WCH-91).

The Spokane River has elevated levels of polychlorinated biphenyls (PCBs) and metals. Some

of the sources include the following:

* Mining waste and the associated metals that may have been transported downstream from the
Coeur d'Alene Basin to the Spokane River.

* Midnite Mine. an open-pit uranium mine, operated along the Spokane River in the Selkirk
Mountains of eastern Washington from the mid-1950s until 1981 and contributed
contaminants upriver of the Hanford Site. Elevated levels of radioactivity (primary uranium)
and heavy metals mobilized in acid mine drainage pose a potential threat to human health
and the environment (EPA 2006a).

* Kiser Trentwood, an aluminum plant, discharged PCBs to the Spokane River in excess of
2 kg day In the early 1990s and as late as 2000 (Serdar et al. 2006).

* The Spokane Wastewater Treatment Plant discharged 0.25 kg/day of PCBs in 2001
(Serdar et al. 2006).

3.1.1.2 Global. Worldwide atmospheric nuclear testing contributed to radionucIide
contaminants in surface waters and ultimately to sediments throughout the Pacific Northw est.

lFallout from atmospheric testing by the United States, Russia, and China contributed
significantly to radionuclide levels in the environment (WDOII 1994). The fallout materials

consisted primarily of radionuclides such as cesium-1 37 (30.07 years) and strontium-90
(28.78 years), along with shorter ihved radionuclides such as cerium-141 (32.50 days),
zirconium-95/niobium-95 (63.98 days 35.15 days). and ruthenium- 103/106 (39.28 days
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368.2 days) (WDOH 1994). Strontium and cesium are also associated with Hanford Site
operations. The Soviet nuclear reactor accident at Chernobyl in 1986 also produced detectable
levels of iodine-1 3 I and cesium-l 37 in precipitation in the Pacific Nortl est (WDOH 1994).

3.1.1.3 Remedial Investigation Area. The following primary non-Hanford Site source types
have been identified in the Study Area (defined in Section 4. 1. 1 1) and are summarized below:

* Naturally occurring sources
" MunicipaT urban sources
* Agricultural sources
* CommercialI/recreational vessels.

Naturally Occurring Sources. Naturally occurring elements have been detected in sediment
and surface water of the Columbia River. The following naturally occurring inorganic elements
have been detected at background sediment locations: antimony, arsenic, barium, cadmium.
manganese. nickel, potassium, and zinc. The naturally occurring radionuclides uranium-234,
uranium-238, and potassi um-40 have been detected at background sediment locations.

Aluminum, arsenic, barium, cadmiUrtm. man eanese. and elemental uranium have been detected in
surface water samples from background locations. In addition, the following radionuclides have
been dctectcd in background samples and are also naturally occurring in surface water: tritium.
uranium-234, an] uranium-238. While these elements and radionuclides are naturally occurring
in the environment, their presence in sediment and surface water upstream of the IHanford Site is
not necessarily representative of natural conditions, and may be related to upstream or non-
Hanford Site sources (e.g. industrial, agricultural or mining).

Municipal/lrban Sources. Municipal and urban acti ities contribute as point and nonpoit
sources of contamination to the river. Other National Pollutant Discharge Elimination System
permitted discharges to the Columbia River include stormwater, minor industrial process
wasteNater, contact and noncontact cooling waters, treated waters, and construction sites.
Effluents from municipal sewage treatment plants also contribute to waste loading within the
Columbia River system. A total of 41 municipal sewage treatment plants w ere identified in 2005
that discharge effluent to the Columbia River.

Urban contributions including nonpermitted iesidental and commercial stormwater runoff,
residential use of fertilizers and pesticides, and septic sewage systems are some of the potential
sources ol contamination from communities along the banks of the Columbia River. Stornwater
runoff can contain a number of contaminants such as pesticide and weed control products,
contamination from leaking transformers, hydraulic and lubricating flids, petroleum products,
metals, polyaromatic hydrocarbons, and deimci ri salts. Runoff contaiwng naturally occurinne
contaminants such as uraMium also contributes to river contamination.

Agricultural Sources. By the i 1920s, major irrigation projects along the Columbia River and
tributaries operated with the benefit of federal programs. In 1948, the Columbia Basin Project
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began transporting Columbia River water by canal to the more than 600 thousand acres of farms
in central Washington (CCRI-l 2007).

Agricultural activities are a potential source of contamination. Water from the irrigation returns
in the Hanford Reach has been sampled and contaminants include nitrogen. phosphate, copper,
uranium, and suspended solids (Ecology 1981).

Sampling of irrigation return water from Franklin County and associated irrigation-related seeps
entering the Columbia River. opposite the Hanford Site, have measured total uranium values of
8.6 pCi'L (PNN L-7500). Note: processed uranium contamination is isotopically different from
that which has been detected in irrigation return water. Uranium is commonly present in
phosphate-based fertilizers and is a natural constituent that weathers from some types of rocks in

the region. In recent years, total uranium concentrations in the Hanford Reach have been

elevated along the Franklin County shoreline. Previous studies have indicated these elevated
concentrations are likely the result of groundwater seepage and water from irrigation returns that
contain naturally occurring uranium.

Commercial/Recreational Vessels. Recreation and commercial activities on the Columbia
River also contribute contamination to surface water and sediments via marinas, boats, or other
recreational watercraft. Discharge of bilge and ballast water, engine oil, spills, and materials
associated with boat and shipyard maintenance are potential sources of contamination. These

sources may contain old paint scrapigs (lead). anti-foulants (copper), solvents, oil and grease,

fuels. PCBs. and cleaning agents. Pilings, docks, and bulkheads associated with marine
structures treated with creosote. chromated copper arsenate, or copper zinc arsenate are other
sources of contamination.

3.1.2 Hanford Site Sources

Hanford Site sources of contamination to the Columbia River include past river effluent pipeline
discharges. current contaminated ground ater seepage to the river, hlmited overland flow from
the operatonal areas, and limited airborne contamimation (i.e., dlust, debns, plant matter, etc.)

during dust storms.

3.1.2.1 River Effluent Pipeline Discharges. Likely depositional areas directly downriver of

the effluent pipelines have been identified as focus areas for the proposed RI field investigation
(Section 4.0).

From 1943 to the present. the Columbia River has been used as a water supply by the Hanford
Site. The following nine reactor sites are present in the 100 Area: 100-B, 100-C, 100-D.
100-DR. 100-F. 100-H, 100-KE, 100-KW, and 100-N. All of the reactors, except 100-N. used
the single-pass river water tor primary reactor core cooling purposes. The 100-N system

provided river w ater to a secondary (or closed-loop) cooling. Most efluent pipelines stopped

operating w hen the associated reactor was shut down or soon thereafter. One of the two
100-K lines (K-East) still services the 100-K Area.
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During reaictor operation, released cooling water from the reactor went to a short-terrn retention
basin located between the reactor building and the Columbia River. Water retention permitted
thermal cooling and the decay of short-lived radioisotopes prior to river discharge. As reactor
production increased, the retention period decreased. The retention basins also served to hold up
the flow of effluent with high radioactive isotope concentrations that resulted from fuel element
failure. This higher concentration cffluent was isolated and diverted either by gravity or
pumping to trenches, which filtered the effluent through the soil before it reached the
groundw ater adjacent to the river edge. This process resulted in contaminated groundwater
plumes migrating toward and upwelling in the Columbia River (Section 3.1 .2.2).

Eftfluent pipeline observations and contaminant concentrations are a ailable in the following
piping characterization studies that are discussed in 100 Area Riier Effluent Pipelines
Charec/eriLalin Report ( B 11-0 1141):

" Beckstrom and Steffes (1986): In the early spring of 1984, the deactivated effluent water
lines for the 100-C. 100-DR. and 100-F Reactors were radiologically and physically
characterized. The predominant isotopes in the lines were found to be europium- 151
europium- 154. europium-I155, cobalt-60. and cesium- 1 37

a W-C-SD-EN-T1-278 (1994): In April 1994, a comprehensive river geophysical survey
located and mapped the 14 effluent pipelines using navigation and echo sounding, side-
scanning sonar, sub-bottom profiling, seismic reflection profiling, and ground-penetrating
radar.

* BHI-00538 (1996): In the summer of 1995. the interiors of the efiluent pipelines at the
100-B ( 16-3-7 Outfall) and 100-D (I I 6-D-5 Outfall) reactor sites were radiologically,
chemically. and physically characterized These two pipelines, based on reactor operations,
years of operation, and discharge volume, were expected to represent a worst-ease scenano
with respect to radiological contamination and physical deterioration Sediment and scale
samples were collected from the 100--B and I 00-D pipelines and analyzed for radiological
constituents, gross alpha, gross beta. metals, and total organic carbon. The concentrations of
chromium and mercury in the pipe scale and sediment found in the study, although high,
suggest that they are not In a water-soluble form, so their toxicity to an occasional fish would
be minimal. The insoluble form of the metals also presents no ecological risks.

3.1.2.2 Contaminated Groundwater Seepage to River. Past waste management and waste
disposal practices at the Hanford Site have resulted in the presence of several contaminated
groundwater plumes. Groundwater beneath the Hanford Site discharges to the Columbia River
via springs and subaqueous (below\ the riverbed) groundwater upwel liinigs. Groundwater
provides a means fr transporting Hanford Site-related contaminants to the Colunbia River.
General descriptions of the groundwater plumes emanating from the reactor and operation areas
are provided in Section 4.2.

The flow of groundwater (seepage velocity) from beneath the majority of the Hanford Site
(e g.. reactor areas) Into the Columbia River is estimated to be I n /see (35.32 fr/see)
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(FH 1999). Maximum seepage velocities were measured at the 300 Area up to 15 rn/day
(50 ft/day). The majority of the follow ing text was included in the September 2007 Han/n/ Site

Environin naI Rporftw/r Calend/ar Year 2006 (PNNL- 16623) and has been slightly modified
and included below for the purposes of this RI work plan. References associated with tile text in
this subsection ha e not been included in this RI work plan, bot can be found in PNNL-16623.

In general, groundwater discharges are considered to be the current dominant pathway for
Hanford Site-related contaminants to enter the Columbia River. Shoreline springs were
documented along the Hanford Reach long before Hanford Site operations began during World
War 11. During the early 190s, researchers identified 115 springs along a 66 km (41-mi) stretch
of the Hanford Reach. They reported that the predominant areas of groundwater discharge at
that time were in the vicinity of tie 100-N Area. Hanford townsite, and 300 Area. Today. the
I 00-N Area no longer stands out due to declining water-table elevations, a consequence of the
end of operations at the N Reactor, which have reduced discharge from the springs. In addition.

effluent from the N Rea ctor was discharged to trenches and cribs near the river. Contaminants
from the 100 Area trences and cribs have impacted groundwater that discharges to the river.

The presence of shoreline springs also varies with river stage (river-level elevation). The water
table near the Hanford Reach is strongly influenced by river stage fluctuations. As water levels
fluctuate, groundwvater levels and thus the presence of shoreline springs in the Hanford Reach
vary. At the 300 Area, the river stage is also influenced by the elevation of the McNarv Dam

pool. River waler moves into the Hanford Site aquifer as the river stage rises (bank storage) and
then discharges from the aquifer in the form of shoreline springs as the river stage falls.
Followi n an extended period of low river flow, groundwater discharge zones located above the
water level of the river may cease to exist when the level of the aquifer cornc into etuilibrium

with the level of the river. Thus, springs are most readily identifled immediately followming a

decline in river stage. Bank storage of river water also affects the contaminant concentration of
the springs. Spring water discharged immediately followimg a ri er stage decline generally
consists of river water or a mixture of river water and groundw ater. The percentage of
groundwater ini the spring water discharge increases over time following a drop in river stage.
Measuring the specific conductance of the spring water discharge provides an indicator of the
extent of bank storage because Hanford Site groundwater has a higher specific conductance than
Columbia River water.

Ground\ater contamiation exists beneath the Ilanford Site and alon the Columbia River

shoreline and near-:hore river where groundwater mixes with tie surface soils and Columbia
River water (DOE/RL-2004-37), Figures 10.7.4 and 10.7.5 from PNN L-l6623 sho e te

distribution of major radionuclides and hazardous ciemicls, respectively, i Lan ford Site

groundwater at concentrations abov e drinking water standards during 2006. In addition, the
Hanford Em ironmental Information System (HEIS) database has been queried for groundwater

corn.aminants occurring throughout the Hanford Sie above deteetii limits. The list of

contamiants and observ ed concen ratlins hat e been ev aluated Accordimu to this evaluation.

the followi g contamiiants could be associated wtih the ground\ aer emanating from the 100,
200, and 300 Areas:
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* 100 Area Plumes: Chromium, strontium-90. tritium. trichloroethene (TCE). nitrate

* 200 Area Plumes: Carbon tetrachloride. chromium, technetium-99. tritium, uranium
(elemental), iodine- 129, nitrate, TCE

* 300 Area Plumes: Nitrate, uranium (elemental). TCE, DCE, vinyl chloride. tritium.

The proposed field investigation will include analysis for the above contaminants. As part of this
investigation. an assessment of plume upwelling locations will be conducted to identify sediment
and surface water sampling locations.

3.1.2.3 Limited Overland Flow. While the most significant historic transport mechanism was
direct discharge of the single-pass cooling water, historic overland flow was also associated with
reactor operations. Historic information including aerial photographs clearly shows water
seepage from the reactor cribs and trenches flowing across the land surface and discharging
directly to the Columbia River. While this transport mechanism is no longer active, it is assumed
that overland flow was a significant source of llanford Site contaminants to the river during
operations. Areas of suspected overland flow were evaluated in the 100 Area investigations.
Hanford Site contaminants that reached the river during single-pass cooling water operations
1 943 to 1972) via this transport mechanism have been washed downriver and presumably now

reside in downriver sediments.

A sigmificant overland flow that resulted in llanlbird Site contamination flowing to the river
occurred in October 1948. w en the South Process Pond (1300 Area) failed, releasing an
estimated 14.5 million gallons of uranium-contaminated water dow n a natural channel into the
r ier (LMO-1026). This one-time e ent resulted in an estimated 12 to 16 pounds of uranium
(elemental) entering the ri er. Other such discharges include a spill f-omn a sodium dichromate
storage tank at the 183-C Building i 1965 (DUN-3032, Chemieals Discharged ro the Columbia
Rir rom DUN F alt ies Fic al Year 1967) Additional overland discharges from leaks i the
reactor effluent discharge systems (such as the 100-K Area retention basis and mile-long
trench) are considered addressed by the information in the discussion of tdirect discharges
through effluent pipelines.

3.2 RELEASE MECIANISMS AND ENVIRONMENTAL
TRANSPORT MEDIA

The following potential contaminant migration pathways for the near-shore and river/aquatic
zones were identified:

Infiltration, Percolation, and Leaching from Upland Soils. The infiltration, percolation,
and leaching contaminant nugration mechanisms require a liquid medium to transport
contaminants downward through the vadose zone, into groundwater. and to the river. Ihe
infiltration. percolation. and leachin containinant migration pathway are currently
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associated with water resultiing from precipitation or other liquid discharges (e.g., septic
systems).

" Surface Runoff and Direct Discharge. The surface runoff contanminant migration pathway
is associated with the runoff of precipitation or other water sources, following contact with
surface soil or waste sites. Surface runoff may discharge to nearby surface water and to near-
shore sediments in the Columbia River. Because of the extremely porous nature of Hanford
Site soils, this transport mechanism is expected to be virtually nonexistent.

* Sediment Deposition. Contaminants released to the Columbia River from the Ilanford Site-
related sources described in Section 3.1 may be deposited downstream of the H'inford Site.
As shown in previous studies (HW-83614). the highest concentrations of contaminants reside
in the fine-grained river sediments. Therefore, identifying and sampling areas of fine-grained
sediments (generally <2 mm) are the focus of this RI. By understanding the river flow
patterns, land elevations, topographical features. and process knowledge of the Hanford
Reach environs, a preliminary assessment was made to describe where the bulk of sediment
is known orsuspected to be deposited in support of the RI field investigation. Bathvmetric
data collected within the Rl investigation area include the following:

- Sediment profiles collected by ACOE across Lake Wallula from 1953, 1978 1986, 1996,
and 2007.

- Data collected by the ACOE in 1998 and 2003 using Scannng Hydrographic Operational
Airborne Lidar Surv ey (SHOALS). fhese data w ere used to lllustrate relative depths of
the Hanford Reach down to three Secchi Disc lengths (approximately 15 m [50 ft] in
most areas of the ri er). The two-dimensional resolution of the SHOALS data is 3 m by
3 m (10 ft by 10 ft), and the erti cal accuracy is estimated to be 10 cm.

- River knowl ldge obtained from sev eral decades of sediment and surface w ater sampling
obtained during the PNNL surveillance monitoring program.

The cumulative results of prioinvestgations, past modeing efforts and rier knowledge
will be used to identify areas of fine-graned sediment that x ill be targeted for sampling
during the RI. A preIminar assessment of fine-gr aned sediment locations w ithi the
Hanford Reach and below Richland to McNarv Dam was conducted in 2008. A proof-of-
prMcipal testing approach was conducted in late February and early March 2008 using a
single beam sonar, with confirmatory sediment sampling completed usig a petite ponar
samplng tool (Appendix B). It is the intention of the RI ivestigatIon to conduct a sonar or
underwater camera survey at all proposed rier bottom sediment sampling locations to aid in
locatin fine-grained sediments.

- Shorelines. Downstream shoreline portions of islands within the Columbia River
provide a riparian habit't for a number of semi-aquatic species, and can be depositional
areas for Hanford Site-related contaminants. These areas consist largely of riparian
habitats of exposed shorelines and island areas that are flooded infrequently in the
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Hanford Reach and dow nriver as the result of releases from Priest Rapids Dam. Upper
portions of the shorelines can be exposed for long periods of time, providing a feeding
area for terrestrial or rparian habitat to resident species. In addition. ar shorelines (len-
shore areas on the opposNe side F the river from the Hanford Site) are included In this
designation. as well as deposiional areas and shorclines in Lake \\Wallula. As
recommended in the Data Gap Analysis (WCH-20 I). the primary focus for selection of
proposed surface w ater and sediment sampling locations w as o1 islands dow nstream of
source areas, since these areas may be repositories of contaminants originating From the
Hantrd Site.

- \dlary Dam. Construction of McNary Dam in 1947 created an impoundment on the
riN er that is nearly 64 km (40 mi) long (Lake Wallula). The impoundment not only stores
water for eletric producton, but also creates a setling basin fr suspended sediments.
The highest production of plutonium at the Hanford Site occurred w hen construction of
MeNary Dam was completed, and thereibre sediments hegan to accumulate behind the
dam just as plutonium production began to increase (see Figure 2-2) Several proposed
surtace water and sediment sampling locations w ithin the McNary Dam area and Lake
Wallula have been included in the field investigaton to address I lanford Site-related
contamnants that have been deposied in these depositional areas.

* Redeposition of Sediments. Measurable concentrations of Hanford Site-related
contaminants (e..- radioactive materials and industrial chemicals) have been deposited on
the ri erbed as sediment. The redeposition of sediments during times of normal flow and
floodng may also pose a threat of adverse effects to ecological receptors in the Columbia
River. Fluctuations in the river flow, as a result of the operation of upriver hydroelectric
dams. annual spring high river flows, and occasional floods, have resulted in the
resuspension. relocation, and subsequent redeposition of the sediment i Patton et al, 2005).
lioxx ever, sedimentation is lmited along the Hanford Reach because of the relatively high
river velocity. In general. sediment deposition areas in the Hanford Reach occur in
backwater sloughs and along riverbank beaches (PNNL- 16990).

Maximum and minimum hourly and dai lya erage discharge rates are summarried in
Figure 3- 1 from 1944 through 2006, consistgn of 62 years of records from the
Ut.I. Geological Surv ey Priest Rapids gaugig station and Priest Rapids Dam. len-year
periods. and smaller intervals near 1944 and 2006, w ere used to represent the results and
depict trends. A single maximum daily av erage flow of 19,500 m' seC (690 thousand cubic
teet per second 1kefsj) was recorded on Jiuic 12, 1948. Between the years 1981 and 1991,
the maximum high was only 8,000 in :see (281 kcfs) as shown in Fgure 3-1 . Discharge rates
exceeded 11.30( i' sec (40( kfs) in five of the se en penods shown i gigure 3-I and the
median maximum discharge rate for all seven periods as 12,0M1) m'sec (423 kcfs). Areas
along the shoreline that are iundated at flows between 240 kcfs and 400 kcfs are shown in
the figures in Section 2.0 of the SAP (Appendix A).
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Figure 3-1. Maximum and Minimum Daily and Hourly Flows (cfs) Measured at
the Pricst Rapids Gauging Station and Priest Rapids Dam

Between Years 1944 Through 2006.
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Ucographic information system shape files created using Modular Aquatic Simulaion
System I flow model results (PNNL-15226) i combination with the SHOA LS data wcre
developed to illustrate thc extent of shorclinc along the Hanford Reach that becomes
inundated for flows ranging betw1een 130 m' sec (40 kcfs) and 11.300 m 3 seC (400 kcfs) at
283 m' sec ( 10 k Ifs) ntervals. Regions along the Hanr\rd Reach that are iundated when
flow s are between 6,,0(0 m sec (240 kcfs) and 1 1,300 m' sec (400 kfs) were used to define

the spaial boundaries above the persistent riparian communities The pnimary causes of river
flow iluctuations are described below.

- Floods. Resuspenson of residual sediment occurs on a daly basis as well as durIng
flood events Sediments hav e been redeposited throughout the Columbia River. While

flood event, may move sediments to higher lev els ahove normal high water along
shorelines during peiods of flooding, it is assumed that a majority of the suspended
sediment loads durin floodig w ill be deposited behind the dams A signiant flood
occirred In 1948, which is prior to dam construction and when creased production
began at the Hanford Site. According to the minimum and maximum flow rates
presented i Figure 3-1. the maximum low betw een 1948 and 1958 at Piest Rapids Dam
was appromxiately 19,500 m 3 sec (690 kcfs). S
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- Operation of Upriver Hydroelectric Dams. The importance of flood control became a
priority in the Columbia River Basin after the city of Vanport, Oregon, w as destroyed by
the 1948 flood. At that time, only two major federal dams (Bonneville and Grande
Coulee) and one nonfe deral dam (Rock Island) had been constructed (DOE/RL-2005-09).
Changes in the elevation of the water table are influenced by river-stage fluctuations
controlled by the release of water from Priest Rapids Dam, constructed in 1961. The
flow of water past the Hanford Site is regulated by Priest Rapids Dam. Daily flows range
froim 1, 152 to 7.787 n/sec (40.700 to 275,000 ft2/sec). and average flows are
approximately 3,400 m sec (120,000 tV/see) (DOE/RL-96-1 6). As a result of flow
fluctuations at Priest Rapids Dam, ri er stage along the Hanford Reach may change by up
to 3 m (10 ft) within a few hours and contaminated sediments can be redeposited along
downriver shorelines.

" Dust Generation through Wind and During Facility Operation. The dust contaminant
migration pathway is associated with the airborne release of dust emanatin from surface sol
during windy conditions or operation, maintenance, and construction activities at the facility
Any other airborne sources of contamination (such as stack releases) would be captured
under the (lust contamination migration pathway.

" Biota Uptake. The biota uptake contaminant mig ralion pathway is associated with plant and
animal uptake of contaminants from pore water, surface water, and sediment.

3.3 EXPOSURE PATHWAYS AND ECOLOGICAL
AND HUiMAN RECEPTORS

Exposure pathways are the linkage between the contaminant source and the receptor and help to
illustrate how contaminants can reach potential receptors, as well as how and where these
receptors might be exposed. Receptors are both humans and biota which, based on the exposure
pathways and the life history of the receptor, are likely to be exposed to Hanford Site-related
contauin iants.

3.3.1 Exposure Pathways

An exposure pathway is the physical route of a radionuclide or chemical contaminants from the
point of release to a receptor. To be complete, an exposure pathw ay must have all of the
follow ing components:

* A Hanford Site contaminant source

* Direct exposure or mechanism for contaminant release and transport and an environmental
transport medium

* An exposure point
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* A feasible route of intake and exposure

* A human or ecological receptor.

In the absence of any one of these components, an exposure pathway is considered incomplete,
and by definition, there is nro risk or hazard (EPA 1989a). With the exception of radionuclides.
environmental contaminants must come into physical contact with the receptor for an exposure
to occur. Exposure to external radiation can occur when a receptor comes within close proximity
but does not physically contact a radiological contaminant. The following exposure pathways
were identified:

* Dernal contact
* Incidental ingestion
" External radiation
* Biota/fish consumption
* Volatile and dust inhalation.

The ecological and human health exposure models are summarized in Figures 3-2 and 3-3,
respectively.

While Figures 3-2 and 3-3 show all potentially complete exposure pathw ays. some pathways are
likely to result in minor or negligible levels of exposure. For birds and mammals. dermal
exposure is typically insignificant compared to ingestion exposure, because the skin of these
animals is protected by fur or feathers. Likewise. inhalaiion exposure of dust or volatilized
compounds is also minor, especially when compared to ingestion. For these reasons, these
pathways are typically not quantified (EPA 2003a).

3.3.2 Ecological Receptors

The biological resources of the Columbia River have been investigated by a number of authors,
and are summarized in the Siptember 2007 Han/ord Site ational Environmental Policy Act

(AEPA) Chariamt9eration (PNNL-6415). Potenial receptors in the Columbia River consist of a

wide array of flora and fauna that are consistent with the ecologv of a lare, free-flowing river.
Representative members of the general categories of poten ial receptors are described below
(PNNL-6415).

Fish. Fish are the most economically important group. with more than 45 species having
been documented in the Hanford Reach. Native mountain whitetsh and white sturgeon, in

addition to introduced bass, crappie, catfish, and w alleye, and others, are imporvtnt
components of the strong recreational fishery on the iver. These w ould be potential
receptors primary to concentrations in surface water
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Figure 3-2. Conceptual Exposure Model - Ecological.
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Figure 3-3. Conceptual Exposure Model - Human Health.
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* Benthic Invertebrates. Because of their diversity. benthic invertebrates would also be
potentially exposed to por w ter, surface water, and sediment. The dominant kinds of
aquatic insects present - eaddisflies. midgeLies. and black lies - exist generally on the
surface of rocks, so would be exposed primarily to surface water and suspended particles
flowin over and under rock surfaces. Likewise, the other major invertebr it species present,
such as clams, inipets, snails. sponges. and crayfish, also exist on or among the cobble
bottom, putting them in close proxmty to sediment. w hich they may both conktct and ngest.

In r. umescent areas, burrowing species more associated with the sediment may be xpected.
although communitnes In these areas would be negatiely affected by the regularly changing
water lev els. How ever, crayfish, which are abundant in the fall. may have adapted to
fluctuating w ater levels by stay ing in deeper water except hen flows are relativ ely con:tant

(TNC 2003). Because of their proximity to sediment, benthic invertebrates may be exposed
to Hanford Site-related contaminants in both sediment and surface water.

* Aquatic Macrophytes. Aquatic macrophytes may be exposed to contaminants in surface

water and sediment through both roots and leaves. However, these species are uncommon in
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the Hanford Reach due to the strong current, rocky bottom, and fluctuating water levels
(PNNL-641 5) They exist in the backwater of some islands, but are much more common on
the Ilanford Site side of the river, where the many sloughs and inlets provide the quiescent
conditions necessary for both sediment deposition and root establishment.

" Amphibians. Amphibians have been documented in the Study Area but, like aquatic plants,
are generally associated with the backwaters and sloughs, where the presence of vegetation
and protected waters provides favorable conditions for egg deposition and suitable habitat for
both developing tadpoles and adults. The habitat of this type that would have the Lreatest
exposure to Hantford Site-related contaminants is located on the Hanford Site side of the
river, where sex eral sloughs exist downstream of operating areas and the Ilanford townsite.
Like other littoral flauna, amphibians are subject to stress because of the frequently changing
water levels in the river, which can expose eggs to drying and reduce habitat for tadpoles
seek ing both food and protection among littoral v egetation. Three species of amphibians, the
Great Basin spadefoot toad, Woodhouse's toad, and the bullfrog, have been docunmented in
the shoreline areas of the Hanford Reach (PNNL-15892. PNNL-16623).

* Phvtoplankton, Zooplankton, and Periphyton. Phytoplankton and /ooplankton

populations at the Hanford Site are largely transient. flowing from one reservoir to another.
With the relatively rapid flow of the Columbia River, there is generaly insuficient time for
characteristic endenic groups of phytoplankton and zooplankton to develop in the Hanford
Reach, and cycles of population are more transient than observed within inipoundnints and
reservoirs (PNN L-64 15). Because of their transient nature, phiytoplarikton and zooplankton
are likely to have relatively little exposure to site contaminants relative to more Iesident
species. Phytoplankton (free-floatig algae) are abundant in the Columbia River and provide
food for herbivores such as immature insects. Diatonis are the dominant algae in the
Columbia River phytoplankton and are composed primarily of species typical of those found
in lakes and ponds and w hich originate M upstream reservoirs. A number of algae found as
free-floatiia species In the Hanford Reach of the Columbia River are actually deri\ ed from
the periphyton: they xerc detached and suspended by currents and frequent fluctuations of
the water levels (PNNL-641 5L

The zooplankton populations in the Hanford Reach of the Columbia River are generally
sparse. Studies indicate crustacean zooplankton were dominant in the open-water regions.
Densities were lowest in winter and highest in the summer, with sumier peaks dominated by
Bosmnna, ranging up to 160,650 organisms-m' (4.500 organi sns/ft ). Winter densities were
generally less than 1,785 organisms/ni' (50 organisms ftl)

Communities of periphytic species or "benthic microtlora" dev\elop on suitable solid
substrate w herev er there is sufficient light for photosynthesis and adequate currents to
prevent sediment fioni cov erng the coloies. Operation of Priest Rapids Dam results in
frequent river lev el fluctuations, causig exposed shoreline areas that do not allow for the
establishment of viable arid persistent periphyton communities in shoreline areas where flows
exceed 1,310 m3/sec (46,300 ft5/se cy Peaks of production were observed to occur in spring
and late summer (PNNL-6415).
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* Soil Invertebrates. Although no direct survey of invertebrates in Columbia River islands

and shorelines has been conducted, species present can be expected to consist of many of
those documented in upland portions of the site. Upland areas contain a wide variety of

invertebrates, due to the diversity of vegetation and amount of undisturbed shrub-steppe

habitat. Dominant species, which may also be present in the riparian zone and islands.

include the darkling beetle, harvester ants, species of butterflies. and grasshoppers
(PNNL-6415). Darkling beetles are considered to be representative of soil
macroinvertebrates and are widespread across the Hanford Site (PNNL-6415,
DOE/RL-2001-54). Soil macroinvertebrates would be expected to be exposed to Hanford

Site-related contaminants that are present on upland portions of the islands as the result of

historical flooding or high water events.

Of these receptor groups, fish and benthic invertebrates are likely to have the greatest exposure

to Hanford Site-related contaminants in pore water, surface water, and sediment. These

organisms spend their entire life cycle in surface water and'or sediment. and many remain in the

same segment of the river for the bulk of their lives. In addition, abundant high-quality habitat

for these oruansms exists throughout the entire Study Area (defined in Section 4. 1. 1. 1).

In addition, some terrestrial avian and mammalian species and terrestrial plants also have the

potential to have a limited exposure to Hanford Site-related contaminants. These are described

below.

* Avian Species. Islands and shorelines provde important nesting. feeding, and resting habitat

for both resident and migrant birds. At least 163 different species of birds have been
associated ith the Columbia River or related riparian vegetation JTNC 1999). Island areas

ranging from 0.05 to 0.08 mi2 accommodate colonial nesting species that may range in

population size up to 2,000 individuals (PNNL-415). Mallards and Canada ceese are the

primary nesting .pecies (PNL-8942). In general, the most common species that nest or feed

on the islands and riparian areas around the river include. among others, Canada rese. ureat

blue herons, white pelicans, ring-billed seagulls, mallards. cormorants., northern killdeer,

spotted sandpiper, quail. kingbirds. and various other duck and shorebird species (Fickeisen

et al. 1980. Rickard et al. 1982, PNL-8942). These species may be exposed by feeding along

the shorelines or in or around the aquaic and riparian river envronments.

* Mammalian Species. Mammals that have been observed in the riparian coridor of the

Columbia River include a vaiety of small rodents in addition to larger species ty pical of

riparian areas. Larger species that have been observed on islands or shorelines around the

Columbia River include muskrats. bea ers, minks, weasels, raccoons. river otters, rabbits,

and badgers. In additon, a vanety of smaller mammals, such as mice and shrews, also

inhabit near-shore areas. Little informa ion is available about populations or abundance,

however, and these species may be more common on the less agricultural Hanford Site side

of the river. Mammalian species would be exposed through feeding on plants or prey items

and through incidental ingestion of sediment.

3-16
Remedial ]nvestigation lArk Plan/b H0an rd Site Releases to the Cohanbia River

September 20tW



DOE/RL-2008-1 I
Initial Evaluation Rev, 0

Mule deer are the most conspicuous of the mammals in the river corridor, since they use the
islands for fawning and nursery areas in the spring. Islands afford some protection from
predation but afford a limited supply of browse material. which may compromise the overall
health of the herd (Rickard et al. 1982). During the summer. mule deer rely on riparian
vegetation for foraging (Fickeisen et al. 1980, Rickard et aL 1982. PNL-8942)

* Terrestrial Plants. Islands and shorelines vary in types of soil and vegetation and range
from narrow cobble benches to extensive dune habitats. The islands accommodate many of
the same species that occur in mainland habitats. Operation of Priest Rapids Dam upstream
of the Hanford Reach creates daily and seasonal fluctuations in river water levels, which may
limit the development of plant communities and continued use by terrestrial animals and
birds. Shoreline riparian vecetation that characterizes the islands and shorelines includes
water smartwecd. water speedwell reed canary grass, cattails, and bulrush, and various tree
species such as willow, poplar, Russian olive, and mulberry. Species occurring on the island
interior include sagebrush, buckwheat, lupine. mugwort, thickspike wheatgrass, giant
wildrve, yarrow, and cheattrass (Fickeisen et aL 1980, DOE/RL-96-16).

Terrestrial plants, which occur primarily in the upland and riparian zones, would be exposed
to iian ford Site-related contaminants that may be present in sediments or island soils
deposited during flood events or high water discharges.

3.3.3 Iluman Receptors

The following human receptors within the study area have been identified

* Native American. This receptor group icludes local and regional Native Americans who
hav e ties to the Hanford Reach of the Columbia River and surrounding lands. The Native
American receptor can be exposed to contamiants via direct contact (dermal contact and
micidental ingestion) With surfhce w ater and sediment, and ingestion of contaminants throuch
w ild food source consumption.

Various Tribes ha ve provided input into the work plan and risk assessment. To date, the
CTUIR and Yakama Tribes have provided exposure scenaros to the Tn-Parties to use III the
risk assessment. As part of the Columbia River investigation, the Yakama scenario is
proposed to be evaluated. The CTUIR scenario was developed around a comprehensIve
"Lifw ays' concept that encompasses a broad range of exposure pathways associated with
subsistence land use of the Hanford Site. Human health risks from these pathw ays, which
are associated with upland soils, parian soils, groundwater, and river media, are
cumulatively addressed in the Source and Groundwater Component of the RCBRA.
Discussions w ith the Tri-Parties and CTILR representatives resulted in a decision to have the
CTUIR r isk assessment be conducted entirely within the scope of the Source and
Groundwater Component of the RCBRA. Sediment surface water data generated as part of
the proposed sampling plan will be included in an update to the RCBRA CTULIR risk
assessment. Table 3-1 summarizes the Tribal scenarios for which risks are or will be
estimated for the river corridor and'or Columbia River.
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Table 3-1. Tribal Scenarios.

Tribal Scenario Pathways Evaluated Media Evaluated Evaluation

CTUIR Fish imcstiuon. direct contact Up and soil, riparian soil Source and
with upland soil, ingestion of sediment, groundwater, Groundwater
groundwater. inhalation of surface water, fish tissue Component of
volatiles (sweat lodge), extemal the RCBRA
radiation, direct contact with
sediment

Yakam Fish ingestion, direct contact Shallow sediment. surface Columbia River
with surface water, island soil water, island soil, fish and Source and
and sediment, external radiation tissue Groundwater

Component of
the RCBRA

CT1R = Confederated Tribes of the Umatilla Indian Reservation
RCBRA= River Corridor Baseline Risk Assessment

* Avid Angler. This receptor group includes both adults and children (older than age 6).
Potential routes of exposure include dermal contact with contaminated sediment, island soil,

and surface water while fishine and/or boating in the river, and ingestion of contaminants in
fish tissue.

* Casual User. This receptor group includes adult or child (I through 6 years old) individuals
who tse the Columbia River for recreational purposes (i e., wading, swimmi, boatig, or
participating In other activities in and along the river shoreline). Potential routes of exposure

to contaminated sediment, island soil, and surface wIater nclude incidental ingestion and
dermal contact during these recreational acti vites.

* Future (Hypothetical) Resident. The Columbia River is currently used as a source of

potable wtter for the town of Richland Treated water from the river is routinely monitored

and meets federal drinking water standards. However, because there is the potential for

surface \vater at any location along the Study Area to be used for potable water, an evaluation

of residential drinking water use will also be conducted as part of the BHHRA. Additionally.

the BHH[IRA will evaluate a hypothetical scenario in which a child and adult resident are

routinely exp osed to dredged sediments removed from behind McNary Dam that have been

placed in upland residential areas. This is the only receptor identified for which exposure to

dredge spoils may potentially occur.

Exposure scenarios for the BHHRA are further described in Section 4.6.

3-18
Remedial lres hgwtiun Wmiar P/an fir lHnrd Site Releases to the Coanbia River

September 2008

11



DOE/RL-2008-1 1
Rev. 0

4.0 WORK PLAN RATIONALE

The sample design for the RI has been developed to be consistent with EPA's Guid/an /rcer
6(i7hnhilug Reniedia Inaes/igations anFedasihiliti Salies imiuler CERCLA (EP A 988a).

4.1 SAMPLE DESIGN APPROACH

The following describes the process by which the sample designs for the RI were developed to
investigate and characterize Hanford Site hazardous substance releases to the Columbia River,
As outlined in 40 CFR 300.430(b) (8), CFRCLA requires SAPs that will provide a process for
obtaining data of sufficient quantity and quality to satisy project needs. Several data needs were
defined as a result of the DQO process, including collection of supplemental data to better
characterize the nature and extent of contamination as well as to support both a human health and
ecolo'ical risk assessment.

The development of this sample design Was a "bottom-up" process that was designed to answer
three primary study questions as presented in the DOO Sunnunyi Report for the Reumdial
Inres/uigu/on of/I n/ord Si/c Releases m the (ColuMhia River (W C H -265 ):

I Is the existing data set of sufficient quality and quantity to support the RI/FS process.
including both human health and ecological risk assessments?

2. Are additional data required to complete the RI/TS and support the human health and
ecological risk assessments

3. Do Hanford Site-related contaminants im sediment, soil, surface water, pore water. and'or fish
pose an unacceptable risk to human health or the environmeni and need to be ev aluated in a
further study?

To address these primary study questions, a systematic sample design approach was used that
consisted of a series of sequential steps, as illustrated in Figure 4-1 - The purpose and content of
these steps is summarized below.

Steps I through 3 were used to address the nature and extent of [Ilanlbrd-related hazardous
substance releases to the Columbi R iver as required under a C'ERCLA RI. Specifically, this
included rev iewin existing data (Step I ): identifying data gaps i the spatial, chemical, or

temporal distributon of the data (Step 2); and then proposing sample types locations, and
numbers M a preliminary sample design specifically to address these data gaps (Step 3).

4-1
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Figure 4-1. Remedial Investigation Sample Design Approach.
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" Step 4 was used to ensure sufficient data were collected to support the data needs of the
human health and ecological risk assessmens. In this step, samples w ere added to
characterize specific exposure media. such as shorehne sediments, that will be used to
evaluate exposure pathways in the human health and ecological risk assessments.

* Steps 5 and 6 were used to refine the proposed design based on the underlying statistical
requirements. In these steps. the existing data were ev aluated statistically to compare the
proposed sample design to the needs-based approach of Steps I through 4 and to the
t'easibility of sample collection. The program design was then adjusted accordingly.

* Step 7 consisted of the review and comment resolution process required by CERCLA and
Tri-Party Anreement. In this step, samples were added in specific response to comments
from Tri-Party reviewers.

* Step 8 consists of reconnaissance surveys and approval of the RI work plan by the Tri-Parties
prior to field samplitng.

More detail on each of these steps is provided in the followxing sections (Sections 4.l.1
through 4.1.5).

4.1.1 Nature and Extent of Hanford Hazardous Substance Releases to the River -
Steps I Through 3

The initial focus of any CERCLA RI is to idenif) the nature and extent of site-related
contaimnants. Because the I Ianod Site has been tile focus of several decades of study, there is
a laree amount of existing data a alilable I o assess the usefulness and appliabilty of the
existne data set, a wide range of existim data w ele compiled and ev aluated ill Step I. The study
area boundaries were also defined i this step Based on a re iew and evaluation of these data
for temporal spaial and chemical completeness. several data gaps were identified i Step 2
Step 3 resulted in development of a prelimmiary sample design to address the identifed data caps
associated w ith the nature and extent of Hainford Site hazardous substance releases to the river.

4.1.1.1 Review Existing Data - Step 1. An extetnsive data compilation effort was performed
betw een 2004 and 2006 as documented ill the Columbia River Compo;n;ent Data Evitauion
Stununart' Report ( WC 1-91 ) and the C(u/tn Iba R ivet' inonen Data Gap nai' sis
(WCH-20l ) The Data Evaluation Summary Report (\\ C--91 ) documented the results of the
initial study conducted by WCH to compile and review the currently available surface water and
sediment data for the Columbia River near and downstream of the Hanford Site. The Data Cap
Analy sis (WC 11-20] ) was conducted to review the adequacy of the existing surface wxaer and
sediment data set from the Columbia River, ith specific reference to the use of the data M
future site characterizaton and baseline risk assessments The goal as to determine if there are
sufficient data to characterize the current effects of Hanford Site operatons on the C olumbia
River. In addition, the study boundaries were identi fled In terms of both spatial and temporal
boundaries,

Remedial in estigtunz Work lPlantor Ialird Site Releas'es to the Oumbia River
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Define Study Boundaries. As reported in the Data Gap Analysis (WCH-201). the existing
sediment datu set from upstream of Priest Rapids Dam to Astoria, Oregon, was evaluated as part
of the proces. for selecting the Study Area boundaries. McNary Dam was chosen as the lower
boundary of the Study Area because numerous studies (including HW-83614: BNWL-2305;
WDOH 1994. 2005; OHD 1994) have demonstrated that the highest Hanford-related inventory
(radionuclides) is present behind this dam, which is the first dam downstream of the Hanford
Site. Construction of McNary Dam was completed in 1954. The highest production of
plutonium at the Hanford Site occurred betveen 1954 and 1970 (PNWD-2227: see Figure 2-2).
Radionuclides released to the river flowed downstream and accumulated in the fine-grained
sediment that settled in the depositional area behind McNary Dam. Data from studies have
indicated that the concentrations of most radionuclides in the lower Columbia River sediment
(i.e.. below McNary Dam) were similar to background values measured upstream of the Hanford
Site (WDOH 2005) or were similar to other Oregon surface water bodies not connected to the
Hanford Site (OHD 1994).

The lateral boundaries of the Study Area extend from shore to shore (ordinary high water mark
to ordinary high water mark) below the 300 Area. This boundary is depicted in Figure 1-3.

Within the H4'nford Reach, the right bank is bein characterized and assessed by the RCBRA
Source and Groundwater Component (nominally to a depth of 2 mt [6 ft] into the river for the low
w ater mark). In these areas of the Hanford Reach, the investigation area for this work plan
begins where the RCBRA Source and Groundwater Component investigation stopped. For
abiotic media. and most biota, sample collectioi [r the RCBRA Source and Groundw uer
Component stopped at a poMt related to the low water mark of the river, which is characterized
by the presence of ihe "green line" of algae denlinaxtng the permanently inundated portion of the
riv r channel. Samples were collected to a point beyo nd the green ihne where water is
approximately 1.8 in (6 ft) deep. Biota samples for mussels wcre occasionally collected beyond
this pont The lateral nvesigaton area for this section of the Study Area is depicted In
Figure 1-2.

For the purposes of this RI, the shoreline vegetation and soil characteristics that have been
adopted to delineate ordinary water levels wldl be used to define the lateral boundaries of the
Study Area (e.g., ordinary high water mark). The ordinary high water mark is defined in
\\ AC 173-22-030 as "the ordinary high water mark on all lakes,. streams, and tidal water is that
nlark that ill be found by examin ing the bed and banks and ascertaining where the presence and

action of water. are so common and usual, and so long continued i all ordinary years. as to
mark upon he soil a character distinct from that of the abutting upland..."

Flow rates will also be considered for the lateral boundary determination. On the section of river

below Priest Rapids Dam, the ordnary high wa ter mark is gencially considered to be defined at a
flow of 220,000 efs to 240,000 cfs. How e er, this is a dynamic system that rrely reaches a
steady state. \\hen a steady state is achieved, the upper boundary of riparian vegetaton or
"ordmary high water" is approximated at 220,000 fs to 240,000 c s. For purposes of this

project, the ordMiary high w ater mark coincides with the upper boundary of the riparian zone,
w hile the low w ater mark coicides with the low er boundary of the riparian zone.

4-4
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The boundaries of the riparian zone were estimated through the river flow model between 80 and
240 kcfs at Priest Rapids Dam During field activities, these boundaries will be based on both
shoreline characteristics and flow rates.

The lateral Study Area boundary was selected to coincide with the ordinary high water mark
despite the flooding that has occurred post- 1944 when the first single-pass reactor
(105-B Reactor) came on line. At that time, Bonneville Dam. which was constructed in 1937
(see Table 2-2) was the only downstream dam. Currently, the nearest downstream dam to the
Hanford Site is McNarv Dam (see Figure 2-1 ). which was constructed between 1947 and 1954.
These dams created "new" depositional areas. Several studies have been completed to sample
and monitor radionuclide inventories behind each dam (HW-8361 4, BNWL-2305, and
PNWD-2227). As discussed above, the highest production of plutonium at the Hanford Site
occurred between 1954 and 1970, after the 1948 flood (see Section 3.2). Therefore, the majority
of radionuclides entering the river during the years of peak releases would have been deposited
in the sediment behind McNary Dam (Figure 2-2). Studies have shoxvn that the hihest
concentration of radionuclides in sediments likely resides behind McNary Dam. The RI is
designed to measure current concentrations of Hanford Site hazardous substance releases that
may reside in the deep sediments behind McNary and Bonneville Dams. These are expected to
have the highest residual concentrations of radionuclides because of production schedules and
sediment accumulation.

For the purposes of this RL sub-areas were developed to allow for more interpretive and focused
conclusions M the RlIzS. The Study Aiea has been subdv ided Into the following five sub-areas

that were selected based on spatial distribuiuon of contaminant concentrations observ ed in
suriCe w ater anld sediment with respect to the \ arious sources of contamination lrom the
IHanford Site:

* Upriver Sub-Area: Upriver of Vernita Bridge and RM 420 to RM 388

* 100 Area Sub-Area: Vernita Bridge at RM 388 downstream to RM 365

* 300 Area Sub-Area: RM 365 downstream to RM 339

* Lake Wallula Sub-Area: RM 339 downstream to McNary Dam at RM 292

* Bonneville Dam Pool Sub-Area: RM I50 downstream to RM 144. Sampling in this sub-area
is for characterization purposes only.

These five sub-areas are depicted in Figure 1-1 and described in more detail in Section 4.2.

Review Existing Study Area Data. As summarized in the Data Evaluation Summary Report
(WCH1-91) and the Data Gap Analysis (WCH-201 ), sevral thousand samples have been
previously collected betw een the Vermita Bridge (R\ 3%8 and MeNary Dam (RM 292)
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From 1976 to 2006, there were more than 23.000 sediment analyses completed from over 1,200
sampling locations within the Study Area. Of these results, approximately 1 1,000 were reported
above the liboratory reporting limits. resulting in approximately 12,000 reported as nondetects.
Results are summarized as follows:

* VOCs - more than 900 aialyses
* Semivolatile organic compounds (SVOCs) - more than 940 analyses
* Metals - more than 6,100 analyses
* Pestieides/PCBs - approximately 3,380 analyses
* Radionuclides - more than 8.700 analyses.

From 1999 to 2006, there were more than 45.100 surface water analyses from over 4,200
sampling locations between Vernita Bridge and McNary Dam (i.e., Study Area). Of these
results, approximately 23,700 were reported above the laboratory reporting limit, resulting in
approximately 21,400 results reported as not detected. Results are summarized as follows:

" VOCs - more than 3,700 analyses
* SVOCs - 748 analyses
* Metals - more than 19,500 analyses
* Pesticides/PCBs - more than 1.700 analyses
* Radionuclides - more than 12,800 analyses.

Since the Data Gap Analysis was pub ished in October 2007, additional data have been added to
the database from the RCBRA and the Surface Environmental Surveillance Project (see
Section 2.4.2.1). These data have been included in the CRC database and are summarized in
Table 4-1. The majority of these samples were collected in the near-shore along the Hanford

Reach. Additional samples are proposed to complete the RI and support the risk assessments
(see Tables 2-2 throtugh 2-6 in the SAP [Appendix A]). It is currently proposed that the nw data
collected during the RI will supplement the existing data set as suM11inarized in the "Non-RCBRA
Data Only" column (Table 4-1).

Table 4-1. Summary of Study Area Existing Data. (2 Pages)

Total Number of Existing Total Number of Existing
River Sub-Area Media' Samples (RCBR A Data and Samples (Non-RCBRA Data

Non-RCBRA Data) Only)

Upriver SD 201 201

Upriv er SW 1.030 1,030
10 Area SD 302 19

1) Area SW 1 A23 157

300 Area SD 338 51

300 Area SW 2.988 1,628
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Table 4-1. Summary of Study Area Existing Data. (2 Pages)

Total Number of Existing
Samples (ICRRA Data and

Non-RCBRA Data)

Lake Wallula SD
Lake Wallula SW
Totals

SW data from 1999 to 2007, SD dara from 1996 to 2007
SI) sediment
S\V surathe water

Total N umber ot Existing
Samples (Non-RCBRA Data

Only)

293 293

306,605
309

__________3,409

Review Conclusions from Previous Studies. Key historical documents w ere reviewed to
further confirm the Study Area boundaries and understand the distribution of Hanford-related
contaminants. More than 200 primary studies have been completed over the past 60 y ears
relaing to Hanford Site hazardous substance releases to the Columbia River and the ethcts on
surface water and sediments. The following reports evaluated radionuchlde in entories
downstream of the Hanford Site:

* Progrcsls in Siudaie, o/'Radionuclides in Coalnhia River Sediuenis: . S1unmma>1 of/hionrl
Achievements in this Pr'orpamn under Genieral Electric, 1963-1904 ( HW-8361 4)

* Environmental Radiological Swveillance RBeport on Oregon Sul/ce Walers, 1961 - 1993,
Volume I (GH1D 1994)

* Special Report: Radioactiviy in Coimbia River Seciments and Their Health El/fcls
(WDOH 1994)

* Summanrv o/"Radiological/onioring o/ 'Cohunhia aid Snake River Seliment, 1988 through
2004 (PNN L-16990)

* Surve o/ Potential Hanford Site ( on/am ialints in the Upper Sediment or' the Revervoirs at
M('Aart, John DaY. The Dalles, and Bonneville Damns. 2003 (WDOI I 2005).

Each of the studies arriv ed at a similar conclusion that, in neneral, concentrations of
radionuclides in the Study Area are similar to background values measured upstream of the
Hanford Site, further supporting McNary Dam as the dow nriver Study Area boundary.

4.1.1.2 Identify Data Caps - Step 2. Once the existig data were compiled and reviewed, the
actions summarized below w ere completed to assess the adequacy of the existing data set and
identify potential data gaps in temporal, spatial, and chemical distribution.
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Temporal Data Gaps. To assess the temporal data distribution. the existing data from the Study
Area were evaluated to determine whether the temporal distribution of the existing data set was
adequate based on the types of contaminants, relative concentration variability, and resident time
for the surface water, sediment., and fish within the Study Area. The results of this analysis are
presented below. The results of this analysis are presented in the Data Gap Analysis (WCFI-201)
and are summarized below.

To conduct the temporal analysis in the Data Gap Analysis report, the river was divided into the
following 1ihree sections: 1) upriver of Vernita Bridge. II) the Hanford Reach from the Vernita
Bridge to MeNary Darm, and 11) from McNary Dam to the Pacific Ocean. For each section. the
number of surface watcr and sediment analyses and samples collected per year was tabulated and
graphed. This analysis showed that between 1999 and 2006 alone, anywhere from 196 to 758
sediment samples and from 750 to 3,549 surface water samples were analyzed each year for
radionuclides and/or metals in River Section 11, which corresponds to the Study Area for this RI.
VOCs were analyzed every year in suriace water. Other constituents were analyzed from one to
five times during this time period and those with low sampling frequency like herbicides in
surface water tended to have few detections (e.g., 0/102 samples for herbicides). In general, the
analysis showed that the existing database is robust over time and no data gaps were identified

based on temporal needs.

Surface Water - Based on an evaluation of the existig data set and an understanding of the
river dynamnics, it is clear tht current and historical releases from the Hanford Site are quickly
mixed and diluted in surface w ater to a concentration near or below most surface water qualIty

benchmarks. This information is well-documented as part of the Hanford Site Surface
Environmental Surveillancc Proj ect, which has been routinely monitoring surface water,

sediment, and biota for more than 40 years. As a result, proposed surface water sampling
locations (e.g. spatial) in the current investigation have been focused on areas of influx
(e.g. near the release or source). A limited number of temporal data gaps were identified for

surface w ater and include the following:

* Other Contributing Influences The seasonal vaiability of surface water quality from
other convergent flox s ito the Study Area are not well-documented. These other sources
include upriver sources (e.g. Trail, British Columbia), irrigation returns, and confluence of
the three major rivers (Yakima, Snake, and Walla \\ alla). In consequence, additional surface
water samples will be collected in the fal of 2008 and the spring of 2009.

* River Stage - Because river stage controls groundwater upuelling to the river, pore-%vater,

sediment, and surface water studies will be timed to coincide with low water conditions as
discussed in Section 4.1.

Sediment - Based on an evaluation of the existing data set and the relatively long resident time
associated w\ ith sediment within the Study Area, the following temporal data gap was identified:

* Deep Sediment Dating - Relativ e dating of the deep sediment cores behind Priest Rapids,
McNary, and Bonneville Dams has been completed in the past but will be revisited during
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the RI to obtain more information regarding disposal configuration of Hanford hazardous
substance releases within the existing sediment sequence.

Fish - A number of fish studies have been previously completed. These studies have raised a
number of questions regarding potential risk to humans through the consumption of fish. While
the most significant data gaps associated with fish are spatial and chemical, the following
temporal data gaps were identified:

* Chemical - Although numerous fish tissue data exist, there are many inconsistencies in the
suites of analyses conducted for different species and tissue types. This sample plan
proposes collecting data on a uniforn and relatively comprehensive suite of analyses on
Smultiple fish species.

* Fish Mioration Fish migration is an important element in the desien of the fish sampling
program. Collection of fish Will consider the migratory nature of the targeted species.

* Lipids- Several organic contaminants concentrate in fish lipids (i.e., oil).

Spatial Data Gaps. To assess the spatial data gaps, the existing data were plotted on large-scale
maps to assess the distribution of the data set. Because the goals and objectives of previous
studies w ere enerally focused on the near-shore environment and near source areas along the
Hanford Reach, a vast majority of the eNstig data are clustered around these areas, resultino Il
some signiiicant spatial data gaps outside these areas. The results of thlis aialysis arc presented
in the Data (iap Analysis (\CH-201 ), and the identified spatial data needs consist of the
follow ing:

* Sloughs and backwaters on the left shore (looking downstream) of the river. Although both
surface water and sediment sanpling transects have been completed, most samples were
collected on the right side of the river. which forms the Hanford Site boundary. Fewer data
exist for the left side.

* Islands immcdiately downstream of source areas. Depositional areas exist around islands
downstream of source areas, and some of these island depositional areas have not been fully
characterized.

* Locations along tile left shore do\ nriver of source areas. RiNer transport mechanisms can
disperse sediment throughout thle river, and sediment samples on the left shore are lacking
downriver of some reactors and the White B luffs and Hanford townsites.

* Areas of groundwater upwelling associated with source areas.

* Several irrigation returns throughout the reach.

* Near-shore areas in the Richland area.
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* Downriver in Lake Wallula. Several sampling and coring activities have focused on
sediment behind McNary Dam. but fewer sediment samples exist near the headwaters of the

lake or along the shorelines or channel in the middle reach of the lake.

* Sediment behind McNary Dam.

Chemical Data Gaps. To assess potential chemical data gaps. the existing data were evaluated
relative to the range of analytes tested. The results of this analysis are presented in the Data Gap
Analysis (WCH-201 ) Data were compared to medium-specific human and ecological
benchmarks. Tables 5- I and 5-2 of the Data Gap Analysis show a comparison of the lowest
relevant henchmark compared to the maximum value in the existing database Based on these
results, chemical data gaps identified analytes with low sample numbers or where new analytical
methods have improved detections limits.

4.1.1.3 Develop Preliminary Sample Design - Step 3. To address the temporal, spatial. and
chemical data gaps associated with the nature and extent of Hanford Site's hazardous substance
releases to the river, approximately 730 surface water, sediment. and pore-water samples were
added to the RI sampling program. These samples are identified in Tables 2-2 through 2-6 in the
SAP (Appendix A).

One of the key project assumptions (see the DQO Summary Report [WCH-265]) for surface
water saimples is that current contamination will be greatest near the release and diminish with
distance from the source area(s). This assumption has been confirmed from the existingz data set
Concentrations of Hanford Site-related contaminants decrease with distance downriver. For
example, VOCs are reported in the near-shore environment along the 300 Area and are diluted to
nondetect lcv els within a very short distance downriver. As a result, proposed sampling

locations have been biased toward areas directly downriver of the source areas.

A key assumption for sediment samphing is that contamination is mostly likely to be found in
fine-g 'ained depositional are'as. As shown in Figures 2-2 through 2-20 provided in the SAP
(Appendix A), the proposed sample locations :rL focused on depositional areas (fine-grained
sediments and islands), locations directly downriver of the reactor discharge pipes, and/or
suspected groundwater plume upwelling areas. Final sample locations will depend on the results
of the reconnaissance surveys (see Step 8).

The sample design requirements for each sample are either focused, stratified/random, or multi-
incremental sampling (MIS). The following is a description of each of the three samples types.

" Focused Sampling - Focused samples have been targeted at known or suspected locations of
contaminaton or other know n data gaps. These include, for example, groundwater plume
upwelling areas, inlet trenches, irrigation returns., or know n recreatonal use areas. These
locations will be specifically targeted to identify "worst case" or frequent exposure points.

" Stratified-Random - This approach was developed to allow random sampling of the
population of interest for sediment, surface water, and soil. For sediment samples, the target
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population is fine-grained sediments located in depositional areas downstream of the reactor
areas. To ensure that samples are representative of this population, fine-grained deposits must
be located on a grid prior to sample collection. It is anticipated that the majority of target
depositional areas will be identified and sampled during the RI. However, to enable statistical
characterization of sediment data, samples will be collected in random locations within each
grid cell. This random sampling accounts for the uncertainty of sediment deposition within
the Study Area.

A stratified-random approach will also be used for upriver (e.g.. background) surface water
samples. The target population is upriver surface water. To ensure that samples are
representative of this population, a single-cell sample grid will be established prior to sample
collection. Samples will be collected at random locations within each rid cell. This random
sampling enhances the representativeness of these samples for the population.

A stratified-random approach will also be used for shoreline sediments from recreational areas
within Lake Wallula and island soils. For island soils. the target population is the river-
transported sediments from the Hanford Site that have been deposited on islands during high
river levels. To ensure that samples are representative of this population, a single-cell sample
grid will be established prior to sample collection. Samples will be collected at random
locations within each grid cell. This random sampling enhances the representativeness of
these samples for the population.

MIS - Multi-incremental sampling is hased on particulate sampling theory (Gy 1992,
Pitard 1993 ). To quantify specific exposure point concentrations for sediment at three
individual recreational areas, MIS procedures w ill be used.9 MIS consists of collecting and
homogenizing 50 random sample increments ov er a prescribed decision area. In this case, the
selected recreatonal areas are the decision areas. MIS works to reduce compositional and
distributional heterogeneity. Compositional heterogeneity refers to contaminant variation
betw een soil and sediment grains within the same area (intra-sample ariation), while
distrbutional heterogeneity refers to spatial variabihty betw een different areas of soil and
sediment (inter-sample vaiation) (Alaska DEC 2007). Non-VOC samples are sieved to
further reduce compositonal heterogeneity. At each MIS location, random samples w ill be
collected from a grid sized proportionally to the area to be sampled.

Each investigamin area will be evaluated by collectine five multi-incremental samples. The
95% upper confidence limit (UCL ) of the mean concentraton will be evaluated bv collecting
five multi-incrementl samples from the three recreational sites. To further reduce error
caused by soil heterogeneity, sub-sampling of each multi-incremental soil sample w ill be
performed in the laboratory to obtain the final analytical soil sample.

Selection of Target Analytes. Target analytes are contaminants that were known or suspected
to hav e been released from Lanford Site operations to the Columbia River or contamiants that
have been detected above applicable regulatory criteria i the ri er environment. These tw o

Use of MIS procedures was evaluated for other recreational areas but was not selected due to cultrtal resource
considerations.

4-1 I
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criteria were used to develop a consolidated list of analytes that include Hanford related and non-
Hanford contaminants within the river environment. The purpose of identifying target analytes
is to aid in the selection of appropriate analytical methods to be used during the RI Specifically.
if a compound is identified as a target analyte, then the analytical method that includes this target
analyte will he specified in the RI, and all the compounds normally detected by that method will
be analyzed and reported.

The process detailed in Table 1-4 of the DQO Summary Report (WCH-256) was used to identify
the target analytes that were directly released or that could have been transported to the river.
This process was a systematic approach of reviewing operational history, known contaminant
sources, documented releases to the environment, and contaminant transport to the river. Media-
specific target analytes were identified by comparing the existing data to the benchmarks
described in Sections 4.5 and 4.6. Compounds that exceeded these benchmarks were tentatively
identified as target analytes. The next step was to compare this tentative target analyte list to the
"Exclusion List" and "Inclusion List" developed for the RCBRA process (see Section 4.5.3).
Compounds on the inclusion list were added while compounds on the exclusion list were
removed.

Master lists of target analytes are presented in Tables 4-2. 4-3, and 4-4 for sediment, surface
water. and pore w ater. respectively. These master lists of contaminants include constitucrnts
identfied durn the Source and Groundw ater Component of the RCBRA and compounds
identified through the evaluation process described above and used in the Data Gap Analysis
Report (WCH-201 ) To prov ide additional context to this list, each analyte has been
preliminarly classified as to its suspected origin, naturally occurring and common in the natural
ev ironment, common in upiver or other background sources, and known to be Hanford-related.

These target analytes were used to identify appropriate analytical methods for each medium of
concern (eg- surface water, sediment, and pore w ater as shown in 'Tables 2- through 2-6 in the

SAP [Appendix A]). A list of reported analytes for each proposed iictiod is presented in
Tables 3-I through 3-3 of the SAP (Appendix A) The list of EPA analy tical methods and the
reporting lists associated w ith those niethods for sediment/soil, surface water'pore w ater. and fish
are presented in I ables 4-5. 4-6, and 4-7, respectiv ely.

Once the field investigation has been completed and the data has been validated and compiled,
the selection of COPCs will be initiated to identify compounds to be ev\aluated in the ecological
and humnian health risk assessients. This process will he conducted as part of those risk
assessments and is described in Sections 4.5 and 4.6 of the RI work plan, respectively.

4.1.2 Augment Sample Design to Support Ecological and Human Health Risk
Assessments - Step 4

Once the number of samples for surface water, sediment, and pore w ater %\erc identified,
additional samples and analyses were added or superimposed on the program to address
additional needs of the ecological and human health risk assessments.

4-12
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Table 4-3. Target Analyte List - Surface Water.

Metals Class Organics Class Radionuclides Class

Alummum 1,2-Dichloroedhene (DCF) H Carbon- 4 H

Antimony I .1,2-Trichlorocthane (TCA) H Cesium-137 B H

Arsenic N .2-Dichloroethane (DCA) H Cobalt-60 H

Barium N Tetrachloroethene (PCE) H Luropium-152 B

Beryllium N Trichloroethene (TCE) H Europium-154 B

Boron N Acenaphihene 13. H Strontium-90 H

Cadmium N Anthracene B, H Tritium H

Chromium (total) N PCBs (aroclors and coneners) B Technetium-99 H

Copper B Bis(2-ethylhexyl) phhalate B. H Uranium-233f34 11

Chromium- H- Ben/o a]anthracene Uranium-235
hexavalent

Iron N Benzo[a]pyrenc B. H Uranium-238 H

Lead B, N Benzo[bj'luoranthene B. H

Lithium N Benzo~ghi]perylene B, H

Manganese N Benzo{kfluoranthene B, H

Mercury B Chrvtene B. H

Nickel N Carhon ICTrachIoride H

Selenium Chloroform I

Strontium N Fluoranthene B, H

Thallium N Diben/[a.hanthracene B. 1

Uranium B. H Indeno[l,2.3-cd]py rene B, H

Vanadium N Phenanthrene B. H

Zinc N Phenol B, H

Py rene 13 1]

Naphthalnc

Total petroleum hydrocarbons B

B background
H = Hanford-reled
N - maralwdlv rnn

4-14
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Table 4-4. Target Analyte List - Pore Water.

Inorganics Class Radionuclides Class

H exavalent chromium H Strontium-90

Metals and mercurv N I raniumn-233 234 H

Nitrate II Uranium-235 H

Organics Uranium-238 H

14 = H aniird-rclated
N = naturally OcCLIrrir

VOCs = vlale OrgaNIIIc C111OmpundS

H Tritium

Remei/diaI Tnvstiun W rk I'/anfur hunford Site Rcleases to 1h Colhuia River
ScptcIIber 2008 4-15
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Table 4-5. Sediment/Soil Analytical Methods and Analyte Reporting Lists. (2 Pages)
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Table 4-6. Surface Water/Pore-Water AnaIytical Methods AnalyWe Reporting Lists. (2 Pages)
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Table 4-7. Fish Tissue Analytical Methods and Anal te Reporting Lists.

Pesticides TAL Metals Radionuclides
Other Methods

Method 8081 Method 6010 Gamma Spec Alpha Spec

Percent Lipids
Aidrin Aluminum Antimony 125 Uranium-233 234 Bigh-Dyer (1959)

Alpha-BHC Antimony Beryllium-7 Uranium-235 PCB Conener >
EPA Mto 6~

Mercury
Delha-BHC Arsenic Cesium- 134 Uranium-238 Mh -41

Diehlorodiphenyl- Barium Cesium- 137 Thoriurn-232
dichioroethane

Dichlorodipheni- Beryllium Cobalt-60 Americium-241
dichloroerhylene

Dichlorodiphenyl- Bismuth Europium- t52 Plutonium-239 24 0 238
triChloroethane

Dieldrin Boron Europium- 54 Alpha, beta proportional
counting

Endosulfan I Cadmium Eurupium- 155 Strontium-0

Endosulfan 11 Calcium Potassium-40 Technetium-99

Endosulfan sul file Chromimm Radium-226 Tritium

Endr n Cobalt Radium-228

ndrin aldehy de Copper Ruthenium- 106

(iamma-31iBC indane) Iron

Fleptachlor Lead

H1leptachior epoxide ithium

Meihoxy chior Maunesium

Toxaphene Manganese

alpha-Chlordane Molybdenum

beta-I.2.3.4,.5.% Nikel
Hlexachlorocyc lohexan

ugimma-Chlordane Phosphorus ____________

Potassium

Se lei um

Silicon _________

Silver ____________

Sod iuml

Strontium

Thallium

inm

tjranum

\Vanadium

SSpeciated arsenic - organic and inorganmc
PCB poiychloninated hiphem l
TAL target analv te lisi
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4.1.2.1 Additional Ecological Data Needs. The ecological conceptual exposure model (see
Figure 3-2) identified potential exposure routes and ecological receptors. Based on these
exposures. additional samples were added specifically to provide information about contaminant
concentrations in media to which ecological receptors would be exposed. Approximately 320
pore-water, shallow sediment, surface water, fish tissue, and island soil samples were added to
evaluate habitats occupied by potentially exposed ecological receptors in both the river and
shoreline areas. These samples are identified in Tables 2-2 through 2-6 of the SAP
(Appendix A). Samples added specifically for the ecological risk assessment included the
following:

" Pore water to evaluate potential effects on fish and benthic invertebrates in areas of
upwelling groundwater. which may contain hexavalent chromium

" Shallow sediments in depositional areas to evaluate potential effects on benthic invertebrates

* Surface water in channel and island or left-bank slough areas to evaluate effects on fish
(particularly sturgeon and migrating salmon) and other aquatic organisms, as well as aquatic
vegetation and amphibians

* Fish tissue data to assess potential effects of specific chemicals on nonmigratory fish and to
use in future food chain modeling, if necessary

* Island soil and shoreline sediments to evaluate potential effects on plants and terrestrial
receptors who live or feed on islands or left-bank shorelnes.

These data will provide a robust data set for each habitat type evaluated in the BERA.

4.1.2.2 Additional Human Health Risk Assessment Data Needs. Based on the conceptual
exposure model (Figure 3-3) potential exposure routes and receptors were identified.
Subsequently, the human health risk assessment team reviewed the preliminary sample design
and identified several data caps relevant to specific human health data needs. Approximately
280 samples (dentifled in Tables 2-2 through 2-6 of the SAP [Appendix A]) were added
specifIally to support the data needs of the hunnn health risk assessment. The additional
samples w ere included n the sample design to address the follow n data needs:

* Fin-fish data
* Island soil and near-shore sediments
* High-use areas within Lake Wallula.

These data needs are described below.

Finfish. Finfish data are necessary to accurately quantify the potential exposure of river users to
Hanford Site contaminants through the ingestion of fish. In addition, fish tissue data may also be
used to evaluate potential ecological effects on the fish themselves. To meet these data needs,
six species of fish will be sampled from each of the four sub-areas upriver of McNary Dam.

4-21
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Sturgeon. walleye, carp. sucker, mountain whitefish, and smallmouth bass will be sampled. Five
samples will be collected from each sub-area, and for all species except sturgeon, each sample

will be a composite of five fish. Sturgeon samples will consist of a single fish. For each sample.
the fillets, liver and kidney (combined), and carcass will be analyzed. Full details of the fish
sampling program are described in Section 4.3.4.

Island Soils. Island soils have not been extensively characterized in previous studies. To

evaluate island soils, sampling will be completed to characterize river-transported sediments

from the Hanford Site that have been deposited on islands during high river levels and assess
potential upriver contamination. These samples will be used for site characterization and to

support the exposure scenarios in the human health risk assessment, and also to evaluate effects

on terrestrial oruanisms in the ecoloaical risk assessment.

IHigh-Use Areas. Using local knowledge, a number of recreational sites were identified within

the stretch between the 300 Area and McNay Dam. Recreational sites, habitats, and high-use

Tribal areas were identified as spatial data gaps because of limited existing data in these areas.

These high-use areas represent a high exposure frequency. To address these gaps. additional

sampling has been proposed for these areas by MIS methods for near-shore sediments and
stratified-random approach for surface water samples. Recreational areas are shown in

Figures 2-14 through 2-18 of the SAP (Appendix A).

4.1.3 Sample Design Refinement - Steps 5 and 6

The final step in the sample design approach was a refinement step that took into consideration
statistical design requirements, collection methods, analytical requirements. access to sample
locations, and costs.

4.1.3.1 Review Proposed Sample Design Using Statistical Tools - Step 5. Once the data

needs of the R I and the risk assessments were satisfied, a statistical approach for determining the

number of samples needed for the RI was implemented. This approach invo% ed defining an

acceptable level of uncertainty and computing the required number of samples based on that

uncertainty and on the variability of contaminants at the Site. This additional step of statistical
evaluation of data needs was conducted to evaluate the robustness of the final data set from a

strictly statistical standpoint. The data collected using this approach would be of sufficient

quantity to support calculation of the statistic of interest and subsequet hypothesis testing if site

conditions are similar to those shown in historical or field-screening data To assess the

appropriate number of required samples,. a hypothesis test was conducted for each analyte of

interest in each river sub-area by comparing the median concentration to the relevant human

health benchmark value.

For this test, the null hypothesis for each test is that the river sub-area is contaminated (i.e.. the
true median or mean concentration is greater than or equal to the benchmark value). To provide

a conservative estimate of the number of samples required, the assumption is made that all

analytical data are asymmetric and not normally distributed. As a result, the one-sample,

nonparametric Miuhi-Agene Rad/iation Surven Site /nvestigation manual (MA RSSIM)

4-22
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(EPA 2000c) Sign test was used for hypothesis testing (PNNL- 16939). Note that for asymmetric
data, the MARSSIM sign test is a true test for the median and an approximate test for the mean
(Gilbert et a]. 2002). Once again the assumption of asymmetric data were used to conservatively
estimate the sample size, and therefore the fact that the test is "approximate" for the mean does
not adversely impaet the sampling design with regard to statistical power. The absence of a
normal or symmetric distribution simply means that more samples will be required to attain the
desired level of statistical significance.

For illustrative purposes, historical surface w ater and sediment data for chromium within the
100 Area Sub-Area were input into Visual Sample Plan (VSP). a public-domain computer
program designed to produce statistically defensible sampling plans that meet EPA DQOs. The
required sample size for each medium was calculated assuming a type I error of 5'1t a type 11
error of 10%, and a lower bound of gray region (LBGR: discussed below) equal to 70"% of the
benchmark value (decision error parameters are defined below). The results are summarized in
Table 4-8, and demonstrate how the MA RSSIM Sign test produces the most conservative
sampling design.

Table 4-8. Visual Sample Plan Results for Chromium in the 100 Area.

Surface Water Sediment
listorie standard deviation 0(029124 megL 34.9 i kg,

Human health benchmark 0.01 1 iig/L 30 m kg

Number of saipies - normal 131
distribution- one-sample 1-test 669

Nurmber of samples - nonparameti.
symmetric distribution - Wt ileuxon 776 1s
signed-rank test

Number of samples - nonparametric,
asyimetrie distribution - MARSSIM 1,264 249
Sigen test

It is important to note that the MARSSIM Sign test is the recommended approach in VSP for
calculating the sample size for nonparametrie, asymmetric data w hen comparing the trite mean or
median of data to an action level. The MARSSIM equations were included in VSP as they
originate from "a multi-agency consensus document that was developed collaboratively by four
federal agencies having authority and control over radioactive materials: the U.S. Departments
of Defense aid Energy. the U.S. Nuclear Regulatory Commission, and the EPA" (Gilbert et al.
2002).

The MARSSIM Sign test deternnes the required number of samples to conclude that the true
median (approximate mean) analyte concentration in a sub-area is oreater than or less than the
benchmark value xvith prescribed lee ls of certainty.
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For each analyte of interest in each river sub-area, a sensitivity analysis was conducted for the
decision error parameters to better assess the statistical power of the systematic sampling
approach. Specific decision error parameters are described in detail below:

* Alpha (ox): Alpha is the type I error for the hypothesis tests and in this case is the probability
of falsely rejecting the null hypothesis (concluding the mean to be lower than the benchmark
value when it is in fact greater). For the H anford Site analysis, alpha varied from 5% to 15%.

* Beta (ft) Beta is the type 11 error for the hypothesis tests. and in this case is the probability
of falsely accepting the null hypothesis (concluding the mean to be greater than the
benchmark value when it is in fact lower). For the Hanford Site analysis. beta varied from
10% to 15%. In general, beta is higher than alpha as there are no public health implications
for a "false positive." Costs for unnecessary assessment/cleanup are the primary
consequences of a high type Il error.

* Lower Bound of Gray Region (LBGR): The gray region is the range of true mean
concentrations below the benchmark value within which it is considered acceptable to falsely
conclude the site to be dirty. The gray region is also commonly known as the minimum
detectable difference between the samplc mean and benchmark concentration. For the
Hanford analysis, the L BGR is set to 70% of the benchmark value. The prescribed type I
error is achieved exactly at the LBGR region. Type I error decreases for true mean
concentrations below the LBGR, and increases for true mean concentrations above the
LBGR where the difference between the sample mean and benchmark is not statistically
detectable. The sample size is very sensitive to the LBGR, and for most analytes. the number
of required samples is impracticable with a higher LBGR.

Potential consequences of decision error are summarized in Table 4-9.

'Fable 4-9. Potential Consequence of Decision Error.

Type of Decision Error impact Potential Consequences

False-negaive (T'oe I Error a: Mistakenly The site would not be Conamnination continues to
reject the null ypothesi e erroneously remediated hen it present a risk to human health
conc lude ihat site cotarninamion does not require should be renediated. and the em ironment
remtedial actin) Relative severitv: I ugh

False-positi\ e (Tye i rror fMstaken fail The site ould be U9nnecessary costs fr further
io reiect the null Ipthsi i erroneously retmediated unnecessanlr. characterization and
concludeI th site contamination requires re ation are inrred
remediaml actioii) Reai e rt:Low
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The sensitivity analysis involved three decision error scenarios. summarized in Table 4-10.
Results for surface water and sediment are shown in Tables 4-11 and 4-12, respectively. For
some analvtes, this test is not applicable due to the standard deviation being significantly higher
than the benchmark value. For example, more than 250,000 surface water samples are needed
for arsenic to attain type I and 11 errors of 5 in the 100 Area Sub-Area. For other analytes, the
standard deviation is significantly less than the benchmark value, and the MARSSIM Sign test
predicts that no additional samples are necessary. This occurs for cadmium in surface water and
sediment in the 100 Area Sub-Area. There are also many analytes for which the MARSSIM
Sion test calculates a sample size approximately equal to that proposed by the preliminary
systematic design as defined and presented in Figure 4-1 (RI Sample Design Approach). For
example. 206 sediment samples for chromium are needed in the 100 Area Sub-Area to achieve
type I and I errors of 15%. This compares well with the systematic design recommendation of
249 samples.

For many of the target analytes, IARSSIM results were generally agreeable with the number of
samples proposed in the RI work plan. Thus. the MARSSIM test results had only limited effect
on the sample design. Taking into consideration the entire sample design process, including the
DQOs. intended end use of the data. and tolerable decision error, the proposed plan has more
than 1,J00 new samples. These proposed samples will be the basis for the site characterization
and will be augmented by the existing data set, It is anticipated that this combined data set will
meet current project requirements.

Formulate 95% UCL Needs. The sampling plan w as designed taking into consideration one of
the major end uses of the data, namely the calculation of the 95" DCL of contaminant mean
concentrations for the hunian health rsk assessment. To perform 95" UCL calculations,
samples must be collected at random from only the population(s) of interest. As a result, random
samples will be taken from fine-grained sediments in depositional areas and from upriver surface
water sampling locations. The stratified random approach ensures that inferences can be made
about the data obtained in the RI. To fnrther support the tCL calculations, the MARSSIM Sian
test was used based on historical data to assess the statistcal power of the sampling design. The
number of samples reconimended in the MARSS]M analysis was taken into consideration when
finalizing the design, ensuring that enough samples will be taken to provide a robust data set for
the UCL calculations.

Table 4-10. Hanford Site Visual Sample Plan Decision Error Scenarios.

Type I Error Type 11 Error Lower Bound of Gray Region
(u) (p) (% of Benchmark Value)

SI 70

t 15 70

70
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Table 4-11. MARSSIM Sign Test Results for Surface Water. (5 Pages)
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4.1.3.2 Evaluate Feasibility of Proposed Sample Design - Step 6. Once the design had been
modified to accommodate statistical considerations, finnal modifications were completed to
facilitate the sample collction and analysis. The following items were ev aluated and considered
in the final design and are described below:

* Sample representativeness
* Analytical volume requirements
* Reliability of sampling equipment
* Accessibility of sample locations
* Analytical methods
* Number and costs
* Adjacent study areas (e.g.. RCBRA).

Obtain Representative Sample for Analysis. Sample activities must not disturb the sampled
matrix to the extent that it will physically or substantially change the properties of interest. For
example. sediment samples collected for simultaneously extracted metals/acid volatile sulfides
analysis should not be overly exposed to oxygen, which would change the chemical properties of
the sample.

Obtain Sufficient Sample Volume to Meet Analytical Volume Requirements. Collection
equipment has been matched to meet the volume requirements of the proposed analytical
methods. For example, the petite ponar sampling tool has been tested in a variety of setmntts
along the Study Area to ensure that an adequate sample volume can be retrieved to the surface.

Consider Reliability of Sampling Equipment. Sampling equipment and methods must be
sufficiently robust to withstand sampling conditions. For example, deep sediment core samples
will be collected usino 10-cm (4-inj-diameter casing to withstand the anicipated unsupported
distance (> 27 m [90 ft]) from surface to the bottom of Lake Wallula.

Accessibility of Proposed Sample Locations. The physical constraints associated with sample
collection and retrieval was considered in the final design The following are examples of this
ev aluation.

* Sediment/soil sampling requires low-flow conditions.

* While most surface w ater sampling can occur during high-flow conditions, this will tend to
dilute contaminant concentrations and will create bank storae conditions within upwelling
areas.

* Island soil sampling requires low-flow conditions.

Analytical Methods. As discussed above, once all analytes were identified for each medium,
appropriate analytical methods were selected to meet project objectives. Tables 4-5, 4-6, and 4-7
present proposed analytical methods.
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Number and Cost of Analysis. Costs of collection and analysis were taken into consideration
in the final design. As shown in Section 7.0 of the DQO Summary Report (WCH-265),
approaching the sample design simply on the basis of statistical test results can result in a cost-
prohibitive number of samples. To maximize available resources, the following rationale is
provided. As shown in Tables 4-11 and 4-12, the following compounds were identified by the
MARSSIM sign test for an extraordinary number of additional samples.

* Antimony, arsenic, chromium, iron, and magnesium. These elements are naturally occurring
and are known to be prevalent in upriver sources (e.g.. non-Hanford origin), and therefore it
was determined that only a limited number of additional samples are required.

* Volatile organic compounds in surface water adjacent to the 300 Area. Because of very low
benchmarks and relatively few detections of VOCs in surface water, the MARRSSIM Sign
test required a very large number of samples to resolve this issue. A focused approach is
being used. Pore water and sediments will be analyzed for VOCs to evaluate the potential
sources of VOCs to surface water.

Sample Density of Adjacent Study Areas (e.g., 100/300 and Inter-Areas). As sr ed ab)ove,
this in vestigation was focused on areas that have not been evaluated in prior studies and those
areas that should have the highest likelihood of retainintz Hanford contaminants. Prior studies
have focused on source areas resulting in a high sample density within the near-shore RCBRA
areas. While this information will be used in conjunction with the proposed saiple design to
develop a comprehensive understanding of the iature and exteit of -anford-related
contaminants within the Study Area, it wil not be used directly within the quanitati e human
health and ecological risk assessments. However, these data were used to support the selection
of target analytes.

4.1.4 Draft Final Sample Design - Step 7

Based on this process and input recei ed from the Tri-Parties. the Remedial Investigation Work
Plan ftor Hanford Releases to the Columbi River was dev eloped and subiitted for rev iew. Once
approved, this work plan forms the basis for the subsequent field work.

4.1.5 Reconnaissance Surveys and Tri-Party Approval of Work Plan - Step 8

Once the Tri-Parties have aureed on the outcome of the coiment disposition proc ess, the work
plan will be approved.

Prior to completing the sample design, three types of reconnaissance surveys are planned for
the RI:

* Groundwater plume upwelling surv ey (Section 4.3.1
* Fine-grained sediment survey (Section 4.3.2)
* Habitat survey (Section 4.5.3.1.1).
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The results of the reconnaissance surveys will be used to finalize sampling locations. which will
be approved by the Tri-Parties. As each reconnaissance survey is completed, maps summarizing
the results, Including recommendations to complete the proposed sampling design, w ill be
developed. These figures and associated text will present the proposed locations for additional
sampling and will be submitted for Tri-Party review, comment, and approval.

4.2 SITE CHARACTERIZATION APPROACH BY SUB-AREA

This section summarizes the RI site characterization approach fur each of the five sub-areas
described in Section 4. 1 1.1: Upriver, 100 Area. 300 Area, Lake Wallula, and Bonneville Darn
Pool. For each sub-area, as appropriate, the following information was assessed as part of the
site characterization approach.

Current Groundwater Plume Upwelling. A groundwater plume upwelling is the area where
the groundwater is discharging through the riverbed into the river. To assess the concentration.
nature, and extent of groundwater contaminants near the Columbia River on the lanford Site,
monitoring wells and aquifer tubes have been sampled. The Aqui/'r Sampling Tube Rss/brsftr
Fiscal Year 200)7 report (SGW-35028) summarizes the analytical results of aquifer tubes from
the groundwater plume upwelling areas for fiscal year (FY) 2007 and compares results to
historical trends and contaminant distribution in the aquifer, Aquifer tube cov erage exists along
the Hanford Shoreline from just upstream of the 100-B C Area downstream to the former
Hanford town site and the 300 Area. Sites are more closely spaced along some segments where
spatial resolution of contaminant plumes is needed (SGW-35028). For the chromium data.
dissolved chromium is represented, which studies show is dominantly hexavalent in I-Lanford Site
groundw ater (SGW-35028). Aquifer tube and monitoing w ell data are also summarized In
annual calendar y ear reports for the Pump-and-Treat Systems in the 100-4IR-3, 100-KR-4, and
100-NR-2 groundw ater operable units and in the annual Hanford Site Groundwater Moitoring
reports. This Iiformation is summarized below for the Fround ater plume upw elbng associated
with the 100 Area and 300 Area Sub-Areas. All available aquifer samplng tube results
(ncludg results for sampling preceding 2007) are retained in the I 1IlS database and may be
reieved by aquifer tube number

Site-Specific Conceptual Site Model. The site-specific CSMs are based on the overall C'SM
presented in Section 3.0 of this R I w ork plan and FOCus on a smaller scale to identif contaminant
sources. migration pathways, and receptors specific to each sub-area. The evaluation of each
sub-area resulted in similar CSMs (see Figures 1-2 ard 1-3).

Review of Existing Data. The existne data that w ere reviewed for the work plan approach
include the combined CRC database that consists of data from the following sources: the
original CRC database; ACOF: data used i the Source and Groundwater Component of the
RCBRA; I EIS: RCBRA Report Inter-Areas data: mid-Columbia River sediment data: and 2004.
2005, and 2006 data from PNN L. presented in the Surfbce Environmental Sur\ cillance Program
reports. A detailed description of these data is included in the DQO Summary Report (WCH-
265). For the Upriver, 100 Area, 300 Area, and Lake Wallula Sub-Areas, detected analytes in
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surface water and sediment are summarized, including exceedances of applicable ecological and
human health benchmarks. (Note: The radionuclide results were not corrected for decay.)

Additional Data Needs. Based on the results of the DQO proces: and a review of the
operational history (Section 2.2.2), existing data set, and a detailed Understanding of migration
pathways and exposure points, additional data needs for each sub-area were identified. The
groundwater plume upwelling, sediment, surface water, fish, island soil, and sediment core data
needs are summarized by sample type (e.g., shallow surface water, deep sediment) for each of
the five sub-areas in Section 4.5. Table 4-13 provides a description of each sample type by
medium. Additional
SAP (Appendix A).

information on the field sampling program is provided in Section 2.0 of the

Table 4-13. Summary of Sample Types. (2 Pages)

Medium Sample Type Description Use of Data

Groundwater plume Pore water Pore-water samples will be 0 Characterize nature
upwelling (pore-water, collected in situ 0 - 0.3 n and extent of
sediment/surface (0 - 12 in.) below n udline. groundwater upwelling
water) locations

Surface Deep surface water and deep 0 Site characterization
water/sediment sediment samples collected i * Support ecological and

areas dirctl adiacent to known human risk
or suspected groundw ater plume assessments
upw elblns based on pore-water
sampling results

Sediment Shallow sediment S ients collected fron the p Site crac terization
samples (i.e., Ltjipe 10 cm (4 in.) of thle e SuIpport human tl health
submerged) sedinent (e g. generally risk assessment

submerged). * Support ecological risk
assessment

Shorelne sedimen Sediment samples collected a Site characterization
samples trom the upper 10 cm (4 in) of 0 Support human health

the low er riparian zone risk assessment

t Support ecological risk
terrestrial x egetation.assmn

Deep sediment Sediment samples colleted * Site characterization
samples rom the upper 1It cm 4 in. of Support ecological risk

the sedimnt, in greater than I .8 assessment
in (6 i) of w ater.

Surface water Surface water samples Surface water samples olec ted * Site characterization
at tw o-thirds the depth of' the Support human health
water column. risk assessment

* Support ecological risk
assessment

Deep surface water Surface w ater samples collected 0 Site characterization

sa pies from directly above the u Support ecological risk
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Figure 4-2. Summary of Analytical Results Compared to Benchmarks
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4.2.1.2 Additional Data Needs (Upriver Sub-Area). Based on the results of the DQO process.
the following additional data needs were identified for the Upriver Sub-Area to provide
additional information on conditions upriver of the Hanford Site.

* Shallow Sediments - Shallow sediment samples are needed to evaluate the sediment
conditions upriver of the Hanford Site.

* Shoreline Sediments - Shoreline sediment samples are needed to evaluate conditions
upriver of the Hanford Site and to provide background data for the impacts to ecological and
human receptors.

* Surface Water - Surface water samples are needed to characterize upriver surface water
conditions behind and below Priest Rapids Dam.

* Fish - Fish samples are needed to evaluate conditions upriver of the Hanford Site. Samples
will be collected from Priest Rapids and Wanapum Dam pools.

* Island Soils - Soil samples are needed to characterize upriver island soils and to provide
additional background data for the ecological and human health risk assessments,

* Deep Sediment Core - A sediment profile is needed to characterize deep sediments upriver
of the Hanford Site.

4.2.2 100 Area Sub-Area

The 100 Area Sub-Area includes the reach between Vernita Bridge (RM 388) downstream to
upriver of the Ilanford townsite (RM 365), including the reactor areas (each of the reactor areas
within the 100 Area of the Hanford Site: 100-B1 'C, 100-K, 100-N, 100-D, 100-1I, and 100-F).
Samples collected within this sub-area are intended to characterize sediments at the intake
structures, outfall structures (e.g., spil ways and pipelines), the left shore of the river,
depositional areas near the islands, the reactor areas, and other contributing influences
(e.g., waste ays irrigation returns) that are not attributable to Hanford Site hazardous substance
releases, but are geographically located within this stretch of river.

4.2.2.1 Current Groundwater Plume Upwelling (100 Area Sub-Area). Contaminated
groundwater plumes are emanating from the reactor areas within the 100 Area Sub-Area and are
discharging to the Columbia River via shoreline and potentially offshore seeps and springs.
Localized groundwater contamination within this sub-area has resulted from historic operations
conducted at each of the reactor areas (see Section 3.1.2.2). The maximum concentrations
detected in aquifer tubes in this sub-area are summarized in SGW-35028
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The following constituents were among those detected in the aquifer tube samples during
FY 2007 (Note: not all reactor areas were sampled for all constituents):

* Hexavalent chromium (all reactor areas)
* Nitrate (100-B/C, 100-K, 100-D, 100-H, 100-F, and 100-N reactor areas)
* Strontium-90 (100-B/C, 100-K, 100-N, 100-D, 100-H, and 100-F reactor areas)
* Tritium (100-B/C, 100-K, 100-N, 100-D, and 100-H reactor areas)
* Technetium-99 (100-K and 100-H reactor areas)
* Carbon-14 (100-K reactor area)
" Tetrachloroethylene (PHC) (100-N reactor area)
" TCE (100-F reactor area)
" Sulfate (100-N reactor area).

4.2.2.2 Site-Specific Conceptual Site Model (100 Area Sub-Area). The following is a
summary of the CSM. including contaminants, migration pathways. exposure routes, and
receptors, for the 100 Area Sub-Area.

" Contaminant Sources - Contaminant sources include the cooling water and emergency
discharges from the reactor effluent systems (I00-B C, 100-K, 100-N, 100-D, 100-H, and
100-F Reactors) and the associated reactor operations.

" Source-Specific Analytes - Contaminants associated with the 100 Area Sub-Area sources are
as follows:

- Reactor cooling water effluent: Metals, radionuclides, hexavalent chromium

- Reactor operations: Arsenic, carbon-14, chromium, nitrate. strontium-90, technetium-99.
tritium

- Other waste disposal activities (e.g., 183-H): uranium, fluoride.

" Nligration Pathways - The primary igration pathways for contamnants include direct
discharge from the iver effluent pipelnes and outfall structures to the Columbia River,
sediment transport from near-shore areas to downstream areas, surface runoff followHi
contact with surface soil or the reactor sites, continued contaminated groundwater plume

upw elling as seeps and springs dischargig ito the river, and dust from wind-blown soil.

* Exposure Routes - Exposure routes include incdental ineestion and dermal contact with
surface water. sediment and island sol, dust inhalation, ingestion of fish, and external

radiation from contaminated sediment.

" Receptors - Potential receptors include humans, fish, benthic organisms, and terrestrial birds
and mammals.
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4.2.2.3 Review of Existing Data (100 Area Sub-Area). Figure 4-3 presents a graphical
representation of existing analytical results compared to applicable benchmarks within this
sub-area. For a more detailed discussion of existing data. refer to the Data Gap Analysis
(WCH-201 I)

4.2.2.3.1 Additional Data Needs (100 Area Sub-Area). Based on the outcome of the DQO
process, the following additional data needs were identified for this sub-area.

* Groundwater Plume Upwelling - Surface water, pore water, and sediment samples are
needed to further characterize the impacts of the 100 Area groundwater plumes discharging

to the ri er. Pore-w ater samples will first be collected to characterize these up ellings. The
data are also needed to support human health and ecological risk assessments.

* Shallow Sediments - Shallow sediment samples are needed to characterize the left and or
right shore(s) of the river directly downrixer of the reactor areas. In addition. samples are
needed from the depositional areas of Coyote Island and associated bar; D Island: Islands 2,
3. 8. 9. and 10: and in the vicinity of Locke Island. These data are needed to support both
human health and ecological risk assessments. Shallow sediment samples are also needed to
characterize sediments tor human health exposure at a site on the left side of the river. across
from the White Bluffs townsite.

* Shoreline Sediments Sediment samples are needed to further characterize the left
shoreline downriver of the reactor areas and to support both human health and ecological risk
assessments. In addition, samples from the shoreline areas of D Island; Locke Island; aind
Islands 2, 3, 5, 8, 9, and 10 are needed particularly to evaluate ecological risk.

" Deep Sediments - Deep sediment samples are needed to characterize the 100BC Hole
upriver from the 100-B/C reactor area.

* Surface Water - Surface w aer samples are needed downriver of the reactor areas, on the
lefi and or right shore s). In addition, samples are needed from the slough near Island 3,
across the river from the \\ hite Bluffs townsite, and in the vicinity of Locke Island and
Islands 8 and 9. 'Tle data are also needed 1o support human health and ecological risk
assessments.

" Fish Fish samples are needed w ithin this sub-area to support the human health risk
assessment Specifically samples x ill he targeted from the I 00B Hole, 100K Hole,
ICON lole, 100D Hole \\ B I lole 1, and WB Hole 2.

* Island Soil Surface soil samples from Island 3 and Locke Island are needed to support
human health and ecological risk assessmens.
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Figure 4-3. Summary of Analytical Results Compared to Benchmarks
100 Area Sub-Area.
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* Shallow Sediment Cores - Sediment profile samples are needed to characterize the
sediment in the inlet structures associated with the reactors where sediments have
accumulated. Only the top 10 cm (4 in.) of the sediment core is needed for human health and
ecological risk assessments. The entire core is needed for site characterization.

* Other Contributing Influences - In order to assess impacts to the river from sources other
than the Hanford Site, shallow sediment and surface water samples are needed from the
Saddle Mountain Wasteway.

4.2.3 300 Area Sub-Area

For purposes of this RI work plan, (he focus of this discussion is the presence of groundwater
plumes originating from the 200 and 300 Areas that are migrating to the Columbia River.

The 200 Areas (200 East and 200 West Areas) are located in the center of the Hanford Site and
are located approximately 8 to 9 km (5 to 6 mi) west of the Columbia River. respectively.
The 200 Area was used mainly for chemical separation of special nuclear materials from spent
nuclear fuel and contained all the facilities used to separate, isolate, store, and ship the
plutonium. The plants produced large quantities of high-level radioactive waste that were stored
first in sinele-shell underground tanks and later in double-shell underground tanks.

The 300 Area Sub-Area, located between RM 365 and RM 339, includes the Hanford townsite
area and the 300 Area. In addition, this sub-area includes sampling areas intended to
characterize other contributing influences (e.g., wastewavs/irrigation returns) that are not
attributable to Hanford Site hazardous substance releases, but are geographically located within
this stretch of river.

Construction of a fuel fabrication complex began at the Hanford Site in the 300 Area in
March 1943. As a manufacturer of uranium fuel, the 300 Area housed the first essential step in
the plutonium production process. Nuclear fuel was fabricated from uranium shipped in from
off-site support facilities. Metallic uranium was extruded into the proper shape and encapsulated
in aluminum alloy cladding (during early years) or zirconium alloy cladding (during later years).
The 300 Area was also the center of many of the site research and development projects and
included research laboratories, chemical process laboratories, test reactors, and numerous
ancillary support structures.

4.2.3.1 Current Groundwater Plume Lpwelling (300 Area Sub-Area). Contaminated
groundwater plumes are emanatng from the 200 and 300 Ar eas and are discharging to the
Columbia Ri er va shorelne seeps and springs near the I hant'oid townsite and within the
300 Area Although the sources are not well differentated (e.g. technetium-99), localized
eroundwater contamintion \\ithin this sub-area has resulted from historic operations conducted
within the 200 and 300 Areas (see Sections 3. 1 22 and 4.2.3). The maxinmum concentrations
detected in this sub-area are summarized in SGW-35028.
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The following constituents were among those detected in the aquifer tube samples during
FY 2007 (Note: not all aquifer tubes were sampled for all constituents):

" Nitrate (Hanford townsite and 300 Area)
* Tritium (Hanford townsite and 300 Area)
* Technetium-99 (Hanford townsite)
" Hexavalent chromium (300 Area)
* Uranium (300 Area)
* VOCs including TCE, PCE, and cis-1,2-DCE (300 Area).

4.2.3.2 Site-Specific Conceptual Site Model (300 Area Sub-Area). The following is a
summary of the CSM, including contaminants, migration pathways, exposure routes, and
receptors.

* Contaminant Sources - Contaminants associated with this sub-area are from 200 and
300 Area operations.

" Source-Specific Analytes - Contaminants associated with operations within the 200 and
300 Areas are hexavalent chromium, nitrate, tritium, uranium, and TCE.

" Migration Pathways - The primary migration pathways for contaminants from the 300 Area

Sub-Area include sediment transport from near-shore areas to downstream areas, surface
runoff following contact with surface soil in the 300 Area, continued contaminated
groundwater plume upwelling as seeps and springs discharge into the river within the
300 Area and Hanford townsite, and dust from wind-blown soil.

* Exposure Routes - Exposure routes include incidental ingestion and dermal contact, dust
inhalation, food chain exposures (i.e., fish), and external radiation from contaminated surface
water and sediment/is and soil.

* Receptors - Potential receptors include humans, fish, benthic organisms, and terrestrial birds
and mammals.

4.2.3.3 Review of Existing Data (300 Area Sub-Area). Figure 4-4 presents a graphical
representation of existing analyteal results compared to applcahle henchmarks withi the
sub-area For a more detailed discusion of exis ing data. refer to the Data Gap Analysis
(WCH-201).

4.2.3.4 Additional Data Needs (300 Area Sub-Area). Based on the outcome of the DQO
process, the following additional data needs were identified for the 300 Area Sub-Area.
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Figure 4-4. Summary of Analytical Results Compared to Benchmarks
300 Area Sub-Area.
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* Groundwater Plume Upwelling - Surface water and sediment samples are needed to further
characterize the impacts of the 200 Area groundwater plume and to differentiate contaminant
sources discharging to the river downr ier of the Ilanford townsite and groundwater plume
discharge to the ri er In the 300 Area. Pore-woater samples xvII first be collected to
characterize these upw ellMgs. These data are also needed to support human health and
ecological risk assessments.

* Shallow Sediments - Shallow sediment samples are needed from the depositional areas
upriver, adjacent to. and downrv er of the I lanford townnsite, along both the left and right

shores of the to nsite icludig the sediments of Islands 1. 13, 14, and 15: Savage Island;
Homestead Island; and Wooded Island. In addition. shall sediment samples are needed
from the depositional areas along the left shore across the river from and dow nriver of the

300 Area. These samples are needed for site characterization and human heath and
ecological risk chaiactei/ation.

* Shoreline Sediments- Shoreline sediment samples are needed to further characten/e the
sediments and ev aluate human health and ecological risk of the islands near the 300 Area.
along the shorelie upriver, adjacent to, and dow nriver of the Hanford townsite, particularly
alonig the shorelines of Leslie Grove City Park; Islands I1, 12, 14. and 15; Homestead Island;
Wooded Island; the iland adjacent to the 300 Area; the island across from the Richland
Pump I louse; and Nelson Island.

" Surface Water - Surthee water samples are needed to characterie surface water along the
left side of the river near Savage Island and in the sloughs near Island I I and Wooded Island,
downriver of the Hantford townsite. In addition, surface water samples are needed offshore
from Lesle Grove CIty ParkiBoat Launch. The data are also needed to stipport human health
and ecological risk assessments.

SFish =Fish samples are needed within this sub-area to support the human health risk
assessment Specifically, samples w ill be targeted from ITS I lole 1, ITS Hole 2, Ringold,
i avlor F lats. 300A Hole 1, and 300A Hole 2.

* Island Soil - Surface soil samples from Johnson Island, Homestead Island, and Wooded
Island are needed to evaluate potential human health and ecological risks. In addition, soil
samples are needed from the Ringold Recreational Area to supplement previous sampling
events and support the human health risk assessment.

* Shallow Sediment Cores - Sediment profile samples are needed to characterize sediment
from both sides of the river below the 300 Area: abo e Johnson Island. adjacent (right side)
to Johnson Island. downriver of Johnson Island (left side) dow nrv er of the Potholes
Canal Pasco Waste10V y, and halfway betw een the Port of Benton and Richland Pump House.
Only the top 10 cm (4 in.) of the sediment core is needed for ecological assessments The
entre core i needed for site characterization.
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* Other Contributing Influences - In order to assess impacts to the river from sources other
than the Hanford Site, shallow and shoreline sediment and surface water samples are needed
within this sub-area to evaluate inputs from the WB-5 Wasteway, the Ringold Irrigation
Return, the PE 16.4 Wasteway, the Potholes Canal Wasteway, and the Esquatzel Coulee
Wasteway.

4.2.4 Lake Wallula Sub-Area

The Lake Wallula Sub-Area includes recreational areas and wildlife management areas
downstream of the Hanford Site. This river section also includes the major river confluences
(e.g.. Yakima, Snake, and Walla Walla). Samples from these areas will be used to characterize
other contributing influences. The Lake Wallula Sub-Area stretches between RM 339 and
RM 292

Construction of McNary Dam started in 1947 and was completed in 1954. The eight single-pass
cooling water reactors were in operation from 1944 to 1972. Durine this time Hanford Site
contamination was released to the river primarily through the cooling water discharge systems.
Based on production records, the majority of these releases occurred from the mid-1950s to the
late 1960s (DOE/RL-97-1047). Consistent with the findings of previous investigators
(BNWL -2305) the maximum concentrations of radionuclides were identified in the deep
sediments of the McNary pool.

4.2.4.1 Site-Specific Conceptual Site Model (Lake Wallula Sub-Area). The followig is a
summary of the CSM, Miluding contaminants, migration pathways, exposure routes, and
receptors, for the I ake Wallula sub-area.

" Contaminant Sources - Contaminants associated with this area are from the upriver I Ian ford
Site and non-flanford Site sources.

" Source-Specific Analy tes - Contaminants associated with Lake Wallula are based on the
historical results as presented in Section 4.2.4.2.

" Migration Pathways The primary migration pathway for contaminants in Lake Wallula
includes sediment transport and redeposition from upriver areas to downstream areas within
Lake Wallula.

" Exposure Routes - Exposure routes include igeston and dermal contact, dust inhalation,
food chain exposures (i.e., fish). and external radiation froi cont'aminated surface w ater and
sediment.

* Receptors - Potential receptors include humans, fish. benthic organisms, and terrestrial birds
and mammals.
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4.2.4.2 Review of Existing Data (Lake Wallula Sub-Area). Figure 4-5 presents a graphical
representation of existing analytical results compared to applicable benchmarks within this sub-
area. For a more detailed discussion of existing data, refer to the Data Gap Analysis
(WCH-201).

4.2.4.3 Additional Data Needs (Lake Wallula Sub-Area). Based on the outcome of the DQO
process, the following additional data needs were identified for the Lake Wallula area and the
recreational areas within Lake Wallula.

* Shallow Sediments - Shallow sediment samples are needed to characterize sediments above
the confluence of the Yakima River. within the Wallula paper mill channel, along the right
shore near the Toothaker Wildlife Management Unit and Columbia Park, and within
Wallula Bay. These data are also needed to support both human health and ecological risk
assessments.

* Shoreline Sediments - Shoreline sediment samples are needed to further characterize the
shoreline sediments near the Peninsula Wildlife and Toothaker Wildlife Management Units.
tlhe shoreline of Bader Island, and the Lake Wallula shoreline below the confluence of the
Walla Walla River to McNary Dam. These data are also needed to support both human
health and ecological risk assessments.

In addition, shoreline sediment samples are needed to characterize the following recreational
areas for human health and ecological exposures:

- Howard Amon Park
- Columbia Point MarinalPark
- Bateman Island boat launch
- Clover Island
- Two Rivers Park
- Cascade Marna
- Sacajawea State Park
- Port Kelley Boat Ramp
- Hat Rock State Park
- McNary Dam boat ramps.

* Deep Sediments - Deep sediment samples are needed to characterize sediments throughout
the deep water areas above and below the confluence of the Yakima and Columbia Rivers
and within Lake Wallula to support the ecological risk assessment.

* Surface Water - Surface x ater samples are ceded to characterize the surface water near the

recreational areas Ior human health and ecological exposure. Samples are needed near the

recreational areas listed under "Shoreline Sediments' above.
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* Deep Surface Water - Deep surface water samples are also needed to characterize the
surface water of Lake Wallula, downriver of the Walla Walla River confluence, and behind
McNary Dam to support the ecological risk assessment.

* Fish - Fish samples are needed within this sub-area to support the human health risk
assessment. Specifically, samples will be targeted from the Yakima River Delta, Burbank
Slough, Finley Slough, and Wallula Gap.

" Shallow Sediment Cores - Shallow sediment profile samples are needed to characterize
sediments within tie Yakima River Delta and along the right shore near Foundation Island,
dow nri er of the Snake River confluence. These samples are also needed to support the
ecological risk assessment. Only the top 10 cm (4 m.) of the sediment core is needed for
ecological assessments. Ihe entire core is needed 1Fr site characterization.

" Deep Sediment Cores - Deep sediment profile samples are needed to characterize the
following areas within the Lake Wallula area and to support the ecological risk assessment:

(I ) deep sediments within Lake Wallula. dow nriver of the Walla Walla River confluence,
and (2) deep sediments behind McNary Dam.

* Other Contributing Influences - In order to assess impacts to the river from sources other
than the Hiford Site, shallow sediment and surface w ater samples are needed within this
area to ev aluate inputs to the river from the Yakima River, the Snake River. and the
Walla Walla River.

4.2.5 Bonneville Dam Pool Sub-Area

The Bonneville Dam Pool Sub-Area is situated between RM 150 and R M 144. Construction of
the Bonnev ille Dam started in 1935 and was completed in 1937, sev eral y ears before Hanford
Site operations started. McNary Dam construction started 3 y ears after start of operation at the
Hanford Site and finished I I years after the start of operations.

There are exstng data from core sediments In the pool behid Bonneville Dam (B\WL-2305)

and the Tn-Pares determined that additional data are needed to define the nature and extent of
contamiaton Two deep sediment cores are needed \ ithin Bonneville Dam pool to characterize
the sediments ithin the pool and to complement the exising core sample on the right side of the

river. These two core locations are situated near the center and on the letk side of the ri er. The

purpose of the additional cores is to prov.ide additional informaton regardg potental historic

radionuclde releases to the rv er. The last sigle-pass reactor was closed 40 years ago. It is

anticipated that later sedimnent deposition covecred residual H anford-related contaminants (see
BNWL -2305) Therefore, a quantitative risk evaluation of this sub-area will not be included In
either the BERA or BHHRA. See Section 4.3.6.2 for more detailed information about the deep

sediment core sampling program.
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4.3 SITE CHARACTERIZATION SUMMARY BY MEDIUM

This section summarizes the RI work plan approach by sample medium including groundwater
plume upwelling, sediment, surface water, fish, island soils, and sediment cores.

4.3.1 Groundwater Plume Upwelling

Pore-water, sediment, and surface water samples are proposed along the river at locations where
contaminated groundwvater plumes are discharging to the river. Samples will be collected from
each of the reactor sites (I 00-BC. 100-K, I00-N. I 00-D. 100-11, and 100-F), the Ilanford
townsite, and the 300 Area to characterize the plume discharges.

Prior to collecting groundwater plume upwelling samples in these areas, a groundwater plume
upwellin, survey will be conducted, The purpose of the groundwater plume upwelling survey is
to delineate areas of contaminated groundwater plume upwelling into the Columbia River for
subsequent sampling. Once areas of groundwater plume upwel lling have been identified, focused
pore-water. sediment, and surface water sampling locations will be identified and provided to the
Tri-Parties for review and approval at the unit managers meetings. Upon receiving approval,
samples will be collected for laboratory analysis and the results will be used to characteFize the
nature and extent of Hanford Site releases to the riv er and to evaluate potential risk to humans
and river biota. This survey will be completed in three phases:

* Phase I ( T'echnology Demonstration) is a test of the applability of the proposed Trident
probe technology to Hanford Reach conditions.

" Phase I (Groundwater Plume Upwelling Delineation) will be di ided into two sub-phases
(a and b), Phase I (a) will focus on delineating eight areas of suspected groundwater plume
upwelling. This activity will include in situ pore-Nater measurements of specific
conductance and temperature. Phase 11(b) will include a screening analysis of key Hanford
Site indicator contaminants (e.g. Cr+6, strontium-90, uranium, and tritium).

* Phase Ill (Groundwater Plume Upwell ing Characterization) will be characterization of
upwelling conditions through pore-water, sediment, and surface water sampling at locations
selected from review of the Phase I results.

The following provides a detailed discussion of these phases.

Phase I: Technology Demonstration - The first phase of this investigation was conducted in
Septeiber 2008 to test the Trident probe technology within the Hanford Reach river
environment Locations at 100-B/C, 100-N, I 00-D, and the 300 Area were investigated during
the test. The Trident probe is a flexible. multi-sensor, water-sampling probe for screening and
mapping groundwater plumes at the surface water interface. Its capabilities include the
following:

* In situ conductivity: Contrast between groundwater and surface water

Remedial hm< sr guuon flou Phon for icnlor \ite Rlet 'a to 1/h Colum/o River
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* In situ temperature: Detects groundwater by thermal contrast with surface water

* Trident probe pore-water and surface water sampler: Allows for simultaneous collection and
monitoring of pore-water and surface water samples for contaminant screening and
characterization.

During this technology demonstration, the probe was successfully deployed within a range of
river conditions and bottom formations including: fine-grained sediments (e.g.. silt), course-

,raied sediments (e.g.. gravel and cobbles), and at a variety of water depths and velocities.
Pore water was drawn along with in situ temperature and conductivity measurements of both
surface water and groundwater. It was determined that differences in temperature and
conductivity were good indicators of upwelling groundwater. The Trident probe was successful
in identifying groundwater upwelling in a variety of substrate types, river velocities, and river
depths. Additional tools that increa sed efficiencies of groundwater deinations included sonar
and underwater video camera surveys. During this demonstration, a number of surf ce water
measurements obtained one foot above the groundwater upwellings indicated little to no
influence of groundwater in the surface water.

Phase If: Groundwater Plume Upwelling Delineation - As discussed in Section 2.3.1, fiver
stage may be a key factor to determine nature and extent of groundw ater discharges to the river.
In general, favorable conditions will be present at sustaid Ifows of 80 to 120 kcfs at Priest
Rapids Dam. How ever, repeated field measurements of In situ conductanC e may be used to

verify the range of suitable rver stages for Phase 11 and Phase IlIl acivities. Once tiese
fa vorable flow conditions (ihe., consistent groundw ater discharges to the ri er) are met, pore-
water screening activities for indicator contaminants will be completed at each of eight
upw eling study areas ( 00-B/C Area, 100-K Area, 100-N Area, 100-D Area, 100-H Area,
100-F Area, Hanford townsite. and 300 Area).

* Phase 11(a) Conductivity Mapping - Mappine of five transects is planned for each of the
eight upw eling study areas (Fgures 2-4 thwough 2-l and Figure 2-14 of the SAP
[Appendix A]), Transects w ere selected based on the '007 aquifer tube sampling results
pro ided in SGW-35028 These selection were rev iewed and modified based on comments

and suggestons from the Fluor Hanrd Groundwater Prolject technical teams. Five
additional tansects have been located between iactor areas and south of the 300 Area to
provide information outside of know n plume areas (Figures 2-4 through 2-11 and
Figure 2-14 of the SAP).

Tranwects ill start at the near shore (e.g., reactors areas) and continue across the entire river
channel to the far shore. Dependig on subsurface conditions and plume upwellng
conditionis enicountered. it is anticipated that probe measurements w\ill be taken at five
locations per tranisect Phase I findings have suggested that transects alone may not
adequately characterize groundwater upwelling patterns influenced by preferential flow paths
(e.g., river channeling, dredging). Consequently, 5 to 10 additional probe measurements will
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be taken in the vicinity of each transect to enhance delineation of groundwater upwellings.
Locations of interest that have been initially identified include the following:

- 100-N Area south of the apatite barrier but within the Sr-90 plume (Figure 2-6)
- 100-D Area adjacent to the effluent pipelines between the shore and D island (Figure 2-7)
- 100-H Area between the shore and Island #4 (Figure 2-8)
- South of the 300 Area betw een transects T-300-1 and T-300-2 (Figure 2-14).

Selection of additional measurement points will consider factors such as elevated readings
from other adjacent areas, bathymetry, presence of sediment accumulation areas, indications
from sonar or undervater camera observations, observed changes in geologic formations, and
the locations of structures (pipelines, outfalls, and intakes) that may present opportunities for
preferential flow.

a Indicator Contaminants Screening (Phase 11b) - Approximately 20 to 30 samples of pore
water will be collected at each of the eight upwelling study areas. Criteria to be used for
selection of sampling locations include areas of high conductivity (>160 pS/cm), spatial
distribution of data, and consideration of factors such as known or suspected areas of
contamination (e.g.. close to aquifer tube locations) and anticipated pore-water extraction
rates. Final indicator contaminant screening locations and quantities are subject to approval
by the Tri-Parties.

'Vhe frident probe will be deployed approximately 15 to 30 cm (6 to 12 in.) below the
riverbed. Exceptions may occur in areas where hard-pan (e.g., Ringold Formation) is
encountered. Pore water xvill be extracted using a peristaltic pump. The pump rate will
depend on aquifer recharge conditions determined by continuous in situ monitoring of
selected field parameters to assure minimal short-circuiting with surface water. Field
measurements consisting of temperature and conductivity will be collected to verify that
surface water has not been drawn down nio the sampling port by pumping conditions (i.e.,
short-circuit). Images taken with an underwater camera will be used to document conditions
found at the time of sampling. At each sampling location pore water w ill be collected for the
following indicator compounds:

- 100-B/C, 100-K, 100-D, 100-H. 100-F: Cr+6
- 100-N: Strontium-90
- Hanford townsite: Tritium
- 300 Area: VOC, uranium

Once pore-water results for indicator compounds, temperature, and conductivity are available,
maps summarizing the results of the screening wv ill be developed for each of the eight
groundwater plume upwelling areas. These figures will also present the proposed locations for
additional pore-water, sediment, and surface water sampling that are needed for plume
characterization (Phase 111 below).
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Phase IlI: Groundwater Plume Upwelling Characterization - Based on the results of the
pore-water screening (Phase 11[b]), pore-water sampling locations will be selected for
groundwater plume upwelling chiaracterization. One of the objectives of this phase is to select
locations with the highest concentration of indicator contaminants. At a minimum, at least one
location on each transect line in an area will be included. Images taken with an underwater
camera will be used to docume'nt conditions found at the time of sampling. Pore-water, surface
water, and sediment will be collected concurrently at each sample location to evaluate the
potential impact upwelling groundwater plumes are having on these media. Sediment samples
will be collected as described in Section 2.5 of the SAP (Appendix A). Pore-xvater, sediment,
and surface water samples will be analyzed for the fo lowing analytical parameters:

" Pore-Water Analyses - As shown in Tables 2-2 through 2-6 of the SAP, all pore-water
samples collected for groundwater plume upwelling characterization will be analyzed for
metals (including uranium), Cr+6, and tritium. Pore-water samples collected in the 300 Area
will also be anal yzed for VOCs. Samples in the 100-B/C, 100-K, 100-N, 100-D, 100-H, and
100-F Areas will be analyzed for strontium-90. These results will be used to characterize
groundwater plume upwellings into the river and to characterize potential biota exposure to
bottom dwelling invertebrates.

* Sediment and Surface Water Analyses - Details regarding the sediment and surface water
sampling and analysis are provided in Tables 2-2 through 2-6 of the SAP (Appendix A).

Final sample locations and quantities for plume upwelling characterization are subject to
approval by the Tr-Parties.

4.3.2 Sediment Sampling

The sediment sampling program below summaries the different types of sediment samples that
xill be collected, including shallow sediment, shoreline sediment, and deep sediment. These
sample types are defined and described in Table 4-13.

Prior to sediment sampling, a fine-grained sediment survey will be conducted to better define
areas of fine-grined material and subsequently finalize sampling locations. Studies have shown

that fine-gramed sediments (e.g.. 2 mm) contain a higher proporfon of contaminants than
coarser grained materIal (HW-83614). However. the distributon or occurrence of these fine-
grained materials wx Thin the river is not well documened. Based on the existing data set and
local knowled e, suspected areas of fine-rained sediment depo.ition are shown in Figures 2-3
through 2-14 of the SAP (Appendix A). As shown in Figures 2-15 through 2-l9 of the SAP,
there is little to no deta led information about fine-grained sediment dcposition below RM 339.

The cumulatiNe results of prior iestgatons, past modeling efforts, and river knowledge will be
used to identify area of fine-grntd sediment that wIll be tageted for sampling durimg the Rl.
A prehminary assessment of fine-graied sediment locations within the Hanford Reach and
below Richland to McNary Dam was conducted in 2008. A proof-of-principle testing approach
was conducted in late February and early March 2008 using a single beam sonar, with
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confirmatory sediment sampling completed using a petite ponar sampling tool (Appendix B), As
part of the RI, a sonar survey will be conducted at all proposed river bottom sediment sampling
locations to aid in locating fine-grained sediments.

Once this fine-grained sediment reconnaissance survey is completed, the location and
distribution of sediment sampling locations will be provided to the Tri-Parties for review and
approval. A discussion of the proposed survey methods is provided in Section 2.0 of the SAP
(Appendix A).

4.3.2.1 Shallow Sediment. Shallow river sediment samples (below normal low water;
i.e., the lower boundary of the riparian zone estimated through modeling at 80 kcfs at
Priest Rapids Dam) will be collected from the river channel and near-shore areas to characterize
areas not previously investigated. Key shallow sediment sampling locations include the
following:

" Other contributing influences Wasteways/irrigation returns and other rivers Including the
Yakima, Snake, and Walla Walla Rivers

" Downriver islands - Locke Island; Coyote Island; D Island; Islands 2, 3, 8, 9. 10, 1I. 13, 14,
and 15: Homestead Island; Savage Island: and Wooded Island

* Other sediment depositional areas between the reactor areas and McNary Dam.

Results from these saiples will be used for site characterization and to support the human health
and ecological (aquatic) risk evaluation.

4.3.2.2 Shoreline Sediment and Island Soil. Shoreline sediment samples (inundated zone) will
be collected from the downriver islands and non-Hanford Site (i.e., left) shoreline to characterize
areas not previously im estigated. These sediment samples will generally be collected in the
lower riparian zone, which is routinely inundated by rn er water, Additionally, surficial soil
samples will be collected from 17 islands within the river channel. Key shoreline and island
sampling areas Include the follow ing:

* Other contributing influences - Wasteways/irrigation returns and other rivers including the
Yakima, Snake, and Walla Walla Rivers

* Dowuriver islands - Islands 2, 3, 5, 8, 9 10. I 1, 12. 14. and 15:1 lomestead Island, Wooded
Island: 300 Area Islands- Nelson Island: D Island; Locke Island; and Badger Island

" Recreational areas

* Shoreline areas - Opposite the reactor areas, the 300 Area, Hanford townsite, Leslie Grove
City Park, habitat areas, and Lake Wallula.
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Results from the shoreline sediment samples will be used for site characterization and to support
the human health and ecological (terrestrial) risk evaluation.

4.3.2.3 Deep Sediment. Deep river sediment samples will be collected from the river channel
to characterize areas not previously investigated and to support the ecological risk assessment.
Samples wIl be collected in greater than 1.8 m (f ft) of water. Key deep sediment sampling
areas include the following:

* 10OBC Hole upriver from the 100-B/C Area
* Lake Wallula
" Above and below the confluence of the Yakima and Columbia Rivers.

4.3.3 Surface Water Sampling

Surface water samples will be collected from several areas within the Study Area for site
characterization. Samples wil be collected from the 100 Areas, the 300 Area, recreational
locations, Lake Wallula. McNary Dam, and from upriver of the Hanford Site and other
contributing influences (i.e., other rivers joining the Columbia River, irrigation
returns/wasteways).

4.3.3.1 Deep Surface Water. Deep surface water samples w ill be collected directly above the
riverbed within Lake Wallula, downriver of the Walla Walla River confluence, and behind
McNarv Dam to augment existing data and to support the ecological risk assessment.

4.3.4 Fish Sampling

DOE proposes to conduct fish sampling within the Hanford Reach of the Columbia River and
dow nstream to McNary Dam, due to historical releases of contaminants from the Hanford Site
into the river and data from previous Miestigations that indicate poteinaly high lev els of
contaminants in resident fish. The objective of the proposed fish sampling projcet is to obtain
tissue samples for analysis of contaminants that ha 'e been identified as originating from the
Hanford Site. The primary use of the fish samplng data is to determmie the potential health risk
to nearby residents who consume these fish as a part of their diet. Howev er, fish tissue data \ ill
also be used to support the evaluation of fish mi the ecological rik assessment

In addition to the main objective of obtaining samples in support of conducting the human health
risk assessment, the following goals have also been identified for the project:

* Characterize concentrations of analytes (see Table 2-9 of the SAP) in each target fish species

* Characterize the distribution of Hanford Site-related contaminants in different parts of fish

* Confirm detetions of target analytes in fish samples collected and analyzed during previous
investigations aaye uigpeiu

4-60
Remedial Ioeflgatwn Work Pdu fnan/brd Sire Relewse w the Columbia River

September 2008



DOE/RL-2008-11
Work Plan Rationale Rev. 0

" Establish background concentrations of contaminants in fish collected from areas of the river
not impacted by activities associated with the Hanford Site

* Estimate which areas of the river contain fish with the highest concentrations of Hanford
Site-related contaminants

* Evaluate and summarize the variabilitv of concentrations of Hanford Site-related
contaminants within each fish species and between different species

* Provide an update to the RCBRA human health risk assessment

* Provide data for current and future evaluations of ecological risk.

4.3.4.1 Target Fish Species. The Columbia River provides abundant opportunity for
recreational fishing, and is an important fishery resource to local Native American tribes.
Primary recreational species include salmon, bass, and sturgeon (PNNL 2002). Salmon
comprise the majority of the fish eaten by Native American tribes. although other preferentially
fished species include sturgeon, bass, smelt, lamprey, suckers. and whitefish (RidolfI 2007.
EPA 2002a, DOE/RL-96-16).

Although migratory fish species, such as salmon, comprise a substantial portion of the
recreational and Native American fish har est, the conclusions of sev\eral studies, including the
Culwnihia River Basin Fish ('namiunn Surv 199-1998 (EPA 2002a), indicate that resident
species of fish have the highest lev els of contaminants from the Hanford Site. For example, data
from this study confirm that higher concentrations of organic chemicals hav e been detected in
nonmigratory, resident fish such as sturgeon, suckers, walleye, and whitefish than in the
migratory, transient fish such as salmon and steelbead. Salmon, which spend most of their lives
in the ocean and therefore have little opportunity to be exposed to liianord Site-related
contaminants, will not be sampled as part of this program. Because of their longer residency
time in the river, non-miaratory fish have more opportunity for exposure and for accumulation of
site-related contaminants. Therefore, based on this information, the fact that resident fish are
av ailable year-round for harv est, and since many of the resident species are also species routinely
harvested and eaten, the fish sampling effort will focus on resident species (rather than migratory
species) to develop both representaiv e and conservative human health and ecological risk
estimates.

Specimens of white sturgeon (Acipenser ItransmOnans), common carp (CVprinus CurpiO),

motuntain whi teti shi (ProsOpinn wi//imnsoni), walleye (Siiuoed/in iarcum}, smnaI Imouth bass
(Mic ropwters Jolomiei), and either lareescale sucker (Cawsxnnus macocheihts) or bridgelip
sucker (CWosiwnus Clumbiwnus)" will be selected for collection because these species are year-
round resident fish with a high rate of harvest and consumption among the local population.

4 Species collected will be dependent upon availabilityvease of collection.
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A summary of the proposed fish sampling program is presented in Table 4-14. The proposed
sampling period is the late summer and early fall. During this period of the year angler harvest
of the target species is highest, the lipid content in the fish tissue is at its greatest level (the
majority of organic contaminants are stored in the lipids of the animal). and the water levels in
the river are anticipated to be low to allow for easier boat handling and more effective gear
deployment and retrieval. Only legal-sized fish of each species will be collected: efforts will be
made to ensure that fish that comprise a sample are similar in size.

4.3.4.2 Sampling Locations. Fish sample collection is proposed from the sub-areas within the
Hanford Reach portion of the Columbia River and upriver background areas as well as the area
of the Lake Wallula pool. The four sub-areas from which these samples will be collected consist
of the following:

* Upriver Sub-Area: Upriver of Priest Rapids Dam (all fish except sturgeon, which will be
collected upriver of the Wanapum Dam)

* 100 Area Sub-Area: RM 388 downstream to RM 365

* 300 Area Sub-Area: RM 365 downstream to RM 339

* Lake Wallula Sub-Area: RM 339 downstream to McNary Dam at RM 292.

The Upri er Sub-Area was selected as an upstream reference area to establish background and
baseline levels of contamiMants Isated in Table 2-9 of the SAP (Appendix A) from upriver
sources that are not associated w ith the Hanford Site. The other sub-areas were selected based
on an understanding of the distribution of concentrations of contaminants in surface water and
sediments relative to the Hanford Site reactor areas.

The collection of specimens may take place at any location within each sub-area. To the extent
possible, different samples will be collected from different parts of each sub-area. However.
since the primary objectiv e of the project is to obtain data to perform a human health risk
assessment. samplng efforts will focus on popuIlar recreational fishing spots that receive high
use. These recreatonal fishig spots are harvest areas that will provide the most representative
samples from n hich to calculate risk. These areas have been identified through discussions with
local fishermen and are presented i Figures i-i through 2-20 of the SAP (Appendix A)
Table 2-8 of the SAP prov ides a summary of these fishing areas. Attempts will be made to
collect fish samples from different fishing areas.

Specific fishing areas were not identified for suckers. Collection efforts within each sub-area
will focus on areas of the river with fast-moving water, which is a preferred habitat for these fish.
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Table 4-14. Proposed Fish Sampling Program Summary. (2 Pages)

Preferred Itabitat'
Proposed
Sampling

Period"
Sampling Design

Tissues for Separate
An a Ises

I I F F ______________ I
F ntire reach and
Lake Wallula

(fOufr sub-areas)

Ent ire reach and
Lake Wallula
(Four sub-areas)

Shallow inshore
SIOLIh 'areas evening 
mid-river channel
day: spawn in high
velocity, rocky areas

F 4

Shallow. vegetated
areas. soighIs: spawn
in shallow turbid
areas of the river

Stimmer

Fall

Five samples pCir sub-
area- one fish per
sample

Five samples per sub-
arca: ive fish per

sample

4 -1 i~ ______________ I _________

Erire reach and
Lake Wallula
(four sub-areas)

Shoreline areas with
aquatic vegetatiot;
spawns in rifle areas
over cobble

Fall

Fillets (muscle with

lauv tissue but
withNoui skin

* Kidney and liver
cornbined

S

U

Eiggs.if avaiable
Sedmient or miussels

in stomnah. it'
present in lurge
quantities

* Fi lets (muscle) with
skin

* Kidney and liver
combined

* Carcass

(I

S

U

S

S

_____ T -t
Five samples per sub-
area; flive fish per
sample

" Fillets (muscle) with
skin

" Kidney and liver

* Carcass S

S

Percent lipids
Stomach contents. if
present. analyzed for
radionuclides only

Radionuclides

Metals. including total
merculy and speciated
arsenic

Percent lipids

PCb congeners

Pesticides

Radionuclides

Metals, inIcIluig total
mercury and speciated
arsenic

Percent lipids
PCB congeners

Analyses per Tissue Type

* Rtadionuelides

+ \etals, imcludmiii total
merctun v ad speciated
arsenic

* PC0 Congeners

* Pesticides

Study Sub-
Areas

Target Fish
Species

Sturgeon

Stickers
) Bridielip or

dependin on
availability)

0D

0
rn

a

,
e

AL,



Table 4-14. Proposed Fish Sampling Program Summary. (2 Pages)

Study Sub-
Areas

I ntire reach and
Lake \allufa
Ifur sub-areas)

(4
a

Preferred llabitat"

Semi-urbid, low-
velocity portions of
the river

Target Fiish
Species

walleve

Whitefish

Sialmnouth
bass

Proposed
Sampling

Period"
Sampling Design

Tissues for Separate
Analyses

-1- 4 4- I-
Fall live samples per sub-

area; Five fish per
sample

* Filets (muscle) with
skin

* Kidney and liver
combined

a Carcass

4 1 I t

Fal ive samples per sub-
area; five fish per
sauple

" Fillets (muscle) with
skin

" Kidney and liver
cormbined

" Carcass

-4 -1- + 1

____ ___ ____ ___ ____ ___ ____ __- -_

Five samples per sub-

area; Five Fish per
sample

" Fillets (muscle) with
skin

" Kidney and liver
combined

" Carcass

Source: Co/un/li 1/ In 1ish Ctenvcminn Stre U-S. E ronirmental Pwtcc ien Agency Regioi 10 anu 20012

Season ape ycar round iII stuty ara with exception of the old 1lanord tov~nsite petwerline towers to Vmita Hrdgel. which is only open from

February t to Ociobcr 21

Analyses per Tissue Type

Radionuclides
Metals, including total
mercury and speciated
arsenic
Percent lipids
PC3 congeners

Pesticides

Radionuclides
Mvetals, including total
mercury and speciated
arsenic

Percent lipids

PC congeners

Pesticides

Radionuclides
Metals, including total
mercury and speciated
arsenic

percent lipids
PCB congeners
pesticides

a

U

a

S

U

a

a

a

S

Low velocity areas of
river - sand, gravel.
or mud bottom

Slough s and
backwaters, and low-
velocity portions of'
river

Entire reavci and
Lake Wallua i
tour sub-areas)

ETntire reach and
Lake Wallula
(four sub-areas)

0

0

S1

a
0
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In the event that sample collection at the popular Fishing spots is unsuccessful, sampling efforts
will shift to other areas within the study area. with special attention given to preferred habitats
for each species of fish. The preferred habitat for each of the target species is summarized in
Table 4-14.

The latitude and longitude of each sample point will be saved using a global positioning systei
to accurately define the locations from which specimens were obtained.

4.3.4.3 Sample Number. Five fish samples of each species are proposed for collection from
each specified sub-area. Each fish sample (except for sturgeon) will consist of a composite
sample composed of at least five individual fish. Additional fish may be included in the
composite if necessary to meet the required mass for chemical analysis. The number of fish to
be collected is based on professional judgment, and considers both the end use of the data as well
as the sensitiv ity of local fisheries. This number is also consistent with EPA fish sampling
guidance (EPA 2000a) and the PNNL Surface Environmental Surveillance program. which
typically collects five fish per area of interest (PNNL-15892, PNNL-16623).

Because of their large size and lower population numbers, sturgeon samples will not be
composites; each sample will be collected entirely from a single fish.

4.3.4.4 Tissue Collection. The following fish tissues will be collected and analyzed separately
on all fish samples:

* Fillets (muscle and skin)
* Liver and kidney combined
* Sturgeon eggs i f av ailable
* Remaining carcass (hones and head).

For all fish except sturgeon. tissue samples will consist of composites of tissue from five separate
fish. As noted previously, sturgeon samples will not be composited; all tissue types will be
obtained from a single fish.

Muscle tissue analysis will be conducted on fillets with skin attached. Two fillets will be
collected from each of the specimens (one from each side of the fish, from the approximate
middle of the body) and submitted for analyses. This fillet area corresponds to the portion of the
fish most commonly removed by lisherman and consumed by the public. Except for sturgeon.
these fillets will include the skin and the dark tissue adjacen to the skin; this dark tissue consists
of fat in which organic contaminants such as PCBs and pesticides may potentially be
concentrated. Dark meat will be included in the fillet sample and homogenized with the rest of
the muscle tissue during laboratory processing. The skin will not be included in sturgeon
samples, since the skin is typically not consumed: however, sturgeon skin will be included and
analyzed with the rest of the fish carcass.

Organs such as the stomach and liver are also sometimes consumed by fishermen living in the
vicinity of the sub-areas. To address the potential risk associated with consumption of these
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portions of the fish, the liver and kidneys, which tend to accumulate contaminants to the highest
levels, will be removed from each specimen and combined for chnical analyses. The liver and
kidneys xvill be combined and packaged separately for shipment to the laboratory. The
combined liver and kidney samples will be analyzed separ tely from fil et and carcass samples.

Other organ tissue that remains after the kidney and liver are removed will not be analyzed, but
will be weighed prior to disposal.

The skeletal system and remaining carcass of the fish are generally not intentionally eaten.
However, "pin" or rib bones in the thoracic region of the fish are sometimes inadvertently cut off
and included with the fillet, and bones may be used to make soups or stews. Radionuclides such
as strontium-90 are concentrated in the skeletal system of the fish. For this reason, the remaining
carcass will also be analyzed. The carcass will include the head, bones, skin (of sturgeon), and
fins.

After the fillets, liver, and kidneys (and sturgeon eggs, if present) have been removed from the
specimens, the renaining carcasses of the fish samples will be individually wrapped after
processing and shipped to the laboratory for chemical and radiological analysis. The results
frorm these analyses will provide data on concentrations of chemical and radiological constituents
in the skeletal structures of the fish and potential exposure to residents who either purposely or
inadvertently consume these portions of their catch. The surgeon has a cartilaginous skeleton
rather than a bony one, but the carcass will be analyzed in the same manner.

As part of the sample collection process. the weight of each of the tissue types w ill be measured.
These sample weights can be comb cMd with sample results to obtain the total concentration of
contaminants for the whole fish. The results will be tabulated and compared to evaluate
differences between the different species and various sub-areas. The data will also identify
which parts of the fish's body conain the greatest concentrations of contaminants.

For sturgeon only. an additional component may be collected and analyzed. Anecdotal evidence
idicates that some sturgeon will accumulate large quantities of sediment or mussels during
feeding, to an extent that the belles of such individuals ma be dis tended with such material. If
such an individual is caught i the course of sturgeon collection, the stomach contents will be
collected and submitted for analysis as an additional sample. This sampihng will be conducted
opportuimstcall , as such fish arc encoumered: no additional sampling w ill be conducted to

obtain these specimens. Stmgeon stomach conteils, if collected. wi l be analyzed for
radionuchdes only. The concern w ith these stomach contents is that, because of ther apparent
accumulation i i the gut. they may present a continuing source of radiation exposure to the fish.
Stomach content data will be used qualitatively as appropriate in the risk assessment.

Finally, the otoliths from each sturgeon will be removed and saved in order to be used later to
determine sturgeon age.

0
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4.3.4.5 Sample Analyses. The target analytes identified for surface water and sediment were
generally used to guide the analytical suites chosen for fish tissue samples. All fish tissue will be
analyzed for the following constituents:

* Total analvte list metals
* Speciated arsenic (inorganic/organic)
* Radionuclides
* PCB congeners
* Percent lipids.

Sample methods are described in Table 2-9 of the SAP (Appendix A).

4.3.4.6 Additional Field Data. In order to support the ecological risk assessment, physical
factors of each fish caueht will be measured and recorded to the extent practical. Such factors
include the following:

* Length
* Weight
* Sex
* Presence/absence of sturgeon eggs
* Color of fatty tissue in sturgeon.

4.3.5 Island Soil Sampling

Island soils will be sampled as part of the RI to characterize river-transported sediments from the
Hanford Site that hav e been deposited on islands during high rier levels and assess potential
upriver contamination. Key sampling areas include the Ringold Recreaional Area and the
following downriver islands: Island 3, Locke Island, Homestead Island. Wooded Island. and
Johnson Island. These islands were identified as key samphing locations because of their
downri er location from source areas, depositional areas, and/or recreational use. Soil samples
will be collected in areas above the ordinary high water mark, w here riparian v egetaLion becomes
dominant. This area of the island shoreline has been approximately correlated with river
conditions that exist when flows from the upriver dam are stable at 80-kcfs. Since flow
conditions over the period of time precedmg a 80-kcfs tloxw rate will affect river elevation
throughout the Study Area, delineation of the target habitat in the field will be performed in
order to v erify that samples are collected in the appropriate areas of the island. These samples
will be used for site characterization and to support the human health and ecological (terrestral)
risk assessments.

4.3.6 Sediment Core Sampling

The sediment core sampling program described below summarizes the different types of
sediment cores that Will be collected, including shallow and deep cores.
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4.3.6.1 Shallow Sediment Cores. Shallow sediment core (vibracores less than 3 m [10 ft] thick
sediment sequences) samples will be collected from depositional areas that may contain
sediments dating back to operational time frames. Key shallow sediment core sampling
locations include 100-B/C. 100-K, 100-N, and 100-D Reactor inlet structures; below the
300 Area; the head of Lake Wallula pool; the Yakima River delta: and Snake River deposits. It
is anticipated that the shallow sediment cores will extend to refusal. Cores will be divided into
subsamples approximately 0.3 m (1 ft) each. The purpose of the shallow sediment cores will be
to "look back" in the sediment record to when the reactors were active. In addition, results from
the top sample (10 cm below the riverbed) will be used for the human health and ecological risk
assessments.

4.3.6.2 Deep Sediment Cores. Deep sediment cores will be completed using a drill rig located
on a barge. These cores are planned to investigate depositional areas located within
Lake Wallula and from within the Bonneville Dam pool as well as an upstream location in the
backwaters of Priest Rapids Dam. It is anticipated that these cores will be completed at water
depth of up to 27 m (90 ft). Cores will be completed to refusal and divided into subsamples
approximately 0.2 m (8 in.) each. Core locations have been selected in areas of anticipated thick
sediment sequences that may contain sediments dating back to operational time frames.

Because of the inherent limitations associated with deep sediment core retrieval, it is anticipated
that some of the sample volume may be lost as it is brought to the surface. This loss of sample
core (eg., volurme) may have an impact on the number of analyses completed on each sample. If
sufficient volume is not obtained, then the hierarchy of analysis will be implemented, which is
described in Section 2.4.4 of the SAP (Appendix A)_

All of the deep sediment cores will be dated using cesium-137, the most commonly and
convemently measured isotope. The worldwide deposition/fallout of man-made radioactive
isotopes, namely cesium-137, formed in the atmosphere during atmospheric atomic bomb testing
in the 1950s and early 1960s, providing a conenient and commonly used marker in the
sedimentary record (Cox et al. 2005). The prevalent and consistent pattern of cesium-I 37
deposiion Ii undisturbed sediments shows a buId up startmig in 1954 leading to a sub-peak in
1958, follow ed by a major peak in 1963 and followed by a relatively precipitous drop-off after
the 1963 peak reflectmg a test ban treaty that w ent into effect in 1963 (Charles and Hites 1987,
Miller and Heit 1986, Ritchie and Mcl-lenry 1990). There are numerous examples of this
common cesium- 137 concentration pattern in sediment cores from all ov ei the world. Sediment
datng using cesium- 137 concentrations is used widely as a means of determinng soil erosion
r ates, sediment accumulation rates. and for determiinmm tnIel ines for man-made contamnmation
events.

Datng will be conducted through relating measured cesium-137 activities to depth of the
sediment sample analyzed. Because world-w ide peak concentrations of cesium-137 ae
anticipated to reflect fallout from 1963. it is assumed that sediments in deep core samples that
have the highest activities are attributed to the year 1963. By knowing the depth of sediments
with peak activities, the age of sediment samples collected at a certain depth can be estimated
from the sample's depth relative to the depth of the sample representing year 1963.
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Priest Rapids Dam. A deep core will be completed upriver of Priest Rapids Dam. This core
w i1 be advanced to refusal through the unconsolidated sediments. It is anticipated that this core
will be completed at the water depth of tip to 10 m (30 f). Cores will be completed to refusal
and divided into subsamples approximately 0.2 m (8 in.) each.

Lake Wallula. Deep cores will be completed within the lower reaches of Lake Wallula (from
Port Kelley, Hat Rock, and just upriver of McNary Dam). These cores will be advanced through
the unconsolidated sediments to refusal. It is anticipated that the cores at Port Kelley and
Hat Rock will be 1.5 to 3 m (5 to 10 ft) thick, while the core near McNary Dam may be up to
9 m (30 ft) thick. These cores will be divided into separate subsamples approximately
0.2 n (8 in.) each. Results from the deep sediment cores will be used to characterize sediments
deposited from reactor operations to the present. Results from the 0- to 10-cm subsample will
also be used during the ecological risk evaluation.

Bonneville Dam Pool. Deep cores will be completed upriver of the Bonneville Dam. These
cores will be advanced to refusal through the unconsolidated sediments. It is anticipated that
these will be 1.5 to 3 In (5 to 10 ft) thick. These cores will be divided into separate subsamples
approximately 0.2 m (8 in.) each. Results from these deep sedinient cores will be used to
characterize sediments deposited from reactor operations to the present.

4.4 DATA MANAGEMENT AND EVALUATION

The data generated from the proposed sampling plan will be combined with existing data in the
CRC database for use in evaluating the nature and extent of contamination as well as in
evaluating potential human health and ecological risks. Sample analysis. data acquisition and
review, data validation, and quality/usability assessments are described in detail in Section 3.0 of
the SAP (Appendix A). This section briefly summarizes the statistical methods that may be
employed to evaluate contaminant distributions within the Study Area Results from this
evaluation will be used to update the C'SM, estimate human health and ecological risks,. and
identify any remaining data gaps. If the data evaluation indicates additional data gaps in
characterization of the nature and extent of contamination (such as the presence of hot particles),
the Ti-Parties will direct future sampling aCtix ities.

As previously described, a review of estng enironmental data led to the segregaIon of the
study area into four separate sub-areas, based on an analysis of spatial trends In contaminant
concentrations relative to potential source areas. Subsequent to receipt of data from the
additional samples to be collected under the Columbia River RI, the sub-area boundaries will be
reevaluated to determine if the existing division by river mile is appropriate or whether the
boundaries warrant modification.

Graphical and statistical testing methods for evaluating the data collected in this investigation are
discussed in the following subsections.
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4.4.1 Graphical Data Displays

As part of data interpretation, graphical representation of analytical results will be generated for
use in evaluation of contaminant trends, Exploratory data analysis plots allow for visual
inspection and summary of the data (ChAmbers et al. 1983). Each plot described below provides
a different visual presentation of the distributions of contaminants. The choice of plotting
procedure(s) depends on the hypothesis being tested and may include and/or depend on the
following:

* The type of difference that is to be displayed, such as an overall shift in concentration
(shift of central location)

* When the centers are nearly equal, a difference between the upper tails of the two
distributions (elevated concentrations in a small fraction of one distribution).

The plotting method chosen will accommodate characteristics of the data sets (e.g.. the rate of
detection or censoring) or the amount of overlap or multiplicity of results reported at a few
values. When there are both detects and nondetects in a data set, the comention used for plotting
the nondetects is given. It is typical to use different plotting characters for detects and
nondetects and to include nondetects at their reported detection limits or estimated quantitation
limit, However. additional evaluation of censored results will be conducted and, if warranted,
alternative statistical methods will be employed when including nondetect results in graphical
analysis. Additional details are provided below on the types of plots that may be used.

4.4.1.1 Histograms. Histograms split the full range of results into equal-width data classes
(intervals). Each interval is represented by a vertical bar, and the heittht of each bar may depict
the number of samples that fall into that data class. The horizontal axis indicates the observed

results in the appropriate units. Units are provided with each histogram, and the total number of
observations included ("n") is presented in text below the histograM. When separate histograms
are presented for different data sets (e.g., site data and background dat), the same scale often is
used for the axes of both plots to aid comparis n.

4.4.1.2 Estimated (Probability) Density Functions. In density functions, the horizontal axis
idicates the analyte results in the appropriate units. The curve. or density estimate, is merely a
smoothed histogram. As an estiate of a density function. the arun under the curve is
approxinately equal to one. The area under the curve tm eeen w o PCssil observed lues
nves an estimate of the relative frequency for which observations of thoe magnitudes occur as

compared to the other observations within the data set. These density estimates are
nonparametric (i.e., they have no shape restriction).

4.4.1.3 Box Plots. Box plots summarize information about the shape and spread of the
distribution of data. Box plots consist of a box. a (median) line across the box, whiskers (lines
extended beyond the box and terminated with a perpendicular line segment), and points outside
the whiskers. The y-axis displays the data in the appropriate units. The area enclosed by the box
shows the concentration range containing the middle half of the data. That is, the lower box
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edge is at the first or lower quartile of the data (QI . also called the 25th percentile; 25% of the
data fall below Qi V and the upper box edge is at the third or upper quartile of the data (Q3, the
75th percentile: 25"% of the measurements fall above Q3). The height of the box (the
interquartile range. Q3-Q I ) is a measure of the spread of the results. The horizontal line across
the box represents the median (50'' percentile or second quartile) of the data, a measure of the
center of the concentration distribution. If the median line divides the box into two
approximately equal parts, this indicates that the shape of the distribution of results is symmetric:
if not, it indicates that the distribution is skewed or nonsymmetric. Frequently. the results are
plotted as points os erlaying the box plot. When a data set contains results for both detects
(detected chemical concentrations) and nondetects (nondetected chemicals reported as less than a
sample-specific detection limit), it is standard to use different plotting symbols for the detects
and nondetects.

The format for large data sets, or data sets with much redundancy, result in an amount of overlap
or multiplicity of results reported at a few values. One also may plot the detected concentrations
with an "x" and the detection limits of nondetects with an "o." Within each group (site or
background), the points that represent individual observations are spread out laterally to reduce
overlap. The random horizontal "jitter" has no significance, it is used strictly to improve the
readability of the plot.

4.4.1.4 Outlier Box Plots. The purpose of this type of format is to display or draw attention to
extreme values (Iglew icz and Hloaglin 1993). The intent is not to exclude such values from the
data set: outhers represent important results that should be explained or at least evaluated The
upper and low er "fences" enclose a range that extends beyond the box. The length of each fence
is a multiple of the interquartile range, K*(Q3-Ql ), K=1.5 is a standard choice. The fences are
not plotted, per se, In the figure, but are implied by the whiskers. The w hiskers (dashed line)
extend beyond the box and teminate at 'adjacent values." The upper adjacent value is the
largest observ ed ialue w\ithin the upper fence The lower adjacent value is the smallest observed
value within the low er fence. The range enclosed by the fences is the equivalent of a
nonparametric confidence interval around the median. Points beyond the whiskers. "outside
points" (all points beyond the whiskers are outside the fences), represent data that may be
evaluated for their potential to be outliers (extreme or unusual values).

4.4.1.5 Quantile Plots. Quantile plots provide a comparison of different data sets by plotting
the results of each group In increasine order and evenly spread out. The y-axis displays the
concentration scale, and the x-axis displays the quantiles (or percentiles) of the data. Each
position aloni the x-axis displays the fraction or percent of the data that falls below the
corresponding concentration value. If the x-axis and the y-axis were reversed, the resulting plot
would be called a cumulative probability distribution function.

4.4.1.6 Normal Quantile-Quantile (Q-Q) Plots (Normal Probability Plot). The normal
Q-Q plot is a particular type of quantile plot. The data set results are plotted in increasing order
and are spread out in a manner that allows compaison of their distribution to that of a theoretical
distribution, the standard normal distribution. The quantiles of the data set (y-axis) are plotted
agaist the quantiles for a standard normal (x-axis). The quantiles of a standard normal
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(i.e., normal with mean=0 and standard deviation=l) are those for the theoretical distribution and
can be found in tables of the cumulative normal distribution. For example, the 5 01h quantile is 0,
the 90' quantile is approximately 1.282, and the 95th quantile is about 1.645. In the normal
Q-Q plots, 0 coiresponds to the 50th percentile (median). I corresponds to (approximately) the
84th quantile. 2 corresponds to (approximately) the 9 8 h quantile, and 3 would correspond to
(approximately) the 99 .9I quantile. If the data set closely follows that of a normal distribution,
the points in the plot will lie close to the diagonal straight line (Q-Q line) overlaying the plot.
The subsets of the data set that differ the most from those expected from a normal distribution
are seen as points straying from the Q-Q line. Often, the difference is seen in the extreme values
of the data set (the largest or smallest data values at one or both ends of the plot), even for data
sets that produce histograms that look rather -normal." Often. these plots are used to determine
whether a data set looks more "normal" (all points fall closer to the Q-Q line) after a data
transformation. Two different data sets (site and background) can be compared to each other and
to a normal distribution by plotting a separate line for each data set in the same display. The
viewer can see where, if anywhere, the two Q-Q plots follow the same line., overlap, or intersect
indicating that they have equal concentrations at that (those) associated quantile(s).

4.4.1.7 Bivariate Plots. Scatter plots are an example of a bivariate display used to look for a
mutual relationship or correlation between two variables of interest in the same sample. Data
relating to one variable (y-axis) are plotted against data from a second variable (x-axis). Each
point represents the v alues of the tw o v arables from the same sample. Two variables have a
positi e correlation if they have a tendency to increase together and a negative correlation if an

crease tn one tends to produce a decrease in the other. The strength of the correlation between
the two varables may be iterpreted by the sCatter of pomits around a sloped least squares fit line.
The scatter of points typicaly follows the general pattern and is descnbed as an ellipse The
shape of the ellipse reflects the strength of the correlation (ie., the magnitude of r, the correlation
coefficient). The shape of the ellipse ranges from circular when there is no correlation (r=0) to a

thin ellipse that collapses into straight line (a degenerate ellipse) when the variables are perfectly

co-elated (r= I, or r =-l). The slope of the line or elipse of points (positive or negative slope)

idicates whether there is a positive or negative correlation. Both parametric and nonparametric

methods are available to assess data for correlations; and a statistical model may be dev eloped

using tools like simple linear regression using a pre-determined alpha value; e.g., 5%).

A series of scatter plots for pairs of analytes from a set of'samples often are used to explore

potential (or expected) relationships among the analytes. Scatter plots of related isotopes provide

a visual display of isotopic ratios to evaluate secular equilibrium or (for uranium isotopes) to

evaluate evidence of depleted or enriched uranium.

4.4.1.8 Spatial Plots. Spatial plots present data across a tuven area usin a variety of

techniques. One simple plot used to provide information on spatial trends for two-dimcnsional

data is a circle plot. Circle plots provide simple graphical representations of the magnitude of

results at each sample location. Each concentration of a particular analyte is represented as a

circle with an area proportional to the value. The circles are centered at the locations from which

the samples were collected, typically the lateral surface locations throughout an area. Spatial
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trends along the Columbia River will be illustrated usinga a bivariate plot of the lines of evidence
(y-axis) versus the river mile location (x-axis).

4.4.2 Testing for Statistical Differences Between Groups

4.4.2.1 Distribution Shift Tests. Instead of simply comparing to a single threshold value
representing background (e.g., the 9011 percentile of background). distribution shift tests compare
the potentially affected site data to the entire distribution of background or reference site
concentrations. A distribution shift test is used to determine whether site data are systematically
greater than background or reference site data. Several types of distribution shift tests are
available. These tests are presented below: where there are multiple options, the preferred
statistical method in each group is indicated. The result of performing each statistical test on two
data sets (one that represents background and one that represents the site) is a test statistic and an
associated sigznificance level (also known as a p-value). The significance level is the probability
that the test statistic would be as large as or larger than the one produced if the two data sets w ere
from the same distribution (both were from the background distribution). When the significance
level is small, this indicates that it is not likely that the two data sets came from the same
distribution. It is standard to consider a "small" significance level to be less than 5% (0.05):
i.e., such a large test statistic would occur by chance less than 1 out of 20 times when the
sampled populations are the same.

4.4.2.1.1 Overall Distribution Shift. To detect an overall distribution shift between potentially
affected areas of the rv er adjacent to the Hanford Site and background (upstream) data, the
followinm statistical tests may be employed. The tests are to be performed as one-sided tests
with the null hypothesis of site concentrations are not greater than background (or reference area
concentrations), and the alternative hypothesis that the site is ureater than background (or
reference area concentrations).

" Student's t-test. A parametric, two-sample test that determines whether the mean
concentration of site data is statistically greater than the mean concentration of background
or rebFrence site data (Gilbert 1987). It is the most powerful test when data from both sets
are distributed normally. Data analysts should he aware that the t-test performs well for
some deviations from normality but, in the absence of normality, increased power may be
obtaind through nonparametric methods (Miller 1986. p. 40-44) Note that Miller ( 1986)
contains a helpful discussion of the robustness limitations of the t-test. Normality can be
assessed Visually using a normal probability plot (also known as a probit plot or normal
quantile-quantile plot; see discussion above). Formal tests for normality may he performed
first, such as the Shapiro-Wilk W test (Gilbert 1987, p. 1 58). Results from multi-increment
soil samplmn are appropriate for the t-test, because they are expected to conform to a normal
statistical distribution.

* Welch's t-test. Welch's t-test (Welch 1947) is an adaptation of the Student's t-test,
described above, for use In circumstances where the v ariances of the site and backeround
data are unequal. The t-value is calculated for Welch's t-test using independent sample sizes
and variances for each population, rather than by using a pooled variance estimate.
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* Wilcoxon rank sum test (or Mann-Whitney U-test). This test is the nonparametric
equivalent to the t-test (Gilbert 1987, 55619, Gilbert and Simpson 1992). The Wilcoxon test
pools site and background or reference site data into one aggregate set and determines
whether the average rank c f the site data is greater than that of the background data. The
Wilcoxon test is recommended when nondetects are relatively infrequent (less than 10%) and
all have the same detection limit. The nondetects are treated as tied at a value lss tian the
smallest detected concentration, The Wilcoxon rank sum test will have about the same or
more power than the t-test for most distributions (Gilbert and Simpson 1992).

* Bartlett's test. This test is used to determine homogeneity of variance between samples
from two populations (Snedecor and Cochran 1989). The null hypothesis of the test is that
the variances of all of the populations are equal. Bartlett's test performs poorly when
population distributions are not nonmal or near-normal, and will not be applied in such cases.

* Gehan test. When, as is frequently the case for environmental data, some of the data are
"censored" or reported as below a detection limit, and especially w hen not all the detection
limits are identical, the Gehan modilcaion to the Wilcoxon test is useful (Gehan 1965).
The Gehan test uses a modified rankng of sample results to accommodate nondetected
values together with detected values, and then applies the Wilcoxon rank sum test. The
Gehan test is recommended vhen nondetects are relatiely frequent (greater than 10 >b and
less than 50%N). It handles data sets with nondetects reported at multiple detection limits in a
statistically robust manner (Gehan 1965, Milard and Deverel 1988). An appendix to this
document provides fuirther explanation, including an example comparng the Wilcoxon and
Gehan rankmg procedures. The Gehan test is not recommended if either of the two data sets
has more than 50" nondetects. It is identical to the Wilcoxon rank sum test when applied to
results containine no nondetects. The Gehan test is the preferred te.t because of its
applicability to a majoriy of environmental data sets.

4.4.2.1.2 Partial Shift. To detect distribution shifts between the upper range of the potentially
affected site data and the background or reference site data, the following statistical tests may be
used.

* Quantile test. The quantile test determines whether more of the observations in the top 20%
(chosen percentile) of the combined data set come from the si6e data set than would be
expected by chance, given the relative sizes of the site and background data sets. If the
relative proportion of the two populatons being tested is different in the top 20% of the data

from the remander of the data, the distibutions may be partially sh'0ted due to a subset of
site data. This test is 'Table of detecting a statistical difference w hen only a small number
of potentially affected site concentrations are elevated (Gilbert and Simpson 1992). The
qUantile test is the most useful distribution shift test for potentially affected sites at which
samples from a release represent a small fracion of the overall data collected. The quantile
test is applied at a pre-specified quantile or threshold, and we have selected the
W0' percentile for this project. The test cannot be performed if more than 80"% (or, in
iteneral, more than the chosen percentile) of the combined data are nondetected values.
It can be used when the frequency of nondetects is approximately the same as the quantile
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being tested. For example, in a case with 75% nondetects in the combined background or
reference site and potentially affected site data set, application of a quantile test comparing
80t percentiles is appropriate. The threshold percentage can be adjusted to accommodate the
detection rate of an analyte, or to look for differences further into the distribution tails. The
quantile test is more powerful than the Wilcoxon (or Gehan) test for detecting differences
when only a small percentage of the potentially affected site concentrations are elevated.

* Slippage test. This test is based on the maximum observed concentration in the background
or reference site data set and the number (-n") of potentially affected site concentrations that
exceed the maximum concentration in the background or reference data set (Gilbert and
Simpson 1 990 pp. 5-8). The result (p-value) of the slippage test is the probability that 'n"
site samples (or more) exceed the maximum background or reference site concentration by
chance alone. The test accounts for the number of samples in each data set (number of
samples from the site and number of samples from background or the reference site) and
determines the probability of "n" (or more) exceedances if the two data sets came from
identical distributions. This test is similar to the hot-measurement test in that it evaluates the
largest site measurements. It is more useful than the hot measurement comparison because it
is based on a statistical hypothesis test, not simply on a statistic calculated from the
background distribution.

4.4.2.1.3 Other Tests. For analytes that are rarely detected (e.g. some trace metals in soil
samples). an increased detection rate at the site may provide evidence of an affect. The
following test is recommended.

* The Chi-square goodness-of-fit test can be used to check for differences in proportions from
data sets that fall into given categories. Categorizing proportions from data sets on the basis
of two attributes and testin for a difference is also referred to as a test for independence of
attributes. For example, this test can be used to test whether the attrbute of detection
(proportion of detected results out of the total analyses performed) is the same in the site data
set and the background or reference data set (attribute of membership in the catcgory of
"site" or "background" or "reference" data sets). If these proportions are not staistically
significantly different. the detection rate attribute is "independent" of the categorization into
"background v site" sets (Box et al. 1978, pp. 149-150). This test on detection rates is
inappropriate when the two data sets were not analyzed with similar methods or do not have
similar detection limits.

4.4.2.1.4 Simultaneous Tests. To infer a significant result in a single distribution shift test, a
95%0 confidence lev el is used. Given that multiple comparisons (comparisons for multiple
analytes from the same sample) will be performed with the distribution shift test, there are
statistical interpretation issues (e.g.. I of 20 hypotheses would be expected to reject the null
hypothesis based on selecting a 5% alpha value). No adjustment to the alpha level is proposed;
instead, the chance for false-positives and false-negatives as a result of simultaneous testing and
issues associated with data variability and sample size will be considered as part of the
uncertainty analysis.
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In addition to test results described in this section, the data will be plotted spatially and evaluated
relative to the conceptual site model the descriptive summary, and interpretation of the site that
includes input from the entire technical team. The conceptual model is based on information
from the four general categories of site description, operational history, field survey information
(including data taken by field instruments. engineering surveys and ecological surveys which
look at morphological features affecting transport and rate of migration or environmental
redistribution), and analytical data (concentrations and quality asurance/quality control
information). Spatial plots of the data are used to verify or better define the site conceptual
model.

Two specific ispects of the conceptual model that warrant a statistical assessment are the
collocation or correlation of contaminant concentrations. Another important step in revising the
CSM is eva luating gochemical or geologic data patterns. For example, concentrations should
be evaluated as a function of distance from a source areas and it would be appropriate to look at
spatial plots (e.g. circle plots). One purpose is to look Ior patterns to identify a trend or sub-area
that might be considered an elevated sample result as opposed to a random or sporadic
distribution of the relatively larger concentrations.

4.4.2.1.5 Testing for Relationships Between Variables (Gradient or Trend Analysis). An
association or correlation between two variables is indicated if the points on the scatter plot
follow (approximately) a positively or negatively sloped straight line. A horizontal line indicates
no relationship between the variables. Linear regression is used as one statistical model to relate

pairs of varables to data that conform to a normal statistical distribution. One variable is the

independent variable and is plotted on the -axis - which for this project will primarily be the
contaminant concentrations in abiotic media (ie. surface water or sediment). The dependent
variable is plotted on the y-axis, and concentrations in fish tissue xwill be evaluated as dependent
variables. The regression analysis yields a model w ith a slop and intercept. The fit of the data
to the model is calculated as the coefficient of de ernuntion (also known as r2 or the explained
variance of the model). A coefficient of determination of I occurs when a perfect fit occurs (the
errors are all zero). A coefficient of determination of 0 means that the model predicts the fish
tissue concentrations no better than the overall response mean (the regression would hav e a slope

of zero in this case). As w ith all other statistial tests, statistical significance will be assoclated
with p- alues that are less than 0.05. When both detects and nondetects are in a data set, they

will be denoted graphically with different characters and nondetect values will be displayed at
their detection limits or estimated quantitation limit and will be analyzed using appropriate EPA
guidance and WAC 173-340-740(7)(fl

For data that do not conform to a normal statistical distribution. nonparametric analyses are
available to determine the correlaton of degree of assocaton between variables. Nonparametric
methods are also useful for evaluating nonlinear relationships between variables. Spearman rank
correlaion is one method that assigns ranks to each variable and calculates the correlation of the
ranks (Zar 1974). This ana7ysis y ields a correlation coefficient, which is a number betw een -1
and + 1 and a p-value or signilicance e el for the correl tion. P-values less than 0.05 are
considered to be statistically significant. A correlation coefficient of -I indicates that there is a
perfect negative associaton betw een the ranks of these vanables and a correlation coeficient of
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+1 indicates that there is a perfect positive association between the ranks of these variables. A
correlation coefficient of 0 indicates no relationship between the ranks of these variables.

4.4.3 Evaluation of Background Contaminants

The Columbia River runs through multiple urban, agricultural. and/or industrialized areas and
has a long history of impacts from both point and nonpoint sources of pollution. Consequently.
there exists a baseline level of contamination within the river in the absence of impacts attributed
to the Hanford Site.

Because of the presence of these other sources of contaminants to the Columbia River. it is
important to understand the relative contribution of other non-Hanford Site sources and the
resulting baseline or "background" concentrations of constituents present in the river but
unrelated to the site. Thus. concentrations of contaminants detected in areas upstream of the
Ilanford Site, as well as in other contributing areas (such as irrigation returns and wasteways),
will be compared to concentrations of similar contaminants detected within the study area to
determine which chemicals and radioisotopes are present in surface water and sediment along the
I flanford Reach at concentrations consistent with those observed in these "background" areas.
Compounds present at concentrations consistent with background will be identified as
"background" contaminants.

For suriece water. sediment, fish tissue, and island soil, a comparative statistical evaluation will
be conducted for all detected constituents in accordance with EPA guidance to identify a subset
of contaminants that are consistent with background conditions, in order to differentiate
constituents attributed to the I lanford Site from constituents attributed to non-Hanford Site
sources. This approach is consistent with the statistical evaluations performed in the RCBRA
(DOL/RL-2007-21, Draft B or most current version, as available).

Samples collected upstream of the Vernita Bridge at RM 388 as well as other areas (such as
irrigation returns or tributaries) will be considered representative of back ground conditions for
the purpose of this risk assessment. Sediment, island soil, tish tissue, and surface water at these
upstream locations are presumed to not have been affected by releases from the Hanford Site.

4.4.3.1 Decision Logic for Statistical Comparisons. While Sections 4.4.1 and 4.4.2 of this RI
work plan describe in general terms how data will be evaluated and presented, the following
approach is specific to the background evaluation. The number of samples and the frequency of
detectin vill initially be considered in the background comparison ev aluation In cases w here
less than 10 samples are avallable for any constituent within any data set, no statistcal
comparisons w ill be performed due to an Insufficient data set The detection frequency for each
constituent w ith 10 or more samples w ill be calculated independently In the background data set
(Upriver Sub-Area) and within the downstream sections of the river. The frequency of detection
for the background data set wvill be ev aluated for each analyte to determine if it is appropriate to
make statistical inferences. Box and w hisker plots will be generated to provide viisual
comparisons of the data, and analytes present at a low frequency of detection w ithin the Study
Area will be further evaluated qualitatively to determine whether the concentrations are
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noticeably consistent with (or greater than) upstream areas or whether supplemeintal information
is required to make such a detemiination.

Figure 4-6 summarizes the approach to be used in evaluating background. If censored values
(nondetects) are present in the data set, the data set will be checked to determine if the proportion
of nondetects in both groups is greater than 50%. If this is not the case, box and whisker plots
will be used as described above to evaluate the data. If greater than or equal to 50% of the data
in both groups are detects, the nonparametric Gehan test, described in Section 4.4.2.1.1, will be
used to test for differences between the groups. The Gehan test is a generalization of the
Wilcoxon Rank-Sum test that incorporates censored values, including values with multiple
censoring points. when ranking the data and calculating the test statistic (the "G" statistic).

The Gehan test reduces to the standard Wilcoxon Raink-Sum test when no censored values are
present in the data sets being compared. The Gehan test is not reliable when there are fewer than
10 samples in the data sets being compared, and thus results derived under these circumstances
will be flagged. the EPA software program Pro-UCL 4.00.02 (EPA 2007ad) will be used to
conduct the Gehan tests. For this test, the null hypothesis will be that there is no significant
difference between the Study Area data set and the background daita set. A two-sided Gehan test
will be conducted for all comparisons, and the null hypothesis will be rejected if the calculated p-
value is less than 0.05.

If censored values are not present in either the background or river Study Area, and both data
sets have sufficient sample sizes and detection frequencies, then the Shapiro-Wilk test will be
performed on both data sets to determine if the distribution of the data sets conform to a normal
distribution. The Shapiro-Wilk test calculates a W-statistic - the closer the W-statistic is to one,
the more closely the data set approximates a normal distribution.

If both the background and Study Area data set approach a normal distribution. Bartlett's test
will be perfrmied to determine equivalence of the variances between the d'ta sets. Bartlett's test
is the ost appropriate means for testing for homogeneity ofr aiance M eases where the data
sets are normally or near-normally distributed. If the variances of the Study A rea data set and

the background data set were equal, a standard Student's t-tcst ill be performed to test for

differences between the mea'ns otherwise, a Welch's t-test wll be perforned, w itch corrects for
unequal varances For both the Student's and Welch's t-test. the null hypothesis will be that
there was no signficant difference betw een the Study Ar ea data sLt and the background data set.
A two-sided test will be conducted for all cmnparisons. and the null hypothesis will be rejected if
the calculated p value is less than 005. If either the background data set or the Study Area data
set is not normtally distributed for a gi en constituent, then the nonparametri Wilcoxon Rank-
Sum test will be used to compare the data sets.
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Figure 4-6. Decision Logic for Background Comparisons.

This figure is under development.

4-79
Remedial /n'e'igation Work P/an 6f IHan;brd Site Releases io the Columbia River
September 2006

Re\,% 0



DOE/RL-2008-1 1

Work Plan Rationale Rev. 0

All constituents identified as present at concentrations greater than those of background samples
will be flagged as -Ianford-Related" constituents. Constituents determined to be present at
levels less than or consistent with background levels x ill be flagged as "Background-Related"
constituents.

4.5 BASELINE ECOLOGICAL RISK ASSESSMENT

This section presents the proposed methodology of the initial steps of a BERA that will be
conducted on the surface water and sediment of the Columbia River adjacent to and downriver of
the I Inford Site. Remedial 'ictivities at the Hanford Site are being conducted within the
regulatory framework of CERCL A. The Columbia River itsel, which contains residuals both
from historical activities at the Hanford Site as well as current upstream non-Hanford Site
sources. is not formally part of the Hanford Site, but is being investigated under the same
CERCLA process. Accordingly, this BERA will be completed as part of the RI which is being
undertaken to evaluate Hanford Site hazardous substance releases to the Columbia River. This
risk assessment will be conducted in accordance with the following guidance:

* Ecological Risk Assessment Guidance fir Supc/wid: Process fr JDesigning and Conducting

Ecological Risk A ssessments, Interim Final (EPA 1 997a)

" Guidelines/br Ecological Risk Assessment (EPA 1 998b)

* ECO Update: The Role of Screening-Level Risk .4ssessments and Refining (Conraminans of
Concern in Baseline Ecological Risk Assscsments (EPA 2001 a).

The ultimate goal of the BERA is to evaluate whether river areas, media, or constituents pose a
significant risk (i.e., nsk estimates exceeding regulatory risk limits) that may require additional
response actions or study, or do not pose a risk and so do not warrant further action. In
accordance with EPA guidance (EPA 1997a), the HERA will follow an eight-step process
(Figure 4-7) that begins with a prelinmary screening of compounds and rogresses
incrementally to more detailed studies. Because the components of each step depend on the
findings of the preceding step. the exact scope of the entire BERA cannot be determined in detail
at this time: however, the methodology of the first two steps for the CRC are known and are
described Ii the follow ing sections. Additional steps in the BERA process will depend on the
findims of this inital assessment, and ill be described In a subsequent work plan. The BERA
steps desncibed In the follown g sections are as follows:

Step 1:
Screening-Level Problem Formulatin
Screeni g-Level ToxiNity Evaluation

Step 2:
Screening-Level Exposure Estimate
Screening-Level Risk Calculation
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Figure 4-7. Eight-Step EcologicalI Risk Assessment Process for Superfund.
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As recommended by EPA (2001a), Step 3 will consist of a refinement of the results obtained
from Steps I and 2. The general methodology of Step 3 is described in this document.
The composition of subsequent steps in the risk assessment will depend on the results of the
Step 3 analysis and will be developed after Step 3 has been completed.

4.5.1 Area of Study

The area of study for the BERA is characterized in two dimensions: longitudinal (the reach of
the river) and lateral (shore to shore).

The longitudinal area of study for this HERA is the Columbia River from the Veirnta Bridge to
McNary Dam. This is the area of greatest potential impact of Hanford Site contaminants and

contains the highest detected concentrations. It is also thus the focus area for additional surface
water and sediment sampling.

The lateral area of evaluation in the BERA is the Columbia River, from shore to shore, including
the islands and the left bank (facing downriver) shoreline. The right side of the river in the
Hanford Reach has been characterized (by sampling) and assessed as part of the Source and
Groundwater Component of RCBRA, which evaluated riparian and near-shore areas in the
operational and inter-area portion of the Hanford Site. That effort used both abiotic and biotic
samples to evaluate risk in the sloughs, riparian, and near-shore portions of the river, from the
Vernita Bridge to the lower site boundary at the 300 Area. That area is considered to be
adequately characterized and will not be subject to further characterization as part of this RI.

For the BERA. data will not be av eraged or otherwise aggregated over each sub-area: rather, data
will be evaluated on a point-specific basis. Data will be divided into sub-areas only for the
purpose of background comparisons. The use of sub-areas for background evaluations wil help
ensure that any elevated concentrations of constituents in the 100 and 300 Areas remain distinct
in the statistical comparison to background, rather than being combined with potentially low er
concentrations in Lake Wallula.

4.5.2 Data Description and Use

The data used for the BERA will consist of a comprehensive CRC database that includes Inter-
Areas and other data obtamied as part of the Source and Groundwater Component of the RCBRA
and other studies. In general, use of these data reflect the coordination of this study w ith the
Source and Groundwater Component of the RCBR A, and so follows in general a similar
approach. Details of data use are provided as follows.

* In accoidance w ith the approach for the Source and Groundwater Component of the RCBRA,
only data from 1990 and later are used M the risk assessment. This relat iely recent data
more accurately reflect current conditions and exposures at the site and pr esent a more

reliable basis for decision making than histoical data. However, all data are used In the
evaluation of the nature and extent of contamination.
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For sediment exposures. only shallow sediment, 10 cm (4 in.) or less in depth, is included in
the screening. This is the zone of exposure of most aquatic organisms, which typically live
in the top 10 cm (4 in.) of material.

Other details of data use are described in relevant sections.

4.5.3 BERA Methodology

The following sections present the proposed methodology for completing the BERA of the CRC
of the RCBRA.

As noted above, the right side of the river has already been evaluated by the Source and
Groundwater Component of RCBRA and will not be reevaluated as part of the RI. The
following sections apply to the portion of the river that has not yet been evaluated, namely the
river (including shorelines and islands) to the left of the RCBRA "Near-Shore Areas" in the
I lanford Reach. and the whole river (including shorelines) downstream of the Hanford Reach.

4.5.3.1 Step 1: Screening-Level Problem Formulation. Problem formulation is the first and
most important step in ecological risk assessment. The purpose of the problem formulation is to
determine the focus and scope of the BERA by systematically identifying the stressor
characteristics, the ecosystems potentially at risk, and the ecological effects to be evaluated.
Selection of these elements will be based on the management coals identified in the project
planning phase preceding the assessment. In accordance with EPA guidance (EPA 1997a), the
problem formulation will consist of the following:

* Habitat description
* Selection of COPCs
* Exposure pathways and potential receptors
* Ecological CSM
* Assessment endpoints and measures of effect.

These possible conclusions are of necessity tentative at this point, since the full investigation has
not been completed, but are presented here for general discussion and review.

4.5.3.1.1 hlabitat Assessment. This section will present an overall description of the Columbia
River in the area of study, which is from Vernita Bridge to McNary Dam. A great deal of study
and investigation has been conducted on this stretch of the river, and existing sources will be
consulted to develop a description of the physical and biological characteristics of both the
Hanford Reach adjacent to the Site and Lake Wallula, which extends from Richland down to
McNary Dam. Particular attention will be paid to the presence of distinct habitat types within
the Hanford Reach, since these will affect the choice of receptor groups for use as assessment
endpoints.

In support of the Habitat Assessment, a habitat survey will be conducted prior to the selection of
sample locations. This survey will be completed to support the ecological risk assessment and

4-83
Reiedial P(117s6?- Unilaitn f an/ord Site Releases to the Cahunhia River

September 2008X



DOE/RL-2008-1 I
Work Plan Rationale Rev. 0

will consist of a focused inspection of island and left-bank ecology in the Hanford Reach, and of
shoreline sampling areas downriver of the Hanford Reach. The goal of this effort is three-fold:

" To identify the general types of terrestrial and shoreline habitats present on islands and the
left shore

" To confirm the appropriateness of the receptors included as assessment endpoints in the
ecological risk assessment

" To ensure that sample locations will be representative of habitats used by selected receptor
species.

As part of the survey, the presence or potential presence of proposed receptor species will be
evaluated by both direct observation (conducted opportunistically) and Inferred by habitat
review. Receptors of particular interest consist of aquatic plant and amphibians. for which island
terrain is of uncertain suitability.

In the Hanford Reach, the survey will be conducted by observing the shorelines and terrestrial
portions of islands either by boat or by a physical review on land. The location of sediment
samples included specifically for the evaluation of ecological receptors will be observed to
ensure that samples are representative of the habitats used by proposed receptors. The conditions
at each sample area will be documented as part of the survey. Downstream of the Hanford
Reach, the visual review will focus on areas currently slated for shoreline sampling.
Information from this survey will help to enhance the understanding of island and shoreline
ecology, an understanding which is fundamental to assessing potential risks in the BERA.

The results of the habitat survey will be used to finalize sampling locations, which will be
approved by the Tri-Parties.

4.5.3.1.2 Selection of Contaminants of Potential Concern. Contaminants of Potential
Concern are selected from among the compounds analyzed for in the RI and constitute those
compounds for which risk will be quantitatively evaluated. 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, non Site-related
materials. and contaminants directly related to site activities. A consequence of not establishing
an appropriately focused list of Hanford Site-related contaminants for this assessment is that the
calculated risks from non-Hanford Site constituents are high enough 10 mask the impacts from

site contaminants. This section describes the approach developed to identfy and focus the
COPCs identified for the risk assessment evaluation.

The selection of contaminants of potential ecological concern (COPECs) follows generally the
approach discussed by the Tri-Parties during meetings held in January through April 2008, for
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the RCBRA Source and Groundwater Component risk assessment. However, because the
exposure media for the Columbia River consist largely of sediments and surface water rather
than soils, the approach has been modified to reflect the characteristics of the data set for those
media. Because the river is subject to contributions from upriver sources, the identification of
constituents that originate from upriver is an important component of this analysis, since these
are considered to be representative of background conditions. The statistical method to
distinguish site contaminants from background is described in this section. Unlike the RCBRA
Source and Groundwater Component risk assessment, no comparisons betveen external
dosimeter data collected in uplandriparian areas and reference sites for the RCBRA are made
since this information is not relevant for the surface water and sediment of the Columbia Rix er.

The approach for COPC refinement outlines a process for focusing contaminants based on
comparing mean concentrations to background or reference sites using conclusions and data
summaries from tield investignations. The process is consistent with guidance pertaining to
selection of COPCs for risk assessment (EPA 19 89a. RAGS Part A Chapter 5, "'Data
Evaluation"). The COPC refinement process includes a number of complementary steps and
criteria, which begins with a pre-selected list of contaminants that will be excluded (Table 4-15),
and a list that will be included (Table 4-16). These compounds will be excluded or included,
respectively, prior to any formal screening of the data. The inclusion and exclusion lists
recognize and take advantage of the knowledge gained through decades of Hanford Site
characterization and cleanup work that has preceded this assessment.

Table 4-15. Analytes Excluded as Contaminants of Potential Concern per the RCBRA
Source and Groundwater Component. (2 Pages)

Analy te Criterion Analyte Criterion

Soil Analrtes (apply to Now, except physical neaus.)

Actimium-22X Half-he 3 yr %. Retained on no. 16 screen Physical ineas.
Cerium- 144 Half'-life < 3 yr % Retained on no.200 screen Physical icas.

Cesiun-1 34 Half-life 3 % Retained on no.30 screen Physical meas

Cobalt-58 Half-life 3 yr % Retained on no.325 screen Physical meas

Iron-59 I alf-life <3 yr % Retained on no.50 screen PhMIal Incas.

Lead-212 1alf-lite < 3 r Retained on no.8 screen Phsmcal mcas

Lead-214 3le yr Nitrogen. Kjeldahl total Phsical meas

Manganese-34 Ilal f-il 31 r Percent moisture Phsical mcas,

Rthenum- 103 Hlalph-i Fe 3 yr pH measurement Phsial neas

Ruthenium-106 Haltlife -: 3 yr Total organic carbon Phical meas

Sodium-22 Ialf-life < 3 yr Potassium-40 ackgroutd rad.

the R("tR A source and groundwater repor (DOI sRL- 2 )t7-7 I ) has not been rev eued and approv ed by the
Sri-Parties If the CoP refinement pro(cess documented in the report is rev ised during the course ofrevie and

approval, it is expec ted that the ('OPEC refinement pr-oes 11r this remedial mx esation will be reu ised in a
similar way.
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Table 4-15. Analytes Excluded as Contaminants of Potential Concern per the RCBRA
Source and Groundwater Component. (2 Pages)

Analyte Criterion Analyte Criterion

Thorium-234 Half-life < 3 yr Radium-224 Background rad.

Tin-] 13 Half-life < 3 yr Radium-226 Background rad.

Calcium Essential nutrient Radium-228 Background rad.

Magnesium Essential nutrient Thorium-228 Background rad.

Potassium Essential nutrient Thorium-230 Background rad.

Sodium Essential nutrient Thorium-232 Background rad,

%, Retained on no. 100 screen Physical neas. Silicon Other

Groundwater ..inalyes (applyt to owta, exept water quality)

Aclimiunm-228 Half-life 3 'r Hardness Water quality

Antimony-I 25 Half- ife vr Ignitability Water quality

Beryllium-7 Half-life < 3 yr Oxidation reduction potential Water quality

Cesium-i134 Half-ife 3 vyr Sodium dithionite Water quality

Cobalt-58 Half-life - 3 yr Specific conductance Water quality

Iron-59 Half-life < 3 yr I emperature Water quality

Lead-212 Half-lfe <3 'yr iotal inorganic carbon Water quaIity

Lead-214 Half-life < I yr Total organi carbon Water quality

Ruthenium- 106 Half-life < I yr Total orgaic halides Water quality

Sodium-22 Half-life 3 yr Turbidity Water quality

Calum Esental nutrient pH measurement Water qualily

Magnesium Essential nutrient Potassiumn-40 Background rad.

Potassium ssential nuitrient Radium-226 Background rad-

Sodium Essential nutrient Radium-228 Background -ad

Alkalniy Water qualit Th Tunum-228 Backgrund rad.

Cohlibnn acteria W ater qualitv Thonium-23 0I Background rad.

C unduct i t Water quality I horium-232 Background rad

Dissoled oxy gen Water quality Silicon Other

(OPC Contamiant of pitenTIat Concern
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Table 4-16. Analytes Included as Contaminants of Potential Concern per the RCBRA
Source and Groundwater Component.

Analyte 300 Area Analyte F 00 A rea 300 Areatoo Area

Waste Site An alytes

Iexavalent chromium Yes No Total chromium Yes No

Cobalt-60 Yes Yes Mercury Yes No
Cesium- 137 Yes Yes Plutonium-239/240 Yes Yes

Lead Yes Yes Lranium-238 Yes Yes

Europium- 152 Yes No Uranium-233/234 Yes Yes

Europium- 154 Yes No Uranium-235" Yes Yes

Stron tim-9 Yes Yes Total uranium' Yes Yes

Key Groundwater Plume Anafyes

Chromium Yes No Carbon- 14 Yes No

Hexavalent chromium Y es No Stronuum-90 Yes Yes

Uranium" Yes Yes Tehnctiumn-99 Yes Yes

Nitrate Yes No Fritium Y es Yes

Petroleum hydrocarbons' Yes No cis- 1.2-diebloroethene No Yes
100-N only)

Sulfale Yes No Tetrachloroethene No Yes

TributylI phosphate No Yes Trichloroethene Yes Yes

ranium-233'231 uramUm-235. and total uranium are included based on the identifying uranium-238
I sotpi citl total tniinm are icluded.
Petroleum hydrocarbon constituents are included.

The use of autornatic inclusion and exclusion lists has a number of advantages and
disadvantages. The use of inclusion lists ensures that key site contaminants, wwhch may be
missed in samplg events, are included and evaluated in the risk assessment; howev er, this
conserv ativ e approach may overestimate risk and obscure the case w here key contaminants truly
are absent. Exclusion lists save time and money by eliminating from the assessment compounds
acknowledged to present negligible risk; however, they may underestimate risks if such
compounds are present i elev ated concentrations. Because these compounds are not present at
elevated concentrations at the Hanford Site, and because many site contamiants are well-
known, the use of inclusion and exclusion lists is 'in appropriate component in the selecton of
COPCs. Additional selection steps included e aluation of detection status, statistical
comparisons of Hanford Site data to background and reference site data, evaluation of potential
toxtcity (through the availability of ecological benchmarks), and a chemical-specific "narrative
analy sis" that e aluatIs the results of the various statistical comparisons of site data to
background or reference data. The narrative analysis integrates a variety of information to
support a conclusion on COPC identificaton when the results of statstcal comparisons are
ambiguous. The quantitative methods provide valuable information for the included analytes
and also provide a ( wund technical basis for eliminating less relev ant anal'\tes from the
quantitative risk assessment.
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Figure 4-8 provides an overview of the COPEC refinement process.

Pre-Screening Exclusion List. As toted previously, some compounds will be excluded as
COPECs prior to the formal COPEC :creening process. These analytes have been cxcluded
from consideration as COPECs by agreement among the Tri-Parties and based on relevant
Hanford Site data. Separate exclusion lists have been developed for waste sites and groundwater
contaminant plumes. The analytes excluded as COPECs per the RCBRA Source and
Groundwater Component (DOE/RL-2007-21. Draft B) are summarized in Table 4-15. These
constituents will not be evaluated in this BERA.

Pre-Screening Inclusion List. Similar to excluded compounds, some analytes were
automatically included as COPECs based on evaluation of the commonly reported analytes in
waste site cleanup reports or based on the most prevalent contaminants in tile groundwater
plumes. The analytes included as COPECs per the RCBRA Source and Groundwater
Component (DOE/RL-200'7-21, Draft B) are summarized in Table 4-16. The inclusion list
reflects those contaminants that the Tri-Parties must see addressed in this risk assessment in
order to prepare meaningful and effective regulatory documents. This list includes analytes
know n or expected to be associated with former operations and activities at the Hanford Site.
Constituents listed on the "Inclusion List" in the RCBRA Source and Groundwater Component
risk assessment will be automatically included as COPECs in this BERA.

Evaluation of Nondetected Analytes. Analytical results for soil, sediment, water, and biota
collected for the RCBRA mi esgation are evaluated against the quality criteria specied in the
Quality Assurance Project Plan (QAPP) (Section 3.0 of the SAP [Appendix A]). As a measure
of data quality, analytical results identified as nondetects In the RCBRA data set are compared to
the laboratory required deteciuon limits prescribed in the QAPP. Nondetect results reported at
values higher than the prescribed detection limit arc identified for additional consideration and
are labeled an "uncertain COPEC." The results assocated ith the "uncertain COPECs" w here
the nondetect result exceeded the target practical quantitation limit (PQL)6 are acknowledged as
uncertainties in the BERA.

Analytes that are nondetected, but either have no target PQL in the RCBRA SAP or meet the
target PQL. are not included as COPECs.

Detected Analytes. Detected analytes are the dominant focus of COPEC refinement. Statistical
analyses and the narrative analysis are used to determine the COPEC list. Statistical methods for
distinguishing background from site concentrations are described below.

Evaluation of Background Concentrations. Section 4.4.3 discussed identification of
"background"-related constituents detected in river media. Constituent: present at
concentrations consistent with background are not included as COPECs.

A value approximately five to tenfold higher than the analytical method detection limit corresponding to a
reasonably high degree of confidence in the reported result.
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Figure 4-8. Contaminant of Potential Ecological Concern
Refinement Process Flow Diagram.
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Toxicity Evaluation and Narrative Analysis. COPCs remaining after the background
evaluation will be subject to two final screens: the toxicity evaluation and, if necessary, the
narrative analysis.

The toxicity evaluation consists of a determination of whether or not a screening benchmark
exists for the compound in question. Compounds for which no ecological benchmark exists will
be identified as "uncertain COPCs" and discussed in the uncertainty section.

Remaining compounds may be subject to a narrative analysis. As described previously. the
narrative analysis involves a consideration of factors such as process knowledge, results in other
media, and results for similar analytes to support a conclusion on COPC identification when the
results of statistical comparisons are ambiguous or show marginal differences only. This is an
optional step that will not be implemented in many cases.

Final COPEC List. Compounds that were not excluded by one or more of the screening steps
described above will be designated as COPECs. These will be subject to further evaluation in
the BERA, according to the methods described in subsequent sections.

4.5.3.1.3 Exposure Pathways and Potential Receptors. Exposure pathways are the lnkage
betw Len the contaminant source and the receptor and help to illustrate how contaminants can
reach potential receptors, as well as how and where these receptors might be exposed.
Ecological receptors are those organisms that, based on the exposure pathways and the life
history of the receptor, are likely to be exposed to site contaminants.

Based on the habitat description, exposure pathways for each habitat type in the Columbia River
will be identied. Based on the exposure pathways. receptor groups for each habitat will then be
identified. These w ill not be specific species. but rather general categories of organisms that
could be present in each habitat and w hich would share exposure characteristics, Groups of
organisms that current Information suggests ry ha e a potential for exposure were described n
Section 3.3.2 and consist of fih. algae and zooplankton, aquatic and terrestrial invertebrates,
aquatic and terrestrial plants. amphins, birds, and mammals.

Terrestrial habitat consists of shorelines that are periodically flooded and exposed. Because of
the frequent Inundation, this area would not support tN pical terrestrial receptors such as terrestrial
arthropods or worms, but does present an easily accessib e exposure route to benthic
inv ertebrates that are stranded by tie falling w ater le el. These orwasm ould then be
available to shorebirds. The receptor groups associated with habitat type would form the
basis of the assessment endpoints and group-specific measures of effect de veloped in subsequnt
sections of the report.

4.5.3.1.4 Ecological Conceptual Site Model. As described by Suter (1993), the maior purpose
of the CSM is to dev elop a series of workin' hy potheses about how stressors might affect
ecological resources in the natural en' ironment The CSM combines information about
stressors exposure pathways, and potential receptors into an integrated model of the site, and
through visual depiction serves to simplify and illustrate risk hypotheses.
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For this study, the conceptual model will be constructed to depict not only the pathways from
contaminant source to receptors. but also to show the relationship of near-shore areas to the
channel portions of the river. This model is expected to be similar to that presented in
Section 3.0, but may be modified based on RI sampling results. Near-shore areas on the right
side of the river in the Hanford Reach include sloughs and seeps, which may be current or
historical discharge points for Site contaminants. These areas were evaluated by the Source and
Groundwater Component of the RCBRA_ Sediments from near-shore areas are transported
during high water periods to downstream areas, where they are deposited and exposed during
low-water periods. Likewise, surface water from near-shore areas enters the normal river current
system to mix downstream with water farther out in the channel. Through these mechanisms.
most Hanford Site-related constituents are transported from near-shore areas to the main channel
of the river, forming a complete exposure pathway to aquatic receptors. or in the case of
sediments, to terrestrial receptors who may contact sediment exposed on low-water shorelines
downstream of source areas. These mechanisms will be illustrated visually in the ecological
CSM for the site.

4.5.3.1.5 Assessment Endpoints and Measures of Effect. Assessment endpoints, which are
the entity (receptor group) and the attributes of the entity to be protected. will be based on the
receptor groups identified in Section 3.3.2. modified if appropriate by the findings of the RI.
Measures of ef fect. which are the methods used to evaluate the potential for effect for each of the
assessment endpoints, will be conservative, generic. media- and receptor-specific ecological
benchmarks. The assessment endpoints and measures of effect for each of the habitat areas
previously identified are anticipated as sumnmarized in Table 4-17.

Table 4-17. Preliminary Assessment Endpoints and Anticipated
Measures of Effect. (2 Pages)

1 abitat T pe Assessmnt Endpoint Measure of Effect

Aquatic habitat Surnial, growx (1i. and reproduction of fish Aquatic life waler quality criteria and
benchmarks

Tissue residue e k'lcts concentrations

Sunvival. growth, and reproduction o aquatic Plant-bascd soil benchmarks
plants

Surtial groiith and reproduction ol algae Aquatic life water quaity criteria
phy toplankon and periphvton) and
ioop Lank ton

Suvval. growth, and reproduction of Armphibian-speci Pc benchmarks and ycit)
amphibians l ics here a ilahle, aquatic life water

qualhty crteria.

Sur ial. gross iand repridtction of hetthie Sedimen benchmarks
orCInsmi s
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Table 4-17. Preliminary Assessment Endpoints and Anticipated
Measures of Effect. (2 Pages)

Habitat Type Assessment Endpoint Measure of Effect

Terrestrial habitat Survival. growth, and reproduction of soil Invertebrate-based benchmarks
invertebrates

Survival growth. and reproduction of Plant-based soil benchmarks
terrestrial plants

Survival, growth, and reproduction of Wildlife-based soil benchmarks
mammals

Survival. growth, and reproduction of birds Wildlife-based soil benchmarks

These endpoints, which reflect general categories of receptors. are appropriate for the initial

screening. of Steps I and 2. Howe er, for Slep 3, potential efects on additional endpoints will

be considered, as described in more detail in Section 3.0.

4.5.3.2 Step 1: Screening-Level Toxicity Evaluation. According to EPA guidance
(EPA 1997a), the effects evaluation is the estab ishment of contaminant exposure levels that

rrpresrnt conservative thresholds for adverse ecological effects. These are screening ecotoxicity

values, or ecological benchmarks. In this section, the sources and values of ecological

benchmarks for the BERA will be identilfied.

Most of the benchmark literature sources and values in the BERA will be the same as those used

in te Source( a id Groundx a'te-r Component of the RCBRA,.. However, additional bechuma rks
were added, and include amphibian-specific surface w ater benchmarks, residue-effects levels for

fish tssue ev aluaton. and updated sediment benchmarks developed for Ecology. In addition,

bioaccumulation-based wildlife values will also be used, as available.

Table 4-18 shows the ecological benchmarks that will be used for compounds detected in surface
waer (both aquaic life and amphibians) and sediment to date. For completeness, these

benchmark tables include all compounds detected in the Groundwater and Source Area
Component of the RCBRA and so may include compounds neither analyzed nor evaluated in the

present sudy. Because of its size, Table 4-1 8 is inluded in a separa e . ction located at the end

of this RI work plan.

Benchmarks were draw n from the sources described below. Benchmarks for ainy additional

compounds detected in the RI sampling will be drawn from the same sources, or. If unavailable

in these sources, from other EPA or literature sources as necessary. Amphibian benchmarks.

which were not used in the Groundwater and Source Area Component of the RCBRA. w ere

drawn entirely from the literature These are a ailable only for metals and some organic

compounds.

0
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NOTE: See the "Remedial Investigation Work Plan Tables" section located at the end of this
work plan for the following table:

Table 4-18. Selected Ecological Surface Water and Sediment Benchmarks.
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4.5.3.2.1 Surface Water Benchmark Sources. The screening benchmarks for freshwater
aquatic biota were obtained from the following sources:

* RESRAD Biotafur Windows, Version 1.21 (http://web.ead.anhlov/resradlhome2i)
(ANL 2006)

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

* Naiional Reconnended WIter Qualiny Criteria
(http://www.epa.[ ov/waterscience/criteriawqctable/index.html) (EPA 2006b)

* Ecorisk Database (Release 2.2) (LAN L 2005)

" Guidance.fr Ecological Risk Assessment Level 11 Screening Level Va/ues (ODEQ 2001)

* Toxicolugical Benchmarks f)r Screening f Potential Contaminants of Con 'ern for EffectS

on Aquatic Bioa on Oak Ridge Reservahion: 1996 Revision (Suter, G. W. and C. L. Tsao
1996).

4.5.3.2.2 Sediment Benchmark Sources. Sediment benchmarks were drawn from the
following sources:

* RESRAD Biota fr Windows, Version 1 .21 (http:/wcb.ead.anlgov/resrad/home2/)
(ANL 2006)

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

* "Calculation and Evaluation of Sediment Effect Concentrations for the Amphipod Hvalella
azteca and the Midge Chironomus riparius " (Ingersoll et al. 1996)

* Ecorisk Database (Release 2.2) (LANL 2005)

* Guidance/hr Ecological Risk Assessment Level 1I Screening Level Values (ODEQ 2001)

* Toxicological Benchmarks fr Screening Contaminants of Potential Concern Jor Lffects on

Sediment-Associated Biota: 1997 Revision (ORNL 1997)

* Guidelines /hr the Protection and Management ofAquatic Sediment QualitY in Ontario

(Persaud et a]. 1993).

In addition, many benchmarks were drawn from the following more recent source:

* Ecology, 2003, Development of Freshwater Sediment Qualiti 'alties/'or Use ii Washington

State, Phase Hi Report: Development and Reconnendations u/ SQ Vs/Ur Freshwater

Sediments in Washington State.
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Where avalable. values from this updated source were used in place of older values from
Ecology (1997)

4.5.3.2.3 Soils Benchmark Sources. Soils values will be used to evaluate exposed shoreline
sediments. These values will also be used to evaluate dredge spoils, as part of the scenario
described in Section 4.6.7.4. Sources of soils benchmarks are consistent with those used in the
RCBRA, and are as follows:

* RESIiD Rioia/fr Windows, Version 1.2 1 (ht p web.Cadanl,,eov/ resrad/hoie2)
(ANL 2006)

* WAC 173-340, Table 749-3, EcologjcaI Indicator Soil Concentrations for Protection of
Terrestrial Plains anid Anials
(http;/www.ecv.wa ov/rorams/tcp/policies/terresrialItable 749-3.htm)

* Ecological Soil Screening Levels, Office of Solid Waste and Emergency Response
(http;//www.epasuov/ecotox/ecssl/) (EPA, various dates)

* Thrinal Treatment Unit Ecolgi ca Risk Screen (Hill Air Force Base 2005).

4.5.3.2.4 Amphibian Benchmark Sources. Amphibian benchmarks for surface water were
drawn from the following sources:

* "integrating Amphibians into Ecological Risk Assessment Strategies" (Westerman et al.
2003)

* "Ecotoxicology of Metals" (UInder and Grillitsch 2000)

* Hazardous Substance Database (EPA 2007b)

* "Comparative Toxicology and Risk Assessment of Amphibians" (Birge et al. 2000).

Sources for Tissue Residue Effects Levels. T issue residue effects levels are concentrations in
specific fish tissues, such as muscle or liver, that have been found to correlate to specific effects.
such as reproduction. Effects levels for this study will be drawn primarily from the following
daiabases:

* Environmental-Residue E ffects Database, U.S. Army Corps of Engineers, Dredging
Operation Technical Support Program

* Linkage of l/Effcts to Tissue Residues: Development of a Comnprehensive Database for
4quaic Organisms Exposed to Inoganic and Organic Chemicals
(http://wwwepaLov/med/Prods Pubs/tox residue.htm) (Jarvinen and Ankley 1999).
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Because the extensive data in these sources have not been aggregated into benchmarks, the
database will be searched as necessary to obtain the lowest representative value to use as a
screening value in the risk assessment. This will be during completion of the risk assessment,
when specific compounds for which values are required is known.

For each medium listed above. other EPA or literature sources may also be consulted for
compounds that do not have benchmarks from the sources identified.

4.5.3.3 Step 2: Screening-Level Exposure Estimate. In accordance with EPA guidance
(EPA 1997a), the highest measured contaminant concentration in each media wL Il be used to
estimate exposure. This step will ensure that no potential ecological threats are missed.

4.5.3.4 Step 2: Screening-Level Risk Calculation. The risk calculation is the final component
of the screening process of Steps I and 2. Risk calculation integrates the exposure and effects
information collected as described in the analysis phase of the risk assessment to produce an
estimate of the potential for effects on the designated assessment endpoints.

In this section, exposure and effects data for each compound are presented and compared to
obtain an assessment of potential risks for each of the populations identified in the endpoints.

Media concentrations relative to a benchmark will be represented by the use of a hazard quotient
(HQ). Single chcmical HQs are a simple and effective means of integrating exposure and
toxicity data. Speciflcally. the -IQ quantifies the exposure experienced by a receptor to the
exposures associated with toxicological effects documented in the literature. The HQ is
expressed as the following:

HQ = Exposure concentration or dose
Chemical-specific benchmark

For this analysis. maximum detected concentrations are compared to benchmarks. Compounds
with maximum concentrations that exceed benchmarks, as idicated by an IQ greater than 1 .0,
are identified 's draft COPEC s and retained for further ev aluatio ii the Step 3 evaluation.
Radionuchdes wll be ev aluated as a group using a sum-of-frctions approach. Compounds with
reporting limts that are greater than benchmarks are not ev aluated quantitatively as COPECs,
but wil be discussed in the Uncertainty Section of the final report.

4.5.3.5 Step 3: Refinement of Assessment Endpoints and COPECs. Step 3 will constitute a
more detailed evaluation of both assessment endpoints and potential effects. It involves
consideration of a wider array of site and toxicity data, with the goal of focusing the results of
the Step 2 analysis as much as possible with readily available information. At the end of Step 3.
a draft report will be issued vith recommendations about whether site-specific biota samphlng or
testing is necessary to resolve the risk questions at the site. The analysis provided by Step 3 is
necessary to design successful biota studies, which target specific compounds. media, and
receptors. Details of the components of Step 3 are provided below.
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As described previously, the screening of Steps 1 and 2 will produce a list of draft COPECs,
which are compounds with concentrations that exceed the receptor-specific benchmarks in at
least one sample. Because of the conservatism of these generic benchmarks, however, an
exceedance of benchmarks does not suggest that adverse effects are present or even likely, but
does indicate that these compounds should be subject to additional ev aluation to determine if
effects are likely at this Site. In addition, the benchmarks for birds and mammals are typically
based on exposure parameters (such as earthworm consumption) very different from those
present in CRC habitats. For this reason, the additional evaluations of Step 3 will be conducted
to further assess the potential for risk.

Tfhe goal of this analysis is to increase the accuracy and scientific validity of the risk conclusions
by i ncorporatn as much of the available and relevant site-specific and ihterature data as possible
to estimate the actual exposure and effects in the CRC. No new analyses or testing will be
conducted for this step. The results of this analysis will be a focused list of final COPECs and
assessment endpoints for which the potential for risk is sufficient to warrant further consideration
by more detailed ecological studies, such as biota collection or testing.

As noted previously, the study of risk in the Columbia River is unique in that extensive studies
on the near-shore and riparian portion of the river have already been conducted in the Hanford
Reach as part of the RCBRA risk assessment. The RCBRA effort assessed potential effects to
the following receptor groups, which are generally the same as those evaluated by screening
benchmarks in Steps I and 2:

* Plants
* Soil invertebrates (potential endpoint)
* Benthic macroi nvertebrates (both sediment and water exposures)
* Amphibians
* Fish
" Birds (insectivores, herbivores, omnivores. and carnivores)
* Mammals (herbivores, omnivores, carnivores).

The near-shore aquatic zone included the portion of the river along the Hanford Site shoreline,
including source areas and sloughs. and the aquatic habitats in these r areas are in many ways
similar to the habitats i the channel and left-bank portions of the river that comprise the rest of
the study area of the CRC evaluation. Like ise, the nparan portions of the Hanford Site
shoreline include exposed sediment depositional areas that constitute a soil eposure route to
mammals and birds, and so in those respects are similar to the downstream islands evaluated as
part of this study. Because of the similarity in habitat, exposure pathways, and receptor groups,
the results of the RCBRA are appropriate as the basis of addition analysis in Step 3.
Specifically, ecological studies conducted oil the receptors in near-shore and Hanford Site
riparian areas are an appropriate source of relevant information about potential effects in the
remainder of the Columbia River in the Hanford Reach.
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The array of evaluative approaches used in Step 3 wviII vary by assessment endpoint, and will
draw from a variety of techniques that vary by assessment endpoint. For fish and benthic
macroinvertebrates, COPECs identified in Steps I and 2 will be further evaluated by a closer
examination of characteristics of the benchmark exceedances. This further examination may
include the following.

1. Location of Benchmark Exceedances: As a first analysis, the location of benchmark
exceedances will be evaluated. by mapping if appropriate. The location of exceedanes can
help identify potential sources. The relationship of a compound exceedance to potential
Hanford Site and non-Hanford Site sources will be considered in the identification risk
drivers.

2. Magnitude of Exceedance: The magnitude of benchmark exceedances will also be
considered. Because of the conservatism of screening benchmarks, which are often based on
large uncertainty factors, exceedances are not necessarily indicative of potential risk. As
noted earlier, ecological benchmarks are typically based on concentrations with a low, or no,
probability of effects. Associated with these values are usually lowest-observed-adverse-
effect-levels (LOAEL) that reflect concentrations at which effects are likely. The actual
concentration at which effects begin to occur in organisms typically lies somewhere between
the two, so comparing concentrations to these two values helps to bracket the potential for
risk. Concentrations that exceed no-effect benchmarks, but are still well below the probable-
effects levels or LOAELs, are often not likely to present a significant potential for risk. This
evaluation is highly compound-specific and will be based on a compound-specific evaluation
of the benchmarks and supporting toxicity data.

3. Duration of Exposure: In some scenarios, such as mammals and birds exposed to shoreline
soils, the assumption is made that receptor species feed 100% of the time in the area of
interest. In actuality, these species would feed there primarily during periods of low water.
which occurs a minority of the time. Duration of exposure may thus be significantly less
than assumed in the screening of Steps 1 and 2, and this assumption will be reconsidered in
the revised evaluation of risk.

4. Number of Exceedances: Compounds that exceed benchmarks in relatively few locations,
particularly if exceedances are small and widely scattered. may not be indicative of point
sources or widespread risk. These factors will be considered in the identification of risk
drivers.

In addition, all assessment endpoints wil be evaluated by a review of the RCBRA risk
assessment studies. These studies are not compound-specific, but evaluate the effects of site
constituents In combination, as they cxist in the sources areas adjacent to the riv er. For this
component of the Step 3 evaluatiuon., the many ecological tests conducted as part of the RCBRA
will be reviewed to estimate potential effects on simiar compounds and similar concentrations
detected in the rest of the river. Compounds w ith concentrations in CRC surface water and
sediment similar to those in the portions of the river evaluated M the RCBRA w ill be assumed to
have effects similar to effects identified in the RCBRA ecological studies. Likew ise. for wildlife
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receptors on the islands. compounds wxith shoreline soil concentrations similar to those from
riparan areas evaluated in the RCBRA studies will be assumed to have bioaccumulation effects
similar to effects identified in the RCBRA bioaccunulation and food chain models.

The specific studies conducted during the RCBRA that may be relevant to the Columbia River
BERA. and which may be consulted during the Step 3 analysis consists of the following, by
assessment endpoint (DOE/RL-2007-21):

* Plants:

- Toxicity tests

* Soil invertebrates:

- Nematode bioassays
- Benchmarks

* Benthic invertebrates:

- Toxicity testing with Hvaleila and Ceriodapnmia
- Rock basket studies for community composition
- Tissue concentrations
- In situ clam survival
- Clam histopathology
- Snail diversity and abundance

* Fish:

- COPEC concentrations in fish tissue
- Fish histopaihology

* Birds and mammals:

- Exposure modeling of middle and uppcr trophic-level avian and namimalian receptors
- Measured tissue concentrations
- Field studies: Avian reproductive success, small manmal balanced gender ratios,

juvenile recruitment, relative abundance. gross norphology

* Amphibians:

- Frog Embryo Teratogenesis Assay Xenopus bioassays
- Tissue concentrations.
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Several of the RCBRA studies assessed contaminant mixtures (e.g., bioassays, histopathology) 0,
while other studies evaluated individual COPCs (e.g., gradient analysis, reference/waste site
comparison).

These studies provide a comprehensive assessment of COPECs and receptors. As noted, these
studies will be particularly relevant for instances where the concentrations of COPECs in the
media present in the area evaluated by the RCBRA studies are similar to the concentration in
media elsewhere in the river. In the Hanford Reach, results may be directly transferable, since
many characteristics of the river are similar shore-to-shore in this reach. These studies will also
be used as appropriate in the evaluation of downstream areas of Lake Wallula, unless
characteristics of individual investigation areas suggest a more specific approach.

The results generated at the end of the Step 3 analysis will be included in the RI report. The
results of this analysis will be a list of final COPECs or assessment endpoints for which further
evaluation may be necessary. The need for and type of potential further evaluation will depend
on the specific COPEC or assessment endpoint, and will be considered within the wider context
of Superfund remediation. risk assessment. and risk managemrent options.

4.5.3.6 Future Studies. At the end of Step 3, a draft report will be issued that documents the
findings. conclusions, and recommendations of Steps I through 3 of the BERA. At this stage,
referred to as a Scientific Management Decision Point, the project will pause to allow the
Tr-Parties, Tribes, Trustees, and stakeholders time to review the results of the draft report and
discuss the path forward. This stage is implemented to ensure that the next step of the BERA.
which typically involves expensive biota field and laboratory studies, is undertaken with full
advantage of the formal review and consultation process.

After the detailed evaluations of Step 3, any COPECs or media associated with potential isk w ill
be considered for further ecological studies in accordance with the general steps and procedures
of EPA guidance (EPA 997a). The design of these studies, if implemented, will depend on the
specific receptor s and media associated with the risk, as revealed by the Step 3 analysis.
Recommended studies may include toxicity tests. bioaccumu latontl studies, additional hiota tissue
sampling, and similar activities.

Specific receptors w ill be chosen as surrogates for the categories of receptors used in the Step 1
and 2 analysis. In the ev ent that additional studies are required, additional assessment endpoints
may include the followinu:

* Survival. growth, and reproduction of amphibians

* Survival, grow th, and reproduction of middle trophic-level birds: mourning dove
(herbivore). ineadowlark (omnivore), and kinobird (insectivore)

* Survival and growth of upper trophic level birds: red-tailed hawk, bufliehead, and heron
(carnivores) a
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* Survival, growth, and reproduction of insectivorous mammals (bats)

" Survival. growth, and reproduction of middle trophic-level riparian mammals: pocket mouse
(herbivores), deer mouse, and grasshopper mouse (omnivore)

* Survival, growth, and reproduction of upper-trophic-level mammals: badger (carnivore).

Any additional BERA studies will be described in a separate work plan that outlines the purpose
and specific methodologies of each biological test or collection. This work plan will be subject
to Tri-Party review and Tribal and stakeholder input, in accordance with the communication
objectives for the RCBRA.

4.6 BASELINE HUMAN HEALTH RISK ASSESSMENT

This section provides a description of the methodology for the BHHRA for the RI of Hanford
Site hazardous substance releases to the Columbia River. Remedial activities at the Hanford Site
are being conducted within the regulatory framework of CERCLA and to date have consisted of
extensive studies in the upland and riparian areas of the Hanford Site and the near-shore areas of
the Columbia River. The Columbia River, which contains residuals from both historical
activities at the Hanford Site as well as upstream and other non-Hanford Site sources, is not
formally part of the Hanford Site, but is being assessed using the same CERCLA process.

This work is part of a larger effort by DOE to conduct a comprehensive evaluation of Hanford
Site hazardous substance releases to the Columbia Ri er. Upland, riparian, and near-shore areas
proximate to the former reactor areas are currently being evaluated by a separate risk assessment
for the Source and Groundwater Component of the RCBRA (DOE/RL-2007-21 ).

This BHHRA focuses on the secion of the Columbia River adjacent to and immediately
downstream of the Hanford Site (Study Area). Specifically, the boundaries of the Study Area to
be evaluated within the BHIHRA extend from the Vernita Bridge (RM 388) to McNary Dam
(RM 292), and w ill also include islands located within these boundaries, Note that the Study
Area does not Include portions of the shoreline along the Hanford Sie that were addressed as
part of the Source and Groundwater Component of the RCBRA (DOE RL-2007-2 1 )

The objective of the BHHRA is to conduct a conservative human health risk analysis to evaluate
whether river areas/media/constituents pose a significant human health risk and thus may require
additional response actions or study, or to determine if no further action is warranted.

The BHHRA will focus on estimating health risks for the receptor groups most likely to have
potential exposures to river media (sediment, surface water, island soil and or fin fish) and will
evaluate risks over a range of exposure levels in accordance with EPA risk assessment guidance.
The exposure scenarios proposed for evaluation represent those groups who will likely ha've the
fullest range of exposures to these various media, rang from the more casual/itermittent user
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of these resources to those anticipated to have the highest intensity/frequency of potential
exposures to river media. The BHHRA will quantify health risks for the following receptors:

* Subsistence Native American, as represented by the Yakama Tribe (highest overall river
exposures/fish consumption rates)

* Casual recreational user (waterskier/swimmer/beachgoer)

* Avid angler (boat fisher/wader with high fish consumption rates).

As previously discussed in Section 3.3.3, a risk assessment will not be conducted for the CTUIR
scenario, as this scenarlo is presently being evaluated under the Source and Groundwater
Component of the RCBRA.

For all receptors except the Native American receptor groups, both central tendency exposures
(CTEs) and reasonable maximum exposures (RMEs) will be evaluated. The CTE reflects
average exposures to a population. whereas the RME reflects upper-bound exposures. Although
response actions are typically based on risks associated with RME scenarios, the evaluation of a

range of exposures provides a quantitative means of measuring the uncertaiinty surrounding
exposure estimates (EPA 1989b) For the Native American scenario, evaluation of only the
RME scenario will be included.

Additionally, the BHHRA will e aluate potential future use of dredged sediment as fill soils in a
residential setting, as well as potable use of Columbia River surface water. These two
evaluations will be conducted through a comparative approaci where environmental
concentrations of contaminmants are compared to medium-specific, risk-based benchmarks, as
further discussed in Section 4.6.8.

4.6.1 Guidance for the Baseline Human Health Risk Assessment

The methodology presented hcrein is consistent with EPA guidance for performance of human
health risk assessments at CE RCLA or Resource Conservation idti Recovery Acl of 1976
(RCRA) sites, and also reflects recent discussions with representatives from EPA Region 10,
Ecology, DOE, and other interested parties. Although, as discussed, the Study Area w ithin the
Columbia River is not a designated CERCLA site: the CERCLA approach will be followed for
completion of the BHHRA. This approach is consistent with that taken in the Source aid
Groundwater Component of the RCBRA (DOE/RL-2007-2 I), as well as the process outlined in
the Columbia River Component of the River Corridor Baseline Risk Assessment' Basis and
Assumptions on Pro ject Scope (DOE/RL-2004-49).

In addition to the quantitative CERCLA-compliant BHHRA, this approach includes a separate
risk assessment methodology consistent w ith the State of Washington Model Toxic's ControlAci
(MTCA) (WAC 173-340) regulations. This approach, which consists of comparisons of
chemical concentrations to MTCA/Washington medium-specific benchmarks, is discussed
further in Section 4.6.8.
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The quantitative BIIHRA will be characterized in accordance with EPA Superftnd risk
assessment guidance and results will be presented in a format consistent with that specified by
Risk Axssessmnwu/ Guidancefw Szpcr/%d (R.AGS) Part D (EPA 2001 b). Full citations for
specific risk assessment guidance documents referred to within this work plan are provided in
Section 8.0.

4.6.2 Overview of the BH1IHRA

Consistent with EPA guidance, the BHHRA consists of five main components:

* H azard identification - includes data usability assessment, describes nature and extent of
contamination, and identifies which chemicals of potential concern will be carried through
the quantitative analysis (i.e.. COPCs).

* Exposure assessment - estimates chemical concentrations in environmental media, identifies
who may be exposed (receptor), the applicable exposure media and pathways. and quantifies
the rate/dose of exposure.

" Dose-response assessment - uses chemical-specific animal and human toxicity data to
identify what health effects might be caused by exposure to selected COPCs.

" Risk characterization provides estimates of potential health effects and radiation doses for
each exposure scenario and clarifies which chemicals and exposure pathways are associated
with these potential risks.

* Uncertainty analysis - presents key areas of uncertainty associated with the various
components of the risk assessment. including data gaps in toxicological or exposure
assessment information and the conservative assumptions or scientific judgments used to
bridge these data gaps.

The first steps in the BH HRA are to understand what environmental data will be used ind what
receptor groups will be evaluated, and to select appropriate exposure parameters for calculation
of exposure dose, including receptor and chemical-specific information (e.g-, exposure point
concentrations [EPCs]). These components are included in the hazard identification and
exposure assessfment components of the BHHRA. The results of these two steps are then
integrated with the dose-response information for each evaluated chemical/radionucIide to
calculate noncancer and cancer risks. as well as effective doses for radionuclides In this
document, both noncancer and cancer cffects are collectively referred to, simply, as "risks" The
results for these three human health effects endpoints will be compared to EPA risk manacement .
criteria endpoints to provide an indication of compounds and locations that exceed these criteria
to assess the need for additional response actions consideration in a future FS.
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4.6.3 Site Description

A description of releases to the Columbia River is provided in Section 2.0 and is not repeated
here. A detailed description of Hanford Site history and impacts to the Columbia River may also
be found in the Colwbia River Componew Data Gap .nalvsis (WCH-20 1).

The Study Area extends from Vernita Bridge to McNary Dam (RM 388 to RM 292),
encompassing 96 linear miles of river, and includes river islands and shoreline on the banks of
the river opposite the Hanford Site. Additionally, points upstream of Vernita Bridge and other
contributing non-Hanford Site sources to the river were considered as background locations.
These background areas were evaluated with respect to conditions within the Study Area as a
means of identifying baseline levels of contamination resuting from non-Hanford Site sources of
impact. As previously discussed, the study area has preliminarily been subdivided into four
separate risk assessment sub-areas:

* Upriver: Upriver of Vernita Bridge and RM 388 to RM 420
* 100 Area: Vernita Bridge at RM 388 downstream to RM 365
* 300 Area: RM 365 downstream to RM 339
* Lake Wallula: RM 339 downstream to McNary Dam, at RM 292.

These areas were selected based on spatial distribution of contaminant concentrations observed
in surface water and sediment, with respect to the various sources of contamination from the
Hanford Site. The surface water and sediment data were res iewed by generating plots of
concentration by river mle fOr metals. organis, and radionuclides. Certain metals
(e.g., chromium, lead. and thallium) and radionuclides (e.g., uranium-234, uranium-238, and
tritium) showed pronounced %ariability by river mile. Based on these spatial plots and locations
relative to the former 100 and 300 Areas, the ri er was divided into the four sub-areas (Upriver,
100 Area, 300 Area, and Lake Wallula Sub-Areas) listed above.

The evaluation of these smaller parcels within the river, rather than the entire river stretch. will
allow for more interpretive and focused conclusions from the BIIRA. Unlke certain upland
exposures being evaluated w ithin the aforementioned Source and GroWdwater Component of
the RCBRA (DOE/R[.-2007-2 I ), the recreational uses and actvies propo. ed for ex aluat'on in
this Columbia River BHHRA are focused on Tbroad area" rather than smaler parcel point
exposures. The only potential exceptons to this breakdown tio the separate sub-areas may be
for separate evaluation of islands and recreaional areas, or smaller areas of the river with
significantly ee > ted concentrations of contaminants (i.e., "hot spots"). Final subdivision of the
river areas, however, will be dependent upon the results of data collection proposed within
the SAP.

For the two uppermost sub-areas of the Study Area, the lateral boundaries of the study area were
set to complement the study boundaries of the Source and Groundwater Component of the
RCBRA (DOE RL-2007-21 ). These studies evaluated the near-shore portion of the river to a
water depth of approximately 1.8 m (6 [) from the low -water mark (<green I1ne") on the right
shore (facing d ownrier). The Study Area boundaries are further described in Section 4.1. 1. 1.
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4.6.4 Hazard Identification

The obljective of the hazard identification is to present the relevant sampling data, discuss the use
of such data in the BillIRA, and select the COPCs for each medium. The COPCs are the
chemicals and radioisotopes that are carried through the quantitative risk assessment.

4.6.4.1 Available Data Sets

A sgnificant amount of historical environmental data exists for the Columbia River, datin2 back
to the I 940s and reflecting a number of individual state and federal monitoring programs and
studies. These data have been extensively examined and a subset, considered as usable for
characteri7atic n purposes, is included in an electronic database referred to as the -CRC database"
(WCH-64, WCH-91). All data included in the CRC database are assumed to be usable for risk
assessment (WCH-64), although more recent data (e.g., 1990 and later) may be used
preferentially over historical data in order to characterize recent environmental conditions. Due
to the sediment suspension, mixing. and redeposition processes in addition to chemical
deuradation and/or dilution processes that have continuously occurred in the river since the
initial releases from tle Hanford Site. these more recent data are likely to better represent current
conditions throughout the Hanford Reach. Sediment, fish tissue, and surface water data collected
as part of this R1 sampling plan will augment the existing data set.

Additional collection of surface water, island soil, sediment, and fIsh tissue samples is
anticipated to begin in the fall of 2008. These data will be incorporated into the CRC data set
and used in the 1HHRA.

4.6.4.2 Data Management. For the BHHRA. all data incorporated into the CRC' database,
exclusive of the river data used in the Source and Groundwater Component of the RCBRA
(DOE/RL-2007-2 I), will be considered useable, with a few exceptions. The general treatment of
the data is summarized below.

Data Qualifiers: Sample results include various levels of data aidation. With the exception of
samples qualified as rejected (-R-lagged) or samples w ith detected concentrations less than
five times the detected laboratory or field blank concentration ("B"-flagged b all qualified data
will considered to be usable for purposes of risk assessment.

Duplicate Samples/Analyses: Where duplicate samples are collected, either the maximum
detected concentration (if detected in eiher or both samples) or minimum PQL (if nondetect I
both samples) betw een the primary and duplicate sample results will be used as the
representative concentration (RC) for that sample. Likewise, where a constituent is analyzed via
more than one analytical method, the maximum detected result or minimum PQL among the
various results will he used as the RC for that constituent.

Censored Data (chemical constituents): Censored data tie,. results reported as not detected at
the PQL) will be evaluated as part of the BHHRA. Use of censored results in generatlng
summary statistics is often problematic, as the constituent may be present at levels just below the
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PQL or may not be present at all. Several approaches for evaluating and using censored data will
be used as described below.

Sample-specific reporting limits potentially may be elevated relative to typical PQL s among
other sample results. All censored results will be evaluated with respect to maximum detected
concentrations within a data set as well as the data quality objectives set forth in the QAPP
(Section 3.0 of the SAP [Appendix A]). Depending on the magnitude of elevation and the
number of censored results within a sample set, elevated PQL s may be excluded from the
BHFI-RA data set. As a rule of thumb, PQL s exceeding twice the maximum detected
concentration within a data set will not be wsed in the risk assessment. This approach is
consistent with EPA risk assessment guidance (EPA 1989b), which instructs the risk assessor to
exclude elevated reporting limits from the quantita'tive risk assessment "if they cause the
calculated exposure point concentration to exceed the maximum detected concentration for a
particular sample set" (p. 5-10). Where a detection limit exceeds more than twice the maximum
detected value, use of the PQL for the censored value would result in inclusion of a value greater
than the maximum detected concentration, thereby artificially inflating the EPC above the
maximum positive result. If the condition arises where a relatively high number of elevated
detection limits occurs in a data set, the data set will be flagged as a potential data gap and
discussed in the uncertainty analvsis.

If censored data meet project-specific PQL s and are determined to he suitable for inclusion in
the BHHRA,. then the censored data will be evaluated with respect to the size of the data qet. the
number of censored results, nd data distributon. Statistical approaches other than substitution
will be employed as a me' ns of calculating summary statstis and EPCs Such approaches may
include Kaplan-Meier method, Maximum Likelihood Estimation, or regression-on-order
statistics.

Radioisotopes. Radioisotope results will be reported as numerical values. Due to the estimation
procedure used to determine results for some radionuclides, the results of certain samples may be
reported as negative numbers. Negative values will be used without modification in generating
summary statistics.

4.6.4.3 Selection of Contaminants of Potential Concern. A list of COPCs will be generated
for the BHHRA that is different from those generated for the BERA. The approach for COPC
refinement outlines a process for focusin contaminants based on comparing Hanford Site
concentrations to background or reference areas usiniz conclusions and data summaries from
field investigations. The process is consistent with guidance pertaining to selection of COPCs
for risk assessment (EPA 198b, R-AGS Part A Chapter 5, "Data Evaluation") and the pproach
established for the RCBRA source and groundwater component.7 The COPC refinement process
includes a number of complementary steps and criteria. which begin with a pre-selected list of
contaminants that will be excluded and a list that w ill be included. These constituents were

The COPC refinement approach documented in this work plan RCBRA source and groundwater report
(DOEJRL-2007-71) has not been reviewed and approved by the Tri-Parties. If the COPEC refinement process
documnented in the report rerevised during dhe course of review and approval, it is expected that the COPEC
refinement process for this remedial investigation will he revised in a similar way.
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previously identified in Tables 4- 1 5 and 4-16. respectively. The inclusion and exclusion lists
recognize and take advantage of the knowledge gained through decades of Hanford Site
characterization and cleanup work that has preceded this assessment.

Figure 4-9 provides an overview of the COPC refinement process for the BHIHRA. In addition
to the inclusion/exclusion list, additional selection steps include evaluation of detection status,
comparison to screening criteria. and statistical comparisons of site data to background or
reference data. The quantitative methods used as part of the statistical analysis will provide
valuable information for the included analvtes and also provide a sound technical basis for
eliminating less relevant analytes from the quantitative risk assessment.

4.6.4.3.1 Nondetected Analytes. Analytical results for island soil. sediment, water, and biota
collected for the Columbia River investigation will be evaluated against the data quality criteria
specified in the QAPP (Section 3.0 of the SAP [Appendix A]). As a measure of data quality,
analytical results for chemical constituents identified as nondetects in the Columbia River data
set will be compared to the laboratory-required detection limits prescribed in the QAPP.
Nondetect results reported at values higher than the prescribed detection limit will be identified
for additional consideration. The results associated with these analytes where the nondetect
result exceeded the target PQL will be acknowledged as uncertainties in the BHHRA. (As
previously discussed, all radioisotope data will be presented as numeric [i.e.. noncensored]
values.) Nondetect constituents with detection limits lower than the target PQL will be ruled out
as COPCs and will not be considered further in the risk assessment.

4.6.4.3.2 Detected Analytes. Detected analytes are the dominant focus of COPC refinement
Comparison to screening critena, background concentrations, statistical comparisons, and the
narrative analysis are used to determine the COPC list.

4.6.4.3.3 Screening Criteria. In lieu of a toxicity criteria screen described in the RCBRA, the
95% UCL of the mean concentration of each detected analyte will be compared to human health
risk-based screeninc criteria to focus the COPC list. This concentration screening approach is
consistent with EPA risk assessment guidance (EPA 1 89b). Constituents with 95% UCL
concentrations exceeding the screening criteria or standards are identified as draft COPCs.
Concentration of these analytes will then be compared to background/reference concentrations,
and classified as either "Background COPCs" or "Site COPCsC and be retained for further
analy sis in the BH HRA. These statistical comparisons are discussed further in Section 4.4.3.
Constituents with 95% UCL concentrations less than screenMg criteria are assumed to pose
relarix ely neglgible rsk and are not proposed to be evaluated further in the BHHRA.

\ \ aloe approxim tely tiVe to lenfold higher than the analdytal method detection limit corresponding to a
reasonably high degree of confidence in the repoted resul
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Figure 4-9. COPC Refinement Process Flow Diagram.
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The human health benchmarks that will be used to select draft COPCs for surface water, island
soil. sediment. and fish data include both risk-based concentrations. which reflect potential
health effects, as well as other regulatory standards and criteria. as available. For each
compound, risk-based or regulatory criteria from a variety of sources, including both EPA and
Ecology, will be reviewed, and then the lowest value from among the sources will be chosen as
the final human health screening value. A summary of regulatory benchmarks that were
considered are provided in Tables 4-19 through 4-21, whieh are included in a separate section
located at the end of this work plan. Because the identification of site analytes and the selection
processes for COPCs have not been finalized, these tables and the Analytical Performance
Requirement tables presented in Section 3.0 of the SAP (Tables 3-1 through 3-3) have a very
wide range of analytes presented on them. Tables 4-5, 4-6, and 4-7 list the analytical methods
proposed for the RI, along with the analyte reporting list associated with each method.

the selection of the appropriate criteria relies on the EPA Region 10 Memorandum dated
April 17, 2007 (EPA 2007c), which provided recommendations for human health screening at
EPA Region 10 CERCLA and RCRA sites. As per this mnemorandun, risk-based values for
nonearcninoteriic effects will be adjusted downward by a factor of 10 to reflect an HQ of 0.1;
cancer-based values are based on I x 10"' cancer risk and will remain unadjusted. A summary of
the benchmarks to be considered in this evaluation is presented below by medium.

Surface Water: Surface water in the stretch of the Columbia River comprising the Study Area
is used for both recreational purposes (i.e., boating, fishing, swimming) and as a drinking water
source for various municipalities (e.g., Richland). For surface xvater, the following criteria will
be considered:

* Region 6 Human Health-Medium Specific Screening Levels for residential xa ter
(EPA 2007d). If Region 6 values are not available for a conslituent, then Region 9
preliminary remediation goals for "tap water" (EPA 2004c) will be used when available.

* National Recommnended Water Quality Criteria, 2006 (EPA 2006b). Values for
'consumption of water and organisms" will be used.

Naional Primnan Dlsinking Waner Standards (EPA 2003b). Values for maximum
contaminant levels (MCLs) will be used if available; if not available, then Health Advisories
xvill be used (EPA 2006c).

* Ecology Cleanup Levels and Risk Calculation (CLARC) Searchable Database, Method B
Surface Water Standards and Method B Groundwater Standards (Ecology 2007). The lower
of noncancer- and cancer-based values will be applied.

* Radiological drinking water MCLs (EPA 2000b, 2003c) will be used for radioisotopes.
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NOTE: See the "Remedial Investigation Work Plan Tables" section located at the end of this
work plan for the following tables:

Table 4-19. Selected Human Health Benchmarks for Island Soil and Sediments in the
Columbia River Baseline Human Health Risk Assessment.

Table 4-20. Selected Human Health Benchmarks for Surface Water for the Columbia River
Baseline Human Health Risk Assessment.

Table 4-21, Selected Human Health Benc hmarks for Fish Base line Human Health Risk
Assessimen t.
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Sediment and Island Soil: Directly applicable human health criteria for freshwater sediment
have not been identified) Therefore, available soil benchmarks will be used for human health
sediment screening criteria. as wvell as for island soil Generally, the use of soil benchmarks for
the evaluation of sediment concentrations is very conservative because the frequency of access to
and contact with sediments is typically much lower than those for soils in a residential setting,
and the exposure pathways considered in soil benchmarks (e.g., produce ingestion for
radionucl ides) may not be relevant for sediment/island soil exposure scenarios. Nevertheless,
these benchmarks will be used as conservative screening criteria for selection of sediment and
island soil COPCs. The soil benchmarks will be drawn from the following sources:

* Supplemental Gu idanc cfr Dei vlop ing Soil Screening L evc/s fr Supcrifnd Sies
(EPA 2002b)

* Soil Screncing (uidanc: Technical Background Docwnn; ( EPA 1996)

* ElA, Region 6 Human Health Medim-Specific Screening Levels for residential soil
(EPA 2007d). In cases where a Region 6 value is not available. Region 9 preliminary
remediation goals for "residential soil" values will be used if available (EPA 2004c)

a Ecology CLARC Searchable Database, Method B Unrestricted Land Use Values for Soil
(Ecology 2007). The lower of noncancer and cancer based values will be applied

* Ecology Method B Soil Concentrations for Groundwater Protection, derived in accordance
with the exposure assumptions and formulae provided in WAC 173-340-747

* Benchmarks for radiological compounds will consist of the cleanup values cited in EPA's
Technical Background Document, Soil Screeniw Gidance lbr Radionuclide. Table D-1
generic (no accounting for decay) Soil Screening Levels for Radionuclides (the minimum
value betw een direct ingestion of soil and external radiation exposure will be used)
(EPA 2000b).

As noted, the lowest value among the screening criteria provided above (for each medium) will
then used as the "fnal" human health screenimg level for comparson to surface water. island soil
and sediment concentrations in the Study Area. These comparisons will be made by comparing
the 95"' UCL of each Hanfor d Site concentration in sediment, island soil. or surface w ater dma
collected from the Study Area and comparing that concentration to the lowest of the applicable
benchmarks described above. C(onsituents with 95" UCL concentriaions exceeding the human
health-based benchmark will be retained as "draft" COPCs and be c arried thr ough the next step
consilsin of comparison of site concentrations to background/reference concentrations.

The freh -ater sediment bene ihrarks identified to dae are either locLised exclusivety on protection of ecological
biola or are staled to be protective of both human health and ecological receptois and, thus, are not directly relev ant.
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For cases in which a benchmark is not available for a particular constituent, the benchmark for
another constituent that is structurally similar to the chemical of interest will be used, as
appropriate. If a reasonable surrogate is not available, then the constituent will be excluded as a
COPC but will be discussed in the uncertainty analysis.

Fish Tissue: Applicable finfish data in the CRC database will be evaluated for suitability for
inclusion in the BHHRA. Biota data will be limited to that obtained from various finfish fillet,
organ, and/or whole body samples. The following criteria will be sequentially used to identify
the COPCs in finfish tissue data retained for this analysis.

I If a constituent is detected in fish tissue and was also detected in either surface water and/or
sediment, then the constituent will be screened using criterion #2. If the detected constituent
is not detected in either surface water and/or sediment, then it will be further evaluated for
inclusion or elimination as a COPC for this medium, taking into account factors such as
frequency of detection, toxicity, background concentrations, and Hanford Site process
knowledge. All constituents detected in fish tissue that are eliminated as COPCs will be
discussed in the uncertainty analysis of the BHHRA.

2. 95% UCL fintish tissue concentrations for chemicals retained during step I will be compared
to risk-based concentrations (RBCs) for fish developed by EPA Region 3 (EPA 2007e).
These risk-based concentrations will be adjusted to account for the high consumption rates
for some of these receptors (e.g., subsistence Native American scenarios) by substituting the
default fish ingestion rate with the highest fish ingestion rate among the receptors proposed
for evaluation. Fish RBCs are currently not available for radionuclides: therefore, using the
same assumptions underlying RBCs for chemical constituents and the equations for
calculating radiological exposures as prov ided in EPA (1989b) RBCs will be deri ed for
rad ion ucL ides.

Chemicals with 95% UCL concentrations above these adjusted risked-based concentrations
will be retained as a drati COPC for minfish tssue, and will be carried through to the next step
consisting of comparisons to background concentrations.

Evaluation of Background Concentrations. As previously discussed in Section 4.4.3,
"background"-related chemicals and radioisotopes w ill be identified. although they will be
retained as COPCs throughout the human health risk assessment process. Note that this
information (determination of "background" contamiants) will be used to understand the
background contribution to cumulative health risks and guide future remedial actions, if
warramted. Therefore. "background-related" constituents will be identlied and carried through
the quantitatie BI IRA as "backround COPCs" in order to estimate cumulative health risks.
This approach differs from that used in the RCBRA. In w hich "background reference"
contammants were ehminated as (sie-related) COPCs, although background risks were
separately evaluated In the risk assessment. A discussion of how Site-related risks (associated
with "Site COPCs") will be differeniated from those associated with "backaround" COPCs in
the Columbia River BHHRA is provided in Section 4.6.7.
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4.6.5 Exposure Assessment

The objective of the exposure assessment is to estimate the type and magnitude of potential
exposure to site-related COPC's present at or migrating from the Site. Exposure is quantified for
the populations potentially exposed to contaminated media via specific exposure pathways,
based on current and future potential land and water uses. Both complete and potentially
complete exposure pathways will be evaluated as part of the human health risk assessment.

The exposure assessment vill be conducted in a manner consistent with EPA risk assessment
guidance (e.g.. EPA 1989, 1997a, 200 b, 2004d). For each identified receptor at each exposure
point, complete or potentially complete exposure pathways will be identified based on site
activities and uses and the presence of COPCs in environmental media. Age groups that
represent the longest or most intense exposure periods will be selected to be adequately
protective of all stages of the receptor's life.

4.6.5.1 Preliminary Conceptual Site Model. Section 3.0 provides a detailed description of the
CSM. The CSM identifies the sources of contamination and the environmental transport and
exposure pathways between contaminant sources and applicable receptors by using historical
information and existing data. Figure 3-3 provides a CSM summary of contaminant sources,
transportimigration pathways, potential human receptors and potentially complete exposure
pathw ays. The current CSM reflects historical information and analytical data collected to date,
as w ell as discussions with federal and state regulators and other interested paries. As additional
environmental data are generated, the CSM will be reevaluated and, if necessary adjusted.

The Columbia River is widely used for recreational purposes such as boating, wading.
swimmm, finshing,. and water-skiing, and numerous beaches, boat ramps. and wildlife viewing
areas are located throughout the Study Area. The I anford Reach National Monument consists
of an 82-km (51 -nni) stretch of the Columbia River and federally owned riparian lands. Below
the southern site boundary recreational use is wide-spread throughout Lake Wallula, the next
80 km (50 mi) of the McNary Dam impoundment.

Numerous islands are located \ithin the Study Area. Most of these islands are owned by federal
or state agencies and are designated as conservation/recreation areas. Many of the islands (or
portions of the islands) are entirely submerged during periods of high \ater and consequently
subject to depositional/erosional forces.

In addition to recreatonal use, surface water of the Columbia River is used for river
naviganonitransportation, hydropower, and as a domestic, aricultural, and industrial water
supply. The tow n of Richland relies on filteredcreatd river nwater as its source of public
drinkimg water: the Richland Plumphouse, a primary treatment system, is located near RNM 340.
The river also provides essential habitat for a variety of residen antd migratory fish and wildli e.
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Based on regional land use and beneficial water use, the following exposure scenarios will be
evaluated in the BHHRA. These scenarios reflect the receptors most likely to have the longest
and'or most intense andior most comprehensive exposures to any of the four river media:
sediment, surface water. island soil and fish. Accordingly, evaluation of these four different
receptor groups is assumed to be protective of other lesser exposed receptors. The approach for
selection of these receptors also considered previously issued scoping documents
(e.g.. DOE/RL-2004-49) and the Source and Groundwater Component of the RCBRA
(DOE RL-2007-21) as well as numerous meetings. workshops. and discussions with the
Tri-Parties and various stakeholders. As discussed, the BHH-IRA for the Columbia River
evaluates only riverine exposures and does not address potential exposure scenarios associated
with upland areas of the Hanford Site. The BHHRA does, however, include evaluation of
potential residential exposure to sediments assumed to be dredged from the Columbia River
channel and placed on upland areas with no restrictions on use assumed. In addition to the
evaluation of the four receptors described below, the BHHRA will also include an assessment of
potable water use of Columbia River surface water. Each of these scenarios is described briefly
below.

Native American. The Native American scenario includes local and regional tribes who have
ties to the Hanford Reach of the Columbia River and surrounding lands. For this BHIHRA,
subsistence fishing-related exposures to only Yakama Nation receptors will be evaluated. The
CTUIR scenario, in its entirety, is currently being evaluated in the Source and Groundwater
Component of the RCBRA and therefore is not included as part of the Columbia River Bi HRA.
En ironmental data collected during the RI will be provided for an update to the CTUIR scenario
in the future.

Potential routes of exposure to COPCs in contaminated sediment, island soil. and or surface
water include incidental intestion, dermal contact, and dust inhalation during a variety of
activities including boating. fshing, swimming, or other cultural activities. The Native
American receptors could also potentially be exposed to COPCs through consumption of Fish
from the river. In fact. the majority of their daily diet is assumed to consist of finfish caught in
the Columbia River. This subsistence Native American scenario is consistent with scoping

statements pros ided in Section 328 in the Columbia Ri er Component 01 the RCIRA: Basis

and Assumptions on Project Scope (DOL R \L-200449), as well as the "Yakama Nation

Exposure Scenario for Hanford Site Risk Assessme. Richland. Washington" (Ridolfi 2007).

Avid Angler. The Avid Angler scenario includes both adults and older children (older than

age 6), The Avid Angler could potentally be exposed to contamiants through consumption of

fish from the river, Other potential routes of exposure to contamminted sediment, island soil,

and or surface w ater include Midental inuestion. dermal contact. and dust inhalation while

fishig, wading. and/or boating i the rver. This rcceptor \\ as also included in the Source and

Groundwater Component of the RCBRA (DOE/RL-2007-2 1),

Poientiatl eposure it near shore suriace waler COPCs associated with triba use of sweat lodges is being assessed

as part of the RCBRA Source and Groundwater Comnponent and thus is not evatuated in ihis complementary

B H RA.
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Casual User. The Casual User is an adult or child individual who uses the Columbia River for
seasonal recreational purposes. This scenario includes adults and children, who may swim,
water ski, boat. wade, camp, or participate in other similar activities along the river, Potential
routes of exposure to contaminated sediment, island soil, and/or surface water include incidental
ingestion, dermal contact. and dust inhalation during these recreational activities. This receptor
was also included in the Source and Groundwater Component of the RCBRA
(DOE/RL-2007-2 1).

Future Resident (Upland Exposures). The BHIIRA will evaluate a scenario in which a child
and adult are routinely exposed to dredged sediments, removed from within existing navigational
channels where the ACOE has authority to dredge (e.g., 14 ft [-21 mean low water), and placed
in upland residentially zoned areas. This is the only receptor identified for which exposure to
dredge spoils may occur. Potential routes of exposure for this scenario include dermal contact
with and incidental ingestion of sediment (as soil), as well as the inhalation of dust.
Additionally. because constituents iii the dredged sediment may leach into groundwater. there is
the potential for future residents to ingest or dermally contact constituents that have migrated to
groundwater. It should be noted that past dredging projects in the Columbia River conducted by
the ACOE required extensive permitting and evaluations of "beneficial use" of dredged
sediments to ensure that the ultimate disposition of dredge spoils would not pose health risks to
future potential receptors/users of such materials.

As mentioned, the Columbia River is currently used as a source of potable water for the town of
Richland. Treated water from the river is routinely monitored and meets federal drinking water
standards. Because there is the potential for surface water at any location along the Study Area
to be used for potable water. an evaluation of residential drinkin water use will also be
conducted as part of the BHHRA.

Both the drInkig nater and dredged sediment exposure pathways (i.e., "Future Resident"
receptor scenario) will be ev aluated through a simplified process i the BHIHRA. Rather than
generate cumulative risk estimates for this hypothetical future residential scenario, sediment
(soil) and surface water data will be directly compared to medium-specific benchmarks
protective of residential exposures. This evaluation is discussed Further in Section 4.6.7.

Table 4-22 summarizes the receptors and exposure pathways to be evaluated in the BIH RA.
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Table 4-22. Summary of Proposed Exposure Scenarios. (2 Pages)
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Table 4-22. Summary of Proposed Exposure Scenarios. (2 Pages)
Scenario Exposure

Frame Medium

Future Dredgced
sedimient

E x pos ure
Pmi' lt

Drcdte
sediments
from
Columbia
River

Receptor
Population

Receptor

NA

Exposure
Route

Ingestion,
dermia
contact,
external
radiatioi

Type of
Analysis

Comparative

NA= Not applicable because analysis will consist of a comparative. semiquamntitive c inparIswn to mCd iu-seicific, risk-bascd benchmarks

Rationale for Selection or Exclusion of
Exposure Pathway

is assu 1d that dredge spoils may used
as upland It] I here ore it uvas
conseratnIvC assutmed that in the fultre.
local residents may he exposed to
dredged sediments (as upland soil). A
coTmparatie ealuation w ill be conducted
comparimg sediment exposure point
concntratiions kIom behind Mcary Dam
to isk-based beichmar-ks for soil
(residetitial use.

0

-.l

C

0



DOE/RL-2008-11

Work Plan Rationale Rev. 0

As indicated in Table 4-22 as well as the text provided above, it is not proposed to include an
"A vid liunter" scenario (i.e., waterfowl hunter and consumer) within this river-focuSed BHHRA.
The rationale for this is as follows:

" Waterfowl are typically migratory birds that feed on biota in both upland areas as well as
within the river itself; thus, only a fraction of their time is likely to be spent within the three
Study Area sub-areas to be evaluated.

* Hanford Site-related COPCs present mi surface water and sediment are generally not known
bionagnifiers; therefore, the higher exposure potential to human receptors is most likely
through ingestion of fish tissue.

" On an average daily basis, waterfowl are anticipated to compose a small fraction of diet
relative to fish and other food categories such as fruits, vegetables, terrestrial game, domesic
cattle, and poultry. etc.

A comprehensive "Avid Hunter" scenario is included in the Source and Groundwater
Component of the RCBRA (DOE/RL-2007-2 1). This receptor is assumed to consume upland
game (deer, gamehirds) and may also include waterfowl. Because of the relatively small risk
presented by waterfowl hunting, as compared to other pathways of exposure, it is not proposed to
evaluate a w aterfow] hunter exposure scenario.

4.6.5.2 Quantitation of Exposure. The quantitative exposure assessment describes a
conservafti e estimate of exposure to a representative individual x ithin the subpopulation
(receptor group) based on the defined exposure pro lLes. The exposure dose therefore represents
the amount of a COPC to which an individual receptor may come into contact. It is a function of
receptor-specific exposure assumptions and chemical-specific exposure paranmetrs. The
material that reaches the receptor's absorption barrier (such as the skin, lung, or gastrointestinal
tract) is referred to as the applied dose (for ingestion and inhalation exposures). while the
absorbed (or internal) dose is defined as the amount of material that actually crosses the
receptor's exchange boundary.

Exposure doses for chemical constituents are calculated as the daily amount of constituent taken
into the body per unit body weight per unit time (m kg-day). Average daily doses (ADDs) or
lifetime averace daily dose for carcinogenic COPCs will 6;e based on conser vative exposure
assumptions and factors developed ii accordance with EPA risk assessment ouidelines and other
relevant guidance. The general intake equation for radiation dose is analogous to that for
chemical exposures. except that a eraging time and body weight are omitted.

Exposure doses will be calculated using receptor-specific exposure variables and chemical-
specific exposure parameters (e.g., the appropriate EPC. anatomical/physiological parameters,
absorption adjustrnci factors, skin permeability coefficients) to calculate the chemical-specific
doses or exposures for each receptor and pathway. All intake/dose equations and parameters will
be documented in the BH IHRA.
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4.6.5.2.1 Exposure Parameters. Exposure parameters describe physiological or behavioral
aspects of each target receptor and will represent a mix of central tendency and upper-bound
exposure assumptions and recommendations from EPA risk assessment guidance, as well as
professional judgment. For the purposes of this BI-HRA, both CTE and RME scenarios for each
receptor group, with the exception of the Nativ e American scenario, will be evaluated. As
previously described, for the Yakama Nation scenario only RME parameters are used as they are
most retlective of the traditional and/or subsistence lifestyle of the tribal members.

Several different resources were consulted for the non-Native American receptors (i.e., casual
user. avid angler). The priority established for these resources is as follows: The exposure
parameters provided in the Source and Groundwater Component of the RCIRA
(DOE/RL-2007-21) were used when the receptor and route of exposure were similar. River
usage parameters (e.g., time spent fishing or swimming) were taken from the 200] Columbia
River Recreation Sur-ev - hmplicauions Jor the Hwza/rd/ Sie Integrated Assessmenz
(PNNL- 13840). Standard exposure parameters that are specific to the scenarios evaluated in this
baseline risk assessment were taken from EPA guidance documents (e.g., EPA 1997a, 2004d).

The Yakama Nation exposure parameters are taken primarily from the "Yakama Nation
Exposure Scenario for Hanford Site Risk Assessment, Richland, Washington" (Ridolfi 2007)
Values from the Columbia River Comprehensive Impact Assessment Screenmig Risk Assessment
(DOE.RL-96-16 and Harris and Harper 2004) were used for parameters not specifically included
m the Yakama Nation report. For example. Ridolfi (2007) does not differentiate exposure
parameters for surface water xersus groundwater. However. the report does indicate that the vast
majority of "respondents" (i.e., tribal members who participated in the interview process) relied
on groundwater wells as their primary source of dIrinking water (see Section 3.2.4.1,
"Water Consumption," Ridolfi 2007). As this risk assessment will only address fishing-related
exposures to the Columbia River, many of the parameters for groundwater exposure are not
appropriate for estmatig surface w ater exposure.

For recreational receptors (casual user and avid angler), activity factors specific to the Columbia
River recreational areas will be used to estimate exposures. For the casual user, exposure
parameters specific to swimmng,. wading and waterskiinu will be considered. For the avid
angler scenario, the majority of anglers participate in boat fishing (PNNL- 13840); therefore,
exposure factors will reflect this activity.

The specific exposure parameters for all receptors proposed for quantitative evaluation in this
risk assessment are presented in Tables 4-23 through 4-28. These tables contaim the values, the
basis of the value, and the citation for that value. For the future residential (dredged sediments)
scenario, risks will be ev aluated through a comparison of chemical concentrations to medium-
specific benchmarks rather than through estimation of intake and risk, as further described I
Section 4.6.7. The mcdi urn-specific benchmarks are risk-based values, how ever. and therefore,
the underlying exposure assumptions used in derivation of these benchmarks are also
summarized in Tables 4-23 through 4-28.
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Table 4-23. Proposed Values Used for Daily Intake Calculations,
Surface Water - Reasonable Maximum Exposure. (4 Pages)

Exposure Route

Incidental ingestion of'
and dermal contact with
surface water

Incidental ingstion of
and dermal contact with
surface water

lncidliltl ingestion of
and dermial contact with
Sirface water

Receptor
Populalion

Casual User

Child

-4 -I

Casual User

Adult

Avid Angler

Youth

Parameter
Code

Parameter Definition Value Units

4 I 4

BW

SA

1R.

EV

EF

ED

AT,

AT,

B V

SA

EV

EF

te

AT,

A T.,,

BW

SA

I R.

EV

EF

ED

t1

AT,

Avi",

Body weight

Skin surface area

1ngestion rate - surtace Vater

Event frequency

Exposure frequency

Exposur durat ion

Event duration

Averaging time-caincer

Aveiaging time-noncancer

Body weight

Skin sirface area

Ingestion rate - surface water

Event frequency

Exposure frequency

Exposure duration

Event duia t ion
Averaging time-cancer

AveraNing time-noncancer

Body weight

Skin surface area

Ingestion rate - surface water

Event frequency

Exposure frequency

Exposure duration

Event duration

Averacin time-cancer

A veraging timne-noncancer

16.6

6,600

0,05

58

6

4

70

6

70

I 8,000

0.05

58

30

4

70

30

37

4.015

0.025

58

7

6,1

70

kg

eni

L/hour

events/day

(days/year

years

hours/event

years

years

kg

L/hour

events/day

days/year

years
hours/event

years

years

kg

cm

L/hour

event s/day

days/year

years

hours/event

yea's

years

Reference

EPA 1997

EPA 2004

EPA 1989

EPA 1989

PNNL 2002

EPA 1989

PNNL 2002

EPA 1989
EPA 1989

EPA 1989

EPA 2004

EPA 1989

EPA 1989

PNNL 2002

EPA 1989

PNNL 2002

EPA 1989

EPA 1989

EPA 1997

EPA 1997

Professional judgment
EPA 1989

PNNI. 2002

Protessional judgment

PNNL 2002

EPA 1989
EPA 1989

1

2

3

4

5

6

7

8

9

.

0

0
*-1

C.)

0A

9

0A



0

Exposure Route

Incidental ingestion of'
and dermal contact with

surface water

Inc denmal mnecakn of'

mswe v nor

Incidental ingest ion of
and dernma contact Ih
surface water

Receptor
Population

Avid Angler

Adult

Subsistence Native

American

Yakana Child

Subsistence Native

A merican:

Yakaa Adult

Parameter
Code

13W

SA

1 R,,,

E[V

EFF

ED

to

Al l

AT,

BW

SA

IR,
E1

EF

ED

to

AT

BW

SA

IR,

13V

1F3

ED

t,

AT,

Paranieter Deinition

Hody weight

Sk in surface a tea

Ingestion Wale - surface i ater

Event frequency

Exposure Frequency

lvent duration

AvIragmg timeancer

A veraging time-noncaneer

Body weight

Skin surFace area

ingestion rate - surface water

Event frequency

Exposure fRaeuey
Exposute duration

Event duration

AVraging Itme-cancer

Averaging time-noncancer

Body ws eight

Skin surHIe area
Ingeslion rate - s Rface water

Event freqtencvy

Exposure freq uency

Exposure duration

Event duration

Averaging time-cancet

Averaging time-noucancer

Unis
-+ I +

70

5,700

0025

58

30

6.1

70

30

1

150

2.6

70

6

70

18,1

180)

150

70

2 6

70

kg

L/hour

events/day

days/year

years

hours/evei

years

years

kg

C t1

L/hour
eveitts/day

days/year

years

hours/eent

years

kg

CM

L/ hour

events/day

days/year

years

hours /e eTIt

years

70 years

Reference

EPA 1989 1

EPA 2104 2

Prolessiottal judgment 3

EPA 1989 4

PNNL 2052

EPA 1989 6

PNNL 2002 7

EPA 1989 8

EPA 1989 9

EPA 1991 Ridolfi 2107 1

EPA 2004 2

EPA 1989 3

EPA 1989 4

PNNL 1998 5

EPA 1989 6

PNNL 1998 7

EPA 1989 8

EPA 1989 9

EPA 1989, Ridol i 2007 I

EPA 21)4 2

EPA 1989 3

EPA 1989 4

PNNL 1998 5

EPA 1989: RAidol6 2)W7 6

PNNL 1998 7

EPA 989 8

Ridol 2W)7 9

0
Table 4-23. Proposed Values Used for Daily Intake Calculations,

Surface Water - Reasonable NLaxinium Exposure. (4 Pages) 0
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0
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I-able 4-23. Proposed Values Used for Daily Intake Calculations,
3 S Surface Water - Reasonable Maximum Exposure. (4 Pages)

Receptor parameter
xposure Route .Parameter Definition Value Units Reference

Population (ode

Notes:

I The bodYe v eicht for iel: d recreator scenario is based on the mean bod w eichi of male and fcmalc ildren ages I to 6 years (EPA 1997, Tables 7-6 and 7-7).
For the Ax i A outh. the bodhy wight is lie mean 7eht of males tales ages 4 yeas [ 197)- 0
[ he body weehtbs fbi tihe subsitence Nativ Amer i can akama scenario w ere obtained from Table 7 of Ridolli (2007

For all adil rceptors. the detalt mean bod Wcight of 70) g iu (EPA I989)
2. Ihe skit stilice area ( \ value to thild receptoTs relects the perentle vialue for males and females, according to age range, for exposed skin on the entire

boe ( EPA 2004, xhibit (-I
The skitn surface area for thte Clasa l 1 er and Y kam ita scttar i ns c loid atnd ad1 tlt) ais J tines whole bod1 1iners on, thus, i i a total body value.
Tihe skiti srfac e area (SA I 1 value f'i Ax id Angler rceptor reflets the 00' perentile Ialue bor males and females for cxposed skitt Oi the forearms, hands, lace
lower leg, and f1et (EPA 2004, Exibit (C-I)

Youth vaies are for aces 7 14 years. based on SA values from EPA (1997)
3. The ine stion late for surface water IR i I, it the Recreational user and the Yakama Nation receptors is the default vaite for swimming, as recommended by EPA

(I 98 I xhibt 6-12.
h le ingestion rate lor sr lace water (IR, ) for the Avid Angler is one-half the defAult value recommended by ['PA (1989). Exhibit 0-12. As these receptors are not

swi im ing, thee are assuiicd to ic iderttally tigest a Inimal amount of riser wt ter vhiI fishig

4. Etut frequency (1V descrbes how tmatns 'events" occur for each da of exposme For all receptors. it xas assumed that one event (swimming. boating. waterskiing)
wotild occur on each da of exposure as recommetded li EPA I 1989)_

. he exposue freqiency (ElH desribes hosw oftetn the exposure octurs o'er a gixen period of ime

6. The exposure duration I ED) describes the length of time over which the receptor comes into contact wit contamnants
SD values for the casual tisi senaros reflect a 3-vear residental tenire. whieh is the recotittmended R ME alne for residents (I PA 1989).
The child casiual tiser ED represetts a child 0-6 years the youth Ax id Angler ED represents an older child ages 7-14 years.

7. The everu duratin It) des ibes how long each exposte erent x'il octur.
N ent duraton Imfortmiattoit specific io the \akama Tribe nxas unasailable As such, xaluies used in CR(' I 1996 ("Natv e Amenrican rVer-focused hinter and fisher

scetnario') weie applted 1(r tie Y itta Nation
For the ReCeational ser the esetit dation i based ott the survey data rom PNL March 2002 ( ' able 4 ) atid represents the total amount of time spent when the
primai atixitys a ttiskiug
1-or the Ax id Aigler setari C the cxcit dation i based on tle surx'ey data from PN[ March 2002 ( able 4.6) and represents the total amount of ite spent xhel the
priiars' at itty is I sfiting fro a boat.

8. [he a erging time (A'[ t for cancer efects (Al',) for all receptors is set equal to a lifetime (i.e. 70 years), as recommended bx' EPA (1989) 0
9. he axveragitg tiie for ttoncanecr effects (AT,,,) for all receptors is set equal to the exposure duration, as recommended by EPA (1989).

LiL
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Table 4-23. Proposed Values Used for Daily Intake Calculations,

Surface Water - Reasonable Maximum Exposure. (4 Pages)

Receptor ParameterExposure Route Parameter Definition Value Units ReferencePopulation Code

References:

EPA. I989, Rsk 1'Aes tt Gucan Sfplrhid han l/h ia haIo A flt)al. uait 1. lIt crim I-d. OSWE R Directive 921 .701 A, 00cc of Sold Waste and
F Ieruenc Response, U.. En v ronm i en I I Protect on Ageney Washington. D

E PA. 91 Ic /Hanti Heak/i ia/oatiom MAmnai, Sopplemnenta/ Guidamce. Standard IDeldm/ Frpovore [Fat. OSW ER Directixve 9285 6-03. O ffice of' Ermergency and
Remiedial Response. F S. Environmnic tal Protection A gency. Wiashiangton, C. 

EPA I,997 &poso Factors /ando, 4 olaie I: General Fi'actors, FPA/600 P-95/002Pa, Oflcc of Rescarh and Dcevlopment, U.S. ivironmen a I Protection Agency,
Washington. DL

EPA, 9976. tt/tare Fe/ars llandbai. IO/ume /: <nctivi Factors. FPA'600/P-9 /002Fc, Table II 176. Office of Research and Development, U.S. Environmental
Protection Agency. Washingron. DC.

EPA. 2012b. Chi-Specific n ore F rors /Aaidol, EPA!601P-00/002B, U.S. Environmental Protection Agency, Washingt n. I3

EPA, 2004, PA\ 40:Rt99/015 Risk Assesmwni dance for Superfond Vol ome 1: I 1an ]ea lih Eval tintion M a na (Part F, So I[lenental Gtiidance for Derma I
Risk Asssstment Final. OSWER DIrective 9285i-02EP. EPA, Washington DC. (EPA 204).

F arkis S. G.I aird B. I . Iarpe r, 2004, E xpost re Scenario for CTI[R Traditional S nbsi sIence L i ewayvs. Coinfederated Fribhes oft lie Uima illIa lindi an Reservation.
dated Septetber IS. 2004. Updated April 9, 2(7(l arris and larer 2(041.

PNNL, I99, Scring ,ssesotent and Req trnmcnts /or a Contpr1leie Asse ren. Co1lubi a R ver Cm1prehesve Inpaet Assessetit Part : CRC'IA ScreeIlg
Assessnmeta DOFJRL1 -96-16. Rev. . Final. IC-630 Pacific Northwest National I aboratoty, Rilland. \asitgton.

PNNL, 2002, 201 Couthia Air Recreation Sret- - /otp/tatr"otsr the r-a/ad Size /iterared sexsenr, ONL - 13840, Pt cific Nort Ivest National I aboratory,
R ihland. Washington -

R idall1 Inc, 2007. 1akama Ntion & oa'e Scenaro ior Uni/nid Sac Risk <ssessmentz September 2007, Richmond, Virginia-

ZI-)



Table 4-24. Proposed Values used for Daily Intake Calculations, Sediment - Reasonable Maximum Exposure. (4 Pages)

= -

~

Receptor Population
Parameter

Code
Parameter Definition Units Reference

Casual User IRd Ingestion rate of sediment 200 mg/day EPA 1989 1

Child A F, Sediment adherence factor 0.2 mg/cm EPA 2004 2

SA, Skin surface area - child 2,80) C11 EPA 2004 3

El: Exposure frequency 58 days/yr PNNL 2002 4

ED Exposure duration 6 years EPA 1989 5

ETki Exposure time outdoors 6. 1 hours/day PNNL 2002 6

BW Body weight 16.6 kg EPA 1997 7

AT, Averaging time - cancer 70 years EPA 1 989 8

AT.. Averaging time - nonearICer 6 years EPA 1989 9

Exposure Route

Incidental igeston and
dermia contact

Incidental in es lion an d
dermal contact

Incidental ingestion and
dermal contact

Avid Angler

Youth

AFad

SAs ~
EF

ED

ET"",

BW

AT

I Rs

SA

F E

ED

ET

BWV

AT,

A TI,,

Sl

Ingestion rate of sediment

Sediment adherence Factor

Skin surface area

Exposure frequency

Exposure dluration

Exposure time outdoors

Body weight

Averaging time - cancer

Averaging t -ie noncancer

Ingestion rate of sediment

Sediment adherence factor

Skin surface area - youth

Exposure frequency

Exposure luration

Exposure time outdoors

Body weight

Averaging time - cancer

Averaging time - noncancer

100

0 1

5,700

58

30

6.1

70

70

30

100

0.2

4,015

58

7

6.7

37

70

mgc/day

cm

days/yr

years

hours/day

kg

years

years

nig/day

mng/en'n 2

days/yr

years

hours/day

kg

years

years

EPA 1989
EPA 20104

EPA 2004

PNNL 2002

EPA 1989
PNNL 2002

E PA 1989

EPA 1989

EPA 1989

EPA 1989

EPA 2004

EPA 1997

PNNL 2002

Professional judgment

PNNL 2002

EPA 1997

EPA 1 989

Professional judgment

1

2

3

4

5

6

7

8

9

2

3

4

5

6

7

8

9

C

0O-I

Sl

Casual User

Adult
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Table 4-24. Proposed Values used for Daily Intake Calculations, Sediment - Reasonable Maxvimjum Exposure. (4 Pages)

Exposure Route

incidentaIl ingesfion and
dermail conltact

Incidental ingeslion and
dernmal contact

incidenta l ingestion and
derna l con taC

Receptor Population

Avid Angler

Adult

Subsistence Native

American-

Yakama Child 1

Subsistence Native

A merican:

Yak ama Adult

Parameter
Code

AFa ~
SA,,,

EF

ED

ET,

B \

AT,

A T,,

IRs t
A EF,,,

AFSAs c

F )

BW

AT,

A-I-,,

A A,,,,

F F

E D

ET,,

BA

A T,

Parameter Definition

IngWCstion rate ot sediment

Sediment adherence factor

Skin surLe area

Exposure Irequency

Exposure duration

Exposure t ine outdoors

Body weight
A verag'ing time -cancer

A verag ing imc - noncancer

Incon rate of sediment

Sedient adherence fictor

Skin surface area - child

Exposure frequency

Exposure duration

Exposure time outdoors

Body weIghLt

Averaging time - cancer

A\er agio time - noncancer

Iinwest on r ate of sediment

Sediment adherence factor

Skin surface area

Exposure Irequency

Exposure duration

Exposure tnie outdoors

Body weight

Averaging I me - cancer

Averaging time - noncancer

Value

100

(1.1

5, 7t 1

58

30

6.7

70

70

30 (

4200

(1.2

150

6

7

16

70

6

200

0.3

5,700
150

70

7

70

70

70

U1nis

cm

days/yr

years

hours/day

years

yeaIrs

mlg/day

cm

(lays/yr

years

I)Ours/day

kg

years

years

mng/day

mg/em/

days/yr

years

hours/day

kg

years

years

Rererence

EPA 1989

EPA 2004

EPA 2004

PNNL 2002

EPA 1989

PNNL 2002

EPA 1989

EPA 1989

EPA 1989

Ridolf 2007

EPA 2004

EPA 2004

PNNL 1998

Ridolfi 2007

Ridolfi 2007

EPA 1991; Ridolfi 2007

EPA 1989

Ridoi 2(007

Ridolfi 2007

EPA 2004

EPA 2004

PNNL 1998

Ridolfi 2007

Ridolfi 2007

EPA 1989; Ridolfi 2007

EPA 1989

Ridolfi 2007
2 _______ £. __________ I ________________________

1

2

3

4

5

6

7

8

9

0

9
r

0"T

U

0
GO

r1

36!!!f!

i

I - I

'



Table 4-24. Proposed Values used for Daily Intake Calculations, Sediment - Reasonable Maximum Exposure. (4 Pages)

Exposure Route Receptor Population Parameter Parameter Definition Value Units Reference
('ode

Notes:
1 The daily sediment iigestion rates (iR) for the Yakama tribe were those recomMended by Rido i (2007) for child and adut mcmbrs

The sediment ingestion rate for the Casual User child receptor ( to 6 years) reflects tht recommended by EPA for cliildren less than 6 years (EPA 199). Value

represents a 'consevative estimate of the mean" for childrcn
Sediment ingestion rates for the Casual User adult and Aid Angler vouthadult senarios i the EPA-default soil iTigestion rate for ages > years

2. T [e sedi nient adherence fator ( A lc I fOr the asual U ser child, Ya kamnia child i a id AT A \ngler youth rellects the geometn mean AE Ir 'liil dretn playing in wet soil"
(EPA 2004, Exhibit ( . This value was, selected fr the RNI because e rIver sediments are predommiantl sand soils which du not absorb caer like soils with a high
organic content- (Based on 37 samples. the mean totl sand content was 6 ) )
Tihe AF for ' gardenes'" was used fOr the adlt Casual Ui ser and Avid Angler For the Yakama adulT receptor. the AF for "reed gatherers" was used

3. The sediment skin stiae area IAS) v alue fori all child receptors reflets the 501 percentile value fr males and females ages 0 -7 yiears fOr exposed skin on the face,
hands. Orear-ms, low e legs. and feet PI PA 2004.Table (- I
Fhe sediment skin surface ar ea (\ 1) v alue for all adtlts retlects the 50 percentile i alue for males and females ( for speci uI age group foI exposed sk on the face.
hands, forearms, lower legs and feet (EA I \ Q Talile 6-4)

4, The exposure frequency'i E desTIbes tow oen the exposure occurs over a gi ven perid of ime,
For membeLs of the a ikama tribe (both children and adults) it wa assumed that 1i i is that used i the RCIA (1996) due to lack of more recent inforiatiotn on this

specific pathway.
I alue for the Casial Useir scenario is based on the survie results psiblished by PNL (March 2tL2; I [able 4.4) and represents the maximum number of visits per year

0mong v ' ron s Washington counties and other areas.

5 1 The expostire duration (I D) describes the length of tine over uchich the receptor omes ito contat it h contamimants
ED values for tie C asual L eI U scenarios refleet a 30-ear residential tenure w hich is the recommended R v alue for residents (IPA 1%9)
Ihe c hild C asual User E D represents a child 06 yeas , the youth Avid Angl i ED represents ati older child ages 714 years.
The I D alue fotre h cd 'akama ( I to 6 years) and Yakama adult scenarios is that recommended by Ridol li (2007).

6. FT oTt t is the do ration spent outdoor in ciontact w ith seilment. It is uiised is the calestlation of exter nal r ad i ation dose.

For the akama trbe, is assumed they spend 7 hours per day outdoors. This is the value cited R idol 1(2 10)7 for the maximum titme spent outdoors
For the Receational User and Avid Angler scenaro, I reflects the total hours per trip lilatersking and fishing rom boat. respetively) as ited i PNL (2002.

7. The body weight for child members of ihe Yakama tribe (16 kgt and aI adult receptors 11 kg) is that presented I I PA (1991) and Ridolfi (2(07)
The bodysvei ghts for the Casual User child scenario and Avid Angler votih sTcenario are based on mean body weights ol male and female children for the Various age

ranges ( 1-6 years for the C asnal lUser and 7-14 years for the Avid Angler iouth i IPA 19'97, Table -)

8 The a eracie time (AT) for ctncer effects (AT,) for all receptors is set equal to a lifetime (ie. 7 years as recommended in TPA 9)

9. T he aver1acit time for non-cancer effects (AT,, for all receptors is set equal to the exposure duration, a recommended in EPA I 989).

Pl1
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Table 4-24. Proposed Values used for Daily Intake Calculations, Sediment - Reasonable Maximum Exposure. (4 Pages)

ParameterExposure Route Receptor Population e Paiameter Definition Value Units Reference
__ _ _ __ _ _ _C ode

Roei DerUit Reernc

eferences:8 isk4 Assessment Gidianc' for Sotper/to HumAotan Hlt Eb iAilotioo .1illmal. [Parl A. int1 rint F[[al. P1W EhR [)irccti\vc 9285 70| A C (icc o f Solid Wa (e and

Emet-geney Response, U.S. En'.ironmental Priitectioin Agency. WVash Ington. B!C.
E .I99 Ic. //mznzn i/all/I EiAuloaton Amua. Su/ plemena Guodarn IL.VStnd f~i)ai Expuoicr Faao<t DSW E R [)irective 92840t)301 1 cc of Enmergnccy and

Remedia Re sponse U .. Env ironintal lProteci Agenc. Washingtont DPC
EPA, 7 Ex7Ajtre U/rs laldl'ik. V1lOmt I: Generl FactA, EPAI 60/P-95/002Fa. Office of arch and Devlopment, U.S. Environmental Protect ion A iLincY

\Washtngloi, Cit.
(P. C997. Exp e lo t or IadA /w a//': Act H' FAIOrS, E. PA 600 P-9/002CEv. Table 1-76, Offie I 76)Iice md Research and Developineut. , S. Environmental

IPt-Lteetion Agency, \Washiunon, liC.

FPA. 2002 , inld-Spci' Epor hctor s Indioto/ ' PA'600 11-0C//00213. 11.f. En vironnicta] Protection Agenc, Washingoin, 1
EPA, 20CC2. Swppimna' u uid, r/o r Df/elopong Soi/ Screnhng ILe-l /ir S'periiud S'ife O[SW ER 935 4-24. U,.. En'.ronnental Protection Agccy. \ashnigron, DC,
EPA, 2004, EPA 541/R/99 05 Risk Assesmct Gidance Pr Spernmd Vol miie 1: 11 umnan lea E f i Uon Manual CPart Ei SuPPleental Guidance for BertMa Risk

Asscssment) Final, OSViR )irevtiv 9285.7-)2E. EPA Washington Di'. C(EPA D04-I
-larris, . and B. 1 l rpcr 20t4. E x pos re Scenario for (TIR TraditConal Su isictec LIfeways Confederated Trine's of the UmatCil a ldian Reserv.tion, dated

Seprem be' 15, 24 Updatcd Apri 9, 21C7 ( artis ad Iarer 2(04
PNNI,, C 998, SuruunoicA ssssen anti Reqtir'nens for a mrhensiu Assessmeit C 01bia Ri CF mpre ie ipact Asse n CT Par It I : CRCIA Screening

AsscssmntC. IlE(F RL-96-1, Rev. 1, Final, UC-631) PacjIic NorthwesI Nalional 'aborator, Richiand Washimton
PNN 1 21102. '0I C on/na Rit". 'A'reatioll Sar e - Implital ion' fill /h Ha/ord .Sai' Iot'grted 'CA ssmnt' PL-=I384. Pacifi North iesNational Laboratorv,

Re ihland, W ashington.-

Ridolf InC., 2107, itkmu N/ion Evpl -u Skunarto for Hanf-d Sie Risk Asessntw, Septcnber 2007. R1ichmond, Vmrgiai.



Table 4-25. Proposed Values used for Daily Intake Calculations, Fish Tissue - Reasonable Maximum Exposure. (2 Pages)

Exposure Route

Fish ingestion

Fish ingestion

Fish ingestion

Fish ingestion

Receptor
Population

Avid Angler

Youth

Avid Angler

Adult

Parameter
Code

I Rr

F F

ED

BW

AT,

AT.

I R

EF

ED

BW

AT,

AT,.

Parameter Definition

Ingestion rate of fish

Exposure frequency
Exposure duration

Body weight

Averagi1g time - cancer

Averaging time - noncancer

Ingestion iate oF fish

Exposure fIreqLLency

Exposure duration

Body weight

Averaging tine - c ancer

\veraging time - oncaneer

Value

122.100

365

7

37

70

7

231,000

365

30

70

Vt0

30

Units

mg/day

days/year

years

kg

years

years

mgTday

days/ year

years

kg

years

years

Reference

I) A 19 9'7

EPA 1989
EPA 1989

EPA 1997

EPA 1989

EPA 1989

2

3

4

5

6

EPA 1997

EPA 1989

EPA 1989

EPA 1989

EPA 1989

EPA 1989

1

2

3

4

5

6

Subsistence Native IRr Ingestion rate of filsh 363,000 mg/day Ridolfi 2007; EPA 2002 1

American: EF Exposure frequency 305 days/year Ridolfi 2007 2

Yakama Child ED Exposure duration 6 years Ridol fi 2007 3

BW Body weight 16 kg EPA 1991; Ridolfi 2007 4

AT, Averaging time - cancer 70 years EPA 1989 5

AT Averaging time - noncancer 6 years EPA 1989 6

Subsistence Native

American:

Yakama Adult

I w
EF

ED

B V

A T,

AT,.

Ingestion rate of fish

Exposure frequency

Enposure duration

Body weight

Averaging time - cancer

Averaging time - noncancer

519,000

365

70

70

70

70

mg/day

daysiyear

years

kg

years

years
______________________ J __________________ £ ___________ L __________________________ ________ __________ -

Ridolfi 2007: EPA 2002

Ridolh 2007

Ridolfi 2007

EPA 1989: Ridolfi 2007

EPA I 989

EPA 1989

1

2

3

4

5

6

0

0

0
C
0

01



Table 4-25. Proposed Values used for Daily intake Calculations, Fish Tissue - Reasonable Maximum Exposure. (2 Pages)

tposure Rouie Receptor Parameter Parameter Definition Value Units Reference
Population Code Ir

Notes:

I . I he dal sih incestiion rates for members of the Yakama tribe (1ili Chi dica MnLI adultls) ar' those recommended im Ridoli (200 IHese valuts icfleet upper-bound
slies for the U S. pou at Ii Toi for ce] age ran ge (F PA 2002

1or I he Avid Angl er sceita rails. the do i iv [-sIh min testOll rates re fleet the . pce enni eItLIC flor constumeir-oii1 Vitalke Of ish to the estem I Um ted States (EPA I 097,
Sable i 13-27t
1"1 isl nscion rte fTr the \U A gler SCei arto imworporate an 1 I prep nation loss dung cooking, as ' g mmcc I eItded by I PA 917, Table I 3-) and are calculated

-~~ by-h imltipiving the cstittmc ate ii ug gy-dtt I by the appropriate body weight for the rceeptor.

2 The esposmre rqucie (Li-) describes how often the esposure ccurs or a gi eii period of ime For all receptors was assumed that ingestion of fish would occur
each Iav f tfhe year.

The esposuie doraton ( D feseres tile cl ngthIi of time iover wi c1 tile rceptor cotes io icontat with continants-
ED values for the \vd Angler scenario rflec a 30-year resiental tenire, which is the recomiiiended RM value IIor residents ( PA 1 99)

The youth Aiif Agleri -D represeits ii older child age 7-14 year,

The iD Va lotic the cii d Yakama ( 1 to ( y ears and Yakama adolIt sceiaos is that recommbif Ridol I ( 20071-

4 T le hofx weicht for chld mieiirs of'a lie 'l imtri he ( 16 kg) il all aidult recepton (70 kg ihat presi i III lo PA ( 19 ad Ridoll (20f7?
Tihe bods weicits for the C asual I ser child scenario and \Al i\ngki south scenario are based o iean bos weghts of male and feial children fr the various age
ransge (i -h Sears for the Casual User and 7-14 sears For the .\i A Ingke yo t I { [EPA 1997. fable 7-

5 The averaging time (AT) for cancer effects (AT 1,o all receptors i set equal to a lifetiiie ( -c. 70 ears). as recomimended in EPA \ )

6. T e averagi ti i me for tioncantcer effects (A\l for al I receptors is set equal to th e cx positre d ra t 1011nt as rectommended in F PA ( i989)

Referenuces:

PA. 19 1? J - iilnt Cwd1m1 ' /I1 aifioid. /iaii li d/i Eiiftdnnoi :muf.a/l I. Inns-n of l5 \\ FR Diret c 029 '701 A. Office il'So 1id Waste and
nergenc Response. U S - f mi rotiientaI Protecton Ageii' \\ i]gton D (C

EP,\ 1 991/ uman /ca I ii a/,a1,on Al , Szppl e mTra/ (afn e tam/a/ Defit ft l uowo /urwr, OS s\\ iR Diecti e 925 6-03 Ofie of E tert-c aiand
RemedLI I t Re-ponse 1l nS, I I xi F it ' m, i tal Prtet Ion .- \ gene -. Washington . D-('

SP\. 199.I , /- Stol's I/andioo. I /oni c < o I Gemi-cal a F P \ 61P-t 0002 -a. Office (l' Researclth n Dcx eloeiit l 15 S onIrmetial Protectioii ,gency

\\-ash Ito I ll
I P. \ 1997h / U so t/ilors / t/ h I /LAt i-s. E P.\ nO P-95t O2F L Table 15-17 Of fice of Reect ih and Development i rI i i n iental

Proton .\genc- Wasi i Ii III ( -

EP\. 20t12, Lstinajted /' f onda 1'hi/ Co owopriom imn ii m Jdcda 'fi , iPA - '2 -('-1)2-00. U2S. T 1 ntroiimental Protectton Agen \ Washington. D C.

Ridol Fi Inc . O2 007 }it a \ahoo Lfotsufe lte -aio /ra rte a1to/ Id Sit- Risk lSSCSSouenr. September 20Ff). Richmond, Virgeia.



Table 4-26. Proposed Values used for Daily Intake Calculations, Surface Water - Central Tendency Exposure. (3 Pages)

Exposure Route

Incidental ingestion
and dermial contact

Incidental ingestion
and derma contact

Incidental ingestion
and dermal contact

Receptor Population

Casual User

Child

Casual User

Adult

Avid Angler

Youth

Parameter
Code

B1W

SA

[R,.
E V

EF

ED )

AT,

AT 1

B W

SA

JR.

E V

EF

E D

AT,

AT,,

13W

SA

I R.

EV \

EF

El)

AT,

ATr,.

Parameter Definition Units Reference

Body weight 16f6 kg EPA 1997 1

Skin surface area 6,600 c12 EPA 2004 2

Ingestion ratc - surface water 0.05 L/hour EPA 1989 3

Event flrequency I events/day EPA 1989 4

Exposure frequency 47 days/year PNNL 2002 S

Exposure duration 6 years EPA 1989 6

Event duration 3 hours/event PNNL 2002 7

Averaging time-cancer 70 years EPA 1989 8

Averaging time-noncancer 6 years EPA 1989 9

Body wecight

Skin surface arIa

Ingestion rate - surface water

Event frequency

Exposure Frequency

Exposure duration

Event duration

Averaging time-cancer

Averaging tine-noncancer

Body weight

Skin surface area

Ingestion rate - surface water

Event frequency

Exposure Frequency

Exposure duration

Event duration

Averaging time-cancer

Averaging time-noncancer

70

18,000

0.05

1

47

9

4

70

9

37

4.015

0.025

1

47

7

3

70

kg

cm

L/hour

events/day

days/yea r

years

hours/e vent

years

years

kg

cm

L/hour

events/day

days/ car

years

ihours/event

years

years

EPA 1989

EPA 2004

EPA 1989

EPA 1989
PNNL 2002

EPA 1989

PNNL 2002

EPA 1989

EPA 1989
EPA 1997

EPA 2004

Professional judgment
EPA 1989

PNNL 2002

Professional judgment
PNNL 2002

EPA 1989

EPA 1989

1

2

3

4

5

6

7

8

9

,

0

01
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Table 4-26. Proposed Values used for Daily Intake

Exposure Route Receptor Population Parameter
Code

Calculations, Surface Water - Central Tendency Exposure. (3 Pages)

Parameter Definition Value Units Reference
't ft

CL

C
C -

rift

~-'1

Dermal contact Avid Angler W gody wig 70 k- PIA 1989 1

Adult SA Skin surtace area 5,700 c11 EPA 2 004 2

1 R. IngCeston ]ate - surFace water 0025 Lhour Professional judgment 3

I EVent lrequency I evenis/dav EPA 1989 4

EF Exposure frequency 47 days/year PNNL 2002 5

E) Exposure duration 9 years EPA I99 6

Event duration 3 hours:event PNNL 2002 7

A T,, Averaging lime-cancer 70 years EPA 1989 8

AT, Averaging lime-noncancer 9 yea's EPA 1989 9

Notes:

L. The body weig l for tie child recrelator scellario is based tin the mean body weLilht of Male and feiale children, ages 1 Ii 6 years (EPA [997. Tables 7-6 and 7-7).
For the Avid Angler youth. d the N'hte eight i n iht of matesfemales ages 7 < 4 years (EPA 1997).
For all adult receptors, the default mian body weglt of 70 kg is used (EPA l989).

2. The skill surface area (A.) Vlte for child receptors reflects the 50 perceitile valtue for males and femiles. according to age rTO ngc fr exiosec skill on the enlire
botdy (EPA 2004. Exhit C t
The skin surface area to r the CasuaI Isr scenarios (chil and a11(1lt) assumes thole body iinmmersio thins ii is a total body valte
Tie skin surface area (A,) 'atti for Avid Angler receptor reflects the 5W' perclt i VIale for males and remales, for exposed skin oil the forearms, hands, face,
lower legs. and feet (EPA 2004. Exhibit C-).
Yioth angler values arc or ages 7 14years and are basedi on SA values from EPA lt97 (EPA 2004. Exhibit C-I).

3. The ingestion rate for surtface water tIR.) for Recreational User receptors is the default vatti recommended by EPA t I98. Exthibit 6-12.
The Iingestionl rate for surtace waler (I1R,) for Avid Angler receptors 1s the [le-tm te defatll calte recommended by EPA t I 989). Exhiit 6- 12 as this receptor is not
swinuintg.

4. Event frequency (EV) describes how mnyn" swvltilming ",vtsrMt" occur for cach day of exposure. For all receptors. it was assIied that one Swimming event would
occur on each day of exposure as recommlende by EPA (1989),

5. The exposure frequency (EF) describes 1ow ofteli the exposUre occurs over a given p riid ot tuile. Values are based on survey data reported in 'NL March 2002.
Table 4.6.

6, The cexposure dOu1ration (l) describes the length of time over which the receptor cImes io contact with coon ailnts.

7. The event luration ((,) describes how long each exposure event will occur. Values are bascd ,n urv:y ta reported in PN March 2002, Table 4.6.

8. The averaging time (A T) for cancer effects (A Tl,) for all receptors is set eCqUal 1 11111 le I ume (i.e. 7(0 years) as recomimeinded by E PA (1 99I c).

9. The averaging tile for noicancer effects (AT , for all receptors is set equal to the cxposiire duration, as recomniccded bI EPA ( I

0

5.

* rn

[4
0
C



Table 4-26. Proposed Values used for Daily Intake Calculations, Surface Water - Central Tendency Exposure. (3 Pages)

Exposure Route Receptor Populafion Parameter Parameter Definition N lue Units Reference(ode

References:

EPA. 980, RrA Assssmenr Gur'c for I')er Ymd, 1"manrAr lieu/h Eralrion .1mrnr/, Parl A, htierrr Finl, OSWE R Directive 928570 A, Office of Solid Waste and
Emergency Response, UIS. Environmiental Protection Agenrcy. Washington. D(C

EPA, I 9Ic. Hlman Hea/h E:aruaridn hauu/, Supp ee;l Guidarnre, Si ) dar ld De r Lposure Faurs, DSW E R Directiv 92856-03, Office of Emergency and
Rermedial R~espsrnse, U S. Enivironmental Protection Agency. W shingion, I)(.

EPA, 1907, &xprsure Fators lrdbl Wroue 1: (Grner/ F rs. EPA 600/P-95/2Fa, 3F Mike of Research arid Development U.S. Enivironimrntal Protection
Ageencv, WasigoD

EPA, [" s ('10r hlOL, Volurs I: fri/in Factors. EPA 600/P-950t2Fc, Table 5 176, Office of Research and Deveopment U.S. EnS viromicntal
Protection Agency. WVashington. D).C.

EPA, 2002. Chi/d-Sprecii xp ore I ors Hair/hook. EPA /00/P-00102B, US. Environmental Protection Agency. Washington, )(

I PA, 2004. [PA 540R Ov:005. Ris \sesment UIidance for Siperfund \oltme : J lunn I calth i luaton \Mual Pat , Supplemental Guidance for Dermal
Risk A\Cnc IIIent I inaL ()SWER Drectie 92V ,7-2t P 1). P Wahin ton D( PA 2I)14.

PNNI ,11(s n n/w , se or unr/ R<,/enemrn f' a ( oor/ noeo'r( -I ssu rr ( oltmhi River (oomprehensive Impact Asesment.l Part ( RCIA Screening
AsseswmIent. O E RI -96- 16. Re I Final. 1 (' 30 Pacic Norhu est \atonal L abortory. R ichad. Washington.

PNNI 2002. 2 0 ( l/rin/sra Riv r aum ' n - lmp/euruor fn H/re Hsro/o l J r h rt d gratedAs en PN -13840, Pacific Northwest National I ahorato ,
R iland, Washin rg6 mn

QI 1

Zz50



Table 4-27. Proposed Values used for Daily Intake Calculations, Sediment - Central Tendency Exposure. (3 Pages)c-f

ft
0~
ft

-4

a
'C

Receptor
Population

Casual User

Child

Exposure Route

Incidental ingestion
and dermal contact

Incidental ingestion
and dermal contact

Incidental ingestion
atnd dernial contact

Avid Angler

Youth

Parameter
Code

A F

SA,,d

EIF

El)

B W

AT,

A T11

I Rw

A F,,,

ED

BAW

A T,

AT,

I R,,,

AF F

F 

E D

ET.

BW

Al ,

AT

Parameter Definition

Ingestion rate of sediment

Sediment adherence factor

Skin surface area - child

Exposure frequency

Exposure duration

Exposure time outdoors

Body weight

Averaging time - cancer

Av eg tiMe - noncancer

Ingestion rte of sediment

Sediment adherence factor

Skini surface area

Exposure frequency

Exposure duration

Exposure time outdoors

Body weight

A ver aging time - cancer
Averaging time - noneancer

1igest ion rate of sedimen

Sediment adherence factor

Skin srtrface area - youth

Exposure frequency

Exposure duration

Expostire (time outdoors

Body weight

Averauing time - cancer

Averging time - noncancer

Value

100

0.2

2,800

47

6

6.1

16.6

70

6

50

0.1

5,700

47

9

6.1

70

70

9

100

0.2

4,015

47

7

6.7

37

70

6

Units

mg/day

mg em/
em

days/ yr

yeals

hours/day

kg

years

years

mg/day

days/yr

years

hours/day

kg

years

years

mg/day

mg/c or

C fI

days/yr

years

hours/day

kg

years

veal's

Reference

EPA 1997

EPA 2004

EPA 2004

PNNL 2002

EPA 1989
PNNL 2002

EPA 1997

EPA 1989
EPA I989

EPA 1997
E PA 2004

EPA 2004

PNNL 2002

EPA 1989

PNNL 2002

EPA 1989

EPA 1989

EPA 1989

EPA 1997

EPA 2004

EPA 2004

PNNL 2002

Proiessional judgment

PNNL 2002

EPA 1997
EPA 1989

EPA 1989

S

Casual User

Adu l

-4-

3

4

5

6

7

8

9

0
N.j

t

0

C
m

I-
K-)

oc

1

2

3

4

5

6

7

8

9

iI

I I



Table 4-27. Proposed Values used for Daily Intake Calculations, Sediment - Central Tendency Exposure. (3 Pages) o

T Receptor Parameter
Exposure Route , t Parameter Definition Value Units Reference -

Population Code

incidental ingestion Avid Angler lRt Ingestion rate of sediment 50 mgday EPA 1997
and dermil contact Adult AF Sediment adherence factor 0Y mgcmC EPA 2004 2

SA, Skin surface area 5,700 cm EPA 2004 3

EF Exposure frequency 47 days/yr PNNL 2002 4

ED Exposure duration 9 years EPA 1989 5

ET,,, Exposure time outdoors 6.7 hours/day PNNL 2002 6

BW Body weight 70 kg EPA 1989 7

AT, Averging time - cancer 70 years EPA 1989 8

AT,, Averaging time - noncatncer 9 years EPA 1989 9

Notes:

1. The sediment ingesTion rate fori the casual user child rccptor is the average soil ingestion rate for children less than 6 Iears E PA 1997)
S-diment imgetion rates tbo the casual user adilt and avid angler youth: adult scenarios is the EPA deufaut soil ingesuion rate for aidults (EPA 1997).

2. The sediment adherence fator (AF,,t lor the casual use chd and avd angler outh reflects thgeometric mean AF for 'hildren playing in wet soil" ( EPA 2004,
Exshibit ( -t
Ihe AF for'gardeners' was used for the adult casual user and avid anger

3- he sedi ent ,ki state area (SA, vahie for all receptors assumes exposed skin on the face. hands. forearms, lower legs, and feet (E PA 1997, Table 6-4). Values
are calkulated accoidin to age of reeepo

4. The exposure frequenc F Fi t describes how often the exposure occurs over a given perid of ime
FE valucs 10r the Rc teaional iser and Avid Angler scenarios is based on the arIage number of isits per ear as reported in PNL 20t2 Table 44

5 ED values for the eastial usr scenaios reflect a 9 year residential tenrme, which is the rccommended UTE i alue for residens (EPA I 989)
T he child casual user ) Lepr esents a chid N-6 years: the outh aid agler iD represents an older chid ages 7-14 years.

6. FlT out is the duration spent outdoors In conta t w ith sediment It is used is the -aleIlatio t o eternal radiation dose.
FIor the Recreational ser and A Aid Angler scenarios. FT reflects the total hours per tip (aterski ing and fishng from hoat respett ely) as cited in PNL 2002
(Table 4 6)

7. tIhe body weight for all adul receptors (70 kg) is that presented In EPA I '
The body weighs for the Casual UIser child scenario and aid agler oiuth scenaro are based on mean buds seight of male and female children for the various age
ranges (1-6 y ears for the casu l user and 7-14 years for the a id angler Pouth: EPA 199 Table 7-').

8. The averaging time (A T) for cancer effects I Ate for al rceptor i seI equal to a lifetime (ie. 70 years). as recommended by EPA 199.

9. The averaging time for non-1ancer effects W Alne) for all rceeptors is set equal to the exposure duration, its recommended by EPA 1989

0 0 S



Table 4-27. Proposed Values used for Daily Intake Calculations, Sediment - Central Tendency Exposure. (3 Pages)

Rccqptor P1arameterExposure Route , e. , t Parameter Detinition Value Units Referenceropulotion Code

References:
FPA, 1989, Risk Assessent Gitua i e /ur per/andt i/erni HI l ur"/i:ulrw n alttd/. iari h Inerit Fini/, )SW : R Diretivxe 9285.70IA, O(ice of S iId Waste and

Er mergenCy Rspnt se. U.S I i ine la PEoteci Ion At geny Washington, [.C
E P A, I 99 Ie. Honmai Hr'a/h Evalrauin Ma Sman. Sepplemet h Gaidchre. S'uiranard )e/eiri I /iosrrte FaeorsI IS WI E R Di rec iv e 925.6-03, Offce of C mergcncy and

ReMedi a Respine x, J E S nvxi ran mental Protectlol A 1ency, t ash ing(on, .CA
EPIA. i997 E&vws re V ito: ivI/ndhrnrk,. 'rutri 1: Gh'iwraf Fec tars. E PA 0)1P-9 5/tC2FVa, AffI ce of Research and D)exelopmnen; . E nx'ironmental Proectitn Aecy.

Waihintlon, D.C.
-PA. I99hb ' apeie'cirs Irrd/oec 1rinne // Ac: 'liit' Faera Ef C'PA/ o P-95 002FE. Table 15-1 7', )fiee of Research and Dexeiomen. LLS. IEnxironmcnial

Protection AgentC. Was I C.ton) C.

EPA, 2002, Chid-Specifc Ipsre Factors Handbaok EPA600 P-Sp, ,U.02B, 1. lEx ironmena] Protection AgenSC. Washington, D.'.
EPA, 2002b Snppfeeral Giance 1)r A,'ing I i: Scrh'cni g Letf/r Sifer/ d Sies, I SWE"R 9355.4-24, IS . E Invironmental Protection Agenc,

Washington, D.
FPA. 2004. E PA540I9005. RiSk A sesmt I i idanCe fI'r Spe rfund Vol um : 1Hnan 1ea llh F va luat ion Manual (Part E. Su ppleme t a C idance for DermaI

Risk Assessmcnti Final, A )SWE;R Direetixe 25, 7-02EP EA, Washingion D.C. (EPA 2F),)4P.
PNN I I9t, S/rehni'gttiismet and Requieiits fir a C'inireheisi'e Assesstir't. Colmbta Rixer Comprehensice impart Assessment Par: C 'RCA Screening

Assesimnc tC, RI-96- Io Rex. Hi nmC U 631. PacIfic Ntrthxxsl Natianal Iahtra:ony' RIchCand, Waiglon.
PNN'. 2)2. 2011 C 'umfia Ricrealinier - imicjif ns fr The ihni'd witerega'd Assessnwne. EN L-C34t, Parie Non hxwest NataOraM LabCIoratorY.

Richland, Washington.
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Table 4-28. Proposed Values used for Daily intake Calculations, Fish - Central Tendency Exposure. (2 Pages)

Exposure Route Receptor Parameter Parameter Detinition Value Units Reference
Population Code

Fish ingestion Avid Angler IR, Ingestion rate of fish 18,130 ng/day EPA 1997 1

Youth EF Exposure frequency 365 days/year EPA 1989 2

ED Exposure duration 7 years Professional judgment 3

13W Body weight 37 kg EPA 1997 4

AT, Averaging time - cancer 70 years EPA 1989

AT,, Averaging time - noncancer 7 years EPA 1989 6

Fish ingestion Avid AnglerIR Ingestion rate of tish 34,300i mg/day EPA 1997 I

Adult EF Exposure frequency 365 days/year EPA 1989 2

1) Exposure duration 9 years EPA I989 3

b[W Body weight 70 kg EPA 1989 4

AT, Averaging time - cancer 70 years EPA 1989 5

A Averaging time - noneancer 9 years EPA 1989 6

Notes:

I. For the Avid Angler scenarios, the daily fish ingestion rates reflect the 501 percentile value for consuner only intake of fish in the western United States (EPA 1997.
Table 13-27).
Fish ingestion rates bfr the Avid Angler scenario incorporate an I 1% preparation loss during cooking. as recommended by EPA (1997, Table 13-5).
Additionally, ihe Ii sh ingestion rate was adjusted for body weighi fOr each age range.

2. The exposure frequency (ElF) describes how often the exposure occurs over a given period of time- For all receptors, it was assumed that ingestion of fish would occur
each day of the yeanr

3. ED values for the casual user scenarios reflect a 9-year rsidlential tenure. wich ch is the recomnmeitded C71E value for residents (EPA I 989).
The child Casual User ED) rpresents a cli [d 0-6 years: the youth Avid Angler ED represents an older child ages 7-14 years.

4 The body weight for the youtlt Avid Atgler is based on the mean body weight of mule and female children, ages I to 6 years (EPA 1997, Table 7-31
For all adult receptors. a mean body weight of 70 kg is used (EPA 19891),

i The averaging time (AT) for cancer effects (A'I l, r all receptors is set equal to a lifetime i.e, 70 years). as recommended by EPA (1959).

6. The averaging time for noncanter effects (AT,, ) for all receptors is set equal to the exposure duration, as recommended by EPA (1989).

0

9

0

0 0
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Table 4-28. Proposed Values used for Daily Intake Calculations, Fish - Central Tendency Exposure. (2 Pages)

Receptor Plarameter. "Exposure Route Parameter Definition Value Unis Reference
Population Code "

Referecesci:

EPA, I 99, RisA Asssmnt Gimlnce j 1Sern/. himan HIcalih I i,luatiriO Aftmnal. liar -I, / erhn Final OSWE R Directivc 9285.701 A, Office of Solid Waste and
-merency Response, Li ox iEronmectal Pre Ci on Agency, Wash1ngion DL

E I A. c. I/wnao H/a/lb Eiaaton (ymnaL. Smpplemta/ Guidanoe. S'andrd I : 1ontt Exposre Fato? s. ICSW I I Di rect ive 9285-6-03 . 0cc oF E crgc ncy and
Remedial RCIponsc. .. 1nvi ronmcntal Protection Agency. Washington. I

E PA. 1 997, & pos lrlt Finam' rA ;oudloo, - I n/nne I: General 1-acn rs I EP '\614(/P-95 ti2 F a. 0 lice of R esearc h and ID)cvciopmnen . L -S, Environimna Protec Lion Ageney, .

Washington, D'C

IPA. I 997b. iposure Fm onor /nbook Giumne 1/: AivilY Iactors. EPA 610 P-95O/t2FEc Table 15-1 76 Office of Research and Icvelopmn, IS. Ei rontcntal

Protect) n Agency, Washington, 1 D'

r ,
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4.6.5.2.2 Methods for Estimating Exposure Point Concentrations. EPCs are concentrations
of COPCs in an environmental medium assumed to be representative of a human receptor's
exposure potential. EPCs will be calculated for the Study Area using the relevant data within the
CRC database, as previously discussed. This data set includes surface water, sediment, and biota
(ish tissue) data currently in the CRC database and will be updated following completion of the
proposed fall 2008 sampling event to include additional data points for those media as well as
data proposed for collection from soils on the islands.

The EPCs will be calculated after reviewing the data for the Study Area for spatial trends as well
as exposure potential. For example, physically different areas of the river such as sloughs. open
channels, recreational areas, and islands may be associated with different types or intensities of
exposure. As part of this analysis. data will be evaluated to determine whether discrete areas
exist where the concentrations are anomalous (eg. an area where the data are all nondetects or
an area of particularly elevated concentrations). If such areas exist, the data will be reviewed
relative to the exposure analysis to determine i 'an EPC for a particular exposure scenario should
be based on a subset of the data. Any spatial variability identified will be evaluated as it
correlates to exposure pathways. If such a situation exists, then receptor exposures may be
weighted according to location.

EPCs will be der]ved for both CT and RME scenarios, as appropriate.

For recreational areas whore MIS sanmpling is conducted, the MIS result will be used as the EPC
for both CTE R ME scenaios for these areas. Because lfive MIS samples w ill be collected in
these areas. the 95" L'CL of the mean concentraion among the five samples will be used as the
EPC for the relevant exposure unit.

For other areas of the river where MIS sampling is not conducted, separate CT and RME EPCs
will be calculated based on the analytical results from discrete samples collected from each area.

CT EPC's will be based on mean concentrations for each medium The RMF EPCs used in this
BI- R A will be reflective of conservative upper-hound con centrations, but not extreme values.
RME I'Cs w ill be calculated from the appropiate subset )f data based on the exposure
pathw ay. For surface w ater, fish, and sediment, the 95" UCL of the arithmetic mean will be
calculated for the data from each relevant exposure point unless the data analysis indicates
another approach is more appropriate (e%, weighting by area)

As recently discussed with EPA Region 10 representatives, it is assumed that sediment EPCs for
the Casual User (e.g., child beachgoer), Avid Angler, and subsistence Native American receptors
will be based on shallow sediment and or island soil data, whilL the post-dredging scenario
(Future Residenlt) may consider sediment data reflecting xariable sediment depths. Information
reeeivcd to date regardin areas likely to be dredged (e.g.. portions of Lake Wallula behind
McNary Dam) indicates that sediments located at depths up to 4.9 m (16 ft) below the high water
mark may need to be considered.
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In general, the process described in the following sections follows EPA guidance as provided in
the ProL'CL Version 4.0 (hcr ' Guide (EPA 20079. Several issues need to be considered for
determminin the most appropriate methods for estimating EPCs for CTE and R ME 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 iashingron i dministrative Code (\VAC) also prov ides methods for calculating EPCs.
The WAC methods can be found in the compliance monitoring sections of the code
(e.g.. WAC 173-340-740(7)); these methods use the lognormal distribution assumptions and
other statistical methodologies no longer advocated in EPA guidance. However, the WAC does
permit use of "other statistical methods approved by the department." The EPA ProUCL
approach is provided as an alternative statistical method.

This process is consistent with the approach used in the RCBRA in estimating EPCs and/or
representative concentrations (DOE/RL-2007-2 I or most current version, as available). The
decision logic for choosing an appropriate statistical method is largely based on the number of
detected samples and the statistical distribution of the available samples for the spatial scale of
interest (e.g., site versus operational area). The process is largely based on EPA guidance as
presented in ProUCL (EPA 2007f).

In Calculating Upper Cnfidence Limnits fr E.\posure Point Concennratiuns thca:(rdlms Wf asie
Sites (EPA 2002c). EPA recommends using the aierage concentration to represent "a reasonable
estmate of the concentration likely to be contacted over irme (EPA 1989a) and "because of the
uncertainty associated with estimating the true average concentration at a site" recommends that
the 954 U1CL on the mean be used for assessig a ICasonable maimum exposure. Tihere are
many parametric and nonparametric methodologies available for calculating UCLs.

The 95"% UCL calculations for the appropriate data sets for each medium of concern will be
generated using the E PA Technical Support Center for Monitoring and Site Characterizaton's
ProUCL program, V ersion 4.0 (EPA 2007a). This program computes an appropriate UCL of the
unknown population mean using a distinct probability distribution (e.g.. normial, lognormal,
gamma) and/or an appropriate nonparametri method (EPA 2007a). Since this program
calculates multiple parametric 'nonparametric UCL values, the program-recommended UCL will
be used as EPCG This approach is consistent \ith that described in the EPA Office of Emergency
and Remedial Response document Calculafiig Upper Confidence Limitsn for Expositre Point
Concentrations at iHaardons Waste Sites (,E PA 2002c). EPCs for each medrum will be
summarized in tabular format, and derivation of EPCs and/or EPC software output will be
clearly documented in the BH1IHRA report.
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In some instances where sample population variability is high, numerous censored results are
present, and/or sample size is small the 95% UCL may greatly exceed the maximum detected
concentration in a data set. If this condition occurs, the magnitude of exceedance will be
addressed in the uncertainty analysis; however, the 95% UCL concentrailoni will be used as the
EPC.

For small sample sizes, calculation of the 95% UCL is problematic because of the low number of
samples and corresponding statistical variability. In the event of samples sizes less than 10, the
Tri-Parties will consult and decide the appropriate action.

Treatment of environmental data and calculation of EPCs for each medium and river reach will
be clearly explained in the BHHRA text.

4.6.6 Dose Response Assessment

The dose re.'ponse assessment describes the relationship between the level of exposure and the
likelihood and or severity of an adverse effect. In other words, the dose response assessment
quantifies the toxicity of each COPC using information obtained from published literature
describing epidemiologic or toxicological studies. The products of the dose response assessment
are the toxicity values used to predict the likelihood of adverse health effects in identified
receptors at site-specific exposure levels.

In general, sources of toxcity information will be consistent with those used in the RCBRA
(DOE RL-2007-21 ). F-or ah of the COPCs, toxicity values for the relevant exposure periods
(i.e., subchronic, chronic and or lifetime) will be selected according to the following hierarchy.
and in accordance with OS\\ ER Directive 9285.7-53 (EPA 2003c).

Tier 1: EPA Inmegrared Risk In/brmalion Svswem (IRIS) On-Line Darabase (EPA 2008)

Tier 2: EPA Provisional Peer Reviewed Toxicity Values, as provided by the EPA Superfund
Technical Support Center

Tier 3: Other sources, including the Health E/ets Assessmen Swnmar Tbes F-1997
Update (EPA 1997b), California Environmental Protection Agency, Agency for Toxic Substance
Disease Registry, and other EPA regional and state hazardous waste site programs.

Radionuchde cancer slope factors will generally be obtamied from Health Lfets tA sses sment
Swnnwi Table (HEiST): Rudiwnuchides (EPA 2001 c) and Feder al Guidance Report No. 13
(EPA 1999). Dose conversion factors wvill be obtamied from RESRAD Version 6.4: these values
are ba.sed on International Conmmnssion on Radiolocical Protection 72.

All toxicity values wil be tabulated and presented as part of the dose-response assessment in the
BHHRA report. Sources of toxicological information will be documented in the relevant toxicity
tables. If no toxicity information is available on these chemicals and/or appropriate surrogates
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cannot be identified, impacts of these constituents in the risk assessment will be qualitatively
addressed as part of the uncertainty analysis.

4.6.7 Risk Characterization

Characterization of risk to human health is the estimation of the incidence and severity of the
adverse effects likely to occur in a human population due to chemical exposures. expressed as
risk estimates. Risk estimates are based on the comparison of the results of the exposure
assessment and the dose-response assessment and are indicative of the likelihood that adverse
effects will occur. The purpose of a risk characterization is to present numerical estimates of risk
(of both cancer and noncancer effects) in a context that can be used to make decisions about the
current and potential future use of the site.

Calculation of cumulative risk estimates for each receptor and the relevant exposure pathways
will be summarized in the EPA standard tabular format and compared to EPA risk limits. In this
section, risks under both CT and RME scenarios will be evaluated (only RME will be conducted
for the Native American scenario), primary risk drivers (both COPCs and specific
areas/locations) will be identified. and site-related risks (associated with site COPCs) will be
discussed relative to risks attributable to background sources. Evaluation of both the CT and
RME for a particular receptor permits a greater understanding of the potential range of exposures
and risks that may occur for a variable population, such as those being considered herein.

4,6.7.1 Noneancer Risk. Not all chemicals are carmciogenic, but exposure to them may affect
developmental, reproducti e. neurobehavioral, and other physiological functions. hese effects
are assumed to have a threshold (or "safC") dose, below which no effects are expected. The
potential for noncarcinogenic health effects is characterized by the HQ, which is the ratio of the
estimated av erage daily dose and a toxicity v alue considered to be the level above which adverse
health effects w ould not be observed (i.e.. reference dose, RfD):

HQ = ADD / RID

To account for exposures that a receptor may receive from multiple chemicals and exposure
routes, the cumulative noncancer risk estimate, known as the hazard index (HI), is calculated as
the sum of the chemical-specific HQs. As shown in the following two equations. the cumulative

HI for a receptor is calculated by summing the route-specific Il. Route-specific HIs are
calculated as the sum of all chemical-specific HQs:

Total HIHQeee = E Qclcmalc-c

Cumulative H1 r Hlr pct
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Route-specific His may also be broken down further by summing the cumulative risks for each
target organ or adverse effect. The cumulative HI for each receptor is then compared with the
EPA noncancer risk threshold of 1. If the HI is less than or equal to 1, then it is assumed that
chemical concentrations of COPCs do not pose a risk of harm to human health.

If the cumulative HI exceeds I for a receptor/scenario. then the it will be segregated by target
organ or health effect. HIs for COPCs with a common target organ will be summed, and the
cumulative HI for each target organ will be compared to the HI threshold of 1. If the H I is less
than or equal to I, then it is assumed that chemical concentrations of COPCs do not pose a risk
of harm to human health. If the HI exceeds 1, then it will be concluded that concentrations of
COPCs may present a significant risk of harm to human health: results will then be evaluated to
inform risk management decisions regarding the future need for remedial actions.

For this assessment, in addition to calculating cumulative risk (i.e. summed risks for both
background and site-related COPCs for each receptor scenario), noncancer hazards attributable
to background contaminants (identified in the hazard identification) are segregated from
noncancer hazards attributed to site-rclaed COPCs. Differentiating background risks from site-
related risks is consistent with EPA guidance (OSWER 92856-07P [EPA 2002e]) and may help
focus remedial efforts, if warranted.

Specifically the risk summary tables will include quantification of risks for two separate
components: a set of chemicals will be libeled as/include only those COPCs that are considered
to be Hanford Site relaed ("Site COPs"). vhile another set will include only those COPCs that
are attributed to background coniditions ("Backgrournd COPCs'). Total (summed) noncancer and
cancer risks will be prcsented for Hanford Site-related COPCs, background COPCs, and
cumulative (sum of both Hanford Site-related and background COPCs), Table 4-29 provides a
graphical (hypothetic al) example of this proposed format. This approach is consis ent with that
recommended in the EPA Risk Assessment Guidance, Part D (EPA 2001lb).

4.6.7.2 Cancer Risk. The potential for carinogenic health effects is characterized as the
incremental lfetime cancer risk (ILCR). The IL CR repr'sents the incremental probability of an
individual developing cancer over a hifetime as a result of exposure to a potential carcinogenic
COPC. and is calculated for carcinogenic chemicals as x ell as radioisotopes. For a gI en
chemical, the ILCR is the product of the quantified exposure and the measure of carcinoucaic
potency (ie., cancer slope factor [C'SF] or unit risk [UR]):

ILCR = ADD x CSF

The ILCR, which represents the probability of developig cancer above and beyond the
"background incidence" of cancer in the genieral populaton. is presented in scientific notation.
For 'xa ple, ILCR of a speciic chemical might be expressed as I x 10-6 or one in one million.
w hich means that the probability of an indi idu I dev eloping cancer due to lifetime exposure to
that potentially carcinogemc COPC is one in one million.
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Table 4-29. Example of Noncancer Hazard Summary Table for Exposure Scenario.

Chemical of Potential
Concern

Site COPCS

Incidental
Ingestion of
Sediment

Hazard Quotient

Dermal Contact
with Sediment

Fish Tissue
I ngestion

Chemical A

Chemical 13

Chemical C

Chemical 1)

Background COPCs

Chemical E

Chemical F

0.1

0.1

0.2

0.2

0.2
b 4 I-

0 1

0. I

0. I

0.2

0.2

0. 2

0.3

0.3

0.3

0.3

0.6

0.6

0.6

0.6

0.6

0.6

Che0ical 2 0 0.3 0,6

Cumulative H I-site + 0.7 14 2.1 4.2
backgrozimd

Cumulative Hi - site 0.4 0,8 1.2 2.4

Cumulative HI - background 03 0.6 09 1.8

C01'C = cLntaminant ot potent al concern
II = hazad index

To account for exposures that a receptor may receive from multiple chemicals and radioisotopes,
the ILCRs for all COPCs are summed to calculate a route-spectic I LCR. The cumulative ILCR
is then calculated by summing all of the route-speci ic ]LCRs for each type of exposure, as
demonstrated by the llo wing equations:

TotaI I L CIt eet

Cumnu lative ILCR
XL LCRc so(-Npeeie

1111LCPRaue ieellc

The cumulative ILCR is compared to EPA's cumulative receptor cancer risk limits, which range
from one-in-one million ( I x 10-) to one in ten thousand (H x 104). An ILCR of I x 10 for
individual COPCs and a cumulative risk limit of I x 10' , which is the midpoint of EPA's tartget
risk range, has been promulgated by the State of Washington (WAC 1173-340-705[4]).
Cumulative cancer risks within or exceeding the upper end of the target ILCR range may require
a risk management decision to determine if further remedial action is warranted. Similar to the
process described above for noncarcinogenic chemicals, cumulative cancer risks will be
segregated with respect to background and site COP('s in order to determine the relative
contribution of risk resulting from non-Hanford Site sources of contamination.
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4.6.7.3 Radioisotope Dose. Cancer risks will be calculated for radioisotope COPCs as
discussed in the previous section. In addition, radiation doses will be calculated for each
receptor/exposure scenario. Radiation doses for each exposure route and radionuclide COPC
will be summed to calculate the total annual dose to an individual. This radiation dose will then
be compared to a threshold dose limit of 15 mrem yr. which is the maximum dos( limit specified
by EPA (1997b) and by DOE Order 5400-5.

4.6.7.4 Additional Benchmark Comparisons for Human Health and Ecological Scenarios.
As part of the CERCLA-based risk assessment, potable ingestion of surface water and upland
residential exposures to (dredged) sediments will be evaluated through a comparison of sediment
and surface water EPCs to medium-specific risk-based benchmarks and/or applicable or relevant
and appropriate requirements.

It is assumed that (untreated and unfiltered) surface water will be used as a potable watcr source.
The EPCs for surface water along each sub-area (100 Area, 300 Area, and Lake N allula) will be
compared to the following surface water benchmarks:

* Region 6 Human Health Medium Specific Screening Levels for residential water (or
Region 9 tap water values, if Region 6 levels are not available)

* Federal Drinking Water Standards (i.e., MCLs) and Health Advisories

* Ecology Method B Surface Water Standards (WAC 173-34( -730) and Method B
Gioundwater Standards (WAC 173-340-720).

There is potential that sediment could be dredged in two of the study sub-areas. Potentially
dredged sediment is defined as sediment taken up to 4.9 n (16 ft) below the low w ater mark in
the navigation channel. EPCs will be compared to EPA Soil Screening Lev els
(Section 4.6.32.3), Region 6/9 residential soil RBCs, and or to Ecology unrestricted land use soil
cleanup standards for direct contact and protection of groundwater (WAC 173-340-740 and
WAC 173-340-747). These screening levels are shown in Tablcs 4-19 and 4-20.

Protection of terrestrial ecological receptors will also be evaliated. EPCs for potentially dredged
sediment will be compared to Ecology Ecological Indicator Soil Concentrations for Protection of
Terrestrial Plants and Animals (WAC 173-340-900, Table 749-3). Those EPCs will also be
comp red to EPA and other benc hmarks as identified in Table 4-8.

An EPC exceedance of a benchmark xvill be further assessed to determine if there is
significant risk.

4.6.8 Uncertainty Analysis

As part of this BH HRA, information will also be presented on the uncertainty associated with the
various components of the risks including data gaps in toxicolopurical or exp e
assessment information and the conservative assumptions or scientific judgments used to bridge
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these data gaps. A discussion of the uncertainty and conservatism associated with this BHHRA
will be provided to facilitate an understanding of the strengths and limitations of the BillIRA
conducted for the site. Although this B31IIRA uncertainties analysis will be primarily
qualitative, attempts will be made to indicate the direction and, where possible, magnitude of
bias that the uncertainties introduce into the risk characterization through a summary table,

4.6.9 Conclusions

The results of the BHHRA will be coupled with information about uncertainties to:

1. Identify potential risks posed by Hanford Site-related COPs

2. If unacceptable risk is identified, provide recommendations for future response actions (i.e.,
targeted remediation or supplemental characterization) to be conducted at the Hanford Site.

Specifically, an identiftication of chemical, radiological, and/or area/location "drivers" of risk
will be performed and results will be integrated into the RI/FS process to assist in focusing
remedial activities. Risk-based cleanup goals and applicable or relevant and appropriate
requirements may be considered within the FS in evaluating the feasibility and effectiveness of
potential response actions.
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5.0 REMEDIAL INVESTIGATION TASKS

This section summarizes the RI tasks completed during the planning stages of the project or
planned during the remainder of the R1, including the field investigation and risk assessments.
Flura 5-I illustrates the RI tasks. This section has been organized in accordance with the
Guidancef r Conucting Remedial nvestigalions and Feasduliy Smudwes CUder CERCLA
(EPA 1988a).

Figure 5-1. Remedial Investigation Tasks.

Site
Characterization

Task 3 - Field Investigation Tas

Task 4 -Sample Analysis! Tas
Validation

Task 5 - Data Evaluation

Task 6 - Risk Assessment

Task 8 - RI Report

Treatability
Investigations

k 7 - Treatability Studies

k 8 - RI Reports

Adapted from EPA.540/G-89/004 (EPA I988a).

5.1 TASK 1 - PROJECT PLANNING

The following actix ities have been completed d(uring the project planning phase of the RI and are
described in detail below:

* Project meetings
* Compilation of existing data
* Identification of preliminary remedial action objectives
* Identification of additional data needs
* Development of sample design
* Development of an RI work plan that documents development process.

Scoping/
Community Relations

Task 1 - Project Planning

Task 2 - Community Relations
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5.1.1 Project Meetings

Several Tri-Party and stakeholder meetings have been conducted and subsequent agreements
have been reached to identify project goals and develop the scope of the RE These include the
follo ving meetings and/or presentations:

" Ten workshops held regarding Hanford Site hazardous substance releases to the Columbia
River for the RCBRA Project, December 2004 through September 2005

* Decision to proceed with Data Gap Analysis agreed to by the Tri-Parties, February 2007

* Data Gap Analysis workshop with regulatory agencies and Natural Resource Trustee Council
members to discuss the results of the Data Gap Analysis held oi June 5 and 6. 2007

* Approval from the DOE, Richland Operations Office to proceed with DQO/SAP and work
plan to address data gap sampling received on October 15, 2007

* DQO workshop to discuss scoping of the RI held on February 5 and 6. 2008

" Tri-Party meeting to agree ot scope and schedule of the RI held on March 8, 2008

* DQO workshop to present updated scope and schedule of the RI held on April 17, 2008

* Tri-Party meeting held August I l through 14, 2008, to resolve issues relating to scope and
schedule of the RL

5.1.2 Compilation of Existing Data

The consolidation of many independent studies conducted on the Columbia River began in 2004
aIth L series of workshops and subsequent documents. The following data compilation reports

have been developed:

* Existing Source Informuan .S'ummarv Report Comilarion/ Eva/nw/on E/jbrt:
December 2004 tN September 2003 (WCH-64) sued in January 2006

* Columbia River Component Data Evaluation Swznmarv Report (WCH-9 1) issued in
July 2006

* Columbia River Component Data Gap Analvsis (WCH-201 ) issued in October 2007

* DOO Swnmarv Report for the Remedial Investigation o/ Hanford Site Releases to the
Columbia River, Rev. 0 (WCH-265) issued in June 2008.

The purpose of these reports was to identify potential data gaps in the spatial, temporal, and
chemical composition of the existing data set and to determine if there are sufficient data to
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characterize the effects of Hanford Site operations on the Columbia River. These identified data
gaps (Section 4.1.1.2) coupled with data needed for the BHHRA and BERA (Section 4.1.2) were
used to develop the sample design presented in Section 2.0 of the SAP (Appendix A).

5.1.3 Identification of Preliminary Remedial Action Objectives

Remedial action objectives (RAOs) will be identified in the FS that will be completed
subsequent to the RI. However, RAOs are often modeled after either human health and/or
ecological benchmarks. and therefore preliminary RAOs will be equivalent to the benchmarks at
this early stage in the RIFS process. Ecological and human health benchmarks are identified in
Tables 4-18. 4-19, 4-20. and 4-21. Sources for ecological benchmarks are referenced in
Section 4.5.3 of this RI work plan. and sources for human health benchmarks are referenced in
Section 4.6.4.

5.1.4 Identification of Additional Data Needs

Based on the results of the DQO process and a review of the operational history, existing data
set. and a detailed understanding of migration pathways and exposure points in the CSM.
additional data needs for each sub-area were identified. The data needs, summarized by sample
type for each of the five sub-areas are provided in Section 4.2 of this RI work plan.

5.1.5 Development of Sample Design

The DQO Summary Report (WCH-265) identified the data needed to characterize the nature and
extent of Hanford Site hazardous substance releases to the Columbia River. The goal of the
proposed investigation is to collect sufticient data to characterize current conditions within the
Study Area (Vernita Bridge to McNary Dam) and to support human health and ecological risk
assessments. The sample design approach is based on the data quality requirements presented in
the DQO Summary Report (WC'l1-265) and the data needs identified in Section 4.2 of this RI
work plan. Section 2.3 of the SAP (Appendix A) provides a detailed description of the proposed
sample design.

5.1.6 Development of RI Work Plan

The purpose of this work plan is to document the scoping process and establish the approach for
conducting a CERCL.A-compliant RI 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

* Determine the need to perform remedial action.

Reined/a! hwea gan I ark P/anf / 1/anirnd Sue Relcasct In the Codumia River
September 2008 5--3



DOE/RL-2008-11

Remedial Investigation Tasks Rev. 0

The scope of this work plan focuses on the impacts of Hanford Site hazardous substance releases
to the Columbia River and its users In order to evaluate the impacts from Hanford Site
hazardous substance releases, it wil also be important to understand the contributions of
non-Hanford Site influences to the Columbia River upstream. w ithIn, and dow nstream of the
Hanford Site. The risk assessment activitics performed as part of this work plan will become a
component of the RCBRA.

5.2 TASK 2 - COMMUNITY RELATIONS

As outlined in the Tri-Party Agreement, the Parties will comply with CERCLA requirements of
40 CFR 300.430(c)(ii)(A) to 'ensure the public appropriate opportunities in a wide variety of
site-related discussions, including site analysis and characterization and selection of remedy."
The following activities have been completed to meet CERCLA requirements.

" Conducting Interviews: DOE has conducted interviews with local officials, community
residents, public interest groups. and the Tribes to solicit their concerns and information
needs. and to learn how and when citizens would like to be involved in the CERCLA
process. In addition to the meetings and workshops identified in Section 5.1.1, DOE
conducted local interviews with the following:

- Hanford Advisory Board
- Nez Perce Tribe
- Confederated 'nTbes of the Umatilla Indian Reservation
- Yakama Nation
- Wanipum
- Hanford Natural Resource Trustees.

The parties recognize that several Northwest Indian tribes have treaty-reserved rights to
resources outside their reservation boundaries. In some instances, these resources are either
located on the Hanford Site or could be affected by activities ot the Hanford Site.
I reaty-reserved rghts give these tribes a governmental interest in waste management and
environmental restoration activities at the Hanford Site. These are further descibed in the
Ti-Party Agreement.

" Preparing a Formal Community Relations Plan: DOE has developed and implemented
the Community Relations Plan (CRP) in a manner consistent with CERCLA that responds to

the need for an interactive relationship with all mterested community elements, both on and

off the Hanford Site. regarding activities and elements of work undertaken by DOE under the

Tri-Party Agreement.

DOE agreed to develop and implement the CRP in a manner consistent with CERCLA

Sec. 11 7; the "National Oil and Hazardous Substances Contingency Plan": EPA guidelines set

forth in EPA;s Community Relations Handbook, and any modifications thereto; and the
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public participation requirements of RCRA and Chapter 70.105 of the Revised Code Of
Wtash igiwn.

The current C R J 1Hn/-d Site Ti-Plet Igreement Public hIt ement CmunuilY
Retiion~s Pun, is available on DOE's Hanford Sire web site at the followine link:
litp: wwxu han lord. coy han tord flies pra pd f crppaf

Establishing Local Information Repository: Four public repositories have been
established for the Hanford Site:

- University of Washington
Suzzailo Library
University of Washington Box 352900
Seattle. Washington 98195-2900
(206) 543-4664

- DOE Public Read ing Room
Washington State University, Tri-Cities
Consolidated information Center, Room 101-L
2770 University Drive
Richland. Washington 99352
(509) 372-7443

- Portland State University
Giovernment Information
Branford Price Millar Library
1875 SW Park Avenue
Portland, Oregon 97207-1151
(503) 725-4709

- Gonzaga University
Foley Center
E. 502 Boone
Spokane, Washinton 99258-0001
(509) 323-3834, extension 3844

In addition, there are a number of web sites that provide a variety of information that can be
accessed from the DOE Hanford Site web site: hhp/ww.hanlordov/

* Technical Assistance Grants: The EPA has fuidine available for technical assistance
2rants (TAGs) found in Section 117 (e) of CERCLA. The EPA will be responsible fr
administering any federal TAG that is applied for in conjunction with the Hanford Site. The
TAG is a mechanism by which the EPA provides reimbursement to the public for a level of
effort spent on CERCLA document review. In this way, the public can be directly involved
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in the review process of various CERCLA documents in more depth than otherwise might be

possible. Information on TAGs can be obtained by contacting the following:

Technical Assistance Grant Coordinator

U.S. Environmental Protection Agency
1200 Sixth Avenue, ECO-081
Seattle, Washington 98101

* Community Relations Program: The Tri-Parties have an extensive community relations

program as outlined in the CRP.

* Conduct Technical Discussions: As listed previously in Section 5.1. 1, the Tri-Parties have

conducted a number of workshops to provide a forum for technical discussions regarding the

scoping and implementation of the RL

5.3 TASK 3 - FIELD INVESTIGATION

5.3.1 Procure Subcontractor

WCH has pre-qualitied subcontractors for planning and implementation of the proposed scope

outlined in the SAP (Appendix A). Interested and qualified firms have submitted a questionnaire

that has been used by W C to assess subcontractors' qualiications and experience in order to

establish a list of firms thlat were inited to submit a proposal for the work. For \\ CH to obtain

quality services in the v ariety and breadth of services co\ ered by the planned subcontract it is

expected that the proposed subcontract will he awarded to a sigle lead firm under the oversight

of \\I and that the lead firm w ill be supported by one or more subcontractors that will be

directed and managed by the lead firm. It is anlicipated that a contract will be aw arded by

mid-September 2008.

5.3.2 Mobilization

Mobilization of all necessary personnel and equipment will be scheduled in advance for each

discrete field activity to ensure that all necessary resources are available to complete the

activities in a timely manner while meeting all quality control and quality assurance

requirements. The overall project schedule is provided in Section 7.0 of this work plan.

5.3.3 Field Investigation Subtasks

Based on the current proposed scope of the SAP (Appendix A) the following work sequence has

been developed.

Rtemedl nvcsugafi Work Plan fir Hanford Sile Relcuses to the Couhmbia River
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Step 1: Reconnaissance Survey - Three reconnaissance surveys will be conducted prior to
completing the sample design. These include the following:

* Groundwater plume upwelling survey (Section 4.3.1)
" Fine-grained sediment survey (Section 43.2)
* Habitat survey (Section 4.53.11).

A more detailed description of these survey s is presented in Section 2.2 of the SAP. Once these
surveys are completed and the information is reviewed and evaluated, final sample numbers and
locations will be produced in "D-Size" drawings and updated tables. These w ill be provided to
the Tri-Parties for review prior to sample collection.

Step 2: Collect Fish Samples - Based on fish migratory patterns and seasonal development
(lipid oil content), fish sampling will be scheduled for the fall and early winter, However,
sturgeon sampling will be conducted in the springsummer of 2009. It is anticipated that
sturgeon will be more active as water temperatures increase.

Step 3: Collect Sediment and Surface Water Samples - To take advantagte of favorable
weather conditions and seasonally low river water levels, the majority of the sediment and
surface water samples will be collected in the faill A second round of sediment and surface
water samples will be collected in the spring from the irrigation returns to monitor seasonal
variability in these returns.

5.3.4 Health and Safety

Refer to Section 6.0 ("Health and Safety") for additional information.

5.3.5 Waste Management

Waste generated by sampling activities will be managed in accordance with a waste management
plan that x\il be prepared before field work is initiated. Unused samples and associated
laboratory waste for analysis will be dispositioned in accordance with the laboratory contract and
agreements. In accordance with 40 CUR 300, "National Oil and Hazardous Substances Pollution
Contingency Plan,""Procedures for Planning and implementing Off-Site Response Actions,"
Risk Assessment Project Manager approval is required before unused samples or wastes are
returned Irom ot'fsi te laboratories.

5.4 TASK 4 - SAMPLE ANALYSIS/VALIDATION

As samples are collected they will be submitted to the laboratory for analysis as described in
Tables 2-2 through 2-6 in the SAP (Appendix A). Sample analysis and valdation is described in
Section 3.0 of the SAP.

Rcinedial hnvigtinn Work I'Ianf/r lan/rd \Sitc Rcleases to the C'lumbia Riv
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5.5 TASK 5 - DATA EVALUATION

Data interpretation and statistical analysis will be completed following sample analysis and
validation. This process will involve using graphical data displays and statistical tests to
determine data distributions and using distribution shift tests to compare group means and
medians, as described in Section 4.4. Comparisons between site and background concentrations
of COPCs will be conducted using the decision logic described in Section 4.4.3 and in
Figure 4-6.

5.6 TASK 6 - RISK ASSESSMENT

Baseline human health and ecological risk assessment work plans were developed as part of
Task 6, and provide a summary of the scope and proposed methods to be used for the basedne
risk assessments. The BERA and BHHRA work plans are included in Sections 4.5 and 4.6 of
this work plan, respectively.

The proposed methodology of a BERA will be conducted on the surface water and sediment of
the Columbia River adjacent to and downriver of the Hanford Site. The goal of the BERA is to
evaluate whether river areas, media., or constituents pose a significant risk that may require
additional response actions or study. or do not pose a risk and so do not warrant further action.
In iccordance with EPA guidance (EPA 1997a), the HERA will follow an eight-step process that

begMs wih a preliminary screening of compounds and progresses incrementally to more detailed
smdies. Because the components of each step depend on the findigs of the preceding step, the

exac scope of the entire BERA cannot be determined in detail at this time.

The objective of the BHHRA is to conduct a conservative human health risk analysis to evaluate
whether ri er areas media/constituents pose a significant human health risk and thus may require
additional response actions or study, or to determine if no further action is warranted.

5.7 TASK 7 - TREATABILITY STUDIES

Treatability studies are not planned during this proposed scope of ork. If it is determined that a
remedy is required. the need for a treatabihity study(s) will be revisited

5.8 TASK 8 - RI REPORTS

An example of a typical RI report format has been developed in accordance with the Guidance

for Conducting Remedial Inmesiguations and Feasibility Studies Under CE RCL7A (EPA 1 988a)
and is presented in Figure 5-2. An RI report xvill be prepared following a similar format, the

outline of vhich will be approved by the Tri-Partis.

S
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6.0 HEALTH AND SAFETY

The health and safety plan (I IASP) identifies known or suspected hazards in the Study Area. For
work performed in support of the RI, all field operations will be performed in accordance with
health and safety requirements and other applicable contractor safety procedures. The sampling
procedures and associated activities will implement as low as reasonably achievable practices to
minimize the radiation exposure to the sampling team, consistent with the requirements defined
in 10 CFR 835, "Occupational Radiation Protection," as amended.

During the execution of the River Corridor Closure Contract, hazards are identified and hazard
controls are developed and applied via two fundamental mechanisms: job hazards analysis
(JHA) and a l-ASP. The JHA process is used during all work that is performed through the
application of a work package. The JH A process is described in PAS-2. fnegrated N Ork
Control Program PAS-2- 1. 1, "Integrated Work Control." The work package process is
controlled by the Integrated Work Control Program (LWCP) and is independent of where the
facility, location. or work activity is in the project life cycle. The IWCP is used to plan and
implement field work for WCH-managed facilities. The IWCP utilizes multi-disciplinary
teamwork and worker involvement to support the identification and analysis of work site
hazards, development of the work package. performance of work, and observational approach for
newly identifled hazards. Also covered are administrative work package closeout activities.
Work packages are developed and approved for release using a graded approach based on risk
and complexity of the work hazards and worker competence.

For all other activities outside of the IWCP process, a HASP is used to identify hazards and
hazards controls. The dev elopment and maintenance of the HASP is described in SH1-1, Sqalr,
and HeaTh. SH-1-6. 1, "ProjectFacility Safety Planning and Documentation." For work that
falls within the scope of 29 CT R 1910.120, "1lazardous Waste Operations and Emergency
Response," a site-speciic health and safety plan (SSIIASP) is dev eloped. The SSHIASP and
JI-IA include job-specific hazards analysis, hazards inventory, and the actions prescribed to
mininlize environmental and Safety, I Icalth and Qualty hazards The development of the
SSHASP and Ji-IA is based on 10 CFR 851, "Worker Safety and Health," Environmental Safety,
Health and Quality Assessment procedures and programs, lessons learned, and past work
experience. Based on the conclusions of the detail design. certai classes of work require the
dev\elopment of emergency response i mplenmentation istructions. These documents are revised
as new hazards are recogm/ed.

6-1
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7.0 REMEDIAL INVESTIGATION SCHEDULE

Figure 7-I shows the anticipated protect schedule for the Initial activ ies In this RI work plan
(i.e., the field samphlng, sample analysis. data e aluation) that will lead to a scientific
management decision point- It is at this scientle management decision point that the Iri-Parties
will ident\ the scope and begin the associted planning process for any further imesation
activities that may be needed to contimue the remedial in estigalion process Updates to the
pro ect schedule ill he made as necessary to complete the work presently scope in RI. New
schedules that reflect any further iestigaton activities beyond the scientifie management
decision point will be included in the w ork plan documents that are prepared to identi f and
authorize that work

Updates to the schedule and general status of the work plan activities wIll be communicated to
the regulators stakeholders. and Tribes periodically during the performance ot work. Unit
managers meetngs. alliford Natural Resource Trustee (ouncil meetngsH Hanford Advisory
Board meticnus. consultation with Tribal nations. and periodic workshops will be utilized to
commun i cate work progress and schedule updates.

7-1
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2.4-mi-oole 21142 2 noglL (2 .200. 4 mog/k Ecology 2001 plarn

2. -Dinitrotolueno 006-20-2 0.22 mg/L OLt 0._____ ________4 mo/kto EoolOgy 2001 piarO

& C6-1ocoshthalni 91-580 00232 mg/C DQ 200 _________ mglg Ecolog3' 2091l plar-.

2.D e1orophen1 120-03-2325 mg/L ODEQ. 200:______ _________ 20 mg/kg Ecology 2001l plant

-- -EmoffhylphcroI 10-67- 0042 mg/L 09DEQ.200. 959 DE 2001 4 mg/kg Ecolagy 2001i plan

2. 4-Dimtrnpheo 51-20-5 ______20 mo/kg Ecology 2901 plant

Z-/2lorooheniol 95-57- 2 mog/L /L'hQ.200U ______ _________ mg/kg hooloy2001 plart
2-lithiylphenol (cr-st. - 95-49-7 9012 mg/L /TDEF. 200 ___________ (9 toglo 09/E 2001 20 mg/kg Eoong 2001 plard

2 N tropbeno1 09-75-5 9 15 mg/L 79/EQ 2001 7 mg/kg Ecology 2001i soil b6-ma

4-rro~enor1 100-02-7 9 15 mg/L 09/EQ. zoo 7 mg~ Ecology 2001 ooil 6-ota
Acohtooo 92- 9 52 mog/L 09/EQ. 2001 __________ 16 79kg Mictdsen 2002 20 mg/kg Ecolog 2001 plant

Acephthylone 206-9_____ _________ 04 A Miclioloon 20923 2 3 mg/t Hill AFE 2095 00116bota
Anthiacee 120-12- 992 mg/L 7/9EQ 200122tgk MiC6AOsen2072 12 mg/lo HillAFE 20(5 plart

f-noaaltaoetr 59-55-3 099027 mg/L 09/EQ2001 ___________ 4 29 tgko Micllon 2092 10 mg/kg LANL:2005 plant
Eoo(aipyrco 50-22- 0 0000914 m/C O/EQ 20 0 9 1 Wo t etm01 a! 20 02 53 t0/g Michlen 20O 12 togkg Ecola2 2001 widd

Beob)ouooanthmno 205-99 -2 _________________1 a ~ 09DEQ 2001 10a tog/I LANL 200S plat
BEno (gh±:)vnye 191-24 -2 __________ 4(C2 tog/k Mmclo sen 2003 1 2 mg/kg Hill AVE 2095 plar.t

-n. kloroath-n-e 207-0-9 _927 k DEQ 200 12 mg/g Hill AFB 20(5 plart

SEonzot and 65-15-0 0942 OgL 9E O0 5 221 Mi::o n 2002

Enzvl acohol 100-51-6 9 0006 L S d Lao 96 2 5(11 tRNL 19P,_-f
Eny -- 42014 6L EQ 209 1 g OL 1997 0 mg/kg ECology 200 lra

Hi s2-yihvl2hihat 1 00 7EQ 200 -1L.7252 k Mhson 20[0 70 m g Ecology 200
tv0Ob0ns20lphtha1e 05-6- 0 00 mgL -E 226 k Mchlson202 mcok HillAF-2095 lan

C mrkne 21-01-9 'I'D!2504 03MchDln 200 12 mg Hll AF 2005 plan
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Selected Surface
SelectedSurfac Sulac SurfaceWate Wate SurfaceWater Se-1edtie Sel

AnClde Water Aquatic Water Aquatic Life sAiphibianlAmphibian B h k NoUts Benhmdark So Benchmr Source nSil Recttur

Life Bchmar Units Bmechark Source Bnchmark, Source Benchmark

I mgL

DP:[ h'etthraerte - 3--3 _____:__ 9.9bei~ en2L 2 Hill A plan:

Ptbrzofi-an 132-64-9 09L37 rg'L ODEQ, 2 _ :th ,nil> 1 9 .lL ~- olan
CthlitMala e .662 2nL DEQ 29 96 m g -F-IL 1T97 -9 mg:g E o 1 0lant

Tmmehvl hti-alate 131-11.3 092 rrgL O/EQ1 29: 3Ul M en 2mk Emlagy 209 e ota
Di-mb'v4htha-7e 94-4-2 0 935 OOO 20I ./ M:rl er. 2092 :a20 m/ Em:agx 290 lant

Din-711 h7-a4-e 9 4- Cmg 0hren200 .09 mk Ecolay 209 elant
Plu6rantl-ene 20[14- 9 0616 rrgL DEQ4 200: mg:g M.:,en 2002 47 -ra/k Hll AEI 299 al biota
Hlusrene 86-73- 99929 OOQ 209: na :d39 sn 2993 30 mok Erolagy 2991 sbioa
Heptadecane 629-7-7

Hih68-butadtr 97-69-3 0 0093 nmg/L ODEII 2001 101 k DEQ1 299 1 10 inp:l Eolv209_plant
Headsro etadiee 7-47-4- 0 02 ows

t L Of/EQ 299i: 19 | mg/kg E-aiy .9f plant
H jtroethan 67-72-1 0541111 O0CE, 299: g/kg CR-IL 1997 IC m/-g Entgy 2091
lndma(r.2. 3-cd~pvs-ene 92-953__ __________ _ 4 12 Mikg rchten 299 ______ ______

r5--E995-3 I 5 ig/L /EQ 299: 99126 e1ternan 2992 C 921k Th0iE' 2001 40 mT/kg & av 2. s- bsta

-N truso-di-D-dtproayla ine i2-64- 9 117 TgL ODEQ1 200: 028 mg/Ag ODEC 2091 20 me p E l:gy .99. s:i bissa
N-Nirmsodi hmglaine 96-3906 9921 m-g/L CfEQ299 ___________ 20 mg/kg Erlgy 2091 sail bista
Pentabloabinena 609-; 09947 in/L SutI- and sas I9 _:lZ 1 mg E,.ILg- 299 : sad bista
Ptlrpsttis 97-96-5 9 015 mg/L O/EQ 299: 9' 021 Westenman e al 2092 1913 mg/kg Of/EQ 2091 213 mgkg E: i 2091 bird

P99arne8-01-9 099063 rrgiL Of/EQ 209: 61 mg/kg lmeheisrc 2993 2 1 mot/kg Hil: A. 2095 mol bista
10-95-2 911 igI O/EQ 299: 90 eoteran in a] 29'92 9949 rg/kg Ersbgy :997 39 mg/kg Eralag 2991 snl bista

F1n 29-91' -0 _______ _______________ _______979 mg/jkg iElchd sg 2092 12] mg/kg Hill At 29-.i invirthbrte
14 E-AL-

Anumuin 7429-995 01193l nL USEs99ly 99 Wetim et a]U 292 499ind m inesafI 9 59 mg/kg Esnlage 299 pa
AnisTDrt 7440- 26-C' 993 ma/L utet and Tsa- Weo a-n et a] 2903 1 m p4-g lsh i 299 C' 27 n:g E PA SEL r:

Arsenat 7441-38-2 915 g/L USEIPA 2095 091 Westeromet et a] 2992 01 4 micheisri 2993 19 mg E91pan
banuam 7442-39-3 09004 r:L 0"-r 3nd Tnsa 199% C 7p Westert ai 2 2193 49 mg/kg 'EQ 209 1 192 mg/kgrEs:2991 wld..-

BtryLatim 7441-41-7 099906 ::a/L Sube and Tsar 199% C 911 Wistma- et a] 2992 94 mg/kg Mirheisen 2902 19 nw/k Erlg 299 pa:

Barto 7442-42- 999016 on OD/E'I 2091 9 242 Weterima-. et a 29023________ 9 9 5i~9 . plant
Cadmom 7443-42-9 9 0925 !- USEPA 2906 092 Westma. in a 2002 2 29 mg/kg Muthesen 29923 0 39 mgk EP m5 amna

Calnut 74423-70-2 116 mg/L Siosir and Tsat o _____________9___ ______

Chromium 7444- 0074 rw/L UOEPA 205 O 096 Wmtenna.. i a] -0 95 :icheiins 922 EA1 bitd
Cob at 744-4 092 mg!L Sut ard Tsat 1996 0 017 Wn.s~c a] 20112 59 : .kg Pgriaud rta 921 P SOL plant

C-5ppe5 7442-59-9 99009 rrJL UEPA 2095 9 993 Wostsan. a] 09 61 9 mgg ihetn 2922 gk SL burd
Hinia-alenl Chroim19549-29-9 01 0 r Ecolog2906 9 I33 Lnde and CG1~r. 99_____9 mak EPA -S mamma

raln 7423 409-6 1 Ie/ SEPA 2005 92 3 -ttinas i a] 2902 299999 in/k lirsl.96______
9-rad 7439-92-I 9002 rr/ YEcogry 299 0 9999 Wsr n.~ - a2 2902 225 mgk ri~len29 mgk EA 9. bird

7E439T93-2 99,4 n'g/L ODEQ 20: 9079 W mansne- ia 29 35 mg/kg Ecolg 2991
Mamessum 7431-5rr0 ig Outer and Dia 1996 12.9 Ws:ntisan ea] 2993" .____ _____

M anganese 7433965 9 12 isgL Suits aa Tis 1996 990142 Eu-p a] 2039 10 mgkg Ecrlsgy 99 229 mg./:g E PA E pant
Mess-ut' 7439-97-6 C 099012 rs-g/L Ecology 2906 999 Wrciin-tsas - a! 2992 3 makg Mdihelsen 299 3 91mg/k Ecology 200 soil bt a
Molvbdinuim 743-9-7 0237 -ng

1
L C/DEQ. 20: 0 Wssc-n ar. i a 2992 _____ _______ 2mg/k Es-slog' 2091an

Nickel 7442-92-9 9952 is-/L LISEPA 2991 9992 3
/s-enan-ta 2992 N ldchtltn 2003 29 mg/kgr Eology 291 plant

Nasnm 7442 -09-7 53 img/L Suter and Ts 1596 _____ __________________

Salesnu 7702 -49-2 0 95 eON/L Ect -2996 C' F Wet1tra- en a 29 1CEQ 2991 9 2 kg E.:logs- 2 wl

S tir 7441-22- 9999236 mgIL Sume ad :ao 1996 C' 901 Wgiinmar~ine a 299 C55 nk Micholsen 2992 2 mgkg Ecology 2091l~n
Sodium 7442-23-5 609 n-gL Outer and Tis 1991 ________ _________

utoontum 7442-24-5 15 / Sume and Toag 1996 9 197 Westermna in a] 2092_______________________ _________ ______

Thaum 7442 -2-7 ' 9 ms-gIL 3utr- and TIai 1996 9 Vms tntjI in a] 299 _- mg/kg tcolty 701 plant

Yin ~~7443-31I-5 99072 isg/L Sume and Tsau 1596 9 005 Weslermar ins a] 2902 ______ 51' mg/kg Ecology 291 plant
Urani0m 7443-61-1 0926 Sut and T7a, 96 m_ _g Etloy 2091 plant
Vadirm 744>62-2 592 ssg!L Sute and Tint 1999 1025 Wetterm-a eta 25192 57 mg//sp OPEC' 200 1 2 mg/kg Eology 990 plant

______________________ 742666 0in 105 nt Ecology 2906 095 Wenistr-r i a] 2993 693 mpk Micheltet 2993 06 mg/kg Es-dogs 709
C'sanidg 57-12-5 99952 t0L LANL 2995 m1

A13 3UCLID-ES
Amn7u30-2421 14596-10-2 439 pL ANL 2906 50 _tg A0l 2996 3099 pC Al-L 2 0 na inverttrle
Aznmony s125 1424-35-6 400099 p7/- Al-L 2206 _________79 oQilg ALL 2996 3529 pi/ Al-L 200 'sa n vurts
Banrun-I 49 17t09-084 5-2 1 lt.291 ___C____ 3 < 99:1.A2996 .- s32 AN].209m syo' tmt

-arbcn-14 1762-3 5 695 pCi. AlI 20 ______ 9999[ pa ig ALL 2996 4769 pCi/ ANL 2996 t sil tnsecTrate

.tcn-m141 13997-74-2 79990 oC Al-L33 _______ ___________ 12999 ~ O~c ALL 2996 7999oC/ AlI %209 so' anoerIteaomenut~l44 14762-7-9 999 pC/L At-L 2096 _299 1 A-1 20H16 144 p ANL 295m ind msettbrmm
,edum-127 19U1097-2 42 6 pC-D A-IL 2016 [.p-g ALL 2906 29 8p AL 2991 'a' mvertebrte

obaOt-5 119 9-499 376 9 6 pCi/L A -I 296 Z pCa Al-L 206 92 pC A L 209 0' 1rerte rte

ob~~~i a] 200-43 76 -At T6e / NC20 9 pAL 0 aete t
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Seected Surale
Selected Surface Suface SurfaceWater Water Surfa ice Water Seleeted

C /AayeSediment Sediment Benhmar SelAnalyte Water Aquatic Water Aquatic Life Amphibia Amphian Bmenhark Sedire..t SS Beurhmark w Sni Beidimark -eLrr So i Reciptoir
Cade I[felrbmad linits hchmark S lurrP Bnrhmark. Smorre l46rhmark

mgL

unu.A-2
4 4 129511 5-2 pO/L AWL 200 -p AL 2526 4055 AWL 20Dr. o muwebrl

Eiusosits-I5 2 14653-22-9 2 5550 pCOiL AWL :06 4 0i1 AWL 26 25TL n TL 2556 Lr InIrole
Europnm14 155515-I 25556 5C-)-L AWL 2006 2002 pcug ANL2526 1295 AWL 2050r oo::±veiebratr

Eop urr-IS 14391-16-3 264505 pCLt A3<L 2516 ________ 1655 ovg AWL 2526 15555 AWLC 256 om-;is bot
lsdnr-125 15U46044-I 40505 s iLo AWL ZUUS 256LU piu/g ANL 20-it 367 IL C. A .L 200 soiln&Iocbrotr
Iedst 131 10543-06-5 135051 OLiL AWL 2110 :45 o3l ANL 252- 05 pCAW 2511 soilminvotrte

Nepluowum-227 1395d-25-2 65 5 oCiL AWL 2556 762 oCo/g ANL 2026 3065 0 ACWL 200 soil inrorlebsote
53utoruso-2 13551-1-2 16 oCi6L AWL 2056 53~ ANL 2026 3275 p Ar 255im- web-dt

PLi00nium-239/240 PU1-235.245 087 sCiL AWL 2006 ____________ -6~ 2 AWL 2526 61 5 pC1 W 250 so:l inindeb
F'oaouns-

4 0 13566-50-2 256 vC'L AWL 2556 443,~ 0521 AWL 2526 119 sp-CAL 2506 s: mnebste

Radium, 226 13052.62 3 4 pC2iL AWL 2006 155 Pil AL 2526 50 6 oCt W 2056 :.O uwironte
Radsuni-M2 152 62-20-1 2 oCiL AWL 2556 50 90 AWL 2526 429 syC AW 25 si neoebrote

Slsontuo9C5 :00 0-57-2 350 ou.i AWL 200o ___________ 605 p C1 AWL 2036 22 5 OL AL 2r56 :s'. rnebrotc
Tedineoosn

4  
1213-37 73555 sCliL AWL 2556 ___________ 42255n ANL 2026 449 suC1 AW 255 soi isvmertebrasr

'io-22 14224-52-5 274 pCsi AWL 2006 ____________ 0 5- N6/ WL22 2po
17 

S A-L 206 i:O msvcsebrste

Thinnr225 15554-4-4 374 pCiL AWL 2006 ____________ 052 AWL 2026 759 pCi AlI 200 lO: :remidtboe

'onum-23- 1-269-63-7 2575' pCi AWL 2556 __________ 1505O p1
52  

AWL 2526 955 Cig A 2056 soi ov~esebsso
Tonumx-23- TH-232 350 piCtL AWL 2:056 ____________ 052 pCg AL-22 1510 pC ANL 20'06 soi o-ensle

Trios 150-1875 30505500 pQ/ AWL 2556 ____________ 74020 p52/ AL26174250 pCi~ AL 2006 soi :rverebse

________________________ 13960-f-O 200 p0s L AW L 253 _______ ____________ §20 0011 pCQi AWL 2026 4530 oC AWL 2006 soil o6Wtebsro5
Llsmsum-233234 U-2331234 5270 pZL AWL 2006 ___________ _______p~i _________________

LIorr-234 13966-29-5 200 pO/L AWL 2506 __________ 5552 p ilg AWL 2526 5135 ~ ANL 2006 sodl osertlbrao
Ii.ai-32 12-11-S9-I 200 pCuLI AWL 2050 4553 smug AWL 2020 2700 pC1 AWL 2006 soil IOertOIbra0C

Li msm-238 1-230 200 pOOL AWLE 2006 ___________ 2052 AWL 2526 1565 p~ AWL 2506 toil ssvtebrt
Cios-S 12529253 132 pTJ AWL 2005- 143L SCig AWL 2026 413 p~ Al-L 2000 toil LOVSrteb05

too usI~obo-55 ZRII-10-5 _______ __ _ 0330 1-76 AWL 2526 1;____________
Awntismm156 71u' 72-95L AW 20 ____________________7______ __________C______L____A 10 ___L__________ _____7____

PESTICI2ESJPDLYCHLrPJTED P1FHNY_

A1nn 309-001-2 0 0000317 mgL Etcu 2001_ 0 04 rIk ILDE I 200 01CKEcolo 20 wddl

Al-DIC 21 9 00522 E14 2001 HIMr06 sm/kg Ped et al 02 E colrgy 2051 wd
olnbs0h hrd2e L 120,71 S I 5105042 nL _ I mp/k, D3 25 Ecology211 st bis

beta-i. 2. 3. -1 HnaA'cobo-s 1 .5xach____ _____________________________________ _________ ___________ 2[ookg Ecloan05
Bromine '726 -95 _______________ ______ 2 sk colog 2051 pba

h2rorcne §774-9 0000043 msgL 7-EC 2051 _______ __________ OL45 mgk ~I n/kg EcC 0[ology 2051 soO bsta

InC315-06-0 0 0522 muL Sr Pd-Tao 1996 512 slkg OL 157 _g Eso-logy 2051 wi d
Dihoo~tylihoohn 72-540 0050551l mI Ecology2056 _________________

Dichloodiph1-idioorsdhvlene 72-55-9 000001 mp/ Ecology 2006 _______________ ________________ ______

Di-horepmetuooetane 50-29-3 0 05501 mELcolagy 2006 _______ _________________________ 7 m/g LANL 205pa
i d i 60-5-1 0 0550015 m Ecoog 206 002 k LE 2051 0 5049 ,PA SOL moal

Endosultan i 1959-90-5 0 000050 ssp/L LAWL 2555 m______k_

Endosulfon 11 332 13-oS- 00000 mgL LAN-IL 203 _________________ 006 mgk LAN-L 205 ________________ ____

En doslfsr sul6r I-321-07-5 5 000056 sgL LAWL 2555 _________[.0 m g/ LANL 205 ________

EndIns 72-20-0 550000023 mg/L Ecology 2506 2.515 Wsse r, e o 2003 55023 m/ks CEDEQ 2001 0 2 mu/k Ecolgv 255 wid2
Endom al dehyde 7421 -93-4 O_____________________ 0 mg/kg '2'E2 200i 1 5 0C- mg/kg LAWL 2505 g
Endno ketone 53454-75-5 00000 23 mpJL Ecoloy 2656 ______________ 0534 mg/kg LAWL 2005 oiaol
Joicma-OC CLmdsnc 55-69-9 5.00005 mog/L Ecology 2000 5 0005 mu/kg ODEC 2001 0 : rig/kg LANL 200:3pe
oorsa-Chicodons 5103-74-2 00000043 mW co1sy 256 ____________________ 0[42- m4kg mg/ -7DE0-2051 2. mg/k LAO-L 2555 pil:

lSeptw-hlos 76-44-0 I O3r0ri3 cogIL Ne 2g151 [054 Weomar. a 2553 s I mpk D0i 2 051 04 ng/k LAO-L 300/ pIat
i-uoc-hsrupondo 1024-57-3 0000003 sL USEPA 2056 ______C 16 00 mC'kg 6DE 2551 __ _________

HE1ac0l0rmbenoon 110-7~ _______________________________ Smg/ks 57DEQ02051 17 mghs Ecology 205 wsldf
Mlethorychl 72-4LF: 0, >L I5E 5U L mi'kg .1-L 197

Porakuon 56-35-2 05001 3 L Ecology 2006 5- 511 Wsoisrr si a! 0202
TOlal 55-C Total Si-I ______________ _________________ : mak CDEO' 2551 ________ mg/u Ecolts's 2551 waiS
Tatl Hestachlos Thotl Hustachs 5500000235 mgiL .clg 2006 _______ _________ 101 0 mk 05>0 2001 04 es:: Ecology 2051 w-idl1S
sM -0002 53-99 SI 555501 mogL Eclg 06 ________ __________ 654 mgkg mg/kg 'Th0E1 25I ____________________

g. -514 L42E-026 5 '055 I rsg/L Ecology 255 _____________________ Ui.52 m g/g mu/kg DLS' 201 _________ _________

5-57 70-52 -6 7 SO0nO1 n cology 2006 _ 55' i: ms E352501

Tnal 1U53T T'lOET S 55555 l som1 Ecoloy 2556 I 44 m~Ek Mtrt0&lr 205 II 03 n- rg/kg SP 155 '- am
At FlL016 -2674-11-2 _ _t__m_ e__ a 4______ ___E_ 2_[ _

Aracc-22: 11104-20-2 0 05525 mg/ -?DEE >51 _______ ___________________ 42 mg/k Ecrgy 205 nlo
Acro-6 F L Ail n 1 0 003 mOD 2 5 E gy 205 01

Acoclct- I4 3469-21-9 000052 s LuL :1D- 201 0 05542 m a 2503 42 g/kg Ecology 2051 lI
Arclcr-L24 I 673- 5 sosr mi tDEQ 2'. 31 m - o 994 4 E l1g' 205
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Table 4-18. Selected Ecological Surface Water and Sediment Benchmarks. (4 Pages)

Sdeated Surface
SeletedSurface Surface Surfacer Wr Water S aceWatr Selected S

C /AayeSediment Sediment Bendihmarl Soil
AClCode Watir Aquatic Water Aquatic Life Amphibian Amp hbian Benchmark Sediment Soils Benchmark U Soil Benhmark Source Sail Reql r

Life B-chmar Units mchmark Sourrce Bchmark Source Benchmark

tocior 1254 13,97 69-] 0 0151033 ng/L CW DQ, 2001 0 0014 We ocon, r ! 3 m1rih 20.3 4 C/ 01gy00p

Arodo 1360 IWO9 8.. 5 0 139 mo/ 0 0- 2001 135 1rk chasen 2003 10 mr/k Ec3Ltegy 2001 p
Ar-oclo-12O2 p7324-2 40 mg k E-- y '00 1

c1110-14-i 40 m /k0 E1caog 00 _

H B E5o Tor' PJ 0 000014 Yg/ E-obuL 2106 _ _062 miok lh 200 0 65 mg/k Eco g D 2001 vId

o-sccUo1-46ntch115 NUPi 00-05-7

I>CXINS/0UFr.NS
lola Dio02 IThial Eri~;u 0 000002 in Ii' E-- n' 00 wnddi

Th1i Furas ~to1 Fum~ 603 iyn .. B"1 v 01p1
r -EREAL'TS

ChlT6ndr IL -- 07-016 230 mgiL I Eoy 200C
Srnde .549-230 720 mgk MiochI o 200 3

Tore or arr crbshn T-OC 5 52 
5

o Michul lol 2003

N oori
' m-e Shaown sishe Iowesi t nChmsrk f-r o ilog lI so receptohe Recepo-ogecair viluei Wt eor uisedrrthe BERA

*Tnnhm r u er~efie vmryl oblndi tsd r. Melleol immrals
GA # chomicol absi ri. emvrilm

iig/L * - lipopas lins

* g g = 'liusa perkdogae:
-l inesro rn aevolol

~serf WerA utk L if Ommar ur
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Sum, (2 51 ernd V Teno 1996 Toocologt erlerkefanreeng iFinenhitCondoienm uf~Onces fOr Sffrdt rrAquasrBiute nOelk Prdge tRes-vr-rn 94 Rooeno.ie: Rge aol Lebonetiny Tennessee Onion fr L 2, 3.richrbennnr booed on. 3 .1 Uicbloozbnnee
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WeroIm, A 1 eL1 200- i-Le Ierin1p b mtLeLo'JI an
1
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CDEQ,2),101 Oidbcefor cOlod FrkA rer Lieoil OcoeemrgLevelV elDezmber 200 Lprote
Arg n ntrorev(ANijr2006 PF.<4Ar trwi Fr Wediri Veirx 3 (tpllrnol cd sol prvherd/hemel)
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Table 4-19. Selected Human Health Benchmarks for Island Soil and Sediments in the Columbia River Baseline Human Health Risk Assessment. (5 Pages)

Region 6 Basis for Adjusted MCTA- MCTA
CAS 4*Analte Region 9 PRC Region 669 Region 69 SSL-rad Residential. Leaching- Selected

Anlyte Screening ceen ng Values SS L (mgkg) pi g Direcl Contact Based Values Notes UBenchmark Units Ba sor Selected enchmark
Anli Code (mgkg) LcxelSrenig (ng Dig.'kgc Bse Bncmak

.Level j(i (rug'kg (mg'k) I __g)_

VMLA ILE ORGAMCS
1.1.1-Tridilructhme 71-55_-6 1.39E+03 sa 1 .39E U I .?0.+03 NA >2EF-0 5.7UE+01 5 F-01 mekg MCTA-Lcaching
1, 1,2, 2-TtrachLwroethlc T9.34.5 3.80E-01 C 3SO-01 600E-\1 NA 5. E-00 .36E-03 _1.36E-03 mekg MCTA-Leaahin
1. 1. 2-Trichlorocthan c 79-00-5 _8.44E-01 C 8 44E-1 100E+00 NA I .80E 01 428E-03 4.2SE-03 mg/kg iCTA-Lacin
1. 1-Dichrocthwne -34-3 8.46E+02 N 8 46F+fl 10E+3 NA 8.E-03 81E+00 X.-3o00 me/kr MCTA-Leahiin

Vslue for 1 2' 4-
1, 2, 3-Trichlorobenzne 8-1- 1.43F+02 N 1 13F+01 6.10E+02 NA 8.00E-02 1 ASE+00 Val 1 ASF+00i m/kg M1 CTA -Leaingurichlrbezen
1,2, 3, 4-Tetrachlorobenztne 634-66-2 1.8014 01 N I .80E+00 NA NA 240E0l 1 33E-01 Vae 4'' 1.33E-01 me/kr MCTA-.cwhingetrachlorbenzene
1,.2.,-1Trichlurobraiien 120-82-1 1A3E+02 N 113E+-01 6 E 1F.02 NA X00.02 1.481A8Ni+ 0 melkr \ICTA-Ledclne
1. 2-Dichlorobcnznc 95-50-1 2.79E-02 N .79E+01 6.00E02 NA '.20E03 8.43E+00 8.43E100 mp'kU MCTA-Lachine
1.3-Dciorobcnz=n 541-73-1 6.85401 N 6.85E+00 NA NA NA NA 6.85E00 me/k Reion69
1.2-Dichloroctjanc 107-06-2 3A4E-01 C 3ATE-01 4I0E-01 NA 1.10E,01 2.32E-03 _ 2.32E-03 me/k MCTA-Leachin
1. 2-Dichlorpropanc 78-87-5 _ 35 E-01 C 3 .1E-01 9.00E00 NA 1.501+01 3.29E-_ _ _3.29E-03 mg/kr MCTA-Leahing
1.4-Dichlorobcnzcnr 10646-7 3.20E400 C 3.20E+00 2.00E>01 NA 4.20E>01 2,9T-02 2,91-02 mg/kr MCTA-LeachmE
2-Butnione 7g-93-3 3,20E+04 N 3.20E+03 NA NA 4.S01E>4 1,961E01 196E+01 me/kg MCTA-Leaching
2-utaoxyetrhanl 111-76-2 36E+04 N 3.06E+03 NA NA 4,0UE+14 161E+01 1 1+01 me/kr \ICTA-Leadiing
2-Hexanone 591-78-6 SNA NA NA NA NA NA NA _NA mrske NA
4-Methyl-2-Petaionc 108-10-1 MO5.E+03 N 5,80E+02 NA NA 640E403 271>E00 DO 2,71 E00 mgar MCTA-Lache
Acetone 67-64-1 142E+04 N 1A2E+03 8E+03 NA 800E+03 323E+00 3.23F+00 m r/k MC'TA-Lechmr
Benzmee 71-43-2 6.56E-01 C 6.56E-01 8DOE-01 NA 1 .SiE+01 4,5 1E-03_ 4.1E-03 me/kr \4'TA-Leachmig
Carbondisulfde 05-15-0 -. 20U+02 Sa 7.2uE+02 7.2E+02 NA 8 UE+03 4,03E-Oh '.03F.+OO mrke ICTA-Leachmn
Carbon tetrachloride 56-23-5 2.40E-01 C 240E-01 3.00E-0 NA 7 70Eo0 304E-03 __3.04E-03 m,/kr MCTA-Leachme
Clorobenzene 1 08-90-7 2.73E+02 N 2.73E+01 . 380E+02 NA 1,60E+03 1 39E+00 1 39E+00 me/kr MCTA-Leachin
Chloroform 6766-3 2A5E-01 C 2.45E-01 80E+02 NA 160E+02 3.83E-02 383E-02 me/k MCTA-Leachine
cs-1.2-Dichlorocthylcnc 156-59-2 4.30E+01 N 4.30E+00 780E+O2 NA 8.00E+02 4.14E-01 4.14E-01 mekp MCTA-Leachng
DrChilorocylivcne 25323-30-2 4.301E01 N 4.30E+00 78 ES 2 NA SCOEl02 4.14E-01 Valuefor1 1-DCE 4.14E-01 m12k MCTA-Leacule
Diethyl Ether 60-29-1 1 .4___ _ .80E03 sat 1.80E+03 NA NA 1.60+04 6.68E>00 _______ 68t100 m/ek MCTA-Leachin
Ethylbenzene 100-41-4 2341Et02 sat 2.34E102 4.00E+02 NA 8.00E+-03 1.19E1 01 _1 19E301 ma/kr MCTA-Leacling
Mlylrsobutylkctonc 108-10-1 5.80E03 N .803E+02 NA NA 6.40E403 2.71E00 2_ 2 I> 00 m gate MCTA-Leachine
Mhylcnechlonde 75-09-2 8.90E+00 C 8.901+00 130E+01 NA 1.301E02 2.57E-02 2.5~1-02 kMCTA-Leaching
Naphthalene 91-20-3 L1.25E+02 N 1.25E+o1 I .7fl+02 NA 1.601E+03 4.46E+00 4 46E+W00 me/kN MCTA -Ieach iie
Svrvcr 100-42-5, 1.70E303 sa 1.70EU+03 I .SUE3 NA 3.30E+01 3.36E-02 3.36-02Eek MCT-Leaching
Tetrachloroethene 127-18-4 5.54E-01 C 5.54E-01 100E 0 NA 1.90E+00 8.54E-04 8.54E-04 m Nk MCTA-Leahime
Toluene 108-88-3 5.21 E+02 sal 5.21E+02 650E+02 NA 6A1+M03 4.65E+00 4.651+00 mc 'e MCTA-Leachie
trS6is2-Dichoruethyct 156-60-5 1.22E+02 N 1.22E+1 I1604103 NA 1.6+r13 3 8.673E-01 9 _ 8.6>E-01 ms/kr MCTA-Laching
'richioroethene 79-oI-6 4.26E-02 C 4.26E-02 -. 00E-02 NA 2.50E00 7.23E-04 __ 7,231-iA mea I cTA-leachiE
Vinyl acetae I08-O5-4 9.88E+02 N 988E+01 9.80EF+02 NA 8.0E04 3.33E+01 3.331E+01 ng~k \1 TA-eachEIg
Vinyl chloride 7501-4 ..30E-02 C 4.30E-02 AE001-0 \A 6e,0E0-1 1.82E3-I_ 1.22-04 mrey \ICTA-Lxachme
Xvlenes Iotal 330-20-7 2 14E+02 sal 2.14E+40-2 6r1E+5 NA 1 .640 2.13 3+1 231+01 mae'k MCTALeach ie
SEMIV0LATILE OR ANICS

1.80E 4 03 V~~~alue fr 461E 00 n 4, TALechn
2,3.4. 5-Tetrachlorophenol 4901-51-3 180E+03 N I .80E+ 02 NA NA 2.40E303 4.6E1 00 4.61E 00 mg k MCTA-Leachingtetrachorophenol
2,1 ,5-Trnchlruophenol 9-95-4 6.11L+03 N 61 1 +2 6.10+\03 NA 8013-i .221+01 2,22E+01 meR _MCTA-Lachin

2,.4. 6-Tnhl9rphenl 88-6-2 2 -21+01 1 .1+101 \A 9.10+±01 111-01 I1 1-01 m e MCTA-Leachinr
2. 4-Didluropheriol 120-832 183F+02 N 8E I .81W+2 \A 2102 440F,01 4 _ 40E-l0 make MC A-Lesachin
2.4-Dimethvlphenol 10567-9 122E303 N 1.22102 120E103 NA I 60E i03 2.94E+00 2.94E 00 mg MCTA-Leachine
2.4-Dinitrophenol 5128 1.22E+02 N 1.22E+-01 120E +2 NA 160E.02 3.61-01 361E-01 rugke NICTA-Leachine
2, 4-D nritol tiene 121-14-2 1.22F+02 N I .221+01 ~-1 NA I 60F+02 3.61013, 6101l mRg MCTA-1leachhm
2. -Dintrotoluene 60620-2 611E+01 N 6.11E100 ~00E-01 NA 01 1.831-01 1.83E-01 me g MCTA-Laching
2-Chlkronaphthalenc 91-58-C 3.86E+03 N 3.861E+02 N \A 640E03 4.0+01 __1_ 4.0E401 mle-/r MCTA-Leach 
2-lorophenol 95-57-8 6.35E+01 N 6.35E+00 3.1E 02 NA 400E7 02 5.17 51-1 I 915-01 mer MCTA-Lcahin

1,elby lnaphtalenC 91-5-6 NA NA NA N A \A I2CIF+02 2 03+00 2.03100 m9 MCA-Leahie
2-Methliphenol 1 cresol o- 95-48-7 306E+±03 NA NA 306F±02 3.1 u+±0 NA 4 00F,03 5.14+00 iI___ -100 m/R MCTA-Leachine
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Table 4-19. Selected Human Health Benchmarks for Island Soil and Sediments in the Columbia River Baseline Human Health Risk Assessment. (5 Pages)

Reion 6 Basis for Adjusted MCTA- MCTAA
CAS- Analvre Regin 9 PRG Region 619 Region W9 SSL-rad Residerial,. eachng SelectedAnate od n)' Sceening SSL f(mg k) Q i )Notes B ch kUn Its Basis for Selected Benchmarkceengkg Screening Values L (pC g) Direct Contact Based Values BeiBhltrk

Level (ugkg) Iel (M-zg,(g"g) Mkg
Anai~1c (mgl~g) Level1  

(mg/kg) (mg.'kgy (mgkg k echri

2-Ntrophenol 8875 5 4 90-02 N 4.90E-01 NA NA NA NA Valu for 4-ntroplieno 4E 01 m g-A Region 6 9
4-Nitroplcnol 100-027 489E-02 N 4.9E-01 NA NA NA NA 4____ 4.89L -11 m eg/ Region 69
Acenaphhene 83-32-9 3 68E--03 N 3.68-02 3A.110E-03 NA 4.80E-03 9.791-01 9,"9F--01 melw eMCTA-L eahm
Aceanaphthylenc 208-96-8 3,70E-03 N 3.70E-02 340E--03 NA 4.8012-03 9,9E-01 Value for accuaphthene 9,79E+01 mgO'g MCTA-Leaing

AnthracenT 1 20-12-7 2.19E-04 N 2.19E-03 I .70--04 NA 2101-2i- 2,E-03 2.19+03 m-lk Region 6-9
Benztalailraen eq, 56-55-3 IA8-01 C 48 11E- 1-01 NA I.10()-I 8,59-01 lA-01 mg/ MtA-DirecColaci
Berzoamprenc 50-32 8 1A82E-02 C 1.1SE-02 6,00E-02 NA I 40E-1 2.33E-01 1 48E-02 nmelke Region 6:9
i inofluoranthcne 205-99-2 1.48E-01 C 148E-01 6.00E2-01 NA 1.40E-01 1.931E-00 1.40E-1 mngke MCTA-Direct Contact
BUIZU(Alhipcrylene 191-24-2 2.3012-03 N 2.30E,-02 1.-'0L-03 NA 24E-03 655E-02 Value for p Tene 2.30E+02 n42 Reion 69
Bmzolktlnnranthene 20-08-9 1A19-00 C I1.8E-00 6.001--00 NA IOF-01 IA891E-00I I 1012. nm/l MCTA-Direct Contaci
Benzoic Acid 65-85-0 1.00E-05 max 1.00E2-05 310E1-05 NA 3.M0E- 0 2 75E-02 2.52E+02 mi-, p MCTA-Leaciin
Bozl alcohol 100-51-6 1.83,-04 N 1.831E- 03 NA NA 2.401E-04 1.04E2-01 1.04E01 mpig e MCTA-Leachie
Biphevl 92-52-1 3.1-03 N 120I-02 NA NA K. 11---03 5,16-01 5.16E+01 ME2k1 MCTA-Leachine
Bs2-ethylhcex1}phthalate 1-91-7-_ 3 47-01 C 3A4-01 3.50E-01 NA _102E-01 IOU-0 2.090E01 mTE- MCTA-Leachuin
ButyTbenzvlphth alae 85-68-7 240E-02 sa 240E- 02 1 2012-04 NA I 60E -04 891E- 02 2 40E(02 me- Region 69
Carbazoe 86-4-8 12.40E--01 C 24E-01 240E-01 NA 5.OE-01 I.ClE-00I OIE+00 mke'l MCTA-Leachine
Chrsene 218-01-9 118E-01 C 1 4SE-' 6.20-01 NA I 40E-01 5.67E-00 I .A02E-01 mee M TA-DiredcContact
DibeuI panbmihracen; 53-70-3 1481-02 C 148E-02 o60002 NA 1.40E-01 4.29E-00 _ 1AE-02 m a- Region 6-9
Tibenzofuran 132-64-9 145L-02 N 14iL-01 NA NA 1.602-02 NA _ 1.45E+01 mew Retion 6-9
Diethylphthalale 84-66-2. 189E-04 N 189E-03 4.90E-4 NA 641-4 ~.33-01 733E1+ me/ keMCTA-achin
Dimethyl phthalate 131-11-3 1 00E-05 max 10O- O NA NA 8.0012-04 9.02E-01 9.02E-+1 mg/k \mCTA-LRechrnE
Di-n-butvlphthalate 84~4-2 _ 6.11E-03 N 6.11E-02 6.10E-03 NA 8.002E-03 5.65E-01 551-1 m ,3 MNfCTA-Leachine
Di-n-octIplhitalale 1 7-&4-0 2 F.+03 NA N 2141-02 12- NA 111-03 1.282-00 1 1me g,'kg MCTA-caching
Fluormhene 206-44-0 2.29E-U3 N 2.29-02 2,30-03 NA 3.2012-03 631E-02 2.29E- Mgk' Region 6/9
Fluorene 86-73- 2.64E-03 N 2 61E-02 2.30E-03 NA 3.20E2-03 111E-02 1.01E+02 m-Ing e MICTA-Leachline
Hexadclorobuadienc 87-68-3 6.24E -00 C 6.24E2- 00 6.00E-00 NA 1.30E-01 .38E-02 1.38E-02 mg.ty MNICTA-Leachine
HexachlorocyclopEctadiene 77-47-4 3.66E-02 N 3.66E-01 2.901E-01 NA 4.80E-02 1.88E-00 I188E 0 mg aCNICTA-Leachine
Hexachloroethane 67-72-1 347E-01C,17F-01 3.50 1 NA 1 -01 2.22E-02 2.721E-02 le, MCTA-eachne
Indenod 1. 2. 3-cdiprene 193-39-5 1.481E-01 C 1.48E-01 600E-01 NA 140E-01 6.42E-00 140E-01 mgice MCTA-Direct Contact
Isophorone 78-59-1 5.10E-02 C 5.10E-02 5.10E-02 NA .01E-03 2.38E-01 2.38E-01 mk :MCTA-Leacing
Nijrnhcncer 98-95-3 1.9E-01 N 1.9h-00 3.10-01 NA 1002E-01 313E-02 3,13E-02 - gk 4XCTA-Leachine
N-Nitoso-di-n-dipropvlamine 621-64-2 6.95E-02 C 6.95EX-02 -0E-02 NA 1 40-01 NA 6.95E-02 m /kp Region 6.9
N-Nitrosodiphenylamine 8630-6 9.93E-01 C 9.931E-01 9.901--01 NA 200,-02 NA _ 9.90E2+01 me/k 1
Pcntachlorobenzene 608-93-5 4.89E-01 N 4.89E2-00 NA NA 6.40E-01 8.41E-00 4.89E+00 m41" cV Region 6-9
Pentachlorophenol 8786-5 2.98-00 C 2.98E-00 3.002-00 NA 830E-00 5.23E-02 5.23,02 mrke ICTA-LeathmiTg
Phenwanhrene 85-01-8 3 ~01-03 N 3 7012- 02 3E-03 NA .180E1-1)3 9 9--0 Value for 11 crrnaphthec 99E+I01 ma12w MCTA-Leahing
Phenol 108-95-2 1.83E2-04 N 1.83E2- 03 1 814-04 NA 4 80E2- 04 4.49E2-01 4.49E2i+1 mgk MCTA-Leachme
Pyrene 129-0 - E231E-03N102-03F NA 2.-03 6.55E-02 2.3 1E+ 2 i- Region69
TPH NA NA NA NA NA NA NA NA NA _NA me/kE NA
METALS
Aluminum 7129-95 73E-0 N W3-0 NA NA NA NA '73E+-03 m-le Region 6-9
Antoiir 7-440-36-u __ 3,13E-01 N 3. 1-00 31E-01 NA 32E-01 NA _313E+-o r/k g Region 6 9
Arsenic 3440-38-2 90E-01 C 390-01 4,004E-01 NA 6, 0E-0 NA 3.90E-01 me e Rcegion 69
H-rliwn -410-39-3 5-OAI N I.;(IF-3 551-w13 NA 16O1-0 NA _I56E+12-03 ma/lw Region 6-9
cvlhu1 1440-41- 6E-02 N 1.6E-01 1E60-02 NA 1.60E-02 NA I.56E01 n 'k Region 69

Boron 7440-42-8 160E2-04 N 160F 03 NA NA 1 601: w4 NA 160+03 me-ice Region 6'9
Oilmitm -441-43-9 39E-01 N 3.92 ~ 1 NA -10-01 NA 3.90E+0 mak Region 6-9
C-lcium 7440-20-2 NA NA NA NA \NA NA NA NA NA m-ic2 e NA
Chroium '40---3 3100E-01 C 3.Il1'-01 23oEl402 NA 21-, -02 NA Value for Cr6+ 300E+0I ma-ice Region 6-9
Cobal 440-48-4 903E-02 C 903h-02 NA NA NA NA 9 E012±12 ma-ice Region 619
Coppr 4-n0-8 2E91F- 03 N 2 911I-02 NA NA 3101E-03 NA 2.91E2+02 ms/le Region 69
Cyanjde a 11orah 5-12-5 1.22-103 N 122-2 11F-3 NA 1.601-603 NA l122E+02 m keg Region 6-9
HCX3svalenl Chromium 8510-29-9 1300F1.11- C 3.1F1-01 2.30F-12 NA 24O-02 NA 3116,E+IJ Ime-ie Region 6.9
ron -139-89-6 58E2-04 N .481-o NA NA NA NA 5.48E+03 meiA L Region 6-9
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Table 4-19. Selected Human Health Benchmarks for Island Soil and Sediments in the Columbia River Baseline Human Health Risk Assessment. (5 Pages)

Basis for Adjusted MCTA- MCTA
CAS #Aralyvte RegIom 9 PRG Region 6 9 Region 69 SSL-rad Resident]al Leaching- Selected

An ahlye Code (mg/kg Screening Screening Values SS (mg1kg' (pe,4 Direct Contact Based Values Notes [ktchmark Uni Bas for Selected Benchmark
Level (mg1) , Level (Mkg (gkg) (mgkg

Lead -439-92-1 4.00E-02 100F-02 NA NA 2.51I-02 NA _2.50E+'2 me/ka MCI^A-Direci Conta
I idhjun 439-932 1 6.E03 NA N 1 .56F-2 NA NA NA NA 1 36F+02 maikg Region 6 9
Maenesiim 739 954 NA NA NA NA NA NA NA NA NA mke NA
Mfaneanese 965 34TE-03 N 3.47E-02 NA NA 1.1E-04 NA _ 3.47402 m gE Region69
Mercury 749-97-6 2.30E-01 N 2.30E- 00 1 00-01 NA 2.40E-01 5 02E-00 2.30E00 mrig Reion 69
M7llbdenuim i3998-7 391 FE2 N 3.91 1-01 NA NA V01.2 NA1 3.91E+01 mepg Region 6 9
Nickel 7I0-02-0 1.56E03 N 1I.56-02 1.601-03 NA 16F- 03 NA 1.56>02 mee Region69
Phosphoms 21-0 .60E-00 N I.60E-01 NA NA I .60E-00 NA . 60E-0 me/k Region 6'9
PolasIUM 440-09- 1 NA NA NA NA NA NA NA NA NA mg/kg NA
Selenium -782-49-2 3.91E-2 N 3919-01 S.90E-02 NA I.Oph-02 NA 3.9lE+01 Mrngkc Region 69
Silver -440-22-4 3.911E02 N 3.91-01 3.90E-02 NA 4.00-02 NA_1 3.91E01 mgE Rceion 69
Sodiun 7440-23-5 NA NA NA NA NA NA NA NA NA mg/k' NA
Strontum clementa 440-246 469E-04 N 4.69E-03 NA NA 480E- 04 NA 4.69E+03 mekA2 Reion 619
7hallium 7440-28 5.48E -00 N .48E-01 6.0E - 00 NA 5.60E' 00 NA _ ___ 5.48E-0l mrMa kP Regin 6 9
Tin -440-31-5 4.69E-04 N 4.69E-03 NA NA 4 801E-04 NA 4.69E103 mekg Region 6 9

Region 9 adjustd I acount for PA
Uranium norganc) 740-61-1 4 .E+01 NA N 4681E-00 NA NA 2A UH-02 NA Value for soluble sals 41.68E+uO m2.kg Office ofWaicrrevised RD of1 0006

Vanadim 7440-62-2 3.91E-02 N 3.912E01 5.50E-02 NA 5.60 -02 NA _ 39E01 me'3Ei Region6 9
ZTinc 7440-66-6 2.35F -_04 N 2 ~- 2 17 -04 NA 2 401F-04J NA 2 35E1703 mg.ka Region 619
RADICNL CLD1_
Americium-241 14596-10-2 NA NA NA NA NA 3 F-0 NA NA _ __ 3 66+00 pci~ SSL-md
Antimon-125 14234-35-6 NA NA NA NA NA 6 >-02 NA NA 61 -2 prcig SSL-rad
llariuim-140 1498-08-4 NA NA NA NA NA NA NA NA NA pCigp NA
Carbon-14 146275-5 NA NA NA NA NA 2.1Q 02 NA NA 2.84E 12+2 pCig SSL-ad
Ceram-141 1396-4-3 NA NA NA NA NA NA NA NA __NA PU-A NA
C7rium-144 146278- NA NA NA NA NA I (EE-01 NA NA . 5F-01 pCne SSd-rad
Cesium-134 1396=-0-9 NA NA NA NA NA I 6F-02 NA NA 1.5-T-02 pCi SS-rad
Ces7m-13 10045-97-3 NA NA NA NA NA 4411-02 NA NA A38E-02 pCi.'e SSL-rad
Cobal-58 13981-38-9 NA NA NA NA NA NA NA NA NA pcis NA
Cobal-58 13981-38-9 NA NA NA NA NA NA NA _00F+0 SS-rad
Cobal-60 10198-1+-O NA NA NA NA NA 9.E-93 NA NA _ 9 .oE-03 pCi'a SSL-rd
Curium-2-14 1391-15-2 NA NA NA NA NA 44,E-00 NA NA 4.39E+00 pCrl 53L-mrad
Europium- 12 14683-23-9 NA NA NA NA NA 2L E1-02 NA NA 2.1 11-02 pQe SSL-rad
Europium-154 15585-10-1 NA NA NA NA NA 1 -M02 NA NA 191E1-02 pCi SSL-rad
Eurpmum-155 14391-16-3 NA NA NA NA NA 9 9.E-01 NA NA 9UOE-I01 pCi"SSL-md
odine-29 514f-84-1 NA NA NA NA NA 2 9.1E-0 NA NA 293E+00 1p-idSSLrod

Iodine-131 10043-660 NA NA NA NA NA NA NA NA NA pC __NA
Nepumim-23 13994-20-2 NA NA NA NA NA I 4 F1- NA NA 1 4017-01 pCi1 SSL-rad
Nickel-63 13981-3-8 NA NA NA NA NA 30.E-l NA NA 2.96E+01 pCi: SSL-d
Nibrm-94 14681-63-1 NA NA NA NA NA 1.5.E-02 NA NA I 53E-02 pCi SSL-rad
Plhlonium-238 13981-16-3 NA NA NA NA NA 2.9 E-10 NA NA 192E+ 0p i1SSL-cud
Phnoniium-239. 240 PU-239:240 NA NA NA NA NA 2.9.E-0 NA NA ___"E__ 2.8T 110 PCSSL-rad
Plutonium-241 14119-32-5 NA NA NA NA NA 24.E1-02 NA NA 241E702 pC SSL-rad
Polagamri-4 1396-01P-? NA NA NA NA NA 1 1.9-nI NA NA -li1nE-ol pCI~a SSL-rad
Radium-226 13982-63-3 NA NA NA NA NA 13.E-02 NA NA 1 311-02 pCi3g SSL-rad
Radmurn-228 15262-2u-1 NA NA NA NA NA 25.1-U2 NA NA 2.46E-02 pCi'e SSL-rad
Strlntium-90 10098 -2 NA NA NA NA NA 5,5 E- 00 NA NA 5.51+-00 pCi _ SSL-rad
Teclinelium-99 11 33--7 NA NA NA NA NA ],0 -012 NA NA 1 )14F+I2 pCi SSL-cd
MIaee-51 13966-31-9 NA NA NA NA NA 2.9-02 NA NA 28E-02 ,SS-ad
Thorium-228 1424-82-9 NA NA NA NA NA 14112-02 NA NA I 44-02 pCi. 33-Ld
'Thori-229 15594-41-4 NA NA NA NA NA 9 1-02 NA NA I'549-02 pCi SSL-rad
horim-230 14269-63 NA NA NA NA NA 3 9.E700 NA NA _3.3E1'00 pC' SSL-ad

(bali-5 139X1-50-5 NA NA NA NA NA 3.1.-Il NA NA ___ _ 3.1 E-f1 pCi aSS-rd
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Table 4-19. Selected Human Health Benchmarks for Island Soil and Sediments in the Columbia River Baseline Human Health Risk Assessment. (5 Pages)

Basis or Adjusted MCTA- MN1CTA
CTAS 4,Anuilyte Region 9 PRG R -gion 6/9 Region 6-9 SSL r U Res deasls, orcBenn.ierecreAnalyte Screening r(g)SL gR g- NosSc 7ts Basis for Selected Benchmark

Code (mg kg) Screening Values (p)Cg) Direct Contact Based Values Benchmark
Level (me/kg) Lee 1  (mtrtmegLevel (fgwkgf (Mg.,k) (mgkg

Thorium-232 TH-232 NA NA NN\_ NA 3.41 4E0 NA N A I44E O00 p ce SSL-iad
Trllium 10028-1 >- NA\ NA N NA N 17 O2 NA N A IOE 02 p i.e SL-rad
1rnum233 13968-5-3 NA NA NA NA NA 5 () Em0 NA NA 4 96 +10 pie SSL-rd

Uranim-231 13966.29-5 NA NA N \NA NA 5.F1f00 NA NA 5.027+0 pci SST.-rad
Uraium-23 1- 1 NA NA NA NA NA 21.F-01 NA NA 2 06E-01 pcii Sl-rad
Uranim -2M U-23 NA N NA NA NA 9 8-E01 NA NA 9.79-01 pe SSL-rad
Utneim-233234 U-23234 NA NA NA NA NA S C F+00 NA NA 4%96F.+ 10SSL-rad
mnium-236 13982-70-2 NA NA NA NA NA 5,3,F+00 NA NA 5.331+00 SSL-rad
inc-65 14982-39-3 NA NA N A NA NA 4 0.1-2 N A 3.9 -0!02 p Ci E SSL-rad

/ircon6m.\obium,97 RfNR-95 NA NA NA NA NA NA NA NA _NA p 11;2 NA
P1ESTICI DES/POL YCHI JRIN ATED BIPHENYLS

3Y 4. 4-tetrachlorobiphemls __ _3 c91- 02 C 3901E02 NA NA 11 7-01 NA 3.901-02 re'ka Region 6/9
813, 4, 4. - 1.d3l rOhiphe_ 1 30-02 C 1.3017-02 NA N A 3.-E-02 NA 1M3F-02 me- ag Regioi 69

105 2.334, 1 -penl1robipheni_ 1.3-01 C 1 30E-l NA NA 36L-01 NA 1.30F-01 mp Rceion 6/9
11423 4 4 -pentachlorobiphenyIs _ 1F-01(1 1301l NA NA 3.6~-0 NA I 317-01 me Me Rae ion 6-9
1182.3.445- pentachlorabiphemnls 13017-01 C 1 3E-01 NA NA 3 6E-01 NA 1,30-01 nmeV Reeion 69
123 23.4.4,5- penchQorobiphcnj1_ 1.30-01 C 1 30E-01 NA NA 36TE-01 N.A 130101 rnm/k Region 6-9
126 V 4 4' _C eNtaChlorobipcnyC 3.90-1 C39017-0 NA NA I .107E-04 NA 39017-05 m-e Region 6'9
156 2. 3. 3,4 4'. 5- hexachlorobiphanils _113UL-)IC 1 30E-01 NA NA 367~-01 NA 1.3011-01 mek Region 6/9

157 2'33 44.5'- hexachlorobiphels i -OI C 1 31441 NA NA 3(71-01 NA 1301-01 rip-12 Region 6-9
1672,1%, 4'.5, 5- hxach-orobnphenyle 1 30E-Cl C 1 30E-01 NA NA 3.CT'-01 NA 1.4617-01 m Region 6/9
169 3. 4 4' 51h3c0lorobiphe17s I 1-:-04 C 130:-04 INA NA 3 6T-04 NA 130E-04 neika Region 6-9
1892,3.3'. 4.4. 5. 5-h cphaloroiiphawlas 1.1 -Cl C 3017L-01 NA Nil,3 6T-01 NA 1.30E-01 mk Region 69
Aldrin 309-00-&0286E-02 C' 2 E-12 1 A2 NA 59 02 2;17-i' 2541-03 nP1e ,MTA-eadhne
Alpha-BIIC 119-84-6 9.02-02 C 902E-02 1.00E-01 NA .01E-01 k49E-04 5.49E-04 make MCTA-Leacin
alpha-Chlordanc 5103-71-9 160Ei00 C 1.60E0W 2.00E1f0C NA\ 290E'00 2.58E01 \aluefor chlordanc 2.58E-01 ma ke MCTA-Leahing
Arodor-1016 12 4-11-2 393E+0 N 3.93-01 NA NA 601' 2.±40_+ 393£] mge MRecion 69
\rclor1221 I11 04-F-2 1217-01 C n,7-01 NA NA \C 00-01 4 R-01 2.22E701 me . Region 69
\rodor-1232 11141-16-S 2.227-01 ( 2,2217-01 NA NA 5.0017.01 4.857-01 2221-W ma-k Reion 69

Aoclor-1212 53469-21-9 222E-01 C 222E-01 NA NA 4.OE01 4 981 7-01 Reio6,9 for 2,2 1MeaReion69
Arolor-12-18 1262-29-6 2.22E-0l C 2.22-01 NA NA .001 48-01 185£-Cl 2.222E-01 ma/kg Region 69
Aroclor-124 110997--1 2.22-01 C 222E-01 NA NA 5.00£-Cl 1I-Cl T22-0 meke Region 6/9
Arjclor-1260 11C96-82- 222L-01 C 2.22-01 NA NA 5.00L-01 485E-01f 2 22E 01 mg-kg R gion 69
Arclor-1262 37324-23-517324-23-5 220-01 C 2.2017.0 NA NA 5 A O0F l i 85F-Cl 2.20-01 me Region 69
Arclor-1268 11100-14-1 2.20E-01 22011-] NA NA 01-01 185-01 2.201-01 r'k Region 6-9
beta-i. 23 5, 6,431xachlor8c5clohexane 11-85- '3.16-1l C 3.161-01 .100E1-01 NA 5.60E-1 3.31-03 _ 3.17-03 ma9 MCTALachin
Bromine ~N26-9C 6 \A NA NA NA NA NA NA NA _NA mk2e N A
Chiordane 57-1-9 1 62100 C I .621-'-0 200-u0 NA 290F+0 2.£-l 258F01-l mkgE MCIA-Leach
Delta-BC 1986-8 4.40-01 C 440E1-Cl 400E-01 NA .~ 0£-Cl 2u,0S8-03 Value to, -anmia BlC 2817E-03 ma ke MCTA-Leadmine

li i lorudip tiidi cliurolhae ~2-541-8 2 141-CO C 2 44H',-C, 3 0 +0 NA IS-E-' I .01-'- 1' _ 1. 00 m/kg MCTA-Leachine
ilorodiphiemidiloroehxlenie 7259 __ 1 "200 C I -F-0 2.001+±0 NA 2.900±f +o.91--01 941-01 mk MCTA-Leadhnn

Dililorodiphenyitnlorochanc 50-29-3 __ 1 .2I00 C 172104of 2.00F100 NA 2 .904 ()I I C7.0 _ ____ 1 1 510 mka MCTA -Leachine
Dieldrin 6-- 3.01Ar-02 C 341-2 ktiF-0 2  NA 6.30-02 2.8317-03 2831-03 mEa/k MCTA-lcachiug
F-idoffanl1 I 95998-8 3 70,+02 N 3 7+- 17F+02 NA 1.87+02 41 ,30F+0 \alue for endosulan -1 30+0 m' - MCI TA-Leahing
Ui4o-wlfLan 11 33"13-65-9 30L7 02 N 3 70E 101 4.lE402 NA 4 .8E4+ 02 430EO 0 \ aluo for cndou [fma 4 30E4 ma-I kM CAT -L ae, ju

E7ndo. il'an ellae 1031-07-8 _ _ 370E02 N 17E01 4 7017 02 NA 4.801 02 430E 100 Value for endosulfan 4317400 ma/kg MCTA-Leachine
Endri ~-20-8 1 83E01 N 1.83E£' 00 2.301701 NAI 2040E4 00 I 0- CC 1 06E ' 0 me &MCTA -Lceaciin
Endrin adebhde 721-93-1 1.801+01 N I 80E+0 2.3-01 NA 240E+01 1.06E+00 Value for eutdlrm _ 067o6+0 mg/kg MCTA-eacdri

ndrm ketone53 94-6-i 1NI NI .80174 230.,01 NA 2 41 W I A +'u \-alce for cndri I 1 4F+17 meL MCTA--Leachne
Gamma-H i JidAnel 5-89-9 4I37£F-O IC 4 37E-ul 4.i0-01 NA \*01 2.8-03 2817F-W mM/k MCTA-Leaching

eammaChlordatic I 0E42 1.61+00C 1 601,E0. 2.0070 NA 2.97i 90 258.--01 Valu I chlurda 2,5801 me 2NiCTA-Lachin
!leptachlor -44-8 1S-01C8l 1.087E-01 1.0-l NAi 2.203-01 3.'0-0 O17_ 3.01-13 mee MCTA-Lcachin

Iptachlor tpomdc 1024-55.3 _0E0143CI -20-02 C.-702 NAIC N T1017-01 .24'.-04 _ .21E-4 e-kg MCTA-Laching
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Table 4-19. Selected Human Health Benchmarks for Island Soil and Sediments in the Columbia River Baseline Human Health Risk Assessment. (5 Pages)

Baa a for Adjbl le I MCT- \TCTARegion 6 Rutfu AdutdXC MI
CAS i'Analyle Region 9 PRG Region 69 Region 69 SSL rad Residential, Taching SelectedAnalvie C)de (mg k ) Screening Screening Value p Direct Contact Based ValuesNo" Benchmark Uits Ass or Selected Benhmnuark

ik Lee(le) Level 1  (wgki) (mg ukg iog kg)

Heptadcune 629-8 1 1E-02 SaI1.10E+02 NA NA 4 S0LEv03 NA Vaue for nl-hexae 10E-02 mg/ke Re ion 69
11esachlorobenzenc 18-741 1 3.04-01 C 3.04E01 I 007-01\NA 636. -0r 61E-02 _8.92E412_1____2E-_02_1___ 5 mee \CT-L cadinit
Methoxvchor 27-4 306E-02 N 3.06E 01 I 90E+02 NA 4 -E02 1.251-8,02 3 061-01 meke Region 6 9
Parathion 56-3-2 _3 67E-02 N 3 67E+01 NA NA 4501.02 . 0 IOU380E00 mk M A-Lcachine

MCTA values based onTotal PCBs TotalPCB 220E-01 C 2.20E-01 NA NA 5.00E-01 45-v01 AJau 54o 2 20E-01 Tgkg Reon 69Aoc or ;24
HERBFCIDES
2-seeBuvlxl4.6-diutrophenoONDP) 88- _ 61 01 ] N [ 6,1E+00 NA " NA [85.00 1 NA ]6_11F.-_ 6.0El00 ] m (g/ Regin69
DIOXNS.TURTANS
1,He _1_4,_ 35822_46-9_90E-06 C_ "006 NA NA NA NA 390E106 Ill1 j Rri on 6'9
TotalDiom Taoal Dioxn 39 90E-06 C 3 E 6 NA NA [ IlE _ NAValue or TCDD 3.90E-6 me ~ Rei an 69

T0 al Fran_ _ Toal Fun_ _2.50E+ N [ S0 NA j NA NA NA 2 911 50- m e Regii 9

C7fittric 16887-00-6 NA NA NA NAN A NA NA NA NA NA
Sulfide 18496-2 N I NA NA NA NA A NANA NA NA NA
Total cirnamc carbon Toc NA N A NA -XA tANA A

~ I_______ IX I NLj\\ N N N _______ NA NA___ _____________

Nolet

Region 6 Renidentil Soil Sceening Level Ued a priv ey noure ofFEPA regional iitio valueH Ifn Region 6 value aailable the Reeion 9 Preliminary Rmiedial GOal (PRG) for reridentul aai md, if available
Far PCR naene . ite Region 6 risk-based concenttinuar ncalculaed y 4adjuang gie tegon 6 valuer for 2. 8-TCDD by ite 2M 0 World leliui (irgainkuaniToxic Lquvdlenny Iietors (TE7.Ps
Regon 9 Prelimiarw Reniediaion Goal (iPRGs). Reoidenial Soil Octobr 2004. httpwwwpa vreion09\vnofud/pr'fileeprtabe20ls
EPA Regiuo 6 Hiujim Healb Me dium-Specifi Screin Levld Decenber 2007. Dala Texa' I 5202.
Raiun 69 oreening value divided1,by 10 for noncancer4ened bennnarki, based on EPA Reion 10 memortundu dated Ap l-. 200.
SSLs: USEPA Soil Screning Lse'ls. Exhibit A-1 Generic SSLfar Rerident ia Scenario. Fru "Supplemental nUidnance for Developing Sl Sccning Leveh for Superfund Ser
EPA Office of E ergency and kemdial Re pnnio. December 2002

'SS -ad: USEPA Soil Senering tidanuce t o Radirnuclides, Technica Background Dicum ent Table A-i Generic lno accounting for dacavi SS, sfor Radionutides (minimum between dret ingelotia tfOili and exteal indiiaon expoirre).
EPA Olce oftRadiation ad Indoor Air. Office of Solid Waste and Enirgency Respone. October 2000.
Model Toxic Conta Act (MCTA), Mltod B uresticted land ue-ndired eanied (loweet between carcnoen ic aid noncarc eni valuest \Valeo obtained froum Wahiiingo State Deptanent ofEcology WADOE I Cleanup LeveL and RskU Calculation (CARC)
MCTA Method B Soil Cocetrations for Groundwter Protection. Value derived in uccordance wilh WA C 173-340-4-e-cq 411) uig Method B groundaier value Mid defail eil and ceiicaphyical parametem Where default chemical parneierm were no
vnlueo obtained fron SOak Ridue Notiontall aarvny (ORN)ltahle tf Chemical Spncific Para irs (June 12 200). Ifno MCTA Method B jroundwatervaile available, then no leach ing tandard calclated
Lowesa benchnwrlk 4ed w creetlN level
C carcinagenic ettects

CAS - chem ical abarncerrice number
max - ceinlimir

N =nocarcrinogenic effects
NA -betcutiar r otm avilable

aeks m:ligransperkilivgrn
P - pritrie per gri

FIi - Pail Mnrnin
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Table 4-20. Selected Human Health Benchmarks for Surface Water for the Columbia River Baseline Human Health Risk Assessment. (4 Pages)

An1R 9on9PRG Ro 6 ~Srrg B Re.n .. ihdlid B S mid $ I M h11I \NRQC 
CA$w~neeI A djued Roan 61 1 MCLs C a 'NQ1y[M) Led (R,,,detW)' 649ScriCnaM Ad B Sifdards' Meth"; J C awRndwEtwds Nia.elemd Bachnaark as fSeleed Behdinwr;

C(U ta~ s (u'L)) (L (pIL. ) I(V )(uL) VLl- IW (t(clL, ((.XL)

VOLA T1 EORGANICS
1 1 r j el 71 -55- _30E- _ N 7 E-.-0A NA 300E-02 MCI

1. 12 2-T Z, 7trah a in 9-34 ! 50__F-02 C _550E9 60E--00 2.20E-01 NA NA 170E 01 5 50-02 Rc g 6
_____________ ______________] 9-OF 01 1Dk 09' NA 590E-Ol 2'si(1---Region 6

1 d-Dicioakruo e 75-3-3 1 22-3 N [2E+02 NA I6(,-+46NA NA NA 2102Reo 6
1.. 3-Tn1dobtun, e 87-61-6 1V'(1E-00 N &.201-01 230E-02 00 00E+01 NA 313E-01 1u 1 -8.20E-01 Regon 6

11 2 i7ro c (-2 06-123-0 C 1_131-01 50d1-03 1480-01 00E 00 NA 3.0(1-01 1.23E-SI f n6
1. 2-Dimlompmpane 781-5 __ _- 6 01 I 65-01 2.3DE-01 6.40-01 109+00 NA 5.009-01 1.65-01 Rgion 6
1. 4-1-k9Dmh rInr 06-46 4.671--01 4.6"-01 4 0I--0 0 00 - NA 6309-ll 4.67-01 Regon6

2-bu7-93-3 ____10E-03 N 1EOL02 NA 4AL6 - NA NA NA r.0-02 Rion 6
loxhmi 116-2 310-4 N t3E103 NA 100103 NA NA NA _ _3E-Il R eg 6

1, _3. 46. 1A-H pbordibmdoxn 32246 N NA
-9176 200E-03 N 200+02 NA 6301-+0 NA NA V 9.00E-02 Re, 6

4- ethv1-2-entwe 160-1 2000-03 N !001-0Q NA 640L, - NA NA _24O-0Reon6
Acione 674-1 1 40-w N .Ul0+132 NA SOO-Z NA NA NA _____________ 4E-2 

9
in 6 ______

B 7-43--3-54-01 354- 1230-01 .00-01 00E+00 NA .20 0 3.543-01 Rei 6
3 -, 

9 D. T I Fn ukus 2-Dx aNA NA -N A
3 7 -T, rble iuo ijran 5125-31-9 _ _N2ANA _ _N A

Cton d ,uiidr 75-15-1 1 6093-0 N 1.OF+02 NA 9009-OE NA NA NA __.00F-02 Region 6
cwboa r rub]rnd1 56-23-5 1KE01 C I.it-01 2 0E-00 3A.401 0E+00 NA 301-01 171,01 Reloun 6

hornbeuzeue 1o8- 913-01 N ,1: 0 .+SLIOL -03 L E 02 1.00+-K12 NA I 30-02 91 - Retion 6
6_16-3brm 6M6-0 67-01 C 1 E-01 2.10(2-02 - 0(-0 NA NA 0t0oo 1.6T7-O1 Reion 6

-__-_________m_ 156-9-2 608 -01 N .1A1E+00 NA 000E- 00E+0 NA NA 6.09F-00 Roon6
DV oro dhok 25323-3-2 340-W2 N 331E-- ir .000 .2F--2 NA NA NA Vikior[2i -ko w.. d 3A09..3 ____tc,-03RegIw 6

De6hvidW er 60-2-1 2 3b N 1.2111NA E36 -NA NA NA Val for cdI ethe .290a Reian

10E0blII 134_03 N 1,341026 01-0g 0E-a-02 IOE402 NA 30-02 1I34E-02 Reoion 6
Melrwl sObUTI ketone 10-0-1 CI 1.99+-l3 N 1.991102 NA 6.101E02 NA NA NA I99E-02 Regien6

Ione elrqde o9-2 12-E4N% R 211 ie 60r -02 01-+00 NA NA 460E-00 T__I4.2E-00 Re 6i
6pFhf1a6ec9F23 4-4 N1 90r13 1.601--O2 NA NA NA _6.20E-0 1 Reon 6

Slem 1042 1609-3 N 1.6 E+ NA .50E+0 I R00E+02 NA NA t30E-00 MTA (W
I tahlioroe1 7-14 05L-01 CU.05 1 3 1 9F,101U2 5 001 00 NA 6 0-01 910E-62 .. A (W 3

To:ue 10834'- 221-03 N 2E402 IOF 4 6T 05 IO00F103 NA 130F-03 22E- 4 R oen,
. eth-iIN 15640-5 1.07E+02 N 07E+0 3.0E- .6E-+ 1.00E+02 NA I 10- 02 9-0E Reeioon6

IrlurIpfwOe 126- " 30E+00 NA C 3U+0 NA NA NA NA NA 7.30E-00 Repl 9 PRG
Tr _ __OOe __e__ _9IJ_ - _ 2.9(L-02 C 2.180-02 1 50-00 .IlL-01l S 001'00 NA 253- 110 2 0E17 02 Reion

Vinyl wetnr 10-05-4 4 I 2E02 N 4.129+0- NA 8.100F-03 NA NA NA 412E-01 Reg1n 6
Vim dilodei"e-1-4 C3.02 1.50E-02 370E-00 2.90E-02 20E+'00 NA 25002 -I50-02 Reer 6
Xleee ah1 13-20- 203E1-12 N 203E401 NA 1.61-03 l00-04 NA NA 21 3-11 Repi6

F.MI\ TVATO F OGANICS
1 S1T19-mh3ennn 64-66-2 11-01 N I 119E+ NA 4,1-l NA NA 9(1-f1 \ nue for124 1-OF--10]1 NRWQC

J , 4-Thdiloroberzene 12042E-1 8 16100 N 8.16E-01 2,30E02 6.00E-01 100E +0- NA ;50101 t9 16-01 Rem on 6
1 2-Dkorbenzene 95-So-i 4 930-1 N 4 93E+00 4.20E-03 -. 20L,02 6.00+102 NA 4.201-02 4.93L9 Reion b

I3-Dkilmn.1ene 54113-1 51 N 451400 NA 7'0FT.O5NA NA 20-02 Vdr for 2- 1 17 M Regiwn 6
23.4. -131 l rOpIeul 4901!-3 I 10E-3 N 1 10E+02 NA 4.10+F02 NA NA NA 9' ite , 234 1 - 1(IF-02 Reron 6

2,4. 5TndIerophenot 95-95-1 3 01-03 I3651-4-2 NA 00 NA NA NA 3 6F-02 Keeyne 6
4[6-Tnd1k ropheUo1 6)4J1-2 9 110-00 2 6 i+0 30-E 4.+-00 NA NA I 40?011 1.4L -0 2l W_

-I- i(leophecl 12- -2 111-02 N 10-01 1SE-O 2.1AE01 AfNA 7A-01 101E01 Reojon 6
3Dmedlbenol 105- 9 73(E-02 N 30E+0 5.50-02 1.60E-932 NA NA 3 90002 730-n01 Repau 6

2 -lrtroplenol N-2_ 311-01 N 3E+0 3350F-0 N209+01 ANA C 9-01 0-0 koo 6
4-ihinrotouene 121-14-2 _ 7 30-01 N 309+00 1931--O3 3.20 01 NA10-01 I 10-01 \N W9

2.4 Dirhlomph cii ncnec Kid 94-'-7 _1.60--2 NA 1.60-02
2, wxrowlue 00-20-A651111N 359-3 NJ. iL-00 NA 160+01 \\otNAA NA 365900 eCon 6

-C%7Iom 49nTphne 91.97 - 91-02N Nj 1+g o! Ior 01 6411-412 NA NA I 1-03 48 .7- 01 Reo6 _
'blert ml 9 7 _ 3 0F-01 N 34F F -, 1OF- 100F- NA NA NA1 0r,-0 1 10 - Oere 6

2-\i et lxhhier 91-5-66 _ 6 20-00 N 6.20- 11901-03 3.20(0+1 NA NA NA 620-031 ramon 6
-Mvhenoh4cr 10-) -9-4 7 1 2L )33', NA NC 1. 21E2 NA 4 0E0-2 NA NA NA 1121-02 Reein 9 P

2-NrnphenoI 0-75- 292-2 N 2.92E+01 NA NA NA NA NA \aI fir4-n [Alrenol 2,92}-Il keion
I NuJpoo1 109-02-7 22-02 N 292101 NA NA NAN \NA _ 2927- 01 Remon 6

.\etiaphthline 9339 365F-02 N 3 65E-01 10E0&2 96002 NA NA 6 O3:02 _,656E 01 Rlloo6
.ceoophhylce 209-36--3 '_p-02N_ 3 1- 6.40E-02 9.6F-2 NA NA \NA \ -rAu. f3n phFere 3.'0-01 Re-gn 6

r 120- 2-_ 1 0 -03 1,41N,3 32 2 01 -000-0 NA NA 9 30F113IF 1. -02 Reelon 6
Hen lnire 56-55-_ 295[-2 C1 2.95-02 3 69-02 120-01 A NA 90, -0 To e reiar f ex 380- NRwoN

Belno rene 50-32-1 2.95-03 C 2,954-03 3651-G2 1.201-2 2.01-1 NA 3 _013 Tou quii, ee alaar 25133 Rmeie 6
Binzebfluothene 20-99-2 2.95E-02 C2,95- 02 3 60 02 1,20-01 NA NA 3901-03 To.i equlvaenc enr 3 .8 -0 N~ WC

Heu h inery1ene 191 -24-2 1 0F002 NI1.11NI 1n'01 2,601 -03 4. -12 NA NA NA \ aoe rpvree p e 1(J1.-01 e on
BenO kI iuheonene 107-0_-9!_ 9M-01 C I 95F-1 3 00I2 1(-31 NA NA 3 1. 013 l o eIVILeeo ,n re 3 301 \ \

BeocAid 65-5-0 150-05 N 1,501'0 NA 6-401(0 NA NA NA _______ eioe 6
Bezvl alcil 10I56 10 010- N110E03 NA 240E103 NA NA NA \ _ _ _003 Relon

Bipeenyl 9-524 -02 N 3.309F+01 NA 4 0-02 N A NA NA\ ___ .10 11 Relon 6
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Remedial Investigation Work Plan Tables

Table 4-20. Selected Human Health Benchmarks for Surface Water for the Columbia River Baseline Human Health Risk Assessment. (4 Pages)

Redlt 9 P0GReo9RG eon 6 Screning Bas for Region MTCA Srfac Wmtr MTCA GrotundzfItMr
Ae V la wt) Iv R ieta) 69 Scroiang Ajs ein69Md,.d B suaiidar d M ..O.d R !skand.d, MI. m NWNotes S4 "Bted enhO a Basis far solect& esduak

Cad ed(adetiW) Vle (up ) (ngL) (pCiL) (W'L)tag'q ) (plp) I A NO,) (U lg)
i-Lfvhxl3 phihalak 11-81- 4.8E-00 C 1.0E4CI0 3.60E-0 630-00 NA NA 120E-00 20E-0 NRWQC

U-0-7 -4- -30E-03 N 341012 1.30E-0 1204-3 NA NA 150-03 630E-2 Re_ _ _ _
Mn ueze-9. 13966-31-9 kN-A NA #N7A

crioik c_86 __-83.1 407-O0 C 3.40F400 NA 44E-00 NA NA NA 340-0 R o'n 6
ChW218-L 18-9 2._93F-0 C: 2.95+00 3.004-02 1.20--00 NA NA 3 012-03 ToC vquiva3um v or-r 3. 0F-03 NWQC

Dauib hbjilthrm '3-0-3 25E-03 C 2.9E-03 300E-02 1.20-01 NA NA 3 8E-03 Toxquiakicv ctwr 2.93E-03 Rcrton6
ibeu132-1-9 mi_ 1 22401 N I.22+00 NA 3 2I - 411 NA NA NA 1 22400 Rm. 6

Iielhphthaoo 4436-2 6292-04 N 2.92E+03 2 OE-04 14304-4 NA NA I_0F-0 224-13 Rein6
Diiw1 piIhiolw 31-1-3 _N_6%_43 6407 N,654-1 ~ 20I -03 3 60 -4 NA NA 2 01-05 I 64M MT7r GOW 13

DIin-1n bylphdaa M-71-2 _ _ 3 65F-033N 4i-402 2.90F0}3 360-43 NA NA 2.00E-03 3651-02 Reion 6
Di -dphholme 11 7-4-4 1..30+33 NANI .L9-0 2 NA 3.20E--02 NA NA NA 3-ILN-02 Reon 9 PRG

FNdrniwLf 1ufcI 1031,07-4 #NA NA 9NA
FtILIme IxVC[c 107-21-1 7.30-444 N J0-+03 NA 3.60[- NA NA NA 30+-03 Region 6

Flunrathene 206-44- 1 46E-S0 N I 46EC02 40101 6.4E-2 NA NA 1.30-02 90L101 \ITcASW B
1-loru l6-~3-i _2434+02 N 2 4 4F--01 33 6AO-42 NA NA 110433 2.4.-1 OReion 6

R7c68obnadene 876-3 8 821-01 4(8 1--91 1001-01 9,601-01 NA NA 4 4-41 4.40F4-J1 NRW
1Iek6ch11o -adien, '7-1-4 71-474_ 2 19E1-02 N 2.19E+0 360E-03 4. 004- 3.0E-01 NA 4,00E-01 2.19E-0] Reion 6

Hexach1xochane 67- 2-1 ___a+______.___+4 40-00+ 3.1F-if NA NA 1.40-00 140-0 N WQC
lnieno(L, :. 3-cdipvre~ 193-39-5 _ 295E1-42 C 2,051-02 3.04-42 I20E-04 NA NA 3.84-03 1To9 mvalenev fa1or 3.80-03 NRWoC

hohMIe 77-1 ._10E-01 C -I0E01 1.60- 03 4.604-01 NA NA .50E-01 3.50E01 N4W31C4
Ntrobenene 98-95-3 3.40E-00 N 3.4E-01 4.50E-02 4.00E-44 NA NA 1,70E-01 3140-01 Region6
N-Np-1-ddNpivpylalle 621I44-7 9.60E-03 C 9.64E-03 ,20E-1 NA NA NA 5 011-03 500-03 NWQC

I-Nnciuheml in 8-0-I ~7.--01 I 13Tf01 9O '0-0' NA NA NA 330 -00 3 307-00 NRWQC
608-93-5 2,921E-01 N 292E+00 NA 1.30E-] NA NA 140E-00 !4 ,E-00 NRWQC

4oTe1IidhorupIIo1 476-5 _.634-01 4 5,60E-01 494E-30 2304-61 1.030 NA 2 OF-01 |204-01 NS4WQC
m o711- 5G1-8 3 "04+42 N 3,70F+01 60461 2 9.604-D2 NA NA NA 3.'0L-01 Repon 6

Phloi 10-95-2 1101-04 N 1.0+03 410E-06 480E-03 NA NA 210E-4 ID10E-03 Reion6
Pwne 12944-0 .1,3E-112 N I?+ 2.6F-0o 4 0F-2 NA NA 830E-02 34-,01 Rpion 6

[PH NA NA NA NA NA NA NA NA NA NA NA

Al7mmm 429-90A .5 4 N J.65+03 NA NA NA NA NA 3.64-103 Rgion 6
Anirmnv - 7440-36-0 146E-01 N 1.46E+00 1.0E -03 6.404-00 6.0114-00 NA '60F-00 46-00 Reon 6

/'mni. 7440-38-2 14F-02 C"I48-92 9. 8-92 5.840E-02 1.044-01 NA 1 434-02 1.404-02 NRWQC
Dan=u1 7440-39-3 7304-3 N .3UF+02 NA 3.20F-03 2.004-03 NA 1.00E-03 13OF-02 Region6

Br~yjliu- 7440-41-7 .30E-01 N -j30E+0 20-02 120-10 4.40 -00 NA NA 4U131>0 Ml
B;ron 7440-42- 30h-034 N 7301+02 NA 3204-3 NA NA NA 44 -02 Region 6
Iladmnmlm 744"43-9 1434-01 N 1. 3 2.10041 4.491- -99 3>-bOOUCF4 NA NA .431 '074 Re~gin 6
Calm- 7440-70-2 NA NA NA NA NA NA NA NA NA NA
ChMrUMo 7440-47-3 1.10F-02 N 110+0 NA 2.40F-94 1.004-02 NA NA WJUEforixavke1 .10E+01 Reion6

Coba 7440-48-4 ~_30-02 N 7 30E±01 NA NA NA NA NA 134E-0 Retion6
ap74444-5-04 1.36-03 N 1.36E+02 2 0E-0 2.90E-r2 1E30E-_03 NA 133E4-03 .36E-02 Region 6

Ruthemnum-106 139'-441 4.N:A NA __NA
cvmidt 4tola 57-12-5 7,30E-02 N 7303101 .204-4 NA 2.00E-02 NA 1.43E-02 ,34E1QL tReion 6

ffimN 4Comurnm n 1 4401-29-9 110F-021N 1 104-0I .190401 4041 NA NA NA L10E01 Bog n6
Ion %139-89-6 2.11-04 N 2.964103 NA NA NA NA 3.01-02 3.00_02 NRWQC

Led _ _ 9-92-1 120V-01 N I 5041 NA I 503f-01 1.04F-01 NA NA MCTA Mod A 12401 MC3. )CTA GW
1,Inum 73-93-2 1304.]+2 NA N 3401 A NA NA NA NA 7,404-01 Rcoion 9F(G

N ___uo m _ _ -439-954 NA NA NA NA NA NA NA NA NA NA
lw4s 13996A 1 70-03 N 1'04+02 NA I1204F- NA NA 00F-01 500E-01 N4W7C

71r 439-97-, 6.26-81 N16.261F-02 NA I1.0F-00 2 00--- NA NA 6.26n-02 Ron6

\odm .1N9-47 1K91--02 N131 401 0A 810-1 NA NA NA13 93401 Reoion 6
dI. .- 111'2-1 .30-02 N 011 .1040 3 2002 NA NA I10E+-02 .34-01 Reion 6

_ _hophm_ 77211-i4- 1304-N1 N130-42 NA I.604-01 NA NA NA 30-02 ReLon 6
___ ___II_ _ 2023695 NA NA NA NA NA NA NA NA NA NA

Sene1 Oum7249-2 143F-02 LN 193F+01 2 08h .00M41 '0103-] NA 1)04-02 13.301 Rion 6
SilverL44-224 I183-02 N 1.3M1 20L-04 8O0t-1 NA NA NA L.43101 A Etn 6

Sodim 7440- - NA NA NA NA NA NA NA NA NA_';A
onUtm n lkeinara3 7440-24- 2 14-4 N2.19 03 NA 960 - U NA NA NA 2.19E-03 Rion 6
_Talin .440-28-0Z' 5 11 2-E- 00 N 261E01 1.404-00L10E 1 00 2004-00 NA 2-4E-01 294-01 NNWQC

T11 7440-31-5T 21E-04 N 2.19403 NA 960 - NA NA NA 2.191103 Region 6
Olromumn irar -1446- 2 -A21-I- NA A00 NNA 00F4-03 NA NA 2 19-00 17p1n9(ldIj1kd1o ecoun forovisd

\ alabum 744042-2N 134--2 1-4401 NA 1.10 -42 NA NA NA 3.43E+01 Regio 6
_ _ _ _7144066-6N 1 041N 1.1114-43 1 G4.401-O NA NA 40-4c3 1-03 R4i o6

1IADI11N c'LFDFiS

,3mtr11mm241 141W9610-2 NA NA NA NAN N NA I 1.50E0 NA L5%410 M-rd
Annmonv-123 4234 N NNA ] NA NA NAN A_ NA .00E+02 NA 00E0' -d
1 3 BuA-110 1 1-980-4 1 NA NAN NA NA NO N NA NA NA NA

14_62___ NA NA A NA NA NA NA00E+03 NA 2.0- MCI d
Conu1-,967--43 N A N NA NA NA _______ NA NA A A NA __A___________

Remedial Investigation Work Planfor Hanford Site Releases to the Columbia River

September 2008

DOE/RL-2008-11

Rev. 0

T- 11



Remedial Investigation Work Plan Tables

Table 4-20. Selected Human Health Benchmarks for Surface Water for the Columbia River Baseline Human Health Risk Assessment. (4 Pages)

UAS Aua~yte Ron 9 PROG R ein 6 Struing Bush wr d aR MTCA SrIfre Wi MTCA Grouudw9le7
ACode MOV-upwC Lvd ( IRId(!rStre11' 6-09 Scrreing 12 Mdd B Sjandards Mtdoid B Stndard CLAC Nt SCe 1ed bechmarkOI. ui for SW ote B dlarwk

(MxL) (au iLeVel(UL)(Usxl-) -l,

Ce-n-144 1462-9-8 NA NA NA NA NA NA NA 300+0I NA 30001 MO-_ad
19om-I, I596%-9 NA NA NA NA NA NA NA 00 4I NA ___IVA__n__P I N 11C I-I
0 aum-^~ 0J345-92-3 NA NA NA NA NA NA NA .000-E02 NA 200E-02 OCL-td

Coah-.' 098i-5-5 NA NA NA NA NA NA NA LOOF+03 NA 2000-03 \W7-rnd
Cohth- 198-38-9 NA NA NA NA NA NA NA NA NA NA
C0ba1-50 139-38-9 NA NA NA NA NA NA NA
Cobah-60 10r98-40-0 NA NA NA NA NA NA NA l,00;+ 02 NA _00E-02 MACL-rad
Cwnum-2A 1398-15-2 NA NA NA NA NA NA NA 1.50E01 NA _ _r__15 1 MIC-rad

Eoropun-142 1463-23-9 NA NA NA NA NA NA NA .OE+02 NA 2 0.002 MO-toILd
EMupain-154 185-101 NA NA NA NA NA NA NA 600F+ l NA 6001 -wH MLO-rat
Carbon diut ide 7-15-0 _ 0.000-00

LuMIp..jo-l55 11391-16-3 NA NA NA NA NA NA NA 6.001-+02 NA 600--02 WI -J
odnne-129 15046-94-1 NA NA NA NA NA NA NA 1.000+00 NA I - o13 \q -rod

Uanum U133 234 0-033:34 0.00-00
lwd131 - 10I43-66-0 NA NA NA NA NA NA NA NA NA NA

NepwUnn-2 139 20Yn NA NA NA NA NA NA NA I .OF+01 NA )AM .. dMC-nl
Md-63 11-3"- NA NA NA NA NA NA NA 5,00+01 NA 5.00A01 MCI -md

39-1 14681-63-1 NA NA NA NA NA NA NA NA NA NA
13981-16-3 NA NA NA NA NA NA NA 150I+01 NA 1.50-01 MCI Md

Plulrniur-239240 PU-239:2-3 NA NA NA NA NA NA NA I.500+01 NA E1.DI01 Ml-rad
Flonim-241 1411-32-5 NA NA NA NA NA NA NA 201o1 NA 2u30 0 M dL-ad
Potassiun-10 1396-- NA NA NA NA NA NA NA 1.901D00 NA .9000 MCL-id
Rot.uti-n26 39024-3 NA NA NA NA NA NA NA 5.000+00 NA 007-00 MCI-rMd
Radnn-228 1 62-20-1 NA NA NA NA NA NA NA q 00iF+0 NA 5007m00 M -rd

sontm-90 109-9"-2 NA NA NA NA NA NA NA 11000+00 NA E_.00-00 MCL-Md
TechnetiUM-99 1413-6- NA NA NA NA NA NA NA 9 00L +02 NA .00E-02 Mic-rd
Tnnumr-228 42742-9 NA NA NA NA NA NA NA 150F+01 NA _1101 MC-Md

Tou-tm-229 J 14-SI-4 NA NA NA NA NA NA NA 150E+1 NA 150EN01 MCL-od
Thorrum-230 14269-03-7 NA NA NA NA NA NA NA 1 50F+411 NA 1.0E7D11 MCL-Md
ain..-232M- T232 NA NA NA NA NA NA NA 1.50 +01 NA L.5 201 MCI-T d
iT. V ... I D Y6- N NA NA NA N A NA N A NA 20(10-0-I NA _________ 2,0117--RMMM rd

tr o-m233 NA NA1 NA NA A NA +A' NANA
Ilruim-234 1396629-5 NA NA NA NA NA NA NA NA NA NA

Uriiuum-235 5IP11-961 NA NA NA NA NA NA NA__A___N__NA
Urraiim-230 U-238 NA NA NA NA NA NA NA 3000-01 NA 300 MCL-rd

Zn-06S 1392-39-3 NA NA NA NA NA NA NA 300E042 NA _ 3.000 MCL-rod
Nwmwum biumw-95 /R'N-0 NA NA NA NA NA NA NA NA NA NA

REST C0DES'PuLYCILORll4ATEIPHENWIA1LS

7 73,3% 4.4--chIcrobi peVb 3-298- -3 4.500-0:1 C 450-03 NA NA NA NA NAa0, 400-03 RRnio 6
81 3,4,4. 5-itrhlorob"phrnil C1.5E031,50E-03 00- NA NA NA NA NA ____0,03 Reioni 6
105:. 3, 5. -1 horohmb1hnvcIo_ i50202 C 1.50E-02 NA NA NA NA NA I.500-02 Rpaun6
114 2.3.4.4, 5- p i iIobiplnvo _L50E-02 C .0E-02 NA NA NA NA NA i.500-02 Reon 6
1182.,4.4'. -pUlarllorobipWnv_ 402-02 _ CI10020 NA NA NA NA NA I rI17-2 ltRtiun 6
1253. .1 4, - pntlcombphcnyvI __ 1A00-2 C 1 500-02 NA NA NA NA NA 61.00-02 Region 6
126 3% 4, 1. 5-peiIi drpl oph___ 4.0D-06 C.150-015 NA NA NA NA NA 490 '06 6_ ReptofI6
1562.3,3,4, 4'. 5- hex ch orobiphen _ __ 1.500-02 C 1 0012 NA NA NA NA NA 1301-02 Reion 6
15~2. 33.,4!u-htaclorobphenysI _.500-02 C 1.50E-2 NA NA NA NA NA .50-02 Reio6

17 2.3 ,4. 4. 5- hr cioov _ 1.502-02 C 1.05E-02 NA NA NA NA NA _ _ _510E-02 Rton 6
169 3. 3,4 4'. *. 

0-1 tbiambihrnvIo 1_. 0-I5 C 1 50-0 NA NA NA NA NA I1 0-05 ,0. 6
192,3,31.4,.5' 4prhlbllamIpwI _________L,1.00-02 C 1.0-02 NA NA NA NA NA 1.50-02 pmori46

Aldr 30900-2 _ 3.9F-03 C 3.9003 20-D5 2.60- -03 NA NA NA 0.20F-05 MTCA SW B
Alpho-MIHC 31U-84-6 ____F-_2 C 1.--02 lT-9ff-D3 1.400-02 NA NA NA -__900-03 MTCASW

p e103-1-9 _ _.90-01 C 1.90- I 30-03 2,501--01 2.00E-00 NA 800-04 V aOuf lor clodan 000-04 NOFWOC
Arodior-1016 124-1i1-2_ 00-Ul C 9,601 -1 3.30-3 AIOL- D OOO-.-I NA 6440E-05 6-400-435 NOIW

Arodr-1221 11194-28-2 ___-_____-____E3.3602 C i 1e-02 100-74 3207-01 5.00-01 NA 6 40-05 VahL lor AIZ54 0E-05 NRWOC
Aoiox-1232 11141 -16-5 .36-02 C 4336.02 1 100-01 1.201-01 5.00-0 NA f 040-0 \ a1u tau A: 2,4 6 40F-05 N-RWQ

Aroclor-1212 0 3169- -9 _T36 -02 C 3.6--02 11-M1 3.20- 01 5 0001 NA 6407-05 Valit for A 25 6140-0 N- WQC
Arclo-12421016 1C01242I16 _ 1400-2 C 140-02 a.14 1200-01 5N.I-01 NA 6 400-0 xraforA25 6.40-W5 NOW(

Aoclor-12A 1 262-29-6 _ .60-02 C 3.6E-02 100-1I 3 200-01 500 NA 6 400-05 Vdac for A:24f 61400-05 NkWC
Arudor-1254 .1990-69-l __1_ _; 3.36E-02 C .36E-02 003 3.207-01 500-01 NA 6406-0 640-05 NW C
Aolor-1260 11D96-P2-5 _36E-02 C 3.36-02 NA 3.20E-01 500-01 NA 6 40E-05 Vanfu nOr A254 6 40-05 NRWC
Arodor-1262 34,24 017 310- C .400-02 10-.20-01 3-V NA 643E-05 Vaha for A24 6 401-0 NO
ArotIor-1268 1___100-14-4 I3.40E-02 C 31E-32 0 1- 3.20E-01 5 000-01 NA 6 40-05 Val 0 for A1204 6 4__ -0_0- NRW(C
bo-. 2. 3,, , 6-let. rocvcloben 319-05- 324E-02 C 34-02 2 80002 -. 901-02 NA NA 9 10E03 _9 10E-03 NPWQC

hr~oine 26r9-6 NA NA NA NA NA NA NA NA NA NA
,;inir -149 119-01 C I 0-7t301-- 2 00-01 2010+0 - NA 800-0 00-004 NRWQI -BHI C319 r_6-0 _.20E-02 C .20E-02 NA NA NA NA NA <.201E-02 Rekdo- 6

DidrphdvItd, l o o6hie (T317131 2--_4 2.800-01 C 2.0E-01 5.00E1 360E-01 NA NA 3 10-0 310E-04 NRW(C
~d"ioo 'ipmrodi tlarosdrvLot e. (.J 2-55-9 _ _1 -01 C 1,90 -01 3.00 --0 2.600-01 NA NA 2 204--1 2.20F-04 NRWQC
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Table 4-20. Selected Human Health Benchmarks for Surface Water for the Columbia River Baseline Human Health Risk Assessment. (4 Pages)

CAS -Ano Ream 9 PRG Regon 6 ScreeLnp BRs4 for-Regel"69 MTCA Surface Wat MTCA Grdwww sd N-RQCB
AmqlyTwnrer) Lirw (ReelesId al) 69 ScrtirngU Meod B Stndrd Method B Swundord "otselected 1.thmark Bas fWSelected1.ehmakA~nlfrCiide (nLa'lus (u'L) Ii) .w) fiL) (ug'L)

i chorodipheriichlaroethre DDT MI-2 I981q] C 1.991-S 1.606-04 2 6O-01 NA NA 2.20E-04 220FNRW
Lheldin 60-5-1 4.2 12-A C 4.20 -0 SoLL-02 5 5.!2-03 NA NA .206-05 5.20E-0! NRWC

Fndolfan 959-9-8 220F+02 N 2.20E+-I! .80F01 9.60E-01 NA NA 6.20F-01 Valke for ndoil fan 220-01 Region 6
0ndomdfanfl 3213-5-9 220402 N 22E+0l 2.001 9.6iE-{i NA NA 620-01 ValueforendI fxI220E-01 Reon 6
Pndolftouu0 I03I-0- 2.20E+I-02 N 2O2014019 8001-0] 96SEi01 NA NA 620-01 VIu forw&qulfa L 220160] Reon6

E _d__n__ -208 IOE01 N 110E+00 2.00-01 -. 80E000 2.00E-00 NA 52900-02 ! .90-02 NRWQC
FEdrioaldkhld, 7421-9-1 106F+01 N 1.10+00 2.00F-0 1 4.8F-O NA NA 2.90-01 Vluc fr edr. 2.00-01 MTCA SW B

Endin ketoe 34947- 4I10F+0] N L10E+00 2.1101-01 4. F-00 NA NA NA Vahe for edrm 2 00-01 MTCA SW B
G4rnma-NNC L idwe 5-9-9 5.1"E-02 C 5.1'E-02 0-02 6 -h-02 2001-01 NA 9800-01 _3.8F-02 MCA SW B

tma-Chi~onane M02- 74-2 19E-01 C 1.6-0 1L30-0 2 0-0 2.0 -00 NA 8.00L-04 alue for chlord e 8. E44 NRWQ
Ile pachlir 76-14-8 1.49E-02 C 1496-02 L30-04 I9SE-02 4 000--S NA ".90E-05 ___.9SE-05 NRWQC

Heplarhlor epoxide 1024-573 .40E-03 C 406-03 6.400-05 4 80503 2 00-01 NA 3.90-05 _3.90-05 NRWQC
Hqplachlor croxidl 1024- 7.3 4 00E-03 NA _4.85-03

HIpdma 629-78-' NA N NA NA NA NA NA NA NA R___ _6
119-4-1 4 20F-02 C 4.201-2 4 -oit 5 -02 IO00-00 NA 280E0-4 280141 N6WQC

Methoxchicr 7243-5 +02 N 1,03 1+ 1SP--C8.0001 4.0E-01 NA NA .401-WI ITCA SW
o2-DDI5j 2.0E-01 C 2.0-01 5.00-t01 6N.A NA NA 3.10-04 ON/A NRWQC

______3424-2-6 2.51E-01 C 2.003E-0 1.60-4 fN A NA N-A 2.20-114 ONA NIOWQC
o D789-02-6 2 00-01 C 2.00-01 360E-04 N.A NA NA 2.20-04 NA NRWQC

Pmrltio 56-38-2 2 190+2 N 2.19F40I NA 0.60-1 NA NA NA 2 P- 41 Regin6
Total HC7Tol 0c 1 1 0 C.-02 C I -52 .03 [ 406-02 NA NA 2.60.-03 Value ralpha-BIIC 2.60E-03 N IWQC
TotaD__ TYTALDDT 2000-01 C 2.0001- 3.65601 NA NA NA 2.20F-.I_ 220E-04 N1OWQC
ToJ Hepihlor Tool NepslIor IC02 15301-2 1,411. 3(AmNA 4 F-O NA .9F-05 _90E-t5 NRWQc

Cdotahlorodiben7-p-diox 3200- -9 01006-r-00 /NA NA _NN A NORWQC
Total Pc_s _'ITota FCB _ _47E-02 C 3.40.E02 1.10L-04 4 40I--02 2 00-01 NA 6156-_0L5_ 6.40E-05 NRW C
1 rum-236 982- A NA #N A
HERICHIIFS
2-~eefi-I-:6 rp 1DNBP+ 888-' 3[ 365E01 N [ w3.6% A- A NA [NA NA [36 00 Rtg__6

DOMN&TVILNS
. -. . 0467. Hg \A NAr h edioxei 45522-0-0 95007 C [ 20E47 A A 3 01-15 NA ].F - \ aLo r 4. 7-T CD1) 40-0 [9 NRWQC

Totao ]Dtoro Tid ImC 4 0-07 C 4 AO-% NA j %__ -0 NA J IOF-09 \ ahi forp- 4 & 01300609 NRWQC
Total frli Tota Eum O0 N 6. 0E-01 NA 500 j NA NA ] NA _ 1 1 Rn6

(MT MANAIl- rrS
Oloride 1687-00-6 NA NA NA NA NA NA _NANA NA NA

Hmdeus Hardnes NA NNA A NA NA A NA NA NA %A
Flortide Trlnid- NA NA NA NA NA NA 400E+03 NA NA 4 00E 03 C_
Suide 4%M46-2-8 NA NA NA NA NA NA NA NA NA _NA
Total ' rmiR caIn TOA NA NA NA NA NA N A NA NANA; NA
Noe:

Regi en 0 Reideia Tr Wter vaue ued a ptieaev icurarcC 1FEA ee aot1 i ecuao viarca Ie o RenO e-vrar avuailal cda thenRen 9 Frdimiao Remodiul i-mi (PRIA fee twaler ccii I evuilabc.
Pie 641 eoo ccther . Reprn ne-beed cance rten pie oalrulared by- odyteot the Reei 6 ' lt hir 23.79-.0.312 bi the 2C05 WeId lireb0 oue 

3
oeic I q on l . etam 1

kC~ron0 I9a ireare Sei etl ah (li?.iul OCauer 2504. htap:-.'w ea ue-rr9ut-sfprf0Lsxprab09La1
PHl' keiet p Ilan H alpS Mcd pn-1pectin lNemeng [eli.e Dreenipe .01 l~ahio. Irex.u ~''2

Rqrewm 6 ,e enmg v iaded In 10 for orpa-beerd bMdarl oIc I i PA R i R O q roan a dried Atil 1 ,2w
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Remedial Investigation Work Plan Tables
DOE./RL-2008- 11

Rev. 0

Table 4-21a. Human Health Benchmarks for Fish Tissue-Chemical Constituents. (9 Pages)

Adjusted Fish Selected Fish
CAS Benchmark, Benchmark -

Analyte #/Analt Region 3 Fish RBC". Native
Code (mg/kg) (noncarcine mericanadjustment) (Angikg)

(mg/kg) I_ _

ACETOCHLOR 34256821 217'101 N 2.7100 LOE-01
ACFTONE 67641 1_21+03 N 1,21--02 4 51+_00

ACt OPHENON 988 62 14 1-{12 N 1,41- 01 5i.01-01
ARo LlFIN 107028 681-01 N 681-02 25LE-01

\CRYLA\MIDE 79(161 7 0-04 C 7 0L-04 1611-05
ACRY LON ITRIE I 107131 5 .,813 C 5,811-03 221+04

ALACHLOR 159'2608 391+02 C 39i-(02 [51 E-
ALAR 159645 2 1 102 \N 2.0 01 76- 01
ALDICARB 116063 1 411 01 N 1 4[0 1 1E-03

ALDICARI1 S1LEON 16411-14 1_41, -00 N 1.4h-01 5 -03
ALDRIN 309002 1I -04 C I 9E-04 691_-06
ALLIMINM 7429915 1413 N I 4F 02 501 00

AMINODIN I IROTOLUIENES 27 -00 N 2-7E-01 1 i0-02
ANILINL 62533 5.-5. C 5E5-001 C -02

ANTIMON 7440360 544-01 N 54E-02 1 01 03
ANII MONY TRIOXIDE 1309644 5.41-01 N 541E-02 0 03

\ \E IC 7440382 2. 1E-0 ( 2.1E-01 7 -
A\ RI 7657814 1,2E 01 N 1.2E 00 4 -02

A I RA/IN 1912249 141-02 C I 4+01 3 F-04
BARIU M 740393 27E 02 2.7E+01 1,1F 00
BAYGON 114261 54E 00 N 541E-01 - OL-02
BAYT H ROI) C3-9375 34E 01 N 3.4E 100 13E-01
B F NTA /N 25057890 4.1E-01 N 4, 1-00 15 E-01

BL\/ALDH YDE 100527 I 4E '02 N I 4 1-01 5 01-01
BN\/ENl 71432 5 .7E-02 C 5.7E-02 2. 1 E-03

BfN/EN ET1I IOL 108985 1 41,02 N I 4P-03 501E-05
1E\/IDiNE 92875 1 4-05 C 1 4k-O5 5.111-07
W-WN/o1C ACID 65850 541-103 N 541+02 2.OE -i

IhE\/YL ALCOHOL 1(0516 68 02 N 6 _8+01 2<i10
B\ZYL CILORIDI 1I0447 1 1-02 C 1.91,-02 6.91-04

I3ERYLLIL M 7440417 2'7100 N 271-01 1 011-02
HIPHEN YL 92524 6.8101 N 6.81 -00 2 .5-01
B131(2-Cl ILOROfi 'HYL.) ETHER 111444 29E-03 C 291-03 11 -04

B3S(2-Cl ILOROISOPROPYL) ET 11R 1086011 4,5E-02 C, 4 .5-02 1 711-03
BIS(C" ILOROMVI IIYL ) ETHER 542881 .4E-05 c 141-05 .3 -W-07
BIS(2-E-TIY LIiX \I ) PHIHALA L I 17, 817 2.3E-01 C 2.3 -o1 84*-03
BORON 7440428 2'L.7E02 N 2"-E0 1 .0k00
[ROMODIU ILOROMETHANE 75274 511 1-2 C 5,IE-02 1 F-03

ROM( fORM 75251 4.01-01 C 4.UE-01 1 51-02
IROMOMEHANE 74839 1.91-00 N 1.9E-01 7I1E-01

t3ROMOPHOS 2 1(149%3 6 811 ,00 N 6. S1-01 2 511-02

T- 15
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Remedial Investigation Work Plan Tables
DOE/RL-2008-11

Rev. 0

Table 4-21a. Human Health Benchmarks for Fish Tissue-Chemical Constituents. (9 Pages)

Adjusted Fish Selected Fish

CAS Benchmark, Benchmark -

AnaCvte #/Analyte Region 3 Fish RBC2 H =0.1 NativeACod\le ,mg/kg) (noncarcinogenic \an
Code adjustment) American

(g/g/kg)
(mg/kg)

1-BUTANOL 71363 1. 41 02 N IA4E-0I 5.OE-01

BUTYLBENZYLPHTHALATE 85687 2_7F+02 N 27E-01 10E-00
CADMILUM-FOOD 7440439 1 4E+00 N I AE-0 50E-0
CAPROLACTAM 105602 6.8E+02 N 6,8E-01 2.5E-00
CA RBARYL 63252 1 .4E-02 N 14AE01 5 OF-0I
CARBON DISULFLDE 75150 1 41 02 N E4E-01 501-01
CARBON TETRACHLORIDE 56235 2,4E-02 C 2.4E-02 9. 1E-04

CARBSL FAN 55285148 I4E -01 N 1.4E+00 5.OE-02
CIILORAL HYDRATE 302170 1 41-02 N .41F+01 5.OK-01

H ANIL 1 18752 '9E -0 C 7.9F-03 2,9E-04
CH LRDANE 57749 9 -01303 C 9 0E-03 3.4E--14
CHLORINE DIOXIDE 10049044 4 11 -01 N 4.1100 1.5L-0I
CHLOROACHTIj ACID 7911 8 2.71-07 N 2.7-01 1 OE-02
4-CHLO OANILINE 10647 54H00 N 54E-01 0L-02
CHLOROBENZENE 108907 2N71-01 N 2'E-00 1 OL-Ol
2-CL ORO1i BUTADIENE 12699% 2'711)] N 2,7-00 I OE-0

CHLOROETHAN 1 7003 I 100 C L 1 00 4 11-02
CHLOROFORM 67663 1.41-01 N I 4E 00 5OE-02

4-C RO2-MEHYLANILlNE 95692 5 24E-03 C 5.4E-)3 20E-04

BETA-CH LORONAPH [TH ALEN 91587 I. 10 N 1 EV 01 4 01-01
2-CHLORHENO 95578 6.8E-0C N FE-01 2,S L-02

O-CHLOROTLLEN I______ (U I-)P 2,1- -01 N 27 Li00 1 9F-C I

P-C1ILOROTCLUENE 1 634 9_zE 9 0 3,1

C I LORPYRIFOS 2921882 4_ 1 10 ' N 4.1 E-01 1 SE-(2

C1 LORPYRIFOS-METHYL 598130 1 4E -01 N 14L-00 5,01-02
CHROMIUM lII 16065M31 101 N 2.01H-02 7 6l00

CHROMIUM VI 18540299 4,1 F00 N 4.1-01 1 51-02
OPPER 7440,08 5.4E-0 I N 5,4L-00 2-OE-01

CU MENE 98828 I 4E'2 N 14 -01 FO-01

CYANIDE IFR EE) 5712 !.7E'01 2 10 1.0E-01
CALCIUMCYANIDE- 59201 541-01 N 54-00 2.OE-0I
COPPER CYANIDE 544923 6+0 N 6.8F-01 2.5E-02

CYANOQEN 460195 5N401 54E '00 2,01 -01
IIYDROGEN CYANIDE 74908 7 271+01 o2 EIJC 11 -)l
pOlASSIUM CYANIDE 151508 6N EL-0 I NL 00 SE--l

PO ASS1UM SILVER CYANIDE 506616 2.71+02 N 27E101 101-0
SI VER CYANIDE 506649 1,4E+02 N 1-4(I S E-Cl
SODIUM CY A IDE 1433339 5.4E -01 N 541 10 2.WE-01

THIOCYA NATES 2.7E-0 I N' 2 7E-02 I OE-03
ZINC CYANIDE 557211 6 E+01 N I.81+0 2 5E-01
CYCLOHEXANONE 108941 6.SE03 N 6.E1+02 2,5E-01

T-16
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Remedial Investigation Work Plan Tables
DOE/RL-2008-11

Rev. 0

Table 4-21a. Human Health Benchmarks for Fish Tissue-Chemical Constituents. (9 Pages)

Adjusted Fish Selected Fish
Benchmark, Benchmd i

ye#/An te Region 3 Fish RBC H 1=0.1
Cad (mg/kg) (noncarcinogenic Native

Code adjusent) Aerican
( kg,) (mg/kg)

CY IALTH I II KA RATE 68085858 6.8 E -00 N 6 -1 1E-02
CYPE RMFTHRIN 523 15078 1.411 1) N 1 41 -0() 5.01-02
DACIlA L 1861321 1.41 -01 \ Il41-(U 5 OL-02
DALA PON 75990 4.111 I 1 N 4.1 1-f 1 .E-01
DDD 72548 1 P -02 C 1.31 _02 4L u_04
DDL 72559 93 E1-03 C 9. -03 3 .5_04
DDT 93 50293 9 31L-ls I U 31 -0 5E-04
DIALNON 33415 1,21 -00 \ 1 2 P01 4. 503
DIIAE\/.OFIiRA j 132649 1 4L (0 N\ 4I A-1 1 -03
1, 4-DIBROMOEEL 106376 A4E-01N N 1 4100 5.01-02

DIHRONOCHILOROLI'1 --A 124481 3 81-02 (C 3811 -0l I 4L-03 j
1. 2-DIBROMlO.-CIILOROPROP\ANE 96128 339.-03 1 ( 391 -03 1511-04
IL 2-0113ROMOET[1A\\ 106934 16L-03 0 1 6]-03 5911-05
D11tBI i YL PTI IALAI E 84742 1 4102 N 1,41-01 5W011-01
DIK AM[\ 191800 4,1 F N \ 411 NI 00 1 51-01
1, )DICHI OR BLN/ NV 95501 1 21. 02 N \.21<01 4,51101

.DI ILORO1 \/L \ 541731 4 I100 N 411I-01 1 ,1-02
1 4-DICIHLOROBI \/N/.M 106467 1 311-01 M 131-1 4 9-0-03

3. 3"-1)1CHL111R1{01L11N/11)INF 91941 701-03 C 7.01-03 2611-04
DICI-ILORODIF.LjOROME TI-IANL 75718 2_71-02 0 N 7 711 01 1 F,00

1. 1-DICHILOROl IA \ - 75343 2.71Ei2 N 2.71101 1)01-00
I 2-DICHLOROE' I IANE 107062 3.I-02 C ,3. 5F-02 I I.3-03

1. 1-DICIHLORO1HTIEN 75354 6.E 01 N 6. 1100 2, 1F-01
(is-I. 2-DICHLORO H1N 156592 141101 N 1M N00 ]J I-.02

TRANS-1. 2-DICI iOROLI I IL\E 1 271 0 1 N 2.7 1000-01
TOTAL 1 2-DICH LORO FI N 540590 1 21111 N L21100 4,51 -02
2. 4-DCII LOROPI-ENOL 120832 4 EIL00 N 4. 11 -01 1.5F-02
2, 4-D 94757 1 .4EL- 01 N 1.41 00 50E-02
4-(2, 4-D1ICI.OROP1 \(OX )1313YRIC
ACID 94826 L 1. _1 \_ _ NI IE_ 00 4__E-02

1. 2-D C ILO ROPA()P \ 78875 4.61 -02 C 4.6E1-02 I,7E-03
L 3-DICI LOROPRiPA \E 142289 2-01 N 27E 00 101E-01
2. 3-DI1 ILOROPROPA\OL 616219 4.11:00 N 41 1 -01 1.5F-02
1, 3-DI(I LOROPROPLXE 542756 .211-02 C 32E-02 I1 y -03
DICI LORVs 6273 7 1. 1-02 c 1. 11--02 41L-04
Dl R1) [\IN 60571 2.01-04 C 2,0M1-04 7'4 -06
D11 11) L11H ITHALA 1104662 I E101 L 1 -02 4.0 1-00
D112-1 1H I \ hEYL ADIPATE 103231 2.6E 0) ( 2 (1110 9.811-02
DIP I 1HY L TLI Lk'RS)L 5653 I 6.7E-107 ( 6.71-07 2.511-08

DW1N/(OQLA\l_(A\\ :NGE) 43222486 1 L-02 N 1 +01 410-01
DIlSOPROPYL 1445756 | 1. 1: -02 N 10 4 01-01

T-1 7
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Remedial Investigation Work Plan Tables
DOE/RL-2008-11

Rev. 0

Table 4-21a. Human Health Benchmarks for Fish Tissue-Chemical Constituents. (9 Pages) 0
Adjusted Fish Selected Fish

CAS Benchmark. Benchmark -
AnalvIte #/Analvte Region 3 Fish RBC 11=0.1 . Native

(mg/kg) (noncareinogenic
Code adjustment) (mg/kg)

(mg/kg)

ME I H4YLPIHOSPH ONATE (DIMP)

3 3-DIME I HOXYIBLNZIDINE I 19904 2.3E-01 C 2-3E1-01 8.41-03

\ N-DIME TH YLANILINE 121697 2.7E- 00 N 7E-0l 1I0F-02

2. 4-DIMETH 1 LPHE NOL 105679 27E-l 01 2 7E+00 Lo.-01

2, 6-DIMETHY LPHFNOL 576261 81-l-01 8 1-02 3.0E-03

3, 4-DIMETHYL PHINOL 9565 I 41- 00 1 411-01 5.0E-03

1. 2-DIN1TROBIN/NI' 528290 1 4 1 1.411-02 501E-04

1, 3-DINITROBENZN E 99650 1 4 F-0l 1 41 -02 5.0E-04

1, 4-D T ROBF\%/ E 100254 1 4L-01 1411-02 5 01E-04

4, 6-DIN1T RO-O- YL [( 11 2.Y L N
PH ENOL

2, 4-DINITROPHENOL 51285 2711-00 N 271-0l 101-02

DINITROTOLL ,NE ML\ 4.6E-03 C 4 6E-03 1,71-04

2, 4-DINITROTOLULN- 121142 2.7 L00 N 2.71-01 0-02

2, 6-DN I RO OLI EE 606202 1.413 00 N 1 41-01 5 011-03

DINO% B 8885 1.41 00 N 1-411-01 5011-03

1, 4-DIOXANE 12391 1 219k-0l 2 11-01 1 11-02

DIP]ENY I1 122394 3411 01 N 41 00 1 31-01

1, 2-DiPH \N LIH DRAZI E 122667 39E-03 3, 9 E- 03  1 51-04

DIQlAT 85007 0E00 N 0F-0 I 1 11E-02

DISL LFO O\ 2980 4 5411-02 \ 4'-03 2,0F-04
1, 4-DI THIANE 505293 1 41-01 N I 41-00 5 F-02

DI LIRON 330541 2.7-IJO N\ 2 -01 1.OE-02

1 ND 00SkL F\\ 15297 8.11 00 N 8.111-01 3.1 .- 02

ENDRIN 72208 4 I -01 N 4 11-02 1.5E-03

E 1 1(1I LOROH YDRIN 106898 31 -01 C o 21-01 1.21-02

11 I ON 563122 61 -01 N 68-02 2 iE-03

ETHYL A CETATE 141786 1) 1i0M N I.ll902 4_5E 00

FTHVL _E/LNE 100414 1.1 E-02 N I.4E0 5 I .1-01

ETHY1 I-\ GLYCOL 107211I 2.7k 01 N .E102 1.011±01
EI -1I LENE (LYCOL, MONOBITYL 111762 6,8E N 6L811 -110
ETFIER
ET I 1-\,IN OXIDE 721 3 2E-0 C 3.2-03 1.211-04

ETHYL IIHR 6007 2.71 -02 F: 2711 1 01100

FENAMIPIOS 22224926 31F-01 N 3,41:-02 1.3F-03

FLU( METL RON 2164172 1SE d- I N 1,8L-00 6 61-02

FLL ORIE 782414 8, 1L, EN 1 IF00 3.01F-01

FOMESAf EN 72178020 - 1-02 CT1 1, 7 E-02 6.2l-04

FONOFOS 944229 2. 71100 -N 27E-01 1OE-

FORMALDEIYDL 50000 2 71:- - 2.E-il I.0E'0(

FUR'AN 10009 [11-00 N 1.4E-01 5.0E-0

T-18
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Remedial Investigation Work Plan Tables
DOE/RL-2008-11

Rev. 0

Table 4-21a. Human Health Benchmarks for Fish Tissue-Chemical Constituents. (9 Pages)

Adjusted Fish Selected Fish

CAS nC Benchmark, Benchmark -Reion 3 Fish RBC 111=0.1AnalNvte #/Analde Ntv
od(mg/kg) (noncarcinogenic American

adjustment) (mg/kg)
____ ___ ___ ____ ___ ___ ___ ____ ________(mg/kg)

FURFIRAL 98011 4 11- 00 N 4,111-01 1 .5E-02
GLYPHO\SATE 1071836 1,4E 02 N I 4E 01 5.E-01
HEPTACIILlOR 76448 .01-04 C 7,OF-04 2.6E 05

IIEPACI I (R EPOXIDE 1024573 3.S5E-04 C 3,51-04 13E-05
I]1\X\BRO\N F\L Nl 8782I1 2.7E 00 N OF '-01 L.E-02

II\ACHlIOROBENZNFL 11I741 2 ,0E-03 C 101-03 711:-O5
I IL\\CI ILOROB \TADI ENE 87683 4.OE-02 ( 4-OE-02 5-03
ALPH A-I ICI I 119846 5.O11-04 C 5.0E-04 .E-05

1W I 10-1 319857 I E-01 C 1 8E-03 6,1E
GANIMA-HCHI (LINDANE) 58899 24-03 C 24E-0 91- -0

I I 1 H\1CA L HCI1 608731 1 8E-03 C I 1 8E- 0 6.E51-05
1 ( \ HLOROCYCLOPNT AD1\N 77474 | 8.1 '0) N . E-OI 3E-02

H\ XAHL(ORODIBEN/ODIOX1\ MIX 19408743 5. I E-07 c 5.1E-07 1.08
HIt- \('IHLOROE HAN 67721 2,3k-01 C 2.3E-0I 8.4E-03
1I i\ ACH LOROPI E-N Eu304 4 1 [-01 N 4. IL -02 1.5E-03

I NI X 2691 410 6.8 E 4I N 6.8D-00 2.5E-01
H DRAZIN12 302012 1 .1 [-03 C 1. 1 1-03 3.9E-05
HYDROGEN SI) LHIIJ 7783064 4, 1 L N N 41 [-01 1 .5 E-02
I RO\ 986 9 1 2 9 51±01 3.5E+00
ISOF31T\\OL 78831 4.11-02 N 4.11-01 I.5E+U
ISt )PHORO\'E 78591 .11-0 C 3 -00 1 .2E-0 1

'I FTRAETHYLLEAD 78002 1.4-04 N l41i-05 5.0E-07
KEPONE 143500 6.8k-01 N 6.8-02 2.5E-03
LITHIUM 74932 2.71 N 2. 1 00 LOE- I
MALATI ION 121755 2_7 -01 N 27+00 I .0E-0 I
MALI-C ANHY1DRIDE 10316 N,412102 N 141 01 5.01-0I

MANGANESE-FOOD 743995 I k 02 o N 19F O 7, E-0
MEPHOSFOLAN 950107 1 11-01 N I.211-02 4.5 1-04

MEPQUI-(AT CH LORIDE 24307264 411- NL01 4,11+00 1-01
MERCURIC CH1 ORIDE 747947 O 4 IF-01 N 4.11-02 F.5E-03
METI IYLME1RCURY 221,926 4 4-01 1 4E-02 5E 1-04
METHANOL 6561 [ 6. 1 02 N 6.8E- 01 1 0
METI ATHION 950378 1 I4V -U N I 4 1o -01 5.0E-03

M1HOXYC'HLOR j 72435 6 ,8 I00 N 6,81:-Ol 2 51E-02
METlHYL ACETATE 7920 1 41± 03 N I 41 102 5 0E+0

MEIIYL ACRYLATE 9633 4101 N 4, 1L00 L5E-01
2-METHYLANILINE 953 41-02 C 1.3 l02 4.9E-04
4-(2-METHYL-4-CIILOROPIHIENOXY) 9

BIT Y RIC ACID 94M 5 4E U \ N IA 0t 5,OE-02

2-M1TH-]YL-4-CHLOROPHE1N- 94746 6.81-01 N 6.8E-(2 2.5-03
OXYACETIC ACID (MCPA) 9476___E______E_2_.5-_

T- 19
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DOE/RL-2008-11
Rev. 0Remedial Investigation Work Plan Tables

Table 4-21a. Human Health Benchmarks for Fish Tissue-Chemical Constituents. (9 Pages)

Adjusted Fish Selected Fish
CAS Benchmark, Benchmark -

Region 3 Fish RBC H1=0.g
AuNalyte #/Analvte N ative(nig~kg) (noncarcinogenic mrin

Code adjustment) (mg/kg)

(mg/kg)

2-(2-MEH -1 YL-4-CH LORO- 93652 4E+00 N 1 41-(l 5.OF-03
PHENOY YiPROPIONI( ACID (MCPP)

IETHYL E \ BROMIDL 74953 I14E)0I1 N I4E-"00 5.OF-02

METFIYLfN CHLORIDE 75092 4 2-0I ( 4 2E-0I I6E-02

4.4'-METH-YLENE BIS(2-CHLORO- 101144 3.2E-02 C 3.2E-02 1.2E-03
ANILINE)
4.4'-METHY LFNF BI(N, N'DIMLTIHIYL) 101611 6.9E-02 C 69E-02 '16E-03
,A N 1LI N, F

ME I HY L 1Il1 YL KETONE 1 N 8E 01 3 0E-00
(2-BI ;TANONE)
MIETHYL METHACRYLATE 80626 1,9L ' N IP9-02 7 IE-00
MEIllYL PARATH lION 29800 ; 4E-01 N 3.4F-02 13E-03
2-M I I YLPHENOL 95487 6.81 01 N 615-00 E 13-01

3-M I IIYLPHENOL [08394 6 8E 01 N 62.5-00 E E-01

4-Ml- I HYLPHENOL 106445 6 81 -00 6.8E-01 2.5E-02
V I I YLSTYRENE \MIX 25013154 8. 11- 00 IN1 E-01 3OE-02

ALP1 A-ME TIIYLSTY RENE 98839 95L N 9N SE-0( 3.5E-01

ME I YL 1 1RT -BlTY L ETH ER 163404 9 -01 C 79E-01 ' 9F-02
MN I ()L \CIILOR (DUAL) 51218452 20W-02 N 2E-t01 76E-0

MIRE\ 2385855 27 -01 N 27E-02 1E-U3

M(OLYI BI WNUM 7439987 6 , I00 N 6 .E-01 2.5r-02

MO\O( HLOR A\INL 10599903 1 4E-02 N I N4E 101 5UE-01

A I ED 300765 2.71 -00 N 2. ~E-01 1OE-02

NICKEl 7440020 271- 01 N 27E±00 1 CE-O1

Ni I RATE 14797558 2 2103 N 2,2Ei02 8 IF-1U
NITRITE 14797650 1 4E- i2 N \4Ei01 5013-01

ITROBENZNE 98953 6.8E-01 \ 681-02 2 ,-03

I TROGL Y( C IN 55630 l.4E-0I \ 1.413-02 5 0E3-04
ITROSO-DI-N-BUTYL \MI\E 924163 5.8E-04 C 58F-04 22E-05
NI I ROSOD I ETIANOLA\MIE 1116547 IIE-03 C I .113-03 421-05

N-N I i ROSODI I L \MINE 558 2 1E-05 C 27 V- ~ E-07

N-N IROODIM l IYLA\1INE 62759 6.21-05 C 6.21-05 2.31E-06

N-NTFROSOI)IPIl \) LAMIN 86306 4 A-0 I C 6 413-01 2 4L-02

N-NITR()SOIIPROPY L\MI\E 621647 4.5L-04 C 4.FS-04 1 _L-05

N-\N TROS-\-MT I HY LETiHL NE 10595956 1 41 -04 C 1 .4-04 5_31--06

-NI TROSOPY RROLIDINE 930552 I 513-03 C 1.5E-03 561-05

O-N ITR) IT i -i k 8 '22 141-01 N I.4E+00 5.013-02
P-NITR&I OLUENF 99990 20 1-01 C 2.OE-01 741-03

N USTAR 85509199 9,5F-01 N 9 R -02 3_5E-03

ORYZ\LIN 19044883 6.1+01 N 6 8E300 25F-01
OXAIDLAZON 19666309 6.SE+00 N 6,8E-01 2.5E-02

()X\ AM Y 23135220 314E01 341-0( 1.3E-01
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Table 4-21a. Human Health Benchmarks for Fish Tissue-Chemical Constituents. (9 Pages)

Adjusted Fish Selected Fish
Benchmark, Benchmark -

A nalyte #/AnaIvte Region 3 Fish RBC H1=0.r

(mg/kg) (noncareinogenic Nak e
Code adjustment) American'

___________________________ __________(mg/kg) (mg/kg)

()\Y3FLLOR313N _ _\_ 42874033 4. 1 E00 N 4.1 1-uI 1.5E-02
PARAQ AT DICIHLORIDE 1910425 6 1 F+00 6.1E-01 E 2.3EF-02
PAR \lI I1I 56382 1 X I+00 N S.1E-01 3.0E-02
PENTAI HL(ROBIEN/I \ 608935 1 11 -00 N 1 I F-01 4.01-03
P \NIA('1I CR()1311 A~k \6017 3.5-02 C 3.51-02 1313-03
PNIAC\ I I()RON I ROfI3N/NF 82688 1 21 -02 C 1.21-02 413-04
PIN I AU II WROPHI ENOL 87865 2,01 -02 [C 261-02 9,81-04
P13R( I \RATE 9.5k-Wll \ 9 S3-02 3.513-03
PLRM 11RI N 52645531 6,81- -01 N0 2 51-01

PII\OL 108952 4 11 -02 N 4 11> f 1 5 00
I-PI\ I NYLENEDIAMINLE 108452 8. 1 -00 N & 1 I1-01 1 O_02

0-Pi 'i YLENEDIAMINVN 95545 6 73-02 C 6- 713-2 2 3-o
P-P E \Y LEN EDIA IN 106503 -102 N 2.613-01 9 6 -01

PH(IOSPI lINE 7803512 4.11 -01 N 4 11-02 1 p 03
PHIOSPI I)R LI (\ WI ii:) __7723140j 2.7k -02 N 27-03 1 01 04

PIIThIA LI \A \ IYDRII)1 85449 2.7'3+03 N 2.71(2 1 01 01
PO1 BROM\NATED BIPIIENYL 3.5 1 -04 C 3.51-04 1 31 -05
PIl )' HLORINA3D BIPHENYLS 1336363 1_6F-03 C 1613-03 5,9F-05
ARO( OR-1016 12674112 4 S13-02 C 4 5E-02 1 71;-03

\()CLOR- 12 21 11104282 1 6E-03 C 1.6E-03 5.9E-05
AROCILOR- 1232 11141165 1.61 -03 C 1 6E-03 5.91-05
AROCL ()R-1242 53469219 1.61-11 C 1.61-03 5 913-05
A ROC LOR-1248 126722% 1613-03 C 1.61-03 5,91-45
AROCLOR-1254 I1097691 1 .61 -03 C 1 6F3-03 5,91-05
AROCLOR-1260 1,6E3 1 825 1613-0 C L.61-03 5.91-05
\CENAPHI I IiN -A 83329 E8.101 N 8.113-00 3.11I3-01

\NIIRAC I \ 120127 4, 1 02 N 4. 1 I I 151 -00

3EN/[\]\\IIIR ENE 56553 4.3E-03 7 4.3E-03 16-04
B1EN/HO[1F I 'ORA\ I I L1 205992 | 4.3 1-0; C 4 3 ,-03 .61-04

BiENO[ KI L ORA\ Ii \3 207089 4 E13-02 C 4.31E-02 1.61-03
BENZO[A]PY RINE 50328 4.3E-04 C 4313 -04 1.6E-05
CARB AOLI S 86748 1.6E-0 I C 1.6L-01 5.91E-03
C1RYS I. \ 218019 4 '1 -01 C, 43 .3-01 . 3-I_02

D11IN \/AV\] \ I HR \I Iz\ 53703 4.31-04 C I.31-04 1.613-05
FLLORA\\ I E\1 206440 5L C1 [NI 4 I-00 2 01 -01

F1 ORI:NE 86737 5. W (1 N 5.41-00 2.0-0]
INIDN0 1 .2. 3-C.D]PYRR3N\3 193395 | 4.3--3 C 4 3E-03 1 . 6-04
2-\UTI I N \P1[ IAL1L \3 91576 5-41 00 N 5.41-01 2.01-12
\APHIIl A 1\E 91203 2 -,1-11 N 2,7E 00 1.01-01
P13 REM 12900 4.11l01 N 4 1 E-00 1.5E-01
PROE\ TO\ 1610180 2.0E- 0 1 N 2.0L-00 7.6E-02
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Table 4-21a. Human Health Benchmarks for Fish Tissue-Chemical Constituents. (9 Pages)

Adjusted Fish Selected Fish

CAS Benchmark, Benchmark -

Anahvte #/AnaIyte Region 3 Fish RBC" on g0.1 Native
Code (mg/kg) (noncarcino-enic Amrican

adju1stntn
(mg/kg)

PROMETRYN 7287196 5.4E+00 5.4E-01 2W -02

PROPACHLOR 1918167 I8E+0 N 1E00 661h-02

PROPARGITE 2312358 2.7E 01 N 27 L-00 1 O-01
I ROPYLENE GLYCOL MONOETHYL 52125538 91E+t2 N 9.5E+0 3.E0O
ETHEZR E1____2_ __________1.E 0

PROYL ENE GLYCOL, MONOMETHYL 107982 9.5E-02 N 9.5E01 3.5E-00
ETH ER

PURSUIT 81335775 3AE 02 N 34E-01 13E+00

PYRIDINE 110861 14E- 00 N 1.4E-0I 5.0E-03

QUINOLINE 91225 1IF-03 C 1.1E-03 3.9E-05
RDX 121824 2 9[ 0'2 I C 2.9E-02 1. E-03

R ESMET I RIN 10453868 4 11 0 I N 41 E-00 1.5E-0l
ROEN ONE 83794 5. E00 N 5 4E 0I 2E-02

S ELENIUM 7782492 N 61 00 N 62E-0 5E-U2
SILVER 7440224 6 1E 00 N 6 8E-0 I 2. E-02

SIMAZINE 122349 2.6E-0' C 26E-02 98E-04

SODIUM 148I85 C I.2E-07 4A4-04
DIETlIYLDITI-IIOCA RBAMATE
STRONIi'TI STABPLE 7440246 81E E02 N 8 E1-01 3 (01F00

STRYCHNINE 57249 4 1E-0 I N 4.1 E-02 15E I3

STY REN E 100425 27E0 N 2-7E+01 1.0E>0

2.3,7,8-TETRAC ILORODIBEN- 174,601 2,1 E-08 C 1lE-08 7.8E-10
ZODIOXIN

1, 2.4,5-TETRACH LOROBNZ/NE I5943 4.1 F-01 N 4 11-2 1 E-03

1,1 ,2-TETRACHLOROETH\N 630206 1 21z-01 0 I 21-01 4,5E-03

1.1.2.2-TETRACHLOROETHANE 79345 61-0 ( .61>12 5.9E-04

TEIRAC I-LOROITI EONE I 184 5 Cd-01 C 5.8E-03 4 22-04

"."-4ITETRACHLOROPHIENOL 8902 4 I 01 4,IE'00 l.SE-0I

P. .A TE RAC11LOROTOLL FN 521625 1 ( 04 I o' 16E-04 5 9E-06

TETRA1H1'DR()FUI RAN 109999 4E- 01 C 4.)E-015-02

TETRL 4748 5 4F 00 N 5.4E-01 2OL-02

THALLIUM 44(80 9 5E-02 9.5 E-03 3 51-04

THALLIUM ACETATE 563688 1 E-01 N \ 1.2E-02 4 .S-04

ITALLIUM CARBONATIE 6533739 | 1 L L-01 N-0 11 E-02 4011-04

TI IALLIUM CHLORIDE 7791 120 1 1 E-01 N 1. 1 -02 401-14

THALLIUM NITRATE 101(2451 1 2-01 N 1.21-02 451-04

THALLIUM SULFATE 2: 1) 446186 1 L E-01 N 1 11-02 4 01+-04

THIOBENCARB 28249776 I 41-01 N 1 41-00 . IE-02

TIN 7441315 8 111-02 N 8, 1101 30E100

TOLUEN1 108883 I 11 \ I N IF-E-1 4 E-01I

TOLUENE-2. 4-DIAMINE 9507 9 9E-04 C 9.9E-04 3 T-01

TOLUENE-2. 5-D IAMINE 95705 I 8 IF (2 N1 8IE 01 3.OLE00
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Table 4-21a. Human Health Benchmarks for Fish Tissue-Chemical Constituents. (9 Pages)

Adjusted Fish Selected Fish

CAS Benchark, Benchmark -
#/AnaI~te Region 3 Fish RBC 111 =0.1

(mg/kg) (noncarcinogenic
CodeAmericaiiadjustment) (mg/kg)

_____________(mg/k) _(__g/k__)

TOLUENE-2, 6-DIAMINE 823405 4. 1 01 N 4 1E+00 1.5E-U
P-TOLUIDINE I 06490 1 I17E-02 C 1.7E3-02 6.2E-04
TOXAPIIENE 8001352 2.91-03 C -. ')E -0 1.1EF-04
1, 2, 4-TRIBROMOBENZ E 615543 6I8-GO N 6.8E-01 2.5E-02
TRIBUITYLTIN OXIDE 56359 4 1F-01 N 4. 1E-02 1.5E--03
2, 4, 6-TRICHLOROANIL1NE

1, 2, 4-TRICHL)R)OBENZEN N

1, I. 1 -TRICH-ILOROETH-IANE

1, 1, 2-TRICIILOROTHIIIANE

TRICLOR()ITH11N 1
TR IClI LORO LUOROM ETHANE
2, 4,5-T RICH LOROPH ENOL
24 6-TRICHLOROPHENOL

2, 4, 5-T
2 -(2, 4. i-TR ICI _ LOPIIN NOXY
PROPIONIC ACID
SIL2-TRICIHLOROPR kGPANE
I.2,3-TRICIH LOROPROPA NE
1,1 .2-TRICHLORO-1, 2, 2-] R1kLlORO-
ETH A NE

634935
120821

9 11-02

1.4 - -1
CN 93(E-02

S4E! 00
I- -~ 4 .~ 4

71556 2,7E403 N 2.7E+ 02
1- -1 t-----4 4

1-

79005

79016
75694
95954

5' _-P

7.9Lk-1
4,113
S11 -,02

N
N

5.5EH-02
7.9E-03
4.1k+01
1.4E01

4- 1 4-.. 4

88062 2.913-01

93721

598776
96184

76131

1.4 F+01

1 E+ 01

6.8E +00

1.6E-03

4.1EI04

C
N

N

N
C

N

2.9E3-01
1.4E 000

II E+00

4.1 E+03

3.5E-03
5.0E-02
1.OE- 01
2.1 E-03
2.9E-04

I .5E-00
5.0E-01
1. 1E-02
5.0E-02

4,0E7-02

2'.E-02
5. 91-05

1, 5 RINITROBIENZENE 9934 , 1 ki l N 4.]E+0( 15
2. 4 6-TRINITROTOLUENE
U1RAN1M (SOLU3LE SALTS)
VA NA DILI M
VINCL/OLIN
VINYL ACETATE ______

VIN YL CHI [OR]DE: adult
WAI RFAR IN

ZINC
ZuNE13

1167 1 t 1 I-01
7440611 1 4. l0

440622 1 41+00
1)4448 3 ~4E13 (
10805 141'
7501 1 4 14-
1 8 12 4 E- 1

1;3020' 7E

7440666 4 I E+0

12122677 681 I

I EPA R ein 3 R .sk. -3ased Cc tr:ale 4R 43C1 Oct ubcr 2107.
Niaic anccr- ba .d R Ills wcreC dividcd by 10 (li rc (icc a H-aiitrd Qurri cnf it I

RI n 3 RC inchmark diHid, d hi a ' aci1 r ii i 1 . acuijU II_ C TUI Ui

C 1.1E3-0]
1- t 4

N
N
N
N

N

4.1E1-01

1.41E-01
3413.E+00
1.4E +02

4 I-
441 -03
4 1E-02
2.7E+01
4 I1- 0
6.8Ek0 O

Iita rac it'2 e d vs. defati 1f5-4 a U and a
tacciiuni fr CT LIR e posurc duraun ef 714 years. vs. dcfauht if 34 yecars. (CTU[R parramcn.r- obtarincd frin Harris and 1 larpcr 2041

trrnim benchmiark Irirctr adjustcet diwnrward hi r te acoUt fir reiised (111ccii \f Waer ural4 reerceca de if

441444 tt in k c-d.
C~TUR Confedcracd Tribes of nbhe Umarldla idian Rescrvadn

( = carcinagec cilcuts
N =ntncarc inoi.JU Icfcis

HI = hacztrd i~ne
1R114 = risk-based cnccnrrraln

dU = r1m1s p1r day

mg/kg - nmiltgramns par kilegramt

3.9E
-I

-03
L.5E3-12

.0E -(13
I1.3E-01

5.11E311(
1 .613-04
1.5E3-03

1.SE1+00
2.iE-oi

aieor of .

T-23
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Table 4-21b. Human Health Benchmarks for Fish Tissue-Radionuclides.

Radionuclides CAS Noa.Analyte Code CSF Fish RBC (pCi/g)
Anericium-24 1 14596-10-2 1,34E-10 4.71E-04
Antimony-l 25 14234-35-6 7.21 E-12 8.76E-03
Barium-140 14798-08-4 2.17E-11 2,91 E-03
Carbon- 14 14762-75-5 2.00E-12 3.16E-02
Cerium-141 13967-74-3 6.77E-12 9.32E-03
Cerium-144 14762-78-8 5 18E- I1 I 1E-03
Cesium-134 13967-70-9 5.14E-1 1 23E-03
Cesium-1 37 10045-97-3 3.74E- I I 1.69E-03
Cobalt-57 13981-50-5 1.49E-12 4.24E-02
Cobalt-58 13981-38-9 4.18E-12 1.5 E-02
Cobah-60 10198-40-0 2.23E-I I 2.83E-03
Curium-244 13981-15-2 1,08E-10 5.85E-04
Europium-152 14683-23-9 870E-12 7.26E-03
Europium-154 15585-101 1 49E 11 4 24E3-03
Europium- 155 14391-16-3 2.77E- 12 2.28E-02
odine-129 15046-84-1 322E-10 1.96E-04

Iodine-131 10043-66-0 1.34E-10 4.711E-04
Neptunium-237 13994-20-2 9.10E-11 6.94E-04
Nickel-63 13981-37-8 9.51 E-13 6.64E3-02
Niobium-94 14681-63-1 1.1 1E-1 1569E-(P
Plutonium-238 1398 -16-3 I 691-10 3,74E1-04
Plutonium-239240 PU-239/240 1.74E-10 3.63E-04
I']u onium-241 14119-3 S 2 E12 2-77E-02
Potassium-40 1 3966-00-2 3.431 1.84E-03
Radium-226 13982-63-3 5 PE-10 1,231-04
Radium-228 15262-20-I 1.43E-09 4.411 -05
Stronuum-90 100897-2 9.531-I 6.62E-04
Teelhnetum-9 14133-76-7 4 003- 12 1.58E3-02
lhorium-228 1474-82-9 4,22E-10 E.50E-04
Thorium-229 15 94- 4-4 2.90E-10 2.18 -04

horium-230 14269-63-7 1. 19-0 5.30E-04
Thurium-232 TI-2?2 1.331-10 4.75E-04
Trilum 1 00 7-8 1 474S-1 4.381-01
I ranium 3- I 968-55-3 9.69 1 6.51E-04
Lramum-234 13966-29-5 9,55E- 11 6.611E-04
Sramilm-215 15117-6-1 9.761 -11 6 47E-04
L ramium-238 Ii-238 1,21 7-10 _ 5.22E3-04

Limc-65 I 3983-39-3 1.5413-Il1 4.I0E3-03
Zicoium Niobium-95 ZR \B-5 6 L5913-12 9.58E-03

Aposure assumplions based tm i I n R scenanrio Harris and Harper, 2004i
(S v ialues frorn EPA \ 200 Ie)
I 1h meA-tion R(, TR'S 'E*IR* I F'I D
RB( rad risk-bused euneentratin radionuchdes (pi 1 -eakolated
1 R target risk onites I -W)
CSI- caneer slope actor (risk pCi)
IR = nsh mcs iton re (620 ldav)
IEF = exposure irequenev .3 davsvear)
E L) exposure duraion (7 ) ears)
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ACRONYMS

ACOE
ASTM
CE RC LA

CPR
DOE
DOE-Rl
DOT
DQA
DQO
Ecology
ECP
ENRE
EPA
EPL
FSP
HASQARD
NIS
PCB
QA
QAPP
QC
RCBRA
RCCC
RCRA
RI
RL
RM
RPD
SAF
SAl
SAP
SOP
SS&SF
SS MIM
STR
Tri-Party

Agreement
WAC
WCH
WI

U.S. Army Corps of Engineers
American Society for Testing Materials
Comprehenslive Environmental Response Cimpensauion, and Liabilit Ac, o/
1980
cardiopulmonary resuscitation
U.S. Department of Energy
L.S. Department of Energy. Richland Operations Office
U.S. Department of Transportation
data quality assessment
data quality objective
Washington State Department of Ecology
Environmental Control Plan
Environmental Restoration (database)
U.S Environmental Protection Agency
Environmental Project Lead
field sampling plan
Hanford .Anaytical Services Qualit vAssurance Requiremenrs Documents
multi-incremental sampling
polychlorinated biphenyl
quality assurance
quality assurance project plan

quality control
River Corridor Baseline Risk Assessment
River Corridor Closure Contract
Resource Conservation and Reco very Act of 1976
remedial investigation
reporting limit
river mile
relative percent difference
sample authorization form
sampling and analysis instruction
sampling and analysis plan
standard operating procedure
Sample Storage and Shipping Facility
site-speciic waste management instruction
subcontract technical representative
H?nord Eec/eral Fati/i/i I reemwnt and Consean Order

Wash ing/on A dministrative Code
Washington Closure Hanford
work instruction
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1.0 INTRODUCTION

This sampling and analysi plan (SAP) presents the details of the proposed sampling identified in
the Remedial Imestigatim NPork Plitmb l Inffind Site eleas to the ( /aumiha River (this
document. hereafter called the RI work plan). This SAP is based on the results of the data
quality obhccn es (DQO) process, which is sumnnrized in the DX Sumnari Repoit /Or the
Remedial Investigation o/'Hanfid Sie Rlcases to the Ca/miea River ( Q0( Summary Report)
(WCH-265) that identified the additional data needed to characterize Hanford Site hazardous
substance releases to the Columbia River and suppoN humn health and ecological baseline risk
assessments.

[he geographical investigation area (Study Area) for this SAP includes the Columbia River and
islands from above Priest Rapids Dam to MeNary Dam (the first downriver dam from tile
Hanford Site), plus a limited investigation of tle area immediately upstream of Bonneville Dam.
This investigation area has been divided into five sub-areas based on proximity to the hanford
Site and the relation of production operations to facilitate the baseline human health risk
assessment. These five sub-areas include the Upriver Sub-Area, 100 Area Sub-Area. 300 Area
Sub-Area, Lake \Vallula Sub-Area. and Bonneville Dam Pool Sub-Area (Figure 1-1).

The lateral i esication area of the Columbia River extends shore to shOrJ (ordiary high water
mark to ordinary igh water mark' ) except for areas xNithin the llHanford Reach thiat have been
previously characterized and assessed by' the River Corridor Baseline Risk Assessmellt
(RCI3RA) Source and Groundw ater Component (nominally to a depth of 2 m 16 ft] into the ri er
from the low water mark). In these areas of the Hanford Reach, the investLation area for this
SAP begins where the RCBRA Source and Groundwater Component investigation stopped. I-or
abiotic media, and most biota, sample collection for tile RCBRA Source and Groundwater
Component stopped at I .8 m (6 t) below the low water mark of the river, which is characterized
by tile presence of the green line'' of algae delieating the permanently inundated portion of the
river channel. Biota salmples for mussels and fish were occasionally collected below the greenl
line Tlhe lateral ivestigaoll areas are depicted in Fiures 1-2 and 1-3. As shown i these
figures, coiltanated grou aler citers the river along tile right 2 bank througLl seeps and
springs. Additional iiormation on tle invesgaton area boundaries is presented in Scetion 4. I
of the RI work plan.

From WV A' 173-22-0(,30. - he ordIit, a ry hi gh waler t mark on :ll lakes, sireams, and i daI water is iha mark ihat w ill
be ountd by examining dhe bed and banks and ascertaining where the presence and aCtion of waters are so comion
aiid usual, and so long cont Iituted in all n rd in ary years, as to 11ark upon the soil a character distinci from that o' the
abutNing upland

For ease of reference w ithin this report. the terms "left" and "righl" are used when reterring to [he river banks.
These terms reflect the i wc when facing dowuriver.

Al -
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Figure 1-1. Columbia River Remedial Investigation Area.
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Figure 1-2. Remedial Invuesligalion Area Within thie Hanford Site.
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2.0 FIELD SAMPLING PLAN

The field sampling plan (lSP) describes the sampling objectixes (Section 2.1), reconnaissance
stir vevs (Section 2.2). recommended sampling design (Section 2.3). sampling procedures
(Section 2.4), sampling and onsite em ironmental measurement procedures (Section 2.5), sample
management (Section 2.6). and management of inestitation-derived waste (Section 2.71.
Figure 2-1 pro' ides an overview of the Study Area. Fiures 2-2 through 2-20 show the proposed
sampling locations for sediment, surface water, fish, and soil for the remedial investigation (RL
Figures 2-2 through 2-20 are included in a separate section located at the end ofthis SAP.

2.1 SAMPLING OBJECTIVES

The DQO Summary Report (WCI--265) identified the data needed to characterize the nature and
extent of Hanford Site hazardous substance releases to the Columbia River. The goal of this
proposed investigation is to collect sufficient data to characterize current conditions within the
Study Area (defined in Section 1 .0 of this SAP) and to support human health and ecological risk
assessments consistent with applicable regulatory guidance. The sampling rationale and
approach are detailed in Section 4.0 of the RI work plan.

2.2 RECONNAISSANCE SURVEYS

Prior to finalizing sampling design presented in Section 2.3, the following three types of
reconnaissanCe sUrveys are planelld for the Rl:

SFine-grainned sediment survey
* Groundwater plume upwelling surVey
* Habitat survey.

Once these surveys are completed and the information has been reviewed and evaluated, the final
sample locations will be produced in "D-Siz" drawings. These will be provided to the
U.S. Department of Energy (DOE). U.S. En ironriental Protection Agency (EPA), and
Washington State Department of Ecology (Ecology) (hereiafter referred to as the Tr-Parties)
for review prior to sample collection. The current sediment and groundwater plume upwellng
locations discussed are approximate. Final locations vill he based on the outcome of the
reconnaissance survey s. Each of these surveys is described in the following sctions.

A2-1
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Figure 2-1. Study Area Overview Map. 01
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NOTE: See the "Sampling and Analysis Plan Figures and Tables" section located at the end of
this SAP for the following figures:

Figure 2-2. Proposed Sampling Locations -
Finure 2-3. Proposed Sampling Locations -

iuure 2-4. Proposed Sampling L oca ti ons -

Figure 2-5. Proposed Sampling Locations
Figure 2-6. Proposed Sampling Locatons -

Ficure 2-7. Proposed Sampling Locations
Figuire 2-8 Proposed Sampling Locations -

Figtire 2-9. Proposed Sampling Locations -

Figure 2-10. Proposed Sampling Locations
Figure 2-11- Proposed Sampling Locations
Figure 2-12. Proposed Sampling Locations
Figure 2-13. Proposed Sanipling Locations
Figure 2-14. Proposed Sampling Locations
Figure 2-15. Proposed Sampling Locations
Figure 2-16, Proposed Sampling Locations
(Yakira Ri er Confluence).
Figure 2-17. Proposed Sampling Locations
(Snake! Walla Walla River Confluences).
Figure 2-1 I. Proposed Sampling Locations
Figure 2-19. Proposed Sampling Locations
Figure 2-20. Proposed Sampling Locations

Wanapum Dam

Upriver Sub-Area.
100 Area Sub-Area (100-B/C).
100 Area Sub-Area (100-K).
100 Area Sub-Area (100-N).
100 Area Sub-Area (100-D).
100 Area Sub-Area (100-1).
100 Area Sub-Area (100-F)

- 300 Area Sub-Area (Hanford
300 Area Sub-Area (Hanford
300 Area Sub-Area (Han ford

- 300 Area Sub-Area (Hanford

-300 Area Sub-Area (1).
-300 Area Sub-Area (2).
- Lake Wallula Sub-Area

Townsiie (1)).
Townsite (2))

Townsite (3)).
Townsite (4)).

Lake Wallula Sub-Area

Lake Wallula Sub-Area (Lake \\Walula).
Lake Wallula Sub-Area (MCNary Dam).
Bonneville Dam Pool Sub-Area.
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2.2.1 Fine-Grained Sediment Survey

Prior to sampling, a reconnaissance survey will be conducted using a single-beam sonar
(i.e., depth sounder) to identify fine-grained sediments within the area of interest. Once the
extent of fine-grained sediments has been identified, they will be sampled follow ing the
approach described in Section 4.0 of the RI work plan.

2.2.2 Groundwater Plume Upwelling Survey

The purpose of the groundwater plume upwelling survey is to delineate areas of contaminated
groundwater plume upwelling into the Columbia River for subsequent sampling. Once areas of
groundwater plume upwelling have been identified. focused pore-water, sediment. and surface
water sampling locations Will be identified and provided to the Tri-Parties for review and
approval at the unit managers meetings. Upon receiving approval, samples will be collected for
laboratory analysis and the results will be used to characterize the nature and extent of Hanford
Site releases to the river and to evaluate potential risk to humans and river biota. This survey
will be completed in three phases:

* Phase 1 (Technology Demonstration) is a test of the applicability of the proposed Trident
probe technology to Hanford Reach conditions.

* Phase I (Groundwater Plume Upwelling Delineaton) will be divided into two sub-phases (a
and b). Phase I1(a) will focus oni delineating eight areas of suspected groundwater plume
upweln 1g. This activity will include in situ pore-water measurements of specific
conductance and temperature. Phase 11(b) will Include a screenig analysis of key Hanford
Site indicator contaminants (e.g., Cr±6, strontium-90, uranium, and tritium).

* Phase 111 (Groundw ater Plume Upwelling Characterization) will be characterization of
upxelIing conditions through pore-water, sedient, and surface water sampling at locatlions
selected from review of the Phase II results.

The following provides a detailed discussion of these phases.

2.2.2.1 Phase 1: Technology Demonstration. The first phase of this investigation was
conducted il September 2008 to test the Trident probe technology within the Hanford Reach
river environment. Locations at 100-B/C, 100-N. 100-D, and the 300 Area were investigated
durin the test. The Trident probe is a flexible, multi-sensor, water-sampihng probe for screening
and mapping groundwater plumes at the surface water interface. Its capabilhties include the

follow 11 1lg:

* In situ conductivity: Contrast between groundwater and surface water

" In situ temperature: Detects groundwater by thermal contrast with surface water

A2-4
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0 Trident probe pore-water and surface water sampler: Allows for simultaneous collection and
monitoring of pore-water and surface water samples for contaminant screening and
characterization.

During this technology demonstration, the probe was successfully deployed within a range of
river conditions and bottom formations, including fine-grained sediments (e.g., silt), coarse-
grained sediments (e.g., gravel and cobbles), and at a variety of water depths and velocities.
Pore water was drawn along with in situ temperature and conductivity measurements of both
surface water and groundwater. It was determined that differences in temperature and
conductivity were good indicators of upwelling groundwater. The Trident probe was successful
in identifying groundwater upwelling a variety of substrate types, river velocities, and river
depths. Additional tools that increased efficacy of groundwater delineations included sonar and
underwater video camera surveys. During this demonstration, a number of surface water
measurements obtained 0.3 m (I ft) above the groundwater upwellings indicated little to no
influence of groundwater in the surface water.

2.2.2.2 Phase It: Groundwater Plume Upwelling Delineation. As discussed in Section 2.3.1
of the work plan, river stage may be a key factor to determine nature and extent of groundwater
discharges to the river. In general, favorable conditions will be present at sustained flows of
80 to 120 kefs at Priest Rapids Dam. However, repeated field measurements of in situ
conductance may be used to verify the range of sitable river stages for Phase 1I and Phase Ill
activ ities. Once these favorable flow conditions (i.e., consistent groundwater discharges to the
ri er) are met, pore-water screenig activities for indicator contaminants w ill be completed at
each of eight upwelling study areas (100-B/C Area, 100-K Area, 100-N Area, 100-D Area,
100-H Area, 100-F Area, Hanford townsite, and 300 Area).

* Phase 1I(a) Conductivity Mappia - Mapping of five transects is planned for each of the
eight upweling study areas (Figures 2-4 through 2-1 1 and Figure 2-14 of the SAP).
Transects were selected based upon the 2007 aquifer tube sampling results provided in
SGW-35028. These selections were reviewed and modified based on comments and
suggestions from the Fluor Hlanford Groundwater Project technial teams. Five additional
transects have been located between reactor areas and south of the 300 Area to provide
information outside of known plume areas (Figures 2-4 through 2-1 1 and Figure 2-14 of the
SAP).

Transects will start at the near shore (e.g.. reactors areas) and continue across the entire river
channel to the far shore. Depending on subsurface conditions and plume upwelling
conditions encountered, it is anticipated that probe measurements will be taken at five
locations per transect. Phase I findings have suggested that transects alone may not
adequately characterize groundwater upwe]]ing patterns ifluenced by preferential flow paths
(e.g.. river channeling, dredging). Consequently, 5 to 10 additional probe measurements wvill
be taken near each transect to enhance delineation of groundwater upwellings. Locations of
interest that have been initially identified include the following:

- 100-N Area south of the apatite barrier but within the strontium-90 plume (Figure 2-6)

A2-5
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- 100-D Area adjacent to the effluent pipelines between the shore and D Island (Figure 2-7)
- 100-Fl Area between the shore and island 44 (Figure 2-8)
- South of the 300 Area between transects T-300-1 aid T-300-2 (Figure 2-14).

Selection of these additional measurement points will consider factors such as elevated
readings from other adjacent areas, bathymetry. presence of sedinent accumulation areas,
indications from sonar or underwater camera observations, or observed changes in geologic
formations.

. Indicator Contiminants Screening (Phase 1Ib) - Approximately 20 to 30 samples of pore
water wi] be collected at each of the eight upwelling study areas. Criteria to be used for
selection of sampling locations include areas of high conductivity (>1 60 pS/crn, spatial
distribution of data, and consideration of factors such as known or suspected areas of
contamination (e.g., close to aquifer tube locations) and anticipated pore-water extraction
rates. Final indicator contaminant screening locations and quantities are subject to approval
by the Tri-Parties.

The Trident probe will be deployed approximately 15 to 30 cm (6 to 12 in.) below the
riv erbed. Exceptions may occur in areas w here hard-pan (e.g., Ringold Formation) is
encountered. Pore water will be extracted using a peristaltic pump, The pump rate will
depend on aquifer recharge conditions determined by continuous in situ monitorimg of
selected field parameters to assure minimal short-circuiting with surface water. Field
measurements consisting of temperature and conductivity will be collected to v erify that
surf cc w ater has not been drawn down io the samping port by pumpig conditions (i e.
short-circuit). Images taken with an underw ater cameri will be used to document cond ionis

found at the time of sampling. At each sampling location pore water will be collccted for the
indicator compounds listed below.

Estimated Volume
Groundwater Ipwelling Indicator Compound Analytical Method Requirements

Areas { iL)
I00-BC Cr+6 Method 7196 500

100-K Cr+6 Method 7196 500
1IO-N Sr-90 u, [3 proportional counting 1000
100-D Cr+6 Meilhod 7196 >00
100-Hl Cr+6 Method 7196 00
100-F Cr+6 Method 7196 00

Hanord townsIe Tritium Liquid scintillation counting 125
300 Area Volatile organic Method 8260 and 601 0TR 540

compounds. uranium

Once pore-water results for indicator compounds, temperature, and condumti ity are
available, maps summai ing the results of the screening will be dev eloped for each of the
eight groundw ater plume ups elling areas. These figures wIl also present the proposed
locations for additonal pore-w ater, sediment, and surface water sampling that are needed for

plume characterzation (Phase III below).
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2.2.2.3 Phase II: Groundwater Plume Upwelling Characterization. Based on the results of
the pore-water screening (Phase ll[b]), pore-water sampling locations will be selected for
groundwater plume upwelling characterization. One of the objectives of this phase is to select
locations with the highest concentration of indicator contaminants. At a minimum, at least one
location on each transect line in an area will be included. Images taken with an underwater
camera will be used to document conditions found at the time of sampling. Pore-water. surface
water, and sediment will be collected concurrently at each sample location to evaluate the
potential impact upwelling groundwater plumes are having on these media. Sediment samples
will be collected as described in Section 2.5 of the SAP. Pore-water, sediment, and surface water
samples will be analyzed for the following analytical parameters:

* Pore-Water Analyses - As shown in Tables 2-2 through 2-6 of the SAP, all pore-water
samples collected for groundwater pluime upwelling characterization will be analyzed for
metals (Including uranium). Cr--6, and trtum. Pore-xvater samples collected in the 300 Area
will also be analyzed for volatile organi compounds. Samples in the I 00-B/C, I 00-K,
100-N. 100-D. 100-1, and 100-4 Areas v ill be analyzed for strontium-90. These results vill
be used to characterize groundwater plume upxvellings into the river and to character/e
potential biota exposure to bottom dwelling invertebrates.

" Sediment and Surface Water Analyses - Details regarding the sediment and surface water
sampling and analysis are provided in Tables 2-2 through 2-6 of the SAP.

Final sample locations and quantities for plume upWclling characterization are subject to
approval by the Tri-Parties.

2.2.3 Habitat Survey

Habitat survey will involve visual revie of the site to assess the physical conditions at potential
sampnlig locations and to verify the presence of key receptor species in support of the ecological
risk assessment. As part of the survey, the presence or potential presence of proposed receptor
species will be evaluated by both direct observation and hlterature review. Receptors of
particular interest consist of' aquatic plant and amphibians for which island terrain is of uncertain
s uitabiIi ty.

In the Hanford Reach, the survey will be conducted by observing the shorelines and terrestrial
portions of islands either by boat or by a physical rev iex on land. The location of sediment
samples included specifically for the ev aluation of ecological receptors will be observ ed to
ensure that samples are representative of the habitats used by proposed receptors. Downstream
of the Hanford Reach, the v isual reviewv N ill focus on areas currently slated for shoreline
sampling. Information from this survey will help to enhance the understanding of island and
shoreline ecology, an understanding which is fundamental to assessinu potential risks in the
baseline ecological risk assessment.
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2.3 RECOMMENDED SAMPLING DESIGN

The sample design for the RI investigation has been developed to be consistent with EPA's
Guidance fir Conducting Remedial Investigations and Feasibility Studies Undler CERCLA
(EPA 1988). The dctails of the development of sampling approach are described in Section 4.0
of the RI work plan., which includes a description and summary of data needs by sub-area.
The sampling program was designed to meet the data needs identified for each sub-area. The
various types of samples to be collected are defined in Table 2-1.

Table 2-1. Summary of Sample Types. (2 Pages)

Medium Sample Type Description Use of Data

Groundwater plume Pore water Pore water samples will be e Characterize nature
upwelling (pore water, collected in silu 0 to 0.3 m (0 to and extent of
sedimenb surftce 12 in.) below nudline. groundwater
water upwelling locations

Surface Deep surface water and deep S Site characterization
watersedument sediment samples collected in Support ecological and

areas diretly adjacent to known htmin risk

or suspected groundwater assessments
plume upwellings based on
pore-water sampling results

Sediment Shallow sediment Sediments collec ted from the o Site characterization
samples (iC. ipper 10 cm (4 m) of the * Support human health
submerged) sediment ( e g., generallv risk assessment

submer ged. * Support ecological

risk assessment

Shorelme sediment Sediment samples collected * Site characterization

samples from the tipper 10 cm (4 in.) of * Support human health
the lower iparian zone, risk assessment
tically the area devoid of
terrestrial ecetation, ikassmn

risk assessment

)DCep sediment Sediment samples collected * Site characterization

samples from the tipper 10 cm 4 mi of Support ecolocical
the sediment, i ereater than risk assessment
1. (t6t) of w ater

Surface water Surfciee water samples Surface t ater samples collected a Site characterization
at two-thirds the depth of the 4 Support human health
water column, risk assessment

* Support ecological
risk assessment

Deep surface water Surfce water sample's collected a Site characterization
samples from directly above the * Support ecological

riverbed, risk assessment
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Table 2-1. Summary of Sample Types. (2 Pages)

Medium Sample Type Description Use of Data

Fish Fish tissue * Fillets (muscle and skin) * Support human health

* Liver and kidney combined risk assessment and

* Sturgeon eggs. if available limited ecological
assessment

* Remaining carcass (bones
and head)

Island soils Island soils Island soils will be collected a Site characterization
(evg. generally above from the upper 15 cm (6 in.) of * Support human health
the high water line) the riparian and upland zone. risk assessment

These samples are reworked
sediments that are currently 0 Support eeologieal

subaerial deposit ion risk assessment

Sediment cores Shallow sediment Cores completed using a & Site characterization
cores vibracore drilling tool in a Support human health

sediment sequences that are risk assessment
generally thinner than 3 m

It) )) thick. * Support ecological
risk assessment

Deep sediment eores Cores completed at water 0 Site characterization
depths of up to 27 m (90 ft) * Support ecological
with anticipated thick sediments risk assessment (top
sequences tgreater than 3 mn 10 cm [4 in.] only )

10 ltl thick).
Bonnevilie data to be u'id far etaract erization ontv (e.g,- not for ecol LiCa or hu man Tc health risk),

The final proposed sampling design is presented by sub-area in Tables 2-2 through 2-6. Because
of their size, these tables are included in a separate section located at the end of this SAP. These
tables summarize the results of the sample design process h% sub-area and for each sample or
sample group, desncibe the proposed media to be collected, the sample collection method, the
number of samples to be collected. the analyses by method. the intended end use of the data, and
the rationale for including the sample(s) in the design. The following is a short description of the
information presented in Tables 2-2 though 2-6. working from the left hand side of the table to
the right.

Figure Number - The associated figure from the SAP is presented in this column. These
figures present all proposed sampling locaIons along the river.

Designation - This column itndicates whether the sample location %as selected to evaluate a
reactor area, recreational area, other contributing influence, or other area of interest.

Sample Type - This column describes the medium and sample media type for each proposed
sample. These are described in Table 2-1.
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NOTE: See the "Sanipling and Analysis Plan Figures and Tables" section located at the end of
this SAP for the following tables:

Table 2-2. Proposed Sampling and Analytical Plan for the Upriver Sub-Area.

Table 2-3. Proposed Sampling and Analytical Plan for the 100 Area Sub-Area.
Table 2-4. Proposed Sampling and Analytical Plan for the 300 Area Sub-Area.
Table 2-5. Proposed Sampling and Analytical Plan for Lake Wallula Sub-Area,
Table 2-6. Proposed Sampling and Analytical Plan for Bonneville Darm Pool Sub-Area.
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Collection Method - This column lists the methods or tools that will be used to collect the
sample. Additional information regarding sample collection is provided in Section 2.5 of this
SAP.

Sampling Location - This column contains a brief description of the sampling location.

Temporary Sample Identification - Each sample has been assigned a temporary sample
identification to facilitate discussion and identification in tables and figures. These
identifications wvill be amended to match Hanford Site protocol once the SAP has been finalized.

Sample Design - This column summaries the sample design requirements for each sample.
These consist of focused, stratified/random, or multi-incremental sampling. These were
identified to support the end use of the data (refer to Section 4,1.1.3 of the RI work plan).

Sample Depth - This column presents the proposed depth below the surface for each sample.

Number of Samples by Media - This column presents the number of samples proposed for
each sample type.

Analyses - These columns depict how many samples, by sample type. will be analyzed for the
wiven analytical class.

End Use - This column presents a summary by nedium of the intended end use of the data to be
collected. Data may be used for site characterization, in support of the human health risk
assessment and/or in support of the ecological risk assessment.

Rationale - This colunm presents, by medium, a brief rationale for the location and number of
samples.

Figure 2-1 provides an overview of the Study Area. Figures 2-2 through 2-20 show the proposed
sampling locations for sediment. surface water, fish, and soil for the RI. In addition to the
proposed sampling locations, Ficures 2-2 through 2-20 provide a summary of the bathymetri
data collected within the Study Area. Figures 2-2 through 2-20 are included in a separate section
located at the end of this SAP. As shown in these fgures the rier bathymetry is divided into
deep water, shallow water, and riparian areas. These areas arc (elined based on river level alone
the lanford Reach as modeled using Modular Aquatic Simulation System 1 (PNNL- 15226).
This modelng was only completed above river mile ([1\) 339 (Nelson Island) This is a
one-dimensional, unsteady river flow model that is based on U.S. Army Corps of EngiMeers
(ACOF) bathymetric data at transects spaced approximately 0.4 kni (0,25 mi) apart along the
Hanford Reach. The input lows were 1easured at Priest Rapids Darn, Ice Harbor Dam,
Yakima River, and Walla Walla River locations, and w ere then compared to the surface water
ele ations at McNary Dam. The model calculates time-specified discharge and water surface
elevaion at ACOE bathymetric transects. The bathymetric details in Hzures 2-2 through 2-20
include the following:
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" Deep Water Based on this modeling and the Scanning Hydrographic Operational Airborne
Lidar Survey, areas that are greater than 6 m (20 ft) below a surface water elevation at
approximately 80 kcfs at Priest Rapids Dam are shown in dark blue on the figures
(approximated through modeling).

* Shallow Water - Shallow water or nonriparian areas are shown in a medium shade of blue
on the figures. These areas were modeled as less than 6 m (20 ft) deep below a surface water
elevation at 80 kcfs at Priest Rapids Dam.

* Riparian Areas - Riparian areas are shown as light green zones on the figures. These
boundaries of these areas were estimated through modeling at flows between 80 and 240 kcfs
at Priest Rapids Dam.

* Inundated Areas - Areas that might have been inundated when flows from Priest Rapids
Dam were discharcing at 400 kcfs were estimated through modeling and are shown as light
pink zones on the figures.

* Fine-Grained Sediments - Areas of fine-grained sediments (i.e., <2 mm) were initially
identified based on prior investigations including the river flow modeling and direct
observation over many years of sampling by Pacific Northwest National Laboratory and
Environmental Assessment Services field staff. Areas of fine-urained sediments are shown
in orange on the figures.

The five sub-areas (Figure 2-1) will be used to segreiate the data set to facilitate the baseline
human health risk assessment. The human health risk will be calculated for each sub-area, with
the exception of the Bonneville Dam pool (see below).

* Upriver Sub-Area (RM 420 to RM 388) This includes the stretch of river between Vernita
Bridge upstream to behind Wanapum Dam to characterize other contributing influences
(i.e., non-Hanford Site). The proposed sampling and analytical plan for the Upriver
Sub-Area is summarized in Table 2-2. Fi-ures 2-2 and 2-3 depict the proposed sampling
locations for the Upriver Sub-Area.

* 100 Area Sub-Area (RM 388 to RM 365) - This includes the reach between Vernita Bridge
dow nstream to upriver of the Hanford townsite, including the reactor areas (each of the
reactor areas within the 1 00 Area of the Hanford Site: I 00-B/C, I 00-K, 1 00-N. I 00-D.
100-lI, and 100-F). The sampling design for this area icludes samples intended to
characterie the left shore of the riv er, depositional areas near the islands, the reactor areas,
and other contibuting influences (e.g. wasteways'irrigation returns) that are not attributable
to Hanford Site hazardous substance releases, but are geographically located w ithin this
stretch of river. The proposed sampling and analytical plan for the 100 Area Sub-Area is
summarized in Table 2-3. Figures 2-4 through 2-9 depict the proposed sampling locations
for the 100 Area Sub-Area.
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* 300 Area Sub-Area (RM 365 to RM 339) - This includes the Hanford townsite area and the
300 Area, as well as samples intended to characterize other contributing influences
(e.g., wasteways/irrigation returns) that are not attributable to Hanford Site hazardous
substance releases, but are geographically located within this stretch of river. The proposed
sampling and analytical plan for the 300 Area Sub-Area is summarized in Table 2-4.
Figures 2-10 through 2-15 depict the proposed sampling locations for the 300 Area
Sub-Area.

* Lake Wallula Sub-Area (RM 339 to RM 292) - This includes recreational areas and
wildlife manacement areas downstream of the Hanford Site. This river section also includes
the major river confluences (e.g. Yakima, Snake, and Walla Walla). Samples from these
major river confluences will be used to characterize other contributing influences. The
proposed sampling and analytical plan for the Lake Wallula Sub-Area is summarized in
Table 2-5. Figures 2-16 through 2-19 depict the proposed sampling locations for the
Lake Wallula Sub-Area.

a Bonneville Dan Pool Sub-Area (RM 150 to RM 144) - This includes a limited area directly
adjacent to two existing sediment cores collected in 1976. These data will be used for site
characterization. Risk calculations will not be conducted for the Bonneville Dam pool at this
time. [he purpose of the core samples at Bonneville Dam pool is to complete the site
characterization regardig historic discharges from the Hantbrd Site. It is antcipated that
Hanford Site contaminants, if present, \vI]l be below several feet of "clean sediment" and
w here there is no direct contact. Therefore, they are not a current risk to humans or biota.
The proposed sampling and analysis plan for the Bonneville Dam Pool Sub-Area is
summarized in Table 2-6. Figure 2-20 depicts the proposed sampling locations for the
Bonneville Dam Pool Sub-Area.

2.4 SAMPLING PROCEDURES

The following provides a summary of the procedure and methods that will be used to collect
representative surface water, sediment, and fish samples from the Study Area. The various types
of samples to be collected are described by medium in Table 2-1. Analytical parameters specific
to each sample, or group of samples., are listed in Tables 2-2 through 2-6. A summary lst of the
analytical methods that may be used for each medium is presented in Table 2-7.

2.4.1 Pore-Water Sampling

As discussed In Section 2.2.2. in groundwater plume upwelling areas additional pore-water
samples w ill be collected once the plume upwellIng reconnaissance survey has been completed
and the final design has been approv ed by the Tri-Paries. The pore-water samples will be
collected using a Trident probe, as described in Section 2.2.2. Analytical parameters specific to
each pore-water sample are listed In Tables 2-2 throuszh 2-6 and Table 2-7.
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Table 2-7. Summary of Analytical Methods by Medium.

Analytical Parameter EPA Method Surface Water Sediment Pore Water Soil Fish

VOCs i26OB X X X - --

SVOCs 8270C X X -- X --

Metals 6010/602{-7471 X X X X V

I lexavalent chromium 79 X X X X
(Cr) N

Pesticides 8081 X X X X

PCBs 8082 N - --

PCB conueners 1668A X -- - X

TOC 9060 -- X X -

Grain size ASTM D-422 X - X --

PIHC 8115 X X X --

AVS SEM 200.8 X --

Nitrate 300.0 X N - -

Radionuclides GEA AFA LCS X X X X X
Hlardness l30.i N X -

D)C 415.1 X - --

Alkalinil 310.1 N -- --

. . lIigh-Dver
%Lipids (IX- - --

Field parameters Field instruments X -- X--

Note: Analyses will be sample-speui as shon n iTables 2-2 ibrouuh 2-0: not all samples will be analvfed by all methods In
this table.

Fish samples w ill he analyied fdr norgani and organmc arsene and total mercury
Fvenr 1th surface water and sediment sample :ald for PCI Aloclors by l 082 w ill aho be anazvred for P(B congeners.
Field parameters for surface w ater samples are measured in he field and consist of temperature. specifi condutivity.
dissoled oxgen, and pH. IIeld paratmeters fur pore wae oTnsist of temperature and condutivtI.

\A \ alpha energY analysi
A\SSLIM\ acid volatile sulfides smultaneouslv extracted metals

D(C dissoled organi carbon
(IA gamma energy analt
LCS liquid scntillaton countine
PCB poehi)nated b1pheL\
PIt) = petroleum hydrocarbon
SVC sen) 1olatle orgaic Iompounds b y EPA Method 8270C
TO) total oreanIm carbon
VOC volatile orgaic compound
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2.4.2 Surface Water Sampling

The purpose of surface water sampling is to estimate the concentrations of contaminants in
surface water for site characterization. Surface water sampling has been divided up into three
subcategories:

" Groundwater plume upwelIing areas
* Surface water
" Deep surEace water.

Unfiltered surface water samples wi1 be collected to evaluate the nature and extent of Flanford
Site haardous substance releases to the Columbia River. These results will be used to support
both human health and ecological risk assessments. Human health exposure pathways will
include a drinking water pathway and, under the casual recreational user scenario, incidental
ingestion and dermal exposure. For the ecological assessment, surface water results will be used
to evaluate exposure to aquatic and terrestrial biota. A summary of the analy tical methods for
surface water is presented in Table 2-7. Analytical parameters specific to each surface water
sample are listed in Tables 2-2 through 2-6.

Groundwater Plume Upwelling Areas - Once areas of groundwater plume upwelling have
been identiied (see Section 2-2.2) and the proposed sampling location approved by the
Tri-Parties, surface water samples w ill be collected adjacent to the pore-water sampling locations
to evaluate the potential impact upwelling groundwater plumes are ha ing on these media.
These samples w ill be collected directly above the riverbed (e.g.. ess than 0.3 m [I ftl abo ve
sediment) using tubing and a pump Analytical parameters specific to each surface water
(groundwater upwelling) sample are listed in Tables 2-2 through 2-6.

Surface Water Samples - The majorty of surface water samples will be collected at two-thirds
the depth of the water. 'he water depth will be measured using a tape measure or single-beam
depth meter. The sampling equipment will be low ered to the required depth and the required
volume will be collected. The samples may he collected directly into sample contamiers by
holding the sample containers at the correct depth and simply opening. Duing collection the
following field parameters w ill be measured: temperature, pH, conductivity, and dissolved
oxygen. Analytical parameters specific to each surface water sample are listed in Tables 2-2
through 2-6. Both filtered and unfiltered samples w ill be collected for metals analysis.

Surface water samples collected to characterize contributing iniluences from wasteways will be
collected from the river directly at or below the confluence.

Deep Surface Water Samples - To asses potential exposures of aquatic biota, a limited
number of "deep" surface water samples xvill be collected from deep river trenches and near the
bottom of Lake \\ allula. These samples will be collected directly above the riverbed (e.g., less
than 0.3 m [I ft] above sediment) as descrbed above. During collection the following field
parameters will be measured: temperature, pH. conductivity, and dissolved oxygen. Analytical
parameters specific to each deep surface water sample are listed in Tables 2-2 through 2-6. Both
filtered and unfiltered samples will be collected for metals analysis.
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2.4.3 Sediment Sampling

The purpose of sediment sampling is to estimate the concentrations of contaminants in sediment
for site characterization. The following describes the six subcategories of sediment samples
depicted in Figure 2-21:

* Shallow sediments
* Deep sediments
* Shoreline sediments
* Island soils
* Shallow cores
* Deep cores.

Contaminant concentrations in sediment are data that are commonly collected to support
environmental risk (Menzie 1997) and human health risk assessments. As described in previous
studies, relative to other substrate classes, fine-grained sediment has the highest surface area.
This high surface area allows for more contaminants to adsorb on to the fine particles relative to
sands. which have a smaller surface area for a given mass (Reneau et al. 2004). It should be
noted that fine sediments (e.g.. < 2 mm) represent a relatively smal proportion of the riverine
habitat. In addition. there is some uncertainty associated with the use of risk-based soil standards
(such as the Model Toxics Control Act soil cleanup levels) for screening sediments.

These standards are protective of unrestrictive (e.g., residential) exposures to soil. whereas the
types of activites associated with sediment exposure are anticipated to be of lesser frequency
and intensity than those associated with soil. Therefore. the soil screening standards are a
conservative means of screening sediment data and may overestimate potential risk.

A summary of the analytical methods for sediment is presented In Table 2-7. Analytical

parameters specific to each sediment sample are IAted In Tables 2-2 through 2-6.

Shallow Sediments - Shallow scdiments describe samples that are collected from the top of the
riN erbed and will be collected from the upper 10 cm (4 in.) of the sediment below the mean low
waterline (e.g., generally submerged). This upper region of the sediment is the most biologically
active zone and where humans are most likely to come in contact w ith sediments and therefore
will be the focus of ths iestiaton Prior to samplng, a reconnaissance survey w ill be
conducted using a single-beam sonar (i e.. depth sounder) to identy fine-graied sediments
w ithin the area of interest. Grab samples w ill be collected to confirm the presence of fine-
graned sediment. The samples w ill be sigle grab samples collected using a pente ponar
sampling tool. For those samples designated as "random/stratified" in Tables 2-2 through 2-6,
once the extent of fine-grained sediments has been identified. an unaligned samping grid will be
established using the systematc sampling approach.
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Sedient samples collected to characterize other contributing influences From wasleways will be
collected from the river directly at or below the confluence.

Groundwater Plume Upwelling Sediments - As discussed in Section 2.22. in groundwater
plume upwelling areas sediment samples wvill be collected once the plume upwelling
reconnaissance survey has been completed. These samples will be collected concurrently with
pore-water and surface water sampling using a ponar sampling tool.

Deep Sediments Deep sediment samples are those that are collected in greater than 1.8 m (6 ft)
of water. Prior to sampling, a reconnaissance survey will be conducted using a single-beam
sonar to identify tine-grained sediments within the area of interest, and grab samples will be
collected to confirm the presence of fine-grained sediment. The samples will be single grab

samples collected usiga petite ponar sampling tool. Based on a preliminary study conducted by
Environmental Assessment Services in March 2008. the petite ponar generally penetrates to a

depth of 10 cm (4 in.) (see Appendix 13 of the RI work plan). Deep sediment results will be used
primarily in the assessment of ecological exposure.

However, several deep sediment samples will also be collected from navi ational channels
where dredging is planned or has occurred in the past. These samples will be used to assess
potential exposure to humans. Analytical results will be compared to both state and federal

residential soil screening criteria.

Shoreline Sediments Shoreline sediments will be collected from the lower riparian zone,

typically the area dev oid of terrestrial vegetaton. As preiously discussed, an unaligned
sampling grid w ill be established using the systematic sampling approach previously described.
These samples will be collected wi h a stainless steel spoon in accordance with
ENV- 1, Em nenca Munuwing & Maagement. LNV- 1-2.16, "Soil and Sediment

Sampling " Shoreline sediments collected from the dow nriver recreational sites In Lake Wallula
will be collected by multi-inremental sampling ( MIS) to quantify specific exposure point
concentrations for shorehline sediments. These samples will be used to assess potential exposure
to ecological and human receptors. MlS consists of collecting and homogeizging 50 random
sample increments over a prescribed decision area. In this case, idvidual recreational areas are

the decision areas. Non-\OC samples are sieved to further reduce compostional heterogeneity
At each MIS location. random samples will he collected from a grid sized proportionally to the
area to be sampled. These sampling plans will be developed based on the fine-grained sediment
survey and habitat reconnaissance.

Each m estigation area w ill be evaluated by collecti live multi-incremental samples f e.g.

5-b-50). The 95 upper confidence limit of the mean concentration N ill be evaluated by
collectuw five multi-iremental samples from all of the recreational sites. To further reduce

error caused by soil heterogeneity, sub-sampling of each multi-incremental soil sample w ill be

perlormed in the laboratory to obtain the final analytical soil sample.

Island Soils - Island soils will be collected from the riparian zone and above. These soils are
distinctly different in origin and composition from the upland soils sampled in the I ( 300 Area
investigation. Island soils are rexkorked sediments that currently reside ablove the ordinary low
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water line. These samples will be collected in a similar manner to the shoreline sediment
samples (see above). For purposes of the human health and ecological risk assessments these
samples will be treated as soils in these assessments. However. analytical results will be
compared to upriver sediments to distintttuish Hanford Site hazardous substance releases from
upriver contributions.

Shallow Sediment Cores - The purpose of shallow sediment core is to evaluate the occurrence
and concentrations of Hanford Site-related contaminants (e.g.. radionuclides) in sediment
depositional areas (e.g.. sediment traps). Shallow sediment cores will be completed using a
vibracore drilling tool that will result in continuous 0.6-cm (2-in.)-diameter cores. This tool can
typically penetrate fine-grained sediments up to 3 m (10 ft) thick with a 80% to 90% recovery
success. These cores will be advanced through the unconsolidated sediments to refusal. Shallow
sediment cores will be divided into separate sub-samples (approximately 0.3 m [I ftj each).
Each linear foot of sample will result in approximately 600 g of sample. Analytical parameters
specific to each core sample are listed in Tables 2-2 through 2-6. If additional mass is need for
the shallow interval (0 to 0.3 in), a second shallow core will be completed to obtain sufficient
mass. Analytical results from the sediment cores will be used to characterize sediments
deposited from reactor operations to the present.

Shallow cores are planned to investigate depositional areas located within the source areas
(e.g- water inlet structures), at the head of Lake Wallula (e.g., directly upriver of the 300 Area).
from the Yakitia River delta. and directly downriver of the Snake River confluence. It is
anticipated that these cores will be completed at a water depth of up to 9 In (30 ft). Core
locations ha e been selected in areas of anticipated relatv ely thick sediment sequences that may
contai sediments dating back to operational time frames, Because the biologically active zone
is limited to the upper 10 cm, the r esults from the 0- to 0.3- mi sub-sample will also be used
during the ecological and human health risk ev aluation. Ten centimeters deep into the matrix
substrate generally corresponds to a depth below the surface of the riverbed between 20 cm and
50 cm depending on the size of the dominant unconsolidated substrate.

Deep Sediment Cores - Deep sediment cores will be completed using a drill rig located on a
barge or a v ibracor e drilling tool. These cores are planned to investigate depositional areas
located within Lake Wallula and from within the Bonneville Dam pool as well as an upstream
location in the backwaters of Priest Rapid Dam. It is anticipated that these cores will be
completed at a w ater depth of up to 27 m (90 ft). Deep sediment cores will be completed using a
drilling rig or vibracore tool that will result in continuous 10-cm (4-in.-diameter cores. This
tool can ty pically penetrate tine-grained sediments to refusal w ith a 80"% to 90"0 recovery
success. Deep sediment cores will be di ided into separate sub-samples (approximately 0.2 m
H in.] each). Each linear foot of sample will result in approximately 2,400 g of sample.
Analytical parameters specific to each deep core sample are listed in Tables 2-2 through 2-6.
Analytical results from the sediment cores will be used to characterize sediments deposited from
reactor operations to the present. Because the biologically active zone is limited to the upper
10 cm, the results from the 0- to 0.2-ni sub-sample will also be used during the ecological risk
evaluation.
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2.4.4 Fish Sampling

2.4.4.1 Sample Locations. The collection of specimens may take place at any location within
each sub-area. However. because the primary objective of the project is to obtain data to
perform a human health risk assessment, sampling efforts will focus on popular recreational
fishing spots that receive high use from the local population. These recreational fishing spots are
harvest areas that will provide the most representative samples from which to calculate risk.
These areas have been identified through discussions with local fishermen and are presented in
[igures 2-2 through 2-17 of this SAP. Table 2-8 provides a summary of these recreational
fishing areas. Specific recreational fishing areas were not identified for suckers. Collection
efforts within each study area will focus on areas of the river with fast-moving water, which is a
preferred habitat for these fish. In the event that sample collection at the popular fishing spots is
unsuccessful, sampling efforts will shift to other areas within the study area, with special
attention given to preferred habitats for each species of fish. The preferred habitat for each of the
target species is summarized in Table 4-16 of the RI work plan. The latitude and longitude of
each sample point will be saved using a global positioning system to accurately define the
locations from which specimens were obtained.

Table 2-8. Recreational Fishing Areas.

Study Area Fishing Spot Figure Number

Upriver Sub-Area N u Pool 2-2
Priest Rapids Darn Pool 2-2. 2-3

I001C H Iole 2-4

I00K Hole 2-4, 2-5

ON Hole 2-6
100 Area Sub-Area

I 0OD Hole 2-7

WB H ole 2-7. 2-8

VB H ole 2 2-8

HT11S Hole 1 2-10

H TS Hole 2 2-1 1

Rinoold 2- 112-12
300 Area Sub-Area

Taylor Flats 2-13

300A Hole I 2-14

300A Hole 2 2-14

YR Delta 2-16

Finley S2-17
Lake Wallula Sub-Area

Burbank Slough 2-17

Wallula Gap 2-17
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The most effective methods xvill be used to capture specimens of each species submitted for
tissue analysis. Methods that will be used to collect the fish samples include but may not be
limited to the following:

* Electrofishing
* [look and line
* Long-ines.

Electrotishing invoives the transmission of an electrical current through the water. creatine a
high voltage potential. If a fish is in the vicin ity of this potential, it becomes temporarily stunned
through uncontrolled muscular contractions that cause it to be immobilized so that it can be
captured with a net. A minimum of two sampling crew members are needed to net the fish
stunned from the electrical current delivered by the generator or backpack unit. Electrofishing
may be conducted from the shore using a backpack unit or from a boat equipped with a
Cenerator. The advantage using this method is that, in most cases. nontarget species of fish

which are unintentionally captured can be released without harm back to the river. The
efficiency of electrofishing is dependent on w ater depth and the conductivity of the water, The
technique is most ffectix e in shallow waters of high conductivity. The target species for w hich
fiis collection method is expected to be most successful are whitefish, carp, and stickers.

Hook and Ime is a method most often used by recreational fishermen to catch fish and has been
adopted by biologists as a means to assess fish populations. This method is expected to be
implemented In deeper areas of the ri er whele electiofishing is less effective or in areas that
mteht hav e been missed using other techmtiques. Bated hooks or lures vill be deployed in areas
selected tor fish samplng Baited hooks may be allowed to rest on bottom to allow the target
species of fish more opportunity to detect the bait. Hook-and-line methods are expected to be an
especially effective means for collecting N alleye. whitefish, and sturgeon.

Setlites with baited hooks may be used to capture white sturgeon. [his method provides the
greatest catch-rate of white sturceon, while minimizing captures of non-target species. A lotg
line configuration will be used. I looks (w ith barbs) v Ill be attached at specified intervals
Rocker anchors with float lines w ill be attached at both ends of the line and clipped weights vll
be attached at several points along the ground line to ensure that it will rest near the bottom.
Hook lines will have a swivel snap and a ganging line tied between the swivel and the hook.
Setiine hooks will be baited with commercially available pickled squid. This is the same bait
that has been used in recent y ears by the Washinton Department of Fish and Wildli fe to capture
white sturceon ii other areas of the Columbia Ri er. Setlines will be deployed from a boat and
set either parallel to the shore in last flowing wvater areas or perpendicular to the shore in calm
water. Prior to each set, xx titer depth v ill be determined by echo sounder, and this information
will be used to select a float line of appropriate length. Crews i iI atach an anchor and lot hlne
to one end of the mainline.

Only the target species will be retained for tissue analyses Nontarget species that are
incidentally captured will be immediately released back at sample location from which they were
taken.
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In order to support ecological risk assessment, physical factors of each fish caught will be
measured and recorded to the extent practicaL. Such factors include the followin:

* Length
* Weight

* Sex
* Presence absence of eggs
* Color of fatty tissue in sturgeon
* Presence, location, and type of lesions or other abnormalities.

Figure 2-22 is an example of a form that will be used to document fish collection.

2.4.4.2 Target Species. Specimens of white sturgeon (ipenscr transmonanus). common carp
(Cvprinus ca -pio), mountain %\ hitefish (Prosopium iwilliamsni). w alleyc (Sti-sh'di Ii rCunC

smallmouth bass ( Alicrupwrus dulomieul) and either largescale sucker (C'awsiwnus
mau uheilus) or bridgeli p stcker (Cutoswmis culumianus) will be selected for collection

because these species are year-round resident fish with a high rate of harvest and consumption
among the local population. Table 2-9 lists the target fish and includes the target size of the fish

and number of samples to be collected.

2.4.4.3 Sample Number. Fiv e fish samples of each species are proposed for collection from

each specified sub-area. Each fish sample (except for sturgeon) will consist of a composite

sample composed of at least five individual fish (see Table 2-9). Additional fish may he
included in the composite if necessan to meet the required mass for chemical analysis. If more

fish than necessary are collected, then the large specimens will be used for the sample. The

number of fish to be collected is based on professional judgment. and considers both the end use

of the data as w ell as the sensitivity of local fisheries; this number is also consistent with EPA

fish sampling guidance (EPA 2000d) and the Environmental Surveillance program, which

typically collects five fish per area of interest {PNNI--1589 2 . PNNL-16623).

Individual fish for a composite sample ill he of similar siZe, and the smallest indiidualli a

composite will he no less than 75" of the total length/ie of the larMest idividual i the same

composite EPA gudance (EP A 2000d) suggests that the relative diference between the average

length of individuals wi hin any composte sample and the an erage length of all i1d1 iduals i all

composite samples should not exceed 10%.

Because of their large size and lower population numbers, sturgeon samples will not be

composites: each sample will be collected entirely from a single fish.

Species collected will be dependent upon aailability ease of collection.
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Figure 2-22. Example of Fish Tissue Collection Form.
Fish Tissue Collection Form

Species: Sample No: Specimen No:

Lab Information:
PCBs.

Fillets Pesticides.
Analysis Organs Requested Radionuclides, Sample Date: / /200Type: Carcass Analyses: Metals,

Mercury.
%Lipids

Site Information

Site ID: Sub-Area: Lat: Long:
Collection

Sample type: Method:
Sample ID Standard or Electrofishing Sample Time:

Duplcate Hook and Line
Seine Net

____________ ___________________ _________ ____________ Longline ________

Collector Information

Collector Name: Affiliation:

Address:

Sample Information
Fish species: Species Code:

Length (cm) Weight (g) Sex General Condition:
(M or F)

Organs/CarcasslEggs

Weight General Condition/Notes:
(_)

Total muscle

Fillet sample

Kidney & liver

Discarded gut

Carcass

Eggs

Stomach contents
(Sturgeon only)

Flag Comments

Chain of Custody

USEPA project Manager
(name, address, phone#):
Relinquished by Date: Time:
(signature):

Received by (sign Date: Time:
and agency)-

Remedial In ve.igarHn Work P/Jn for Ilan/ad Site R iat) the ol/mbia Riwer
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Table 2-9. Summary of Target Fish Sample Sizes/Numbers.

Carp Sturgeon Suckers" Whitefish Walleye Bass

Thrget size >18 in. 48 60 in. >12 in. >10 in. > Is in. <14 in.

Numb~er of
composite samples 5 5 5 5
per sub-area

Anticipated
number of Composite
individuals per not collected
composite

Number of
noncomposite per -- -

sub-area

Anticipated
number o4
indiua tr .100 20 100 100 100 100
endir sdlor
enuiresud

Either largescale sucker or bridgelip sucker may be collected

2.4.4.4 Tissue Collction. The following fish tissues will be collected and analyzed separately
on all fish samples:

* Fillets (muscle and skin)

" Liv er and kidney combined

* Eggs, if available

* Carcass (skin, bones, and head).

For all fish excepi siurgeon. tissue samples will consist of composies of tissue from five :epratc

fish. As noted prev iously, sturgeon samples will not be composited, all tissue types will be

obtained from a single fish.

Muscle tssue analysis Ill be conducted on fillets wi h skin attached. Two fillets will be
colleCted from each of the specimens (one from each side of the fish. from the approx ite
middle of the bodv) and submitted for analyses. This Ii let area corresponds to the pornion of the
fish most conmonly removed by fishermen and consumed by tihe public. Except for sturgeon.

these fillets w ill include the skin and the dark tiue adjacent to the skI hils lark Isue consists

of fat in which organic contaminants such as polychlorinated biphenyls (P(1s) and pesticides

niay potenl ily be concentrated. Dark meat ill be included M the fillet ,imple and
homogenzed with the rest of the muscle tssue during laboratory processing. The skM w ill not

be included in sturgeon samples, since the skM is typically not consumed. howev er, sturgeon

skin will be included and analyzed with the rest of the fish carcass.

A2-24

Total number of
samples for entudey
study

S

0
Remedial Invesuigaliun Work Plan for 1kbford Site Releases to the Colubnhia River

September 2008

20 20 20



DOE/RL-2008-1I
Appendix A - Sampling and Analysis Plan Rev. o

The liver and kidneys will be combined and packaged separately for shipment to the laboratory.
The combined liver and kidney samples will be analyzed separately from fillet and carcass
samples. Other organ tissue that remains after the kidney and liver are removed will not be
analyzed, but will be weighed prior to disposal. The remaining carcass will also be analyzed.
The carcass will include the head. bones. skin, and tins.

Eggs. if present, will be removed. weiehted, and submitted for separate analysis. The number of
fish with eggs included in the sample will be recorded, as will the field identifier of the specific
fish from which the eggs were removed.

After the fillets, liver, and kidneys (and eggs, if present) have been removed from the specimens,
the remaining carcasses of the fish samples will individually wrapped after processing and
shipped to the laboratory for chemical and radiological analysis. The sturgeon has a
cartilaginous skeleton rather than a bony one, but the carcass will be analyzed in the same
iii anneiT

As part of the sample collection process, the weight of each of the tissue types will be measured.
These sample weights can be combined with sample results to obtain the total concentration of
contaminants for the whole fish.

For sturgeon only. stomach contents, if present im large quantities, may be collected and
analyzed. Anecdotal evidence indicates that some sturgeon will accumulate large quantities of
sediment or mussels duin feeding, to an extent that the belles of such individuals may be
distended w ith such material 1' such an individual is caught i the course of sturoeon collection,
the stomach contents w dl be collected and submitted for analy sis as an additional sample. This
samphing will be conducted opportunistically, as such fish are encountered, no additional
sampling will be conducted to obtain these specimens. Stureon stomach contents, if collected,
w ill be analyzed for radionuclides only.

Finally, the otoliths from each sturgeon will be removed and saved in order to be used later to
determine sturgeon ace.

2.4.4.5 Regulatory Considerations. All fish collection activities will be in accordance with
state, federal, and/or tribal laws. Prior to the commencement of sampling activities, all of the
assocated permits and/or licenses will be obtained from the respeeth e regulatory agencies to
collect fish samples using the previously described methods to harvest and possess the target
species.

The project goal is to harvest five fish samples of each target species In all four of the sub-areas.
In the ev\ent that the fishing is unsuccessful for a particular size or species of fish using the
collection techniques described prevousl. sampling efforts will be redirected to other locatons
within the sub-area. Other fish collection techniques such as trap nets may be deployed to reach
project collection goals.

2.4.4.6 Sample Processing. Specimens selected for tissue analysis will be euthanized
following American Veterinary Medical Association (AVMA 1986) approved techniques,
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bagge'd (individually), labeled, and kept on ice until taken to the sample processing and
shipment location. A specimen number will be assignued to each individual fish collected for
tissue analysis. The specimen number will be used to uniquely identify each individual. Other
information such as collection metlhod. global positing system coordinates of the sample
collection location, species, and date of collection will be recorded in the field notebook.

Fish samples will be processed and prepared for shipment to the analytical laboratory following
Comprehensive Environmental Response Compensation and Liabli Y Act tf1980
(C ERC LA )/Resource Conservation and Recovery A ct of 1976 (RCRA) and Washington Closure
Hanford (WCH) guidelines. Initial sample processing activities will include determination of the
individual's weight, length, sex, and specimen's general condition. Fillets will be cut and
separated from the fish. The organs will also be removed and separated from the remaining
carcass. Separate analyses will be performed on the fillets, organs, and carcass of the fish.
The concentrations of the three will be summed to obtain whole fish concentrations for each
target analyte.

Each fish sample will be individually bagged and labeled. The sample label will include
information such as sub-area from which the sample was collected, species, specimen number,
sample date. collector, and associated collection permit.

2.4.4.7 Sample Shipping. All samples will be frozen prior to shipment to the analytical
laboratory. A large cooler will he used as a shipping container for the specimens. Ice will ibe
added to the cooler to ensure that the specimens remain frozen A chain-of-custody form that
contains all of the sample identiication numbers, collection dates, and requested analyses shall
accompany the samples during shipment to the laboratory.

2.4.4.8 Analytical Schedule/Methods. Analyses of fish fillets, organs, and the carcasses will
be conducted at in off-site laboratory M ccordance with the analytical methods proposed for the
fish sampling provided in Table 2-7.

The laboratory will provide detection limits prior to sample collection to ensure that they are
consistent with the DQOs associated with performing the human health risk assessment
Detecion limits associated with the individual analy tes for each of the chemical parameters
above are provided in Section 3.0 of this SAP.

2.4.5 Contingencies

Preparation for contingency sampling is necessary i the event that planned scheduline or
collection activities are not met. For example. limited sediment recovery from a deep core
sample may result in insufficient sample mass for all proposed analyses. If insufficient mass is
obtained for a particular sample. the field team leader may continue samplg until sufticient
sample mass is obtained, if possible. If sufficient mass of sedimenL, soil, or fish cannot be
obtained in a reasonable time, the analytes will be analyzed in the following general priority
order: metal, and radionuclides, thien PCBs and pesticides. a
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2.5 SAMPLING AND ONSITE ENVIRONNIENTAL MEASUREMENT
PROCEDURES

Procedures for field measurements are specified in the manufacturer's manuals. The sampling
and onsite environmental measurement procedures to be implemented in the field will be
consistent with protocols developed.

2.6 SAMPLE MANAGEMENT

Sample managemient activities x ill be consistent with established procedures. Any laboratory
performing work will be compliant with Hun ford lnc/vuicu/ Services Qua/in ;slWUace

Requirenrenis Document (HASQARD), Section 4.2, "Management of Samples"
(DOERL-96-68). which complies vith SW-846 requirements.

2.7 MANAGEMENT OF INVESTIGATION-DERIVED WASTE

Waste generated by sampling activities will be managed in accordance with a w aste control plan
that will be prepared and approved by Ecoloy and EPA before field work is initiated. The
waste control plan x ill be written in accordance with the Envirnmnwal Rerironuuin Pramn
trwgi /or A unugemenr n nvestigution Derived lJewe ( LEcology et a l 1999),
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3.0 QUALITY ASSURANCE PROJECT PLAN

3.1 INTRODUCTION

This quality assurance projcet plan (QAPP) establishes the quality requirernents for sampling and
was prepared in accordance with EPA Requirementsfor Oua/ity AssurivnC Project P/mis
(EPA 2001 ). This plan complies with the requirements of QA- 1, Quain Assurance, and
sections of the HASQARD, Vols. I and 2 (DOE/RL-96-68), which apply specifically to
sampling groups. The plan is supplemented by environmental investi cation procedures in
ENV- , En ironnenmal Aontiraring & Alanagemncu, which document sampling practices. The
QAPP provides the policies and procedures necessary to ensure that the data obtained from
environmental sampling and analysis are of the type and quality needed to support the data needs
identified in the DQO Summary Report (WCH-265). 'The QAPP identifies the organizations
participating in the implementation of this SAP and the quality assurance (QA) and quality
control (QC) requirements for conducting the sampling and analysis activities.

3.1.1 Purpose

The purpose of this environmental field sampling QAPP is as follows:

* Provide a management policy and system to ensure that field sample collection activities
result in the generation of analytical data of a known quality to meet the requirements of the
customer

* Provide consistent sampling techniques and level of effort in meeting DQOs

* Serve as the implementation plan for the requirements of the applicable sections of the
HASQARD, Vols. I and 2 (DOE/RL-96-68)

* Serve to implement QA-1, Qua/in' Assurance.

3.1.2 Scope

WCH expects a uniform level of quality in work supporng the Han/ r Federal Fa dit
Apieecen and Consent Orde (Tri-Party Agreement) (Ecology et al, 1989). This field samplng
QAPP has been itten to provide a set of requirements and guidelines for sampling activities.
The quaity requirements of this plan are also consistent with the requirements i other
regulatory-based statutes not Included in the T n-Party A greement (Ecology ct al. 1989)

This plan has been prepared to support and substantiate the defensibiity of data generated from
sampling activities and supplements the individual sampling and analysis istructions (SAls),
SA Ps. work instructions (W0Is), and other approv ed work-controlling sampling documents.
The development of project-specific DQOs is outside the scope of this document but is addressed
in the DQO Summary Report (WCH-265).
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Sample collection under RCRA, CERCLA, and the AHazardous Waste Management Act"

(RCW 70.105). as delineated in the Tn-Party Agreement (Ecology et al. 1989), shall mieet the

regulatory requiremients as defined in work-controlling documents and procedures and the QA
protocols described in this QAPP.

3.1.3 Description

This plan outlines the organizational structure for the project, summarizes functional

responsibilities, describes and depicts lines of authority, and lists the duties within WCH.
Subcontractor responsibilities are defined in the subcontract under Exhibit D, Scope of Work.
The QA elements for sampling activities that should be addressed in project documents used to

conduct field sampling are also identified.

3.2 ORGANIZATION AND RESPONSIBILITY

This section addresses the basic components of project management and will ensure that the
project has a defined goal, that the participants understand the goal and the approach to be used,
and that the planned outputs have been appropriately documented.

3.2.1 Management Policy

It is the policy of WCH to provide high-quality environmental remediation services to the

DOE-Richland Operations Office (DOE-RL). The WCEl management and staff ae fully

committed to mect or exceed the DOE-RL quality system requirements and prform nc

standards for the management of environental remediation work at the I Lanford Site. WCH is

also committed to building a culture that makes continuous improvement a normal part of dOmg

business and is committed to the highest ethical standards and quality performance in all

operations.

3.2.2 Project/Task Organization

The project ill be managwd by the River Corridor Closure Contractor (RCCC). which has an

assigned proj ci manager and techncal lead. Radiological control, environmental, safety and

health, QC, and waste management feld support will be pronided by the RCCC. In accordance

with the Environmental Control Plan (E'CP) for the project (WCH-97), the following describes

the various job positions responsible for implementation and compliance.

The Mission Completion Project Manager: The Mission Completion Project Manager has
overall responsibility for this project including oversight of the project schedule and budget. The

manager makes final project decisions with the authority to commit the necessary resources to

conduct the project.
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Level 2 Supervisor/Responsible Manager: The Level 2 supervisor/responsible manager has
overall responsibility for the project scope, schedule, and budget. This includes ensuring that all
work is performed in compliance with applicable requirements. The responsible manager reports
to the project manager.

Environmental Project Lead (EPL): The EPL is responsible for ensuring environmental
compliance for project-related activities. This includes identifying and resolving environmental
issues associated with the Mission Completion Project and assisting with environmental
compliance. The EPL is also responsible for preparing and overseeing implementation of the
ECP, and reports to the project engineer.

Project Engineer: The project engineer is responsible for defining the technical scope of work
to be performed and for providing overall technical direction within the Mission Completion
Project. This includes ensuring compliance with WCH procedures. environmental laws,
regulations, permit conditions, and subcontracts as identified by the EPL.

Subcontract Technical Representative (STR): The STR is responsible for environmental
compliance by ensuring that the subcontractor performs all of the work in accordance with
specific requirements identified in the subcontracts. such as the ECP and WCII environmental
procedures and/or documents.

Technical Lead (in this case, also the STR): The technical lead is responsible for coordination
and oversight of all env ironmental data collection acti s, including sampling and field
anaytical measurements. The technical lead is responsible for tracking and reporting the
progress of field work and laboratory analysis and iterfacing with the project QA representative
to ensure work is performed in accordance with project objectives and requirements specifed
this SAP.

Waste Management Specialist: The waste manaCement specialist is responsible for
development of the site-specific waste management instruction (SSM MI). SSWMI trainng
project personnel, coordinating setup and routine inspection of the w aste container storage area,
developing waste profiles, and coordinating disposal of investigation-derived waste.

Other Project Personnel: Other project personnel have a role in supporting environmental
compliance by following applicable project procedures and/or documents. This includes WCI
personnel assigned to the project and/or subcontractor personnel.

Sample collection and field measurements n ill be performed by qualified RCCC project staff or
qualified subcontractors in accordance w ith this SAP and Internal or subcontractor procedures.
Subcontractor and RCCC field personnel will provide periodic status durin- feld activities and
report problems in the field to the RCCC Project Technical Lead.

Laboratory anal sis w\ill be performed by qualified RCCC subcontracted laboratories in
accordance ith this SAP. All laboratory QA plans and procedures \will be reviewed and
concurred with by the RCCC.
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3.2.3 Project Schedule

A tentative schedule for the completion of the task activities associated with developing and
implementing the RI. associated sampling program, performance of laboratory analyses,
performance of a data quality assessment (DQA), e aluation and reporting of investigation
results, and subsequent risk assessment is presented in Section 7.0 of the RI work plan.

3.2.4 Quality Objectives and Criteria for Measurement Data

The quantitation limits and precision and accuracy requirements for each of the analyses to be
performed are summarized separately for water (Table 3- 1), soil/sediment (Table 3-2), and tissue
(Table 3-3). These tables are included in a separate section at the end of this SAP. These
requirements were derived as part of Step 6 in the DQO process as described in Guidance/br the
Data Qualitt Oh/e cives Process (EPA 2000b). The process for determining these requirements
is documented in the DQO Summary Report (WCI-265). SW-846 provides a definition for
laboratory r'porting limits (RLs) as the lowest concentration that can be reliably achiev ed within
specified limits of precision and accuracy during routine laboratory operating conditions. This is
generally 5 to 10 times the method detection limit. How ever, it may be nominally chosen within
these guidelines to simplify data reporting. For many analytes the RL concentration is selected
as the lowest nonzero standard in the calibration curve. i here is no real distinction between the
practical quantitation limit and RBls as they are applied to analytical requirements. In practice.
the laboratories will report compound detections between the method detection limit (nominally
one-fifth to one-tenth of the reporting limit) and the RL as estimated concentrations (" flagged
results). Compound identification is routinely con firmed for volatile organic analysis and
semivolatile organic analysis via mass-spectral "fingerprint" Imtching with a high degree of
confidence. In some cases, laboratory detection limits are above available cleanup levels or
ecological or human health benchmark values, and therefore other lines of evidence will be used
to support the risk characterization.

3.3 PERSONNEL QUALIFICATIONS AND TRAINING

All personnel assigned to perform tasks and functions supporting sampling acties shall have
received the necessary education. traiing, and experience commensurate with their
responsibilities and duties. Particular attention is given to trammg newly recruited personnel and
personnel tranuferred to new 3sswInments. Personnel are provided w ith continuing tininmg. as
needed, to ensure that job performance is maintained. Training provides an understandimng of the
fundamentals and context of the work to be perfonmed. Training shall be performed and
documented in accordance with WCH training requirements.

3.3.1 Personnel Qualifications

WCH is responsible for performing an initial evaluation of the capabilities and qualifications of
assigned personnel. Personnel qualifications should be verified routinely (i.e., monthly).
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NOTE: See the "Sampling and Analysis Plan Figures and Tables" section located at the end of
this SAP for the following tables:

Table 3- 1. Analytical Performance Requirements for Contaminants in Water.

Table 3-2. Analytical Performance Requirements for Contaminants in Soil and Sediment.
Table 3-3. Analytical Performance Requirements of Contaminants in Tissue.
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3.3.2 Personnel Training

Training records shall be maintained in Training Department files. Because of the nature and
off-site location of samples collected for this RI, subcontractors will most likely collect the
samples. The subcontractor will need to be specifically trained and/or certified in boat/vessel
operation, sediment coring, and surface water collection in addition to First Aid and

cardiopulmonary resuscitation (CPR).

Training or certification requirements needed by field and analytical personnel shall be in
accordance with the requirements of the HASQARD. Vol. 1, "Administrative Requirements"

(DOE RL-96-68). In addition, field personnel will typically have completed the following
trainig be'for' starting work:

* Hanford General Employee Training
* First Aid/CPR Training
* Cultural Resource Awareness Training.

Qualifications of field personnel must be forwarded to the RCCC Project Technical Lead and
must be verified prior to beginning work.

3.3.3 Documentation and Records

Project documentation and records include work packages, field logbooks, field measurement
records, chain-of-custody records, alyldata packages, and vdaton reports. At the
direction of the Technical Lead, all data packages and/or vialdaton reports shall be subject to

technical review before submittal to regulatory agencies or mclusion in reports/techncal
memoranda. When appropriate. electroni access shall be through computeried databases
(e.g., En ironmwntal Rcstoration [ENRE] database). Where electroni data arc not available,
hard copies w ill be provided in accordance with Section 9.6 of the Tri-Party Agreement
(Ecology et a]. 1989).

3.4 MEASUREMENT/DATA ACQU ISITION

The following subsections present the sampling process design and requirements for sampling
methods, sample handlin and custody. and analytical methods. The requirements for imstrument
calibration and maintenance. supply ispections, and data management are also addressed

3.4.1 Sampling Process Design

The sample desin reflects the project work :cope developed using the EPA DQO process

(WCH-265). The FSP in Section 2.0 presents additional sample design details. summary tables,
and figures that address samplig locations, samping frequencies. and required field and

laboratory analytical methods per each sampling media.
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3.4.2 Sampling Methods Requirements

Procedures for documentation, sample preservation. shipment, and chain-of-custody
requirements are described in RCCC procedures or RCCC-reviewed subcontractor procedures.
Sampling will be performed in accordance with this SAP and the field instructions guide that
will describe the indiv idual sample collection details. Specific sample collection requirements in
terms of media type. collection containers. target sample volumes, and analytical methods are
described in Table 3-4, which is included in a separate section located at the end of this SAP.

3.4.3 Sample Handling and Custody Requirements

The sample handling and custody requirements are identified in RCCC procedures
(eg.- ENV-I ). The sample containers will be chosen using Tes r Ale/hods br Evalualing Solkd
Ia'sie: PhYsical ChemhI/ A/(ahods (SW-846) (EPA 1986) as a nuideline to ensure the materials
of construction are compatible with the sample material and do not interfere with laboratory
analysis of the samples. Sample containers for radiological saiples will be of appropriate
material and volume to meet shipping and transportation requirements. Immediately after a
sample bottle has been filled, it must be preserved as specified by this QAPP.

The sample transport containers Must Maintain the sample temperature at approximately 4 "C as
recommended by SW-846 (EPA I 986) to maintain sample integrity (see Table 3-4 for additional
handling requirements). The sample transport corntainers must be custody sealed and shipped
with the appropriate documentation to the analytical laboratory. Sample traceability is
maintained via the chain-of-custody forms. The sampling team shall initiate a chain-of-custody
lrOrm for all samples. The chain-of-custody form shall accompany each sample container.

Each sample will be shipped to the laboratory in an approved shipping container per approved
procedure. The sampling team shall use sample custody seals to demonstrate that samples have
reached the laboratory without alteration.

'[he information documented on the chain-of-custody tbrms should match the instructions Within
this SAP. The sampling activities are documented in the field logbooks. and any deviations from
the SAP instructions and the justification for the deviations will be captured there.

3.4.4 Analytical Methods Requirements

Target analytes ard methods are listed in Tables 3-1, 3-2, and 3-3 for water, sediment/soll and
tissue, respectively. Chemical field screening and radiolotica] tield survey data used for site
characterizaion will be performed in accordance with RCC- approved procedures. Laboratory
analyses will be periformed in accordancc with the referenced analytical mctliods identified In
Tables 3-I through 3-3 and the assoited laboory QA management plan and applicable
standard operating procedures (SOs). ihe laboratory qaity mainagement plan and SOPs will
be rev iewed and concurred with by the Techmcal Lead and QA Representativ e pnor to sample
analss. For water samples, field parameters Including pH. temperature. dissov ed oxygen, and
specific conductivty may be measured to facilitate the Interpretation of result. Changes to or
addition of analytical methods identified in this SAP will be implemented in page changes,
addenda, or revisions to this SAP, as appropriate.
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NOTE: See the "Sampling and Analysis Plan Figures and Tables" section located at the end of
this SAP for the following table:

Table 3-4. Sample Volume, Preservation, and Hold Time Requirements.
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3.5 QUALITY SYSTEMS

A number of systems exist to ensure that activities meet a satisfactory level of quality. These
systems have been identified as physical facilities systems, technical systems, and administrative
systems.

3.5.1 Data Acquisition Requirements (Nondirect Measurements)

Nondirect data are obtained from database information manasgement systems. which may include
the Waste Information Data System database, the Hanford Geographic Intormation System
database, and the Hanford Environmental Information System database. The Waste Information
Data System database is the official Hanford Site resource for waste site name, waste type. site
description, past-practice history, and documentation available for each waste site, includinQ
documents. drawings photographs. etc. The baseline maps for the Hanford Site are maintained
in the Hanford Geographic Information System database. Maps of the waste sites, facilities.
ser\ ices, and key environmental features are maintained. The Hanford Fnvironmental
information System database is used to maintain electronic access to the available chemical and
radliochemical analytical data for the Hanford waste sites and for the Hanford Site groundwater.

3.5.2 Physical Facilities Systems

The following requirements shall be met:

* The WCH Sample Storage and Shipping Facility (SS&SF) shall have controlled access
limited to authorized personnel.

* Sampling equipment and safety equipment shall be maintained to ensure proper working
order and shall be kept secure when not in use. Sampling equipment shall be decontaminated
before Use or otherwise demonstrated to be free of contamination that would compromise
sample integrity.

* Sampling operations and sample storage areas shall be maintained to prevent the spread of
contamination. A dequate storage areas shall be available for reaoents, solvents, standards,
and reference materials to prevent cross-contamination or degradation. An area at the
SS&SF shall be controlled as a radioactive materials area (i accordance with DOE
radiological control requirements) for the receipt and storage of potentially radioactive
samnples.

* I1w return and disposal of laboratory samples are managed as part of the laboratorys
statement of ork. The WCH Waste Manacement and Transportation organization shall be
contacted to make disposal arrangements for any samples that are collected.

A3-9
R emedIAL IMiestigao IW ork Plan far Han furd Site Ref asc to ihe (ohnhia River

September 2U08



DOE/RL-2008-11

Appendix A - Sampling and Analysis Plan Rev. 0

0 Project-specific facility guidelines and requirements are found in work plans, site-specific
health and safety plans, and other work control documents. It is the responsibility of

personnel to review these requirements before initiating project-specific sampling. This is
achieved through site-specific planning and safety meetings provided by the projects and are
documented in the site-specific field records.

3.5.3 Technical Systems

3.5.3.1 Investigative Design. The initial design of a field sampling effort should be performed
as part of the DQO process. Details on the design of the field sampling investigation should then
be integrated into the corresponding SAP. The tormal DQO process is not required to be
performed to support the preparation of SAI and WI documents; thus. specific details on the
sampling design should be incorporated into the SAl or WI.

To ensure efficient and timely completion of tasks, minor changes can be made to the original
work scope outlined in the SAI, SAP. or WI in the field by the Technical Lead (or designee).
provided that these changes do not impact the technical adequacy of the job. These changes will
be documented as revisions to the appropriate work-controlling documents or with
justificatin(s) in a field logbook, per requirements specified in the FIASQARD
(DOE/RL-96-68). The Technical Lead (or designee) shall notify the Project QA Representative
that the changes have been implemented. If the Technical Lead (or designee) anticipates that a

proposed Field change w ill require the ipproval of DOE-RL and the lead regulatory agency
appropfiate notifications shall be made before implementing the change. The e ical L.ead
(or designee) will then take thL necessarv steps to revise the SAP as agreed upon by DOE and the
lead regulatory agency.

3.5.3.2 Sampling Methods and Standard Operating Procedures. Documentation of
sampling procedures is critical to the technical defensibility and the legal
defensibility/admissibility of the resulting data. The generally accepted practice is that,
whenever possible. industry-recognized sampling methods from agency-published source
documents shall be employed. Agencies publishing such source documents include DOE, EPA,
and the American Society for Testing Materials (.ASTM). Sample collection and processing
procedures may also use methods published by the U.S. Geological Survey, the U.S. Department
of Agriculture, and professional groups such as the American Water Works Association.

Current DOE, EPA, and ASTM methods arc detailed in the following sources:

* 'A Compendum qf iSper/and Field Operations Methods (EPA 19871)

* DOE Methods/br Evaulating Environmental and Waste Managenenf Sampies (DOE 1997a)

* EML Procedures Manual (DOE 1997b)

* En vimenial Survey Aa; a, Appendix E, "Field Sampling Protocols and Guidance"
(DOE 1987)
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* Sampling o/ Water and Wastewawer (EPA 1977)

* Sampling Smdace Soils for Radionuclides (A STM 1983)

* Soil Sampling Quality Assurance Uer's Gidce (EPA I 995a)

* Siam/aid Practices far Sampling Water (AS T M 1 977)

* Supci/nnd Program Rcpresentauive Sampling Guidance. Vol. 1 -SoFl (EPA 1995b)

* Tesw Mechods fir Evaluating Solid iWs (EPA 1986)

* Washington Administrative Code (WAC) 173-303- 110(2), "Dangerous Waste Regulations,
Sampling and Testing Methods"

* WAC 1 73-340-830, "Analytical Procedures."

Complete and well-documented references shall be available for all methods. If specific method
references do not exist, project-specific sampling procedures shall be prepared and approved
prior to sampling- Appropriate chapters of documents such as suppliers' nmanuals, equipment
manufacturers' instructions. and instrumentation specifications can be used in place of a formal
sampling procedure. Such documents shall include adequate descriptions and criteria to ensure
the required quality of work.

Sampling methods are described in the procedures found in ENV-1. Project-specific sample
collection actives are described in Wls, SAKs, or SAPs. These documents are prepared by the
project organzations and reference applicable procedures found in ENV- I and other WCH
controlled manuals. following the requirements specified in the HASQARD (DOE/RL-96-68).
Sampling methods not cov ered in the ENV-] procedures wvill be detailed in project-specific
documentation. Each sampling method performed ii the field shall have an applcable procedure
that describes the equipmen necessary and the collection steps required for the media and target
analyte to be sampled. How ev er, umique media- or method-specific sampling can be detailed in
other approved documentation. Samphing shall be performed in accordance wuith established
procedures unless specific needs dictate a temporary and immediate vaiation from the appro'ed
procedure. Deviation from an approved procedure should be approv ed by WCH project
management In ad ance. When advanced vriance approval is not possible. WCH project
management shall be notified of the variation by the sampling team at the earliest possible
opportunity. The reason for the variation and all of the specific actions associated \vith the
variations to the approved procedure shall be documented.
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3.5.3.3 Corrective Action and Quality Improvement. Items, services, and processes that do 0
not meet established requirements shall be identified as nonconformances. Nonconformances
shall be controlied and corrected according to the importance of the problem and the work that is
affected. For significant problems, correction shall include identifying the cause(s) of the
problem and working to prevent recurrence.

3.5.4 Administrative Systems

3.5.4.1 Document Control and Records Requirements. Records will be controlled, protected,
and retained in accordance with approved Records lnventory and Disposition Schedules and the
requirements of BSC- 1, Buzsiness Services and Cnmunications.

3.5.4.2 Data Correction. Changes or coLections to information (including data entries and
logbook entries) shall be made by drawing a single line through the incorrect information,
writing a new entry. and initialing and dating the new entry. Correction tape or correction fluid
shall not be used. Data corrections for field documentation will be performed as outlined in the
H-ASQARD (DOE/RL-96-68).

3.5.5 Assessments

Samphng design. documentation, sample preservation, shipment. and chain-of-custody
requirements will comply with Guidance /ir the Data Quah/v Ohject ives Process (EPA 2000b),
as r2ised, EPA Requirements /br Qua/i Aurance Pro/ecl Plans (EPA 2001), as revised, and
Test leihodsvfr E 'aating Solid Waste, Pi 's al Chemic el \1/ihods (EP \ 1 986)

Assessments are evaluations intended to provide an increased understanding of the program or
system being evaluated and to provide a basis for improving the programs or systems. The
assessment program should address each of the followine items:

* Management system assessments
* Technical system assessments
* Performance evaluation assessments
* Data quality assessments
* External assessments.

The RCCC QA organization may conduct surveillance and assessments to v erify compliance
with the requirements outhined in this SAP, project wVork packages, the project quality
management plan, and procedures and regulatory requirements. Deficiencies shall be reported to
the Techncal Lead in accordance x ith approved reporting procedures. Tihe Techncal Lead will
take appropriate corrective actions in accordance w ith RCCC procedures.

Assessments should be scheduled accordig to the importance of the activity to be assessed and
should be carried out by personnel independent of those ha ing direct responsibilty for the
activities being evaluated,
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3.5.6 inspections and Tests

Inspections should be performed routinely during field sampling efforts to ensure that materials
(e.g., sample bottles, distilled water, and preservation solutions) and equipment (e.g.
refrigTerators, temperature recorders. and eye wash stations) used to support field sampling
activities meet the minimum quality requirements for the project. Inspections should be
performed on field logbooks to ensure the accuracy of data entries arid on satellite accumulation
areas to ensure proper maintenance. All testing performed for the purpose of providing
analytical data should comply w ith the HASQARD (DOE/RL-96-68).

3.6 SOFTWARE SYSTEMS QUALITY ASSURANCE

Data will be managed and stored by the RCCC Sample and Data Management Group in
accordance with RCCC procedures. The contract laboratories \vill report analytical results in an
electronic and hardcopy format.

All validated reports and supporting analytical data packages shall be subject to final technical
review by qualified reviewers (before their submittal to regulatory agencies or inclusion in
reports or technical memoranda). Electronic data access, when appropriate, shall be through
environmental information systems computerized databases (i.e., ENRE) Where electronic data
are not available, hard copies will be provided in accordance with Section 9.6 of the Tri-Party
Agreement (Ecology et a]. 19 9). Preliminary data and report briefings/distributions (subject to
techical review) to EPA and Ecology will be provided as requested. Regulatory agency updates
will typically be conducted at unit manager meetmgs as requested.

3.7 SAMPLING OPERATIONS

3.7.1 Site/Field Documentation

A site logbook is the master reference document for all activities performed at a site, whereas a
field logbook provides a rlily handwritten record of all field activities at an investigation site
and is the pinmar'y record lfo all sampling activities. All logbooks will be completed and
managed Il accordance with requirements specified i the HASQARD (DOE!Rl9 -68)

Field logbooks shall be permanently bound, highly resistant to water and chemicals, and ruled
and printed with sequentially numbered pages. All logbook entries shall be made in black
idelible ink by authorized personnel. Changes or corrections to information shall be made by
dIawing a sngle line throuch the incorrect information. writing a new entry, and Initiating and
dating the new entry. Correction tape, correction fluid, or erasers shall ot be used. Pages shall
not be remov ed from the site or field logbooks for any reason. Blank pages shall be marked
-PAGE INTENTIONALLY LEFT BLANK.'
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It is often convenient to document field information on pre-made data forms. The data form will
be permanently attached to the field logbook or will be managed as specified in the SAL, SAP,
or WI.

The following items shall be recorded in the logbooks:

* The day. date, time arrived on site, and weather conditions: names, titles, and organizations
of personnel present at the site: and the individuals responsible for field logbooks shall be
listed with their assigned logbook number.

* The name, title, organization represented, and the purpose of the visit.

* Forms, including computer data files or logbooks, that register the details of tasks performed
on site.

* All site activities, including field tests, the site logbook will provide a summary of activities,
and the field logbook will list the activities in detail.

* Chain-of-custody details and all activities and variances relating to chain-of-custody.

* Lot numbers for all commercially pre-cleaned bottles used for sample collection.

* Details of field calibrations and surveys that were conducted will be listed in the field
logbook, including an annotation of results.

* Details of saimples collected (e.g.. media collected. sample identification number,
preservation methods used) will be contained in the ield logbook, iluding preparation of
QC samples.

* Equipment decontamiated, number of decontam mations, and the decontamination
procedures follox ed when different from the QAPP or SOP: the site log references the field
logbook that documents specific information.

* Equipment failures or breakdowns, a brief description of repairs or replacemeints, aind
indications of the impact of the equipment failure.

* Deviations from the QAPP or SOP, including reasons for the change, the detail of the
change, and a discussion of the possible impacts of the change.

* A record of telephone calls relating to feld activities; if a separate telephone log is
maintained, the site log shall reference the p ge containing the specific details.

* The field manager. supervisor, or cognizant scientist enmineer shall review entries and

document the review xvith his/her signature and the date.
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3.7.2 Management of Samples

3.7.2.1 Sample Identification. Each sample has a unique identification number. This number
is issued in accordance with requirements specified in the HASQARD (DOE/RL-96-68)
Each sample is identified by a gummed label or standardized tag affixed to the container, This
label or tag shall contain the sample identification number, the date and time of collection.,
project identification. the source of the sample (e.g., name and location), field data (e.g.. pH). the
preservative used, the analysis required, and the collector's name.

3.7.2.2 Sample Preservation. Samples should be preserved in a manner consistent with
regulatory requirements, which are identified on the sample authorization foIrm (SAF) for the
proJect. Sample preservation and extension of holding times may be negotated with the
regulators to support the cost-effective collection of data with known and controlled sources of
variability. Methods of preservaion are relatively limited and are intended to (1 ) retard
biological action, (2) retard hydrolysis and radiolysis of chemical compounds and complexes,
(3) reduce volatility of constituents, and (4) reduce absorption and adsorption effects.
Preservation methods are generally limited to pH control, chemical addition, refrigeration, and
freez ingc

The method of preservation shall be recorded on the SAF or in the field logbook. If a
preservative is used, it should be documented on the sample label and chain-of-custody form.
Preservatives shall be tracked by lot number, date of receipt, and date opened.

3.7.2.3 Sample Storage. The field samples are stored at the SS&SF in accordance with
requirements specified in the IASQARD (DOE'RL-96-68). The field sampler will main
custody of collected samples by placing the samples in a storace area that can only be accessed
by authorized field sampling personnel and by following the appropriate sample custody
procedures. Storace areas are controlled to prevent the damage and loss of samples, to maintai
sample contaIer and identification integrity, and to avoid sample contami ation duri g storage.
MLeasures are taken to contain and avoid materil spills during storage. Daily verification and
documentation of storage temperature are maintained in accordance with requirements specified
in the H-ASQARD (DOELRL-9%-6) The sample storage area of the SS&SF is to be dedicated
to samples only.

3.7.2.4 Sample Handling and Transfer. The number of persons involved in collecting and
handling samples should be kept to a minimum One member of the sampling team should be
identified as the sample custodian and will document sample collection and possession on the
chain-of-custody form, in accordance with requirements specified in the I \ASQARD
(DOF R L-%-68. Precaution should be taken to prev ent contamination of samples or field
per sonnel. Samples shall be preserved in the field at the time of collection as required by the
SALI The outside of the container shall be cleaned after the sample media has been placed Into
the container. Custody seals shall be placed on the contaimers to prevent opeing without
breaking the seal. ihe sample identIhcaon number shall be marked on the sample container
and written on the chain-of-custody form, which documents all changes In custody of the sample.
The sample container shall be placed in a plastic bag to ensure that the outside of the container
does not become contaminated. Samples requiring coolng shall be placed on wet ice In
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the field. Samples shall be stored at the SS&SF by the team members who collected the samples
prior to transport to the analytical laboratory. The sample custodian will document each
transaction on the chai n-of-custody form.

Samples are shipped from the SS&SF to the designated laboratory in accordance with
requirements specified in tihe HASQA RD (DOE RL-96-68). Trip blanks, as specified in site-
specific sampling documents, are used instead of storagc blanks to provide assurance that sample
contamination during storage does not occur. When a sample requires cooling to 4 'C (±2 'C),
the sample container(s) should be packed in leak-proof plastic bags and placed in an insulated
container with either synthetic ice or wet ice. Samples to be shipped should be packed so they
will not break, and the package should be sealed so any tampering can be readily detected.
Custody seals should be used to verify that sample integrity has been maintained during
transport. Custody tape should be selected that is not removable from the shipping container
without breaking the seal. All changes in possession of the samples shall be documented on the
chain-of-custody form.

Samplers are responsible for properly packaging and dispatching samples to the appropriate
laboratory or facility. This responsibility includes filling out, dating, and :igning the appropriate
portion of the chain-of-custody form and the sample transfer and shipping forms (as applicable).
When transferring the samples, the person who accepts the samples must sign and record the date
and time on the chain-of-custody form. Custody in the field should account for each sample.
although samples may be transferred as group. Verification of sample identification and
integrity should be performed hefiore releasing a sample to another orfanization for testing or

Sample packaging and transportation environmental investigatin procedures have
been established for the proper screening, packagi, and shipping of samples accordine to
applicable Occupational Safety and Health Administration and Washington State regulations for
the protection of personnel and the environment.

The transportation of samples must be accomplished not only in a manner designed to protect the
integrity of the sample. but also to prevent mny detrimental effects from potentially hazardous
samples. Regulations for packaging. marking. Iabeling. and shipping of hazardous materials,
hazardous substances, and hazardous waste are mandated by the U.S. Department of
Transportt ion (DOT) (49 CER 17 1-177) 11 association with the International Air Transportation
Authority. All packaging and transportation of Hanford Site materials along public roads or in
the public domain should be in compliance with DOT regulations and DOE requirements.

All samples from the Hanford Site will be accompanied with documentation attesting to the
radiol_ical status of the samples to determine proper shipping and handling requirements and to
provide data for laboratory acceptance. Shipment of samples will be conducted according to the
current DOT regulations anLid labeling requirements, as appropriate. This documentation may be
from Iiistorical data, if appropriate. or from screening- level activity determinations. Tissue
samples and samples recovered from outside the boundary of the IHanford Site will be considered
to be exempt from radiological controls. Unless exempted from radiological controls, any
samples that are to be submitted to a laboratory that does not possess either a U S. Nuclear
Regulatory Commission or state agreement radioactive material license to possess and analyze
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samples with radioactive contamination will require an unconditional release from radiological
control by Health Physics.

3.7.2.4.1 Nonradioactive Hazardous Samples. Samples that are expected to contain hazardous
constituents should be considered hazardous materials and transported according to applicable
DOT requirements. If the sample constituents are known or can be identified, the sample should
he packaged, marked, labeled, and shipped accord inc to the DOT hazard class for that material.
If the sample constituents are unknown but the sample is considered potentially hazardous, it will
be assigned the highest applicable hazard class based on the knowledge available.

3.7.2.4.2 Radioactive Samples. The DOT classifies "radioactive material" as any material that
contains radionuclides where both the activity concentration and the total activity consignment
exceed the values specified in Table I within 49 CFR 1 73.436 values that are derived according
to the instructions contained within 49 CFR 173.433 (Federal Register, January 26. 2004)h A
sample that exceeds the activities noted in Table I should be transported according to DOT
requirements found in 49 CFR 172.3 10 for marking 49 CUR 172.436. 49 CFR 172.438, and
49 CFR 172.440 for labeling; and 49 CFR 172.556 for placarding and shipping.

3.7.3 Chain-of-Custody

A ma'or consideration for the legal credibility of analytical data generated from a field sampling
activity is the ability to demonstrate that samples have been obtained and have reached the
laboratory without alteration. Documentation is accomplshed through a chain-of-custody form
that will be completed and managed as specified in the VIASQARD (DOE RL-96-68).

The following information is required on the chain-of-custody form:

* Project name
" Name and signature of sampler
* Sample location
* Sample number
* Date and time of collection
" Matrix
* Preservatives
* Signature of individuals involved in sample transfer.

3.7.4 Subsampling and Compositing

Processinc, compositing, and subsampling of bulk materials collected in the field are key links in
the sampling and analytical chain and can have a substantial impact on the usability of resulting
analytical data. When the entire content of a sample container is subjected to analysis by a single
method, processing and subsampling in the laboratory are not required. When more than the
analytical sample size is collected, processing and subsampling in the laboratory is required. It is
important that participants in a sampling effort are aware of proposed and implemented field
compositing and subsampling methods, including their impact on data usability and the
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achievement of DQOs. The collection of samples from a population for the purpose of
compositing is generally used as a cost-saving method. Proper attention to population
variability, sample collection teclniques, compositIng, and subsampling for submission to the
analytical laboratory enhances the represenrativeness of the data.

Collection of composite samples shall be in accordance with requirements specified in the
HASQARD (DOE/RL-96-68) or project-specific sampling procedures. During the pre-planning
stages, consideration will be provided for the laboratory analysis volume requirements. This
information is to ensure that sufficient sample volume is submitted to the laboratory to analyze
for the associated analyte and QC parameters and to minimize excess material generated as
waste. Information on the volume of sample material aids in determining the proper choice of
compositing and/or subsampling methods.

3.7.5 Holding Times

Holding times should be identified on the SAF. Sample shipment and delivery should be
coordinated betw een Sample Management and the laboratory to meet these holding times. The
sample holding time begins at the time and date that the bulk sample is collected in the field.
The use of presen atives may extend the acceptable holding time. This approach can be
negotiated with the regulators to support the collection of cost-effective data of known and
controlled variability. Applicable holding times for the requested analyses are provided in

Table 3-4.

3.7.6 Sample Containers

The type of containers required is project-specific and are outlined In the SAI, SAP, WL and on
the SAF\ When commercially pre-cleaned bottle are used, boxes containing the bottles shall be
opened and ispected at the time of use. The certifications found In each box shall routinely
(weekly) be transmitied to Document Control.

Sampling activites using commercially pre-cleaned bottles shall have the lot number of the

bottle recorded w ith the sample number within the field logbook to ensure traceability of samples
to bottle lots, and bottle lots to certiications.

As an added ieriication that bottles are within the procurement specificaions. blanks consisting
of demineralized water or silica sand shall he processed in accor dance wi h the applicable SAL,
SAP, WI, or SAF

When required, commercially pre-cleaned contaiers are used in the field, and the name of the
manufacturer, the lot identification, and certification are retained for documentation. All

containers are stored in a secure and contaminant-free area. Samples in glass containers shall be
transported using secondary containment (e.g., coolers) according to DOT req uirements.
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3.8 QUALITY CONTROL DURING THE SAMPLING PROCESS

The QC procedures must be followed in the field and laboratory to ensure that reliable data are
obtained. The QC parameters are evaluated through laboratory checks (e.g., matrix spikes.
laboratory blanks) and duplicate sampling and analysis. Acceptance criteria have been
established for each of these parameters based on guidance from the EPA (EPA 1996). When a
parameter is outside the QC criterion, corrective actions are taken to prevent a future occurrence
and affected data are qualified and flagged in the database. QA will be conducted in accordance
with this QAPP and RCCC-approved laboratory QA plans.

Several control samples are introduced into the collection system to monitor the adequacy of the
sampling system and the integrity of samples during their journey from the field collection point
through laboratory analysis. The frequency and type of QC samples to be collected are specified
in SAL SAP, or WI. These samples are defined. as mentioned in the following subsections, with
their mode of collection and purpose. The deionized water used in blanks shall meet the
electrical resistivity requirements of ASTM Type 11 water and shall be analyte-free.

Field QC requirements are used to monitor and ensure the quality of the field results. Field QC
samples will be collected during fieldwork to monitor the performance of sample collection and
measure the effects of sampling bias or varabilhty. When performing this field sampling effort,
care shall be taken to prevent the cross-contammation of' sampling equipment, sample bottles,
and other equipment that could compromise sample integrity.

3.8.1 Calibration

This section establishes the controls for calibration and/or activities associated with calibration
requirements for all onsite measurement equipment. Equipment testing, inspections, and
maintenance for the laboratory are described in the laboratory QA plans reviewed and concurred
by the RCCC. All field instrumentation shall be tested., inspected. and maintained in accordance
with RCCC-approved internal, manufacturer. or equivalent subcontractor procedures. The
results from all imnstrumentlequi pment testing, inspection, and maintenance activities shall be
recorded in a bound logbook or as detailed in laboratory or subcontractor procedures.

The performance of testing equipment is checked through validation of a successful initial
calibration and periodic checks to verity that the equipment remains within calibration criteria.
All instruments and equipment with operations and functions that directly affect quality are
calibrated or inspected as specified in procedures consistent with the associated analytical
methods. Calibration results that indicate instrument problems (i.e., periodic instrument checks
out of calibration criteria) and associated corrective action shall be communicated to the
technical lead.

It may be necessary to periodically use an instrument or piece of equipment that has not been
calibrated to meet the project goals, In such cases, and with prior concurrence from the
customer, corrective action Nill be performed to ensure that an acceptable calibration has been
obtained. Results of the calibration and associated corrective action shall be documented, and
any anomalies will be communicated to the customer.
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3.8.2 Equipment Rinsate Blanks

Equipment rinsate blanks will be collected to evaluate the decontamination process effectiveness
and the cleanliness of the samphng equipment used for collection of soil, sediment. and water
samples. Equipment rinsates are samples of deionized water or analyte-free silica sand (if
specified) that are passed through decontaminated sampling equipment before use of the
equipment. Rinsates are used to measure the effectiveness of the equipment decontamination
process. Equipment rinsates should be collected in the tield and at the rate specified in the SAL,
SAP, or WI. An equipment rinsate should be collected from each type of sampling equipment
used to ensure that the decontamination procedures are applicable to all equipment types.

Equipment rinsates are analyzed for the same chemical analytes (no radionuclide analysis
required) as samples collected using that equipment. All sample results should be evaluated to
determine the possible effects of any contamination detected in the equipment rins' e blank.

3.8.3 Field Duplicates

The purpose of collecting ield duplicates is to evaluate the potential variability and bias
introduced from field handing procedures. It is expected that the potential variability introduced
through field sievina will be minor and the matrix spike/matrix spike duplicate will allow a
complete evaluation of field handling, subsampling, and laboratory analysis procedures.

Field duplicates are two samples produced from material collected in the same location that are
submitted to the sample laboratory for analysis. Each sample xwill be numbered uniquely. Field
duplicates prod ic nfornation regarding the homogeneity of the matrix. A matrix constitutes
soil, sediment. or water from a given site. A field duplicate may also provide an evaluaton of

the precision of the analysis process. Field duplicates will be collected at a frequency of 5% of
the samples collected per matrix.

ield duplicates shall be sent to the laboratory i the same manner as the routine s1it samples;
they may or may not he identified to the laboratory as field dupliates The utlity of information
may be maxinized w hen extra samples from the field sphits are submitted for the laboratory to
use as duplicates, which will help to distinguish between anability resulting from sample
heterogeneity and variability resultng from laboratory manipulation. Field duplicate data shall
be reviewed for agreement.

3.8.4 Field Splits

Field split samples are two uiquely numbered samples produced through homogenizing a field
sample and separating the sample material into two separate a]lquots. Field split samplcs are
usually routcd to separate laboratories for independent analysis. Lenerilly for the purposes of

auditing the performance of the pimary laboratory relative to a particular sample matrix and
analytical method. Field spit samples may be collected at a frequency of 5" of the samples
collected per matrix.
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3.8.5 Field Blanks

Field blanks are samples of analyte-free media similar to the sample matrix transferred from one
vessel to another at the sampling site. This blank is preserved and processed in the same manner
as the associated samples and is used to document contamination during the sampling and
analysis process. Field blanks will be collected at at a frequency of 5% of the samples collected
per matrix.

3.8.6 Trip Blanks

Trip blanks are used to detect contamination during sample shipping and handling. A trip blank
is an analyte sample container tilled with deionized water or analyte-free silica sand (if specified)
that is transported to the sampling site and then returned to the laboratory with the samples. Trip
blanks are tilled in the laboratory or at the SS&SF and are not to be opened in the field. Each
trip blank should be stored at the laboratory w ith associated samples and should be analyzed with
those samples-

Trip blanks will only be used when samples are to be analyzed for volatile organic compounds.
However, trip blanks may be used for any parameter when there is concern that concentration of
the parameter is biased by contamination. A trip blank will not only detect contamination durine
the shipping and handling of the containers, but will also serve to detect contamination from
containers (i.e. will function as a bottle blank), which is important ift noncertified sample
containers are being used.

3.9 ANALYTICAL SERVICES

Onsite laboratories and onsite measurement groups performing analyses for WCH in support of
the Tri-Party Agreement (Ecology et a]. I 989) are required to comply with the HASQARD
(DOE/RL-96-68). WC1 I staff perform quality ov ersight of onsile and contract laboratories used
by WCH and onsite measurement groups. Contract statements ol work for offsite laboratornes
should invoke requirements similar to those specified in HASQARD (DOE/RL-96-68).

3.10 QUALITY CONTROL DURING TH E LABORATORY ANALYSIS PROCESS

Laboratory QC requirements w ill meet or exceed the requirements identified in the I IASQARD
(DOE/R L-96-68). The requirements in this document are Implemented through the analytical
ser'ice statement of work (RE-S 1999) and are as follows:

* One laboratory method blank for every 20 samples (5% of all samples), analytical batch, or
sample delivery group (w hichever is most frequent) w ill be carried through the complete
sample preparation and analytical procedure. The method blank will be used to document
contamination resulting from the analytical process.
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* One laboratory control sample or blank spike will be performed for every analytical batch
and each analytical method criterion to monitor the effectiveness of the sample preparation
process. The results from the analysis are used to assess laboratory performance.

* As appropriate, a matrix spike sample will be prepared and analyzed for every 20 samples of
the same matrix or sample preparation batch, whichever is most frequent. The matrix spike
results are used to document the bias of an analytical process in a given matrix.

* Laboratory duplicates or matrix spike duplicates will be used to assess precision and will be
analyzed at the same frequency as the matrix spikes.

Tables 3-1, 3-2, and 3-3 summarize laboratory QC requirements for water. sediment/soil, and
fish, respectively. QC requirements for toxicity tests will be performed in accordance with
applicable ASTM standard guide test methods.

3.11 SAMPLING DATA

3.11.1 Sampling Data Review

Quality control in the sampling process is typically provided by frequent (i.e., daily) review of
the site and field logs and by comparison with the data quality requirements of the project plan.
The selection of sampling points and/or samples for more detailed examination is frequently
based on field analytical data (qualitative and/or semiquantitative), so it is necessary to review
the field analytical results as well. The principal acceptance criteria for the QC review of
sampling activities are as follows:

* The correct number and locations of the sampling points were documented
* Selected sampling points indicate the presence/absence of the target analytes
* Samples were collected and shipped properly
" Field records and documents are complete
* Data reporting requirements for the day's activity were met.

Tihe data in the field logbook are reviewed and signed by the person generatng the data. A
project representative should review the data In the field loghook (i associaion with the

laboratory analytical data) and then evaluate the field data agaist the project objectives
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3.12 USABILITY, VALIDATION, AND VERIFICATION REQUIREMENTS

Data verification and validation are performed on all analytical data packages. primarily to
confirm that sampling and chain-of-custody documentation is complete, sample numbers can be
tied to the specific sampling location, samples were analyzed in accordance with the required
holding times, and analyses met the data quality requirements specified in the sampling and
analysis instruction.

3.12.1 Data Usability

Data collected in support of an RI must be both consistent with the objectives of the investigation
and defensible for decision-making purposes. The DQO process is designed to ensure that the
type, quantity, and quality of environmental data used in decision making will be appropriate for
the intended application. resulting in environmental decisions that are technically and
scientifically sound and legally defensible. In addition, the DQO process guards against
committing resources to data collection efforts that do not support a defensible decision.

Data used in a baseline risk assessment will be evaluated aeainst the data usability criteria lsted
in Table 3-5 Data that have not met these criteria are not eligible for unqualified use in risk
quantification, but may be addressed qualitatively in the Columbia River Component of the
RCB RA. Data are usable if they meet the intended end-use as specified in the DQO process.

Table 3-5. Data Usability Criteria.

Data Usability Criteria

Data sources Potential data sources may include the results of field screens. field analyses, or
fixed laboratory analyses.

Documentation data

Analyt ical i method and
detection limit

Data quality indicalors

Data re CXX

Data reporting

Sollection and anali sis procedures x ill be accuratelx documented to subsaiiate
the analss of the samiple, onclusons dern ed from lhe data, and the reliability
of the analytical data repored Required documental on Will Include geographi
local ion, chain-of-custods records standard operating procedures, field recoids
(including phsical and temporal attributes of the sampling periodj. and
analvdcal results records.

Rua tinc hL accepted methods w ill be used to analyze target analytes. When
detection limits do not meet the concentraiiue les els of concern in appl cable
matTices, alternai e methods may be conietered.

Data quaity w ill he measured G compleienessc OT]parabil its.
represenatieness preciion, and accurac Samplng iariabii will be
quani fled for each anal> te, quaity coniol samples w ill he used io quanti, _
accuracT and precision: sampl and analtial precison and aturacy will also
be quantified.

Critcal analytes and data used for the quantitalisve risk assessment w ill undergo
Complete data res tew.

t)ata reviewers will report data in a format that provides readability, as well as
claiFin,- information. Qualifiers Will be clearly explained.
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3.12.2 Data Review, Validation, and Verification Requirements

Data verification and validation are performed on analytical data sets to confirm that sampling
and chain-of-custody documentation are complete, sample numbers can be tied to the specific
sampling location, samples were analyzed within the required holding times, and analyses met
the data quality requirements specified in this SAP. Validation procedures will nt be used for
onsite measurements. and quick-turnaround analysis data will not undergo a formal validation.
Routine verification of the data packages will be conducted. The QA/QC process used in the
SOPs will be followed to ensure that the data are useable. Quality control data are evaluated
against the criteria listed in the project QA plan, and data flags are assigned when appropriate. if
necessary, the laboratory may be asked to check calculations or reanalyze a sample, or the media
may be resampled.

For standard fixed laboratory analyses, a minimum of 5"% of the data packages will be validated
in accordance with the RCCC procedures (e.g., ENV-]) and EPA's national functional
guidelines for organiE or inorganic data revew (EPA 1999, 2004a). All coordination of
validation services, execution of data validation activities, and handhing s ora ge Of deliverables

will be in accordance with requirements specified in the HASQARD (DOE RL-96-68) The
validated data results. including applicable qualifiers, shall be entered Into the ENRE database
and other pr oject-specfic databases. Onsite and quick-turnaround laboratory data reviews will
be accordimg to method requirements. The validatvd data qualifier results shall be entered into
the ENRE database. I he field measurements and quick-turnarond laboratory analysis data 'ill
not undergo formal alidation. The QAIQC processes used In SOPS will he followed to ensure

that data are useable

These QA QC processes include the use of blanks, dupliates, splits, and measurements of
kno\n standqrds, The remainig data will be reviewed tby analytical personnel and the projct
team using the same EPA criteria. The data will be reviewed by analy tal personnel and the
project team. Survey measurement systems wi be validated by review'In 5"% of the

documentation to ensure that calibration and operatonal checks are per formed according to the

method used, to ensure that the dates of the survey are documented, and to ensure that sample
locations are properly documented.

3.12.3 Validation and Verification Methods

Routine data verification shall be performed in accordance with requirements specified in the
HASQARD (DOL RL-%6-68). Data validation of the standard fixed laboratory uwill be in
accordance with Dau aILawn Pnn'crfir Ra/wchwnm'rn (nal FIN (HNF-0434) and
/Data fcaliation Proccd'cfinr'/ ('hun/al na/nse (INF-20433). Data w ll be validated to
Level C. as defined Ii these reference documents. Field and quick-turnaround laboratory data

reviews will be in accordance with method requirements.
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Prior to sample collection activities, the validator and/or the laboratory should document the
validation procedure. A qualified laboratory representative should review the validation
procedure to ensure that the laboratory is capable of meeting the requirements specified. The
folloin elements should be assessed in the validation procedure:

" Initial calibration

* Continuing calibration
* Method blanks, instrument blanks, and/'or backgrounds
* Duplicates
* Matrix spikes and/or tracer or carrier yields
* Laboratory control sample results
* Holdin tirnes
* Identification of anal> te(s) of interest
* Verification of tentatively identified compound(s)
* Analytical interferences
* Quantitation criteria
" Instrument performance and counter efficiency
" Criteria for validation of detection limits

* Criteria for accuracy and precision assessment.

3.13 DATA QUALITY ASSESSMENT

A DQA will be performed to verify that the data are suitable for their intended purpose to
support site interim closure. The DQA shall include a review of the data validation results and a
review of the data to the PARCC parameters (i.e, precision, accuracy, representativeness,
completeness, and comparability). As a minimum, the laboratory QA/QC data shall be evaluated
for adequacy to meet the requirements for precision, accuracy, completeness. and required
detection limits,

A DQA shall be performed on the resulting analytical data in accordance with EPA's Guidwnce
fir Data QualiY l.essment (EPA 2000A). T his evaluation includes the followin:

" Re iewIng the DQOs, including study objectives, statistical hypotheses, decision error, and
sample desgn

" Reviewing analytical data. including data packages, QA reports, calculating statistically
based quantities, and graphical representation

* Selecting and performing statistical hypothesis tests

* Verifying the assumptions of the statistical hypothesis tests

* Determining corrective actions
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" Drawing conclusions from the data

* Interpreting and communicating the test results.

The DQA process compares completed field sampling activities to those proposed in
corresponding sampling documents and provides an evaluation of the resulting differences. The
purpose of the evaluation is to determine if quantitative data are of the correct type and are of
adequate quality and quantity to meet the project DQOs.

3.13.1 Data Quality Assessment of Fish Data

Because the analytical results form the bases for performing a meaningful human health risk
assessment. an assessment will be performed to determine the quality of the reported data. 'The
DQA will focus on the results of QC parameters including blanks, matrix spikes, laboratory
control samples, calibration checks, and field duplicates.

Blank results will be reviewed to determine if there are any positive detections of target analytes.
Detections of these compounds or elements in blanks could indicate interferences introduced
during tissue preparation or analysis at the laboratory rather than being present in the tissue itself.
The data quality assessment will address these potential interferences in the event of blank
detections.

Matrix spike samples will be analyzed to determine if there is any material in the ish tissue itself

that could iterfere with the extraction or analysis of target analyrtes. Know n concentrations of
the analytes are added to the fish tissue and processed using the same procedures as a reular
sample. The reported concentration is divided by the known concentration to obtain a percent

recovery. The percent recoveies will be compared against EPA or method-specific critenia to
determine compliance. Noncompliant results will be assessed to determine the impact on
reported concentrations and ultimately risk assessment results.

Laboratory control samples are analy zed to measure the accuracy of the initial calibrations for

the respective analytical methods. Known concentrations of the target analytes are added to
deionized water. The reported concentraions are divided by the known concentrations to obtain
a percent recovery. The percent recov eries are compared agaist EPA, method-specific, or
laboratory-gener ted riteria to deterrmne compliance. Noncompliant results will be rev iewed to
determine the impact on (he associated data.

Calibration results will be reviewed to ascertin the qualIty and accuracy of the initial calhbration
from which sample concentrations are obtained. Continuine calibration results w ill be reviewed
to determine the accuracy of the reported sample concentrations. Action with respect to
noncompliant results may in olve quahtication of the sample results as esmtiated or rejection of
the data.
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Field duplicate results will be analyzed to determine the variability of concentrations of
target analytes between different specimens of the same species of fish collected from the same
sub-area. Field duplicate samples will be collected at a rate of I per 20 samples (5"%). If sample
collection goals are achieved, a total of five field duplicate samples will be taken during the
course of fish sample collection activities. The same approximate sized specimens will be used
for the sample and corresponding duplicate so that results from analyses of fish that are
approximately the same age will be compared. The relative percent difference (RPD) between
the sample and the duplicate concentrations will be calculated by dividing the absolute value of
the difference of the results by the average of the reported concentations.

RPD = sample result- duplicate result I /sample result +duplicate result
2

The criteria for the tissue concentrations to "compare well" will be an RPD of 50"% or less.
The variability of the results will be a consideration when the risk assessment results are
calculated,

3.13.2 Data Analysis/Risk Characterization

Analysis of the data starts with the approaches described in Section 5.5 of the RI work plan.
Data analysis will evaluate results from all investigation areas, including upstream areas. The
data from the investigation areas will be assessed for concentration trends and outliers, as well as
for differences in concentration between the river sections within the study area and the upstream
areas. (See the Baseline Human I lcalth Risk Assessment work plan in the RI work plan
[Section 4.71 for a discussion on comparative statistics for site and reference areas.)

During the data review process, graphical representation (e.g. plots, barcharts, scatter plots) will
assist n determining the presence ofoutliers4 or other anomalous data that might affect statistical
results and mterpretations. Graphical representation of analytical results will be generated for
use Ii data interpretation. Exploratory data analy sis plots alloxv for visual inspection and
summary of the data. The choice of plottimg procedure(s) depends on the hy pothesis hem e tested
and may include and/or depend on the following:

* The type of difference that is to be displayed, such as an overall shift in concentration (shift
of central location)

* When the centers are nearly equal, a difference betwcen the upper tails of the two
distributions (elevated concentrations in a small fraction of one distribution).

An oulier is an observation Ihat lies an abnormal distane from oiler valoes In a random sample irom a
population. Outliers wilt be mx esicated to delermine potential reason for occurrence or the likelihood that such
values wit] continue to occur,
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The plotting method chosen will accommodate characteristics of the data sets (e.g. the rate of
detection or censoring) or the amount of overlap or multiplicity of results reported at a few
values.

When there are both detects and nondetects (censored results) in a data set. usability of

nondetects will be evaluated. If censored data neet DQOs and are determined to be suitable for

characterization purposes, then the censored data will be evaluated with respect to the size of the

dataset, the number of censored results, and da distribution. Parametric and nonparametric

statistical approaches other than substitution (e.g., use of one-half the detection limit) may be

employed as a means of calculating summary statistics. Such approaches may include

Kaplan-Meier method, Maximum Likelihood estimation, or regression-on-order statistics.

Additional information on these graphs and statistical tests are provided in the DQO Summary
Report (NC 1-265).
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4.0 HEALTH AND SAFETY

Field operations will he performed in accordance with applicable health and safety requirements
as described in Section 5.3.4 of the RI work plan.
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WAC 173-201A "Water Quality Standards for Surface Waters of the State of Washington,
Wasngton Adminis(rat ire Code, as amended.

WAC 173-303-110(2), "Dangerous \aste Regulations. Sampling and Testing Methods,"
Washingan .Adninistrative C'ode. as amended.

WAC 173-340, "Model Toxics Control Act Cleanup Regulation." H,4shingon .IdMinisrrautiVe

Code, as amended.

WAC 173-340-830. "Model Toxics Control Act Cleanup Regulation, Analytical Procedures,*
Wlashangon Administraive Code, as amended.

WC H-64, 2006, Existing Source in/armaiwn Sunwimr Repoi Compilation/Evalualion Elot:
December 2004 to September 2005, Columbia River Compone i ofthe River Corridor
Baseline Risk .ssessment, Rev. 0, Washington Closure Hanford, Richland Operations
Office, Richland, Washington.

WCH-91, 2006. Colwubia River' Component Data Evaluation Smnnmnarv Report, Rev 0,
Washington Closure Hanford, Richland Operations Office, Ri chland, Washington.

WCIH -97 E'vironmental Control Plan /Wr the End State and Fum! ('oxtwe Prm/cut. Rev. I.
Washington Closure Hanford. Richland Operations Olice, Richland, Washmgton.

WCI H-201, 2007, Columbia River Component Data Gap Ana/i'si.s, Rev. 0, Washington Closure
Hanford. Richland, Washington.

WC H-265. 2008, DQO Swnmarv Report for the Remedial invettgation of Hanford Site Releases
to dhe Columbia River, Rev. 0, Washington Closure Hanford, Richland, Washington.
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Figure 2-4.1 Proposed Sampling Locations - 100 Area Sub-Area (100-B/C).
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Figure 2-5. Proposed Sampling Locations - 100 Area Sub-Area (100-K).
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Figure 2-6. Proposed Sampling Locations 100 Area Sub-Area (100-N).
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Figure 2-7. Proposed Sampling Locations - 100 Area Sub-Area (100-D).
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Figure 2-8. Proposed Sampling Locations - 100 Area Sub-Area (100-H).
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Figure 2-9. Proposed Sampling Locations - 100 Area Sub-Area (100-F).
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Figure 2-10. Proposed Sampling Locations 300 Area Sub-Area (Hanford Townsite (1)).
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Figure 2-11. Proposed Sampling Locations - 300 Area Sub-Area (Hanford Townste (2)).
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Figure 2-12. Proposed Sampling Locations - 300 Area Sub-Area (Hanford Townsite (3)).
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Figure 2-13. Proposed Sampling Locations 300 Area Sub-Area (Hanford Townsite (4)).
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Figure 2-14. Proposed Samping Locations -300 Area Sub-Area (1).
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Figure 2-16. Proposed Sampling Locations Lake Wallula Sub-Area (Yakima River Confluence).
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Figure 2-19. Proposed Sampling Locations. Lake Wallula Sub-Area (McNary Dam).
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Table 2-2. Proposed Sampling and Analytical Plan for the Upriver Sub-Area. (2 Pages)

Samnple Derciptlon An Jyses*EPA Method

Coection Sample .,'-tFIgure Designatlon SampleS mto pling Loradon TemporarySample lD SampleDepth RatinaldeMerhsdimDpeiwn VtZro r

0(leitt~ See Note I WartllurnDam Pool KH-I-PI to K-FS I Foeuged NA it-. - 5 Sluegeon aple will e take fo amplull

SUrfae Sol Saples Will ie aken [cn an island
abtie Wanaum Dam (TBD1 Th e ampleswill

OC Soil Grab Above Wan Dam W %P-1S l SoP-I S dief10 10- supplemrentl previous sampling events and provide
ad d 1-- - - - -additional data fr ecological and human

evaluatio The samples will be collected from a
randossvtratiied anid
Lpnverbaground SW samples will be colected
firo Wan apm Dam (Pool Limited to two

" Cu2 OCI Surface Water rab Wanapum Dan poot WFPSW W W ndm 23 urace water44 4 444 4 emples SW should be well mixed and unifom1
Stratfied depth ecd to auoncnt imaing data, Two samples wi

be collected in the spring, and two will be colleted
li the falL

Sedhimet Ratidomn priverlbackgod sediment suples will be
OCl Shoreline Grab Wanapurn Dan Pool WP-lSSD o WP-6SSD e 0 - 0 ft 6 6 - 6 -- 6 6 - 6 collected fro the lower riparian zone to provide

b ackgoud data for sit hratnan d the
_mpacts to ecological receptors and liumans.

Sediment, Random Lpnver/backgroind shallow sedimnt sanples will
C S kw PRnar Wanapmo ma Pool WP-ASD to WP6SD 0 3 il t 6 6 6 6 6 6 -- 6 6 -6 -- - be collected. Locations lobe determined after fire-

Shalow Sratiiedmed sedimnt surves
Upriverbactground allo sediment samples will

ocl Sediment, Pamr Prit Rapids Dam PRD-SD o PRDA&Sd Random 0 be collected. Locations to be determined after fine-
Shallow straoDfiedPtpDo graed sediment suv ditci samples to

develop robust 95% UCL values.

Sedicimert Belo 'Priest Rapids Rndo Lpriverackround sediment samples will be
ShorelineDrab SH-ISSD to Sh-2SSD 0 0.3 ed 2 2 - 2 - - - - -collected from the lower rip - one to provide

backgsnd data for site charatezation and the
_mpacts to ecological receptors and homai

Lpivrackgrounid S W samsples wl h| e collected
from Priest Rapids Da ool) Linted two

(CI Surface Water Grab PriestRapids pDam PRDl1SW toPRD-2SW Random 23 surfacewater 1 4 4 4 4 14 l 4 4-4-4- samples SW should be well mixed and unifow
Stratified depth Usedoaug r stgdz12 Two sapleswill

be collected in the spring, and two will be collected
I__indethfall

FIgure 2 3 Lpnverbacklround SW spcles (moveg wtaterl
will be collected Limited to two samples SW

00I Surface Water Lim b elow Priest Rapids PRI 3SW l SW Random/ 2/4 surface waIer A 4 4 4 444- should be well mixed and tntifot Used to
Damn Stratified depth augamot existing data Two samples wil be

collected in the spring, and two will be collected in
he fall

Fish samples will be collected from upriaer of the
riSesNott P R apids Dan WP-FS-tr-iet25pFocided NA2- 215- 225 -- i R 'd Dam Number and t1pe of foh may

va dependimg on availability of fis at time of

Based on the finding of the sonar tir, single
PRD(- SDI isI PL13(7- core ll be collected in area of deep sediment

I trefislCot-R i Deep . d 20SD I core Esh-timatc 15 feet of edintert, one samp le very
-1-inchi dntert subdivmded inwt appr%.i niht iches . Estmated Sample nass gof

20sed. saimple" bapproxmiately 24X rom per sapile minet-sal,

ised to upplement e xitins core daa.

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

September 2008 AF&T-20
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Table 2-2. Proposed Sampling and Analytical Plan for the Upriver Sub-Area. (2 Pages)

Notes:
I Fish collectin miethoad shll be eitther.

- electrofihmg (of hoists in pnng due to preence aluvenile aclhsesd t effciv e fur wiutefisti carp, bass, and suckers lo4g-lne;
hook and e i efectiefr whitefish. walleve. and sturgemor

Arseic fr bOh orgaM and inpantic specialii- fish htour only
3 Field parancticers for surface watcr samples are measured in the ticid aid cmist ot tcmperalurt specific conductivity, dissolved oxygen, and pH
4 The actual ntber of sire subsamples wil depend nat the volume of sediment recovered
5 Ever ittlh surface waterand sedimient sample snalye fi P .Adok2 b 8 will als beanazed oFt PCB congens All fish

samples will b an yzed for congenem ilv
6 Ftiered applies to water Ont Solid s (ce, sediment an soil) are not filtered
- Bligh-Dyer 1959l.
-~ S anpe not anakzed for given parameter
AEA = Alpisseha ce analvsia
ASTM American Societ fo Tesing an Materals
AV S'SEM aid volatile sulide s:analnexust e-racted metals [y EPA Method 200.8
BERA = asele coloical Risk Assessment

BH-L1-IA Baseline 1rH nan hea lh Risk Assesmn

OCI = other coniributing influence te- non-Hanfcrd)

Pesticides = bk EPA Method 8081
Pm E te I chloroethylene

in - psttcidespolytlF. atd btphi hIs by E.A leid 8082

PHI? pecroleumty drocarbonby ELP Method 81M

SD = sediment

SVO - seMivolatIIe organic smposrds by EPA Method 2C

SW surface water

T-' total orgaic carblon by EPA Method 9060
l = upper confidene hmit

VOCs =volatile organic compouds by EPA Method 8260B

Remedial Investigation Work Plan for I4anbrd Site Releases to the Columbia River

0
Sample Description Analvsea

7
EPA Method

rT

Figure Designation Samnple Tjpe Mto Sampling Location Temnporarw apll Sample Sanplefleptli - t -e
NchdDesigntRtinl

ri~o ~~ -ta

Z +r~ s
o, Z c '62, 'i c

September 2008 AF&T-21
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Table 2-3. Proposed Sampling and Analytical Plan for the 100 Area Sub-Area. (10 Pages)

Sample DescripUion Anases*'EPA Method

0M

SampleFigure Designation Sample Type Culleciou Mehod T emporary Sample ID Sample Depth Rdnl
DesignRainl

C
CK

Focus c chaacteze GW pue discharge to nat
FaipllouS ewll be ecoloptcal impacls Five samples are

Reactor Area Por Water, GU Grab RB3- 1PW to RB-6PW ocsed 1 11 below mldline 6 6 6-- - - - - - 6 6 - - 6 hbudgeed. [lie acual moer wlldeed on resus o
pore water sanpling in he hypoheic Zone AdaCnt tO
reactor area
Focus w characterize GW plume discharge Loriver
Maor use will be ecoloical imac Thiuy samples ae

Reactxr Area Poe Water. sorearting Grab RB-6T W to RB- 41 Fovused I ft beliw mudine 36 - - - 6 - - - - - - - - 36 budgeted: the actual number %ill depend on reuts of
pore water sampling in he hypreic zone adjacent n
reactor area

FoczL to characteze GW plrne discharge to rver
Maor ue will ve eolqpcal impaLts Five ampales are

Reactor A-Va Sediment OU lPonar RB-ISD LL R-6 SD Focused 0 - 0.3 R 6 6 6 - - - 6 -- 6 - 6 - budgeted. t he actual number wl depend oi resJL of
po r ar sapmhn the hprficic zone &qadcem to
eactor rea

ous to hrcez GW pue dischage to iver

I il aove sdimen, Ma o ue wll be ecolgcal mpacts Five srapeare
Rcacor /rea Surface Waer.GU CTrabR B- ISA't o RB 6S W Focused sur-ac 6 6 - - -6 6- 6 budeed. ft acual mmmher will dpend on reslts of

pore water sampng in he yxrhe zone adjacet to

FiguDe 2-4

P~gne 24reacor area

B6ased osoar surve resfts10 sanpls will be

R cac or Area Sedment. Shallow Ponar RBL SISD to RBLNI-1SD Rno 0 - 03 1 10 4 4 - 10 10 4 4 W c- 0 - -ollected on a sample gd on he far shore directly dowr
Stai fied river of C-oyote Isnd as a potetideo-u0nal area

forIOf)-0 reactor reeae

Based on an ecological habitat survey ten samples Ri

Recli rta edmet-Shrume GrhRBLS-1SSD t RBL S- Radom be t 0 4 410 1 1 01 collected on a sample grid on the far shore upver of

RecorAeaSdmetShrhe rb .3f 1 1 0 V -. -- - - -

W0SSD Sraified Coyote Islad as a ptential dpsiuinal ra for NO-
B/C reactor rleases.

RaoAa emtDpdeep sed tsample vwil-be taken frnm 0-BC
Rectr re edmet.DepPonar RB-SD 0 - 03 ft-- - - oe.'h upper 4 inces "ill be Used for ealuatingStaor w e ipacologic 

al impacts.

Reactor Area Surface Water Grab RBLS-TPW IRIFIi) It surfac e 6- e 6 netSW sample will be collectederntmfaores to
Straied depth augmem near shore RCoRA SW sampling

Fish samples will be collected ithe i0-l Campole.
Ractor Area Fishr See NoreeIe RB-F to RBI-FSP Focused NA5 5 - - 5 - - - -- - Number and type of fish may rary depend onrft

I1ai e11arlabily of fish at tim e i msamplisg.

Remedial Investigation Work Plan for Hanford Site Releases to the Columbia River
September 2008 AF&T-22
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Table 2-3. Proposed Sampling and Analytical Plan for the 100 Area Sub-Area. (10 Pages)

Sample Description Analses' PA Method

Figure Designation Sam pe Tye Collecion Method Temporary Sample RD sml Sample Depth G Ratinaegn
o tIE

o <

One core w be completed wihin the wter intake
RB-2S) to RB C7,D (I trech/saruture. Samples ill be divided ito 6 one foot

Fi0e - 0.Sh = 0-Reua

Flgrc-4 Reactor rea Cr.Sao Vi brcore core location ubdivided. Focsed 0 eua 6 1 1 6 6 1 1 6 1 1 - 6smpes (2-ir1 coe= 600 Ems er Ifi o i valme

-cup2 -hdim01 - ' -bamle

i SamTyipoCaeroxt6onedM samples historic deposition if Hanford contamainates eg.,
oedimenvtrap

Foculo charwacrize GW pre discharge toner.
Major usewil be ecological mpacts. Five samples are

Reatir. rea Poe Water. GU Grab PRK-IPW to RK-6PW Focused I If below iudline 6 - 6 6 - - - - -6 -- - 6 budeed; [lie Wac]Tua1 ube "ill depend in results of
pore water sampling in die hypheic zone adjacent to

reacoT area

Focus t o chaacteze GW plume dischare to river
Maor use will be ecoloica-irpacts Thrysaples ae

Reator Area Poe Waer. Screenn Gnab RK-6PW io RK-41PW Focused I It below mudie 'A6 -- - - - 6- --- - - 36 budgeted the acual nmtbewll depend on reirlI s f
pore waer sampin in the hypre zone adaer to

reactor are

Focus to charactenze GW plume discharge to river.
Major use will be cological inpTs Five samples are

Reactor Area SedinctrU Por RK SD to RK-6SDe F Iused -. 6' -I -- 6 6 - - 6 6 - 6 - -- - abudeseted. the act ual= mber m per Ifon results of
pore waersampngi the hyprheicZone adjracdn tao

guere 2-5 mnactor area.

F cs io characerize ( plturi discharge to river.

MGor use will be ecologcal impacts. F samples are

Reactor Area Pore Water. CU Grab R-W toRK-6W Focused belowtude6 - - 6 6 6 - -- - -- - - 6 6 6 budgeted the actual umIber will depend nresulis of
pore water amphig ithe hy iipnr Zone adjacen t10
reactor area.

Based on sonar surveresuls.tensm ples Itslbe

R 'tr a edmnt Sillw oarRK--ID oKL-1M Randomcolected on a sampe pd on die fir sor c rgs iorn

Reactor Area Poe ter. Sherenw Gra RKL -PW to RK -P Focused - II beo rnl et 46 - - -- 36 4 - - -- - - - -- - 6 dee:teta hrwl eedo e so

Saifed0d dower of migk as a it enal dep onal area
fr reactorreleases.

BMd on an ecoloeialhabii surveyteni samples awill

Reacor Area Sediment, ShorUlineoar REL 5-1 tSSD to RKLS- RandI I6- be colecd on a sample n d on wi e fa shore d e lt ver

Reace AreaSedimentpore warer samp gi the by 4'- e 0h4zone -e-t-to

10ssD 10 11 A 10e10of 100- wa lx plenfialdeposiufj n rea For oo-K
reactor rea.es

Remedial Investigation Work Plan for /lankord Site Releases to the Columbia River
September 2008 AF&T-23
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Table 2-3. Proposed Sampling and Analytical Plan for the 100 Area Sub-Area. (10 Pages)

Sample Description Anavses EPA Method

0--

ampe SFiue Dsga n Sample Type Coljecdon Method Temiporary Sample ID Uap <Dpt Rationale
EqIF

Fish samples wil be collected fro the 100-K Hle.
Reacor Area Fisi See Nlle I RKFS to RK-F55 Foclsd NA 5 5 5 - 5 -- - 5- Number and yp of ish may vay dependte on

availabilit y of fish at tie of sampling.

Sae core will t completed within on e water iake
reSaleRKC-TSyD to RKoC-6lr SlrencDructure Samples will be ded into 6 one foot

C =,Shlr ,- ehsa

FIgure 2 5 React or Area (-nhda el Vibracore core location subdmdd- Focised IIfsaamls 6 1 1 - 6 6 1 1 - 6 - 6 -- -saple (-i core =~- 600 um per fAt) Usd to
(COBL) into approx 6 se.aped evaluate hisonc depoisitn of anford contaminants

(egsediment tp)

O=e core wlhe ,mleted -h thewater take

Reato Va ore SalowRKC'7SD o RKC-12D ( Rfw rnch qrxure Samples wil be dided nto 6 on fol

C-e.Shllw -RefuC

R,-inchrdArete . Vbracr core locaton ubdiided. Focused 1611m bs - 6 6 1 1 -1 16 - 16 - -saples 2- c ore =- 00 gns pr I ko Used to
int o appro 6 sed. samples evuche stn de posion of flanford c otmnants

11".1" sedilent rp

Focust characteize G plume dischare to nver

Mjor use will be ecoloPicalmpacts Five ample are
ReaaOr Area Pomre Water 0GU Grab RN-APW to RN-6PW FOCIMd I fl WMA dhe 6 - 6 6 -G - - 6 6- 6 budgeted he act ualnmbrner wdl depend on esliq of

po water samplng the hyprhic zzon adjaen to
re act or ara Radionchde cs for analysis consist ofS 9

IQ

Frcus Io caracenze GW plune ichargc to tyer.
Reactor Area Pore water, Screening Grab RN-6PW to RN-4 I PW Focused I it below mtudlie 16- - -- - - - - 36 16 budeted, the acual number will depend on resuLt of

pkre Wtesapling m thehyprheic zoneadjaen to
Ru acTo area

Focusto caracteze G*0plun dsdage to ier
Mhr use iill be ecololel impacts Five samples are

Rcacor Area Sediment UePonarot RN-F 5Db RN-6S Focused 0 - 11 6 - -6 6 6 - - budgeted the at ual nuber will depend o results of
pore water samplng me hyporheic zane auern to

re actor area.

Focust charactenze GW phime idchde to ner t
Maor use wl be ecoog60al npacer1 Five samples atre

1 eg. sedimentdtrap)

Reuittor Area Surface Wat e. (GU Urab RN-ASW to RN-6SW Focused I6I- -boe 6e6nr-ui -5 --6- 6 6 6 budeled, The a ua number Mll depend on esus of
pcre wler samppng in the hyporhi hzne adjacentto
re actor area c

Remedial Investigation Work Plan for Hanbrd Site Relcasves to the Columbia River
September 2008 AF& T-24
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Table 2-3. Proposed Sampling and Analytical Plan for the 100 Area Sub-Area. (10 Pages)

Sample Description Anal vses EPA Method

SampleF1gure Designation Sample Type Colleci on Method 1emprary Saiple 11) Sample Depth Rationalet.,7

C i

hrc samples vill be collected on t he far shor down
iver of G-N mid a Saddle Mran aWae,atoOCI Sediment hallow Poar SM - ISD to SW3-SD Focsed 0 - 0 1 f I 3 3 3 - 3

eauae penal react r devsit m as well w, othe
conih~m, i fmrices

Based o an ecolopal hatita rve. en sampl will
Sambe collected oa sap:rw

RactiorA rt a S edt oentnS h o relT e oGrab o n M et o d e m p r S m pl0e0 .3 fIS a4m4p- 1D 1 0p4t1- 10 I-C- 10g i -nt e
ISSD strafied of 00N as a gten-ual deposional area for 100

reactor rlears

Twosurfrcew .r %mles tone cac sprm an fili
re 2 6 Si-SW(1 sample in Focuse surface water to augmet the evaluaon of her conthutng(contit) OI -Surface-Waer rabF-2if

spiig. I sampin fall) depth olecso h a lr hr cosaddwne
frot Area I 00-a the Saddle Mmtain Wasteway

Figh ampe from he 1-I Thole Nmbruad ype of
Reactor Area Fi sh -' See Note I RN-FS to RN-F5 Fo'C -sed NA -;5 - - - -ih ay vary dependvtg on avaClb'ity of EA : 2 Itm,

in -t of s mplig_

ne amre w ill be ompleted oitun the war hotake
RZNC-SD to RN-6'qDt0 -Re vtrn o 1rN aured atpSaddle Mdiide d ito 6 wie fou

Reacnr Area Vibmacoe core location subdiidd. Focused 6 1 1 6 6 1 1 - 6 1 1 - 6 %mples (2-i C ox ,0pris per I FOOLI. U d 0Gl SedimeterhallLinSl tpox d6-sed. samples Fue s bq- -- - evaluate poentaeor deposif antion analialee
(E g ,sedime trap

Focus to charaterie Gpm discharge To ner
Majoruse il e ecological ia curts Five samples are

Reactor Area oreWterelGi Grab RD-IPW to RD-N5pL nFomed Ibbeow mudli 5 - - -- bueolle the act ual number il depend on resuls of
pof water sampne in the hyporheic zonal adjac0to
reactor area.

F gure 26SMIW

Focus to chealTuizeaOW plume discharge To river
Major use will be ecologca impacts Thirty smniles are

Reactor Area PoriWater Sceen Grab RD-6PW to RD-35W Focused I ft belo mudline 0 - -- 0 -- - - - -- uded the actual number will depend on results of
pon water samping in lbec hypole eic zoe adjaentto

reactorarea

Remedial Investigation Work Planfor Hanford Size Releases to the Columbia River
September 2008 AF& T-25
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Table 2-3. Proposed Sampling and Analytical Plan for the 100 Area Sub-Area. (10 Pages)

Sample Deacri pl on A alyes EPA Method

gre Designallon sample ypC Collecion Method T emporary Sample ID Sample Depth Rationalep ~~Design C

o - hrcen Wpmc<hh one

Figure ealgeiaon Sampe Type al leedn Metho Tempoary SamleaID Smple Saple Deph am- Rtional
Deswalr agn -m h h prh ot daan.1

a. a. sare

5- t t.v edimen

AG GF---h md

pklre water apnr in Te hypcieic on a aciv 1
reactor area.

C- a.clo- area

Based on sonar urvey results. -wo samples will be
collected from te shallow are a downrive and adjacent

'm/ ~~~~~to 11a r icii ILtwoafles inll be olnpced fre

ReaT ork Area Sediment Shallow Ponar RDD- SD to RD-5D oudtRand.t45 - - 01 4 40 4 5 4- 510 104-4-- - bgtd:ad; alnhe r II e eoltsf
Siratiled die sallow area ownrver and adjaciit to island 2; die

remaing samplesR l be collect ed from the shallow
rearcon h far (eft) a. de of Mand 3

Faure 27Rdased on onari bvey reltIi ten samples wiLl be
(COWL) Reactor Area Seimern Shallow Ptnarer R DD-I1S oRiDD-20 SD Stratified 0 - o.3t 10 4 4 5 - 4 - 10 -- colleted on the fara eb shore across fron sld 3 and

inhcshorarea of WB Hole I

Based on an ecoloeal habitat veyten samples will

be collected Two samples will be collected from e
htaleshallow area rmver and adja e t Island, twotmore

amplen will ae comlecs ed l om the shallow area on ohe

Figure 2-7Raidonr

Reactor Area Sediment Shoreline Grab RDD-1I lD it RDD-0SSD Sratfied 0- 0.3 ft It 4 4 l0I 10 4 4 - 10t 4 - 10 -- - ncearshorc ilei fdownrer farosn mIwosamples
itbe collected from e hallow area uiver and

aadoen at]sand o thelgC himtaurnew samples w ile
collected upriver and adjacen tola and owhe near

shor sie

Tadoeemurp e water a ple will be taken bet ween the
Reactor Area Surface Water Grab RDD-lSW to RDD-3SW(. 3I 4 4 3 10 II 413 - -tt - - - 3 -- 3 upriver portion ofsland 3 id the Ir (llan shore p

Stratified &llbe1olleam 
eedonear mdhore RCH RA sawpapeg

Fish samples wn e collectedrn m the 100-D Hole
React or Area Fis c WaSteNoteI RD-FS I to R )D-F 5 W F II 3sed 3 1 -- 5 - - - - 3 -- 5 - Number and type of fish nay va r depending on

avaiabilay of fish at me of sampig

Remedial Invesfigation Work Plan for Hanford Site Releases to the Columbia River
September 2008 AF&T-26
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Table 2-3. Proposed Sampling and Analytical Plan for the 100 Area Sub-Area. (10 Pages)

Sample Descripon Analyse /EPA Method

SampleFigure Desgnation Sample Type Collecion Method Temporary Sample ID De]g Sample Depth Raonale

ro

Dee

Fish sampleswl be collcted from WB 1 ole I Ntne
R cat or Area Fish qSee Note I WB 1-S to WB I-FS5 Foc us ed NA5- -5 - - - -5 5 - and t pe of fish ma vay dependng on availabity of

6.1Mtime of s6mplmg

Srace sel samples will be rdoly taken frr Island
Rectr re SilCrb 3-~t 3-05RadrOITC-1from a 10 cell gn The smpls %Ul supplemet

30 - .5 10 4 - 0 10 4 4 ifa4-10Stratifed 'revis Sampng even and proide addiondaa foi
colic al mid hrnevaluations.

Designmpes

tirctapprx. 6 sed, samipl"s evaluate histn depsitin ofH afodconaimnanly
(e E-, seun tra)

Fous to characteize GW pe dischare to ner

Majtr use wI be ecoloical irpac Five samples are
Reactor Area Pou Waer, GU Grab R -MAP to RH-6PW Fcised I ft below nadh ne (I - -"-16 6 - - - - - 6 6 - - 6 hFodzetu( h t amanLW nrer mildeped on results of

por water sampigm the hyprheic zone adacent to
reactor area Rdionucdes fo analysis consist of Sr-0

Focus o chxacteze GW plie discharge to ivn.e
MaOr use wll, b ecoloical impacts Thmr siple ae

gore Reactorrea Pore Water, Screeung Gra FR1--6PW to RH41PW Focused I f: below rudlim, 36 36 - - - 36 budgeted the actual number wil. depend cat reuls of
pxit waer sampling in the ypcheic zone adjacent to

re actor area

Focus to characteize GW pae discharge to aver.

Major use wi be ecological inpacts Five samples are
React or Area Sediment GU Polar R4-SD to RH-6SD Foused 0 - 0.3 R6 6 6 -- - - 6 -6 - 6-- - budeted; the actual number wi depend On rsuls of

Pore wter sampling in the hyporhec zon ajacent to
reactor area
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Table 2-3. Proposed Sampling and Analytical Plan for the 100 Area Sub-Area. (10 Pages)

Sample Desert pilon Analvses EA Mehod

F~gure DesionallainSample Sml et

Mgre Dsintin Sample Type Colection Method Temporary %ample ID Sml et Rationale
0 T

-~ 7.

Foc p to chalecterizeGW plume discharge to iver,

I t above qedmiea Mjor use will be ecological impacts. Five smples are
Rectr Arva Surface Water OU 3ab RH- ISW to RH-68W Focused surface 6- 6 6 6 - - - - 6 6 6 budeted: the actual nmber il depend in resuls of

unTre water sampling n the hy nhec zne adacent to
reactor area.

BasedOneOniur sUrV y 4..UIV.for -aples will be
collected fon de qallow area utiprver ad adjacen to
Locke Island and acrsef0minarea ICC-_ , =he

Random'reamaning six samples will x collced from the shalla
Reactor Area Sediment, Shallox ontar L -ISD to L-osD) 0 - 3 fl 1 4 4.11 10 to I- I VI 4 - 0 area on die far ileft )side of te river Three saples will

Strantied he )it he far dleffi side ifle river across from the
dwnvehalf of Locke Island wh the remainng three
continung d-)wriver of Locke Island along the same
side.

Reactor Area Sediment Shadlow Ponar L -ASD Random 0 - 03 0 1 1 1 l 1 1 1 1 - ~ne shaow sediment sefle was added art the west
Stad fied sde of Lcke Island.

11 onre 2 -8 Based on snar survey resultS ten samples will be
(Cont) Reacor Area Sediment shallow Ponar WBT-tSD to WBT-CISD R andomn) 0 - 0 3 It 10 4 4 10 to 4 4 10 i 4 1 U cllected rom a shallow area tin the far left3 shor

Smra--fi d across fromWite Bluffs Twnsize and at the WB-10
Waeway.

Three smpls Ail tie collected fromin Ihe sallow
OC Sediment Shallow Poar WB T-1 ISD ItWBT- 3SD Focsed o -o 3 3 3 3 - 3 -WB-10 Watewat o

evlrate othe r coni butig inhuences.

Based on an ecological habita are, ten samples will

Randm be collected Five samples will be collected om the
Reactor Area Sedimtent Shorluic, Grab R I-IL1,3D to RH-10,SSD 1 11 10 4 4 1 10 4 4 1, 4 0- shallo area upriver and adjacnt ,, Island 1;, other

Eeve samples will be ollected from the shallow area on
the downriver portion of Islandi

one irface water sample will he taken herween Lke

Ralened rot te 3l s rurfacWIT ndwdjcenet

Rac Area SurfaceaerGrabR-6WRandom- --Surface-ater II Land idand ie near m ni shore toaugmet near shore
sirafled &VhR CBR A Parrpng

WR 1aSWitoW1T -2SW Tw surface g ater sampls will be taken ne ar the far
rab m 1 Random 2 - srfac e wa e I2 - - efhore across from WhI e B.uffiTownship, near th2GanuSrfed deph2WB-10 Wasewayio agment near shore RCBR a

Kanple in Fal]

Figure 2-8 B ~~~~~~~sadp soa ure eslmgLn.apewilb

Remedial Investigation Work Plan for Hanford Site Releases to the Columhia River
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Table 2-3. Proposed Sampling and Analytical Plan for the 100 Area Sub-Area. (10 Pages)

Sample Descr lpflon AnaiyaesMEPA Method

Samle-FI-gure Desgnation Satple Type Collecion Method Temprry Sample ID Sample Depth r q Rationale
DesIgn Cr 7T

> T

Figure peC e e TFipesareples will be collected from WB Hole 2. Numbe
(n. ecorAe is e ot B-e2 8B-F5 F se A5 -- -5 - 5 - - -5 - - dtype of fsh may Vary depending on avlabihly of(Cou.) eactr~ra Se Noe I BZ*S It 0 1121- S Foused11 A 5fish tit, iniof sampling

Ten suace soil sample Nill be randofly takefrom
RandmLocke sand uing a 10 cll gnd o minimze clnAl

Rcactar Area Soil Grab -1- S u, L I-0S Statified 0 - I it 10 - It4 - 0 10 4 4 - 10 4 -1- 0-- - impLLR The srples w supplement preius
amplin eves and provide additional data for

ecologic al and humia evaluatins.

Focs t cameerieOW pnum dhIL e n' ita
-Major ue will be ecological ipacs Five samplesire

Reactor.Area Pore Water GU Grab R F- IPW Lo RF-5PWT Focused I f belowrtmudline 5 -- - - - - - -5 5- 5 budeted the actual uber ill depend on results of
por water sapng in the hyporhic zone adjaett

Designrn t

re atorarea.

Focus Ic characeze GW plue discharge to ver.
Major oe wiU be ecological ipac7. Tiy samples ae

H T PIMWat er. Screening Grab RF-6PW 'to RF5PWV usd I lbe,"w mudn 3) - 3-L-30budgeted the actual numbr will depnd on result of
por water sampng in the hyporheic on ajacn to
reacor area11gure 2-9

Focus to characteze GW plue scharge to river.
Major use will be ecolical imac Five aiples are

H T Sediment Ponar Rf-LO RF-5SDI Foesed 0 -0 S 5- 5 - 5 -0budgeted the actual number eill depend on resus of
pre water sampn i the hyporheic zone adjacent to
re actorarea.

Focs o caactenye GWplueit hghare to nver

Sft aoesdmnMa or semeill be eologca impacls Five amples ae
ReauCLtoAea Surface Wae, GL Grab R-SW to R--5sWocusd 5 S - 5 budgedthc aiual muiiber wi depend on eNJtSof

surfac Cpore water ampn in the hypohc one adjaen to
ru act oarea.

Random asedosoar surve Irsus. one smple wil n
Rator rea Sediment Shalow Ponar H T ISD 0 -u 3 1 -I1I t -I I collected ftor Lhe shaow area on Lhe ar lef ) de and

dnawinied of I() 1

Remedial Investigation Work Plan for Hanford Site Releases to the Columbia River
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Table 2-3. Proposed Sampling and Analytical Plan for the 100 Area Sub-Area. (10 Pages)

Sample Description Aal vses EPA Method

F11gure De-signatiion Sm STamCple Mtod Tepoay ap Sample Depth 2Ratenale

Raado colectd frimlehl hon Methoda Temperary el2mpsidLID

Lo 4

H T Sediment, Shallow Ponar RFL S-ISD tRFL S- SD Srtid 0 - 0 'A f 2 55 2 25 2 2 - 5 - -- theri r nd delawnnv e f sandie 8 etingdofni

wih the last sample acros fom Island 9,

Rvact om Aea Sediment Shallow Ponar WB3D -ISD to WBAD-ADSD Rn , 0 -0 3 11 1 4 4 -- 10 P) 4 4 - To 4 4 InBse m oavmve esl--tn -npo wlb
Siufed colected from the shallow aea adac en to A a I Oi-F

Ten surface soil sample will ie rndomn, taken from
te island aCOFS frOn Wite Blufs tiownse usu 2 10

Reacor Aea Soil Grab W-s to NWB-los Rmianom J 013 f 1 .- 1 - 10 10 4 4 - W 4 - - 10 - - -cell d o nmiinze cuural impac 'Tie 5amples willSir~tr0ed supplemn previos qamph even and rode
adional di a fOTecoloical mid huanevaluuns

Bsed on sorptsMhveyhsu, tnsample will be
Reacor Area Sediment Shallow perar RFD-ISD) to RFD-IOSD Randmiti 0 -03 A 0 4 4 .1 1 4Q 10 4 4 - 10 -- --1- colleced from the shallow area beee n the upriver edSraifed of imd 8 and the nu ripnht i ahre

engure 2-9

(cont) Raed (M an ecoloical haat survettwsamples will

Td 1GTm2 -- e coeited fronthe naan area upveand adace
Srwifed to Island 10

Based on an ecological habitar srvey, lensarmples will
Hn-collected from hriparian area i[le jutuer ilidof

Sratind m [la t; ver amp iwierf bewend e tndir p irwurn ef

Reactor Area Sediment. Shoreline Grab RFD ISSD to RFD- OSSD Ran n 0 3 1110 4 0 10 4 4 10 4 4 - 10 -- -- - an d 8 oa the a l l areaIu nr t dArre idf

adjacen to Island , two upver of Island 9 mid two
adjae to Island 9 on its near righ) shor side

TBased on an ecological habiat urveyyeS amples will
Reactor Area Sedin Sheline Grab IRFLS -SSDit, RFL S-5SSD SRandom/ 0 - (1111 5 2 5 5 2 2 - 5 - -t- e COleed [0m1the 1p)MFIM areU jus downver o

adireaI00-F and on e far co ft) shore.

Five surface water samples taten ween Island 8 mid
To Surfaceu MhalGrabloa R l-oISW oR-S -0Randf 5c 101 4 5 5 5 1 4 - I 44R- 105 5- 15 Island [9odan the hariah shore tW auentnearr ehoeStratified deoln 

no[RCBRA sapin no

Remedial Invesligation Work Planfor Hanford Site Releases to the C-olumbia River
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Table 2-3. Proposed Sampling and Analytical Plan for the 100 Area Sub-Area. (10 Pages)

Sample DescriptIon Analyses* EPA Method

SampleFigure Designation Sample Type Colleeron Method Temporary Sample ID Sample Depth 6 Rat onale

L :k

Notes:
I Fish collection method shall he either

- 'lectroishing Toff liIts in spring due to presence ofjuvenile steelhe ad) effective for whitefsh, carp, bass, and suckersI long-line:
-hock and line (etictive for whitefish, walleye, aid sturgeon)

ZArs c foT bthrorganc and inorganicpe iaon -fl shtissue nly
3 Field panntris fsrI skce wale sample: are measured in te Feld and consist of temperazure, specific conductivity, dissolved oxygen, and pH-

Field parameters fTr pore wat er samples consist of specific conductivity and rtempenture.
4 The aAi n er of re ample? il depend tn the volime ofeedimen recovered.
5 E'very 10i surface ware and -eudiii t sample analyzed for PCB Amocors by 8082 will also be analyzed for PCB congeners. Allf fsh

samples wiI be an-lye d for congeners only
6 Filtered apphes to water only. Solids (i.e, sediment and soil) are not filteed,
7 Groundwater plume upwelliig sample locations will be firnalizd once the reconnaissance survey has been completed and the final design has been approved by the Tri-lParties.
8 Groundwater plume upwelling transects (not discrete samples) are depicted on the figure.
9 Bligh-Dyer (I959,
- Sample not analved for given parameter

AFAr. -Alpha energ) Analy
ASTM - American Society for Testng andMaterials
AVS SEM acid volatde slfdessimiltaneously extracted metals by EPA Method 200.8
HERA - Baseline Ecolscal Risk Asseament
BI{HR A-BaelmieHuman Heall'iiskAss essmenir
Core - Sediment c ore
Cr6 = hexavalerit chromium by EPA Method 7196A
DOC = dissolved organic carbon
EPA = United States Emironmeral Prcectr it Agency

GE A = Gma energy analysi
gms - gmms
GU1 OmGotaidwatee Plaint Upteelling
G W = grouiicwater
HMU Habitat Management Unit
ItT = H anibrdl T ownite
M etals =hby EPA M ethods 60 10/6020 and 747l
N1 IS = Multiple Incremental Samplng

1 11 = oilier coti1ribuing influence ie. non-HIanford)
Pesticides = by EPA Method SCSI1
PCE = tetrachloroethylene
PCBs =pesticidespolvchloinated biphenyls by EPA Method 8082
PHC petroleum hydrocadbor by EPA Method 8115
SD = sediment
SVCOs senuvolatit orgamc compounds by EPA Method 8270C
Sw =srIfacew waer

TOC = total orgaic caxr by EP A Method 9060
VOCs = volatile orgaric compounds Py EPA Method 8260B

Remedial Investigaion Work Plan for Hanford Site Relecaes 1the Columbia River
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Table 2-4. Proposed Sampling and Analytical Plan for the 300 Area Sub-Area. (9 Pages)

Sample Description Arnalyses*/EPA Method

Sample Collection Sampling Temporary Sample Sample
TyP Method Location Sample ID Design DepthN Q - N _=R1 -)Eornt CFoT RdBadn nr-ysu ;sm sw bHTGbhrf3 - - - - - --

0h rh ne1 -SD -tati 0ed - tted

Based on sonar survey results, eight samples will be
HSedment. GrabShedints

Baed on sonar surve resu ts, four samples wiqll be

collected from the shallow area; one sample from the
SedientRanonynewr shore in front of the Hanford Tos sie: oneHT emnl Ponar Left Side AT-2 SD to HT- SD adi 0 -0 1 fl 14 1 - 4 4 1 1 4 1 1 4 - - hr iif-n fheHnodTonie n

ShallowSPaim ens Stratified sample from the near ight) shore just downnver
from river mile 384; two samples from the far left)
shore around river mile 384.

ITSeNtHl 11'-FSI toTSFish samples from HTS Hole I will be collected
Figure 2-10 iT Fish See Note I HTS Hole I FS Focused NA 5 -- - - S - 5 5 -- umnber and type of fish may va depending on

availabilty of fish at time of samphng.

Focus to characterize G V plume discharge to nxver
Pore Water Ha nford Townsite NT-IPW to HT- I f below Maor use ill be ecological impacts. Five samples

HI Grab Ttim GW Focused 5 - - - 5- - 5 are budgeted. the actua number wil depend on
Plume results of pore wate sampling in the horheic zone

adjacent to ttum dischage area

Focus to characterize G3W plume discharge to river.

H-an ford Major use will be ecologial impacts Thirty samples
Pore Water. Grab Inlium Twn HT-6PW to Hi- eFocused I1 fi below 3 are budgeted: the actual number will depend on
ScreenI-gT35Wmu de results oflporc water sampling in the hyporheic ZonePlumeuI

adjacent to reactor area Samples will be analyzed for
tnflium only.

Remedial Invesigation Work Planfor Hanford Site Releases to the Columbia River
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Table 2-4. Proposed Sampling and Analytical Plan for the 300 Area Sub-Area. (9 Pages)

Sample Description Analyses*EPA Method

Sample Collection Sampling Temporary Sample Sample F -zFgure Designation Rationale
Type Method Location SamplelD Design Depth R

Focus to chraccriz GW plume discharge to river.

Sedifent- Hanford Townte H T-SD to H-T- Maor use will be ecological impacts. Five samples
[IT GU Ponar Tritium GW ,SD Focused C - 03 ft 5 --- 5 -5 --- - - are budgeted the actual number wil depend on

Plume- results of pore ater samplng nthe hypiorhic zone
adjacent to ritium discharge area

Focus to characterize G W plume discharge to river

Surfa t oHanford Townsite HT-F-SW-to HT-- ft above Major use will be ecological impacts_ Five samples
H T Grab TriTium GW Focused ediment r - 555 INare budgeted, the actual m ber will depend onWater, GU -'SWPlume results of pore water samplin iin the hyporheie mne

adjacent to tritium dishage area.

Isand IHI Based on an ecological habitat survey, ten samples
Sediment o )Shoreline ISlI-SSDtolSll- Random w0fl N 4 4 - 10 10 4 10 4 1ill be collected fro the riparia area. samples are
Shorhne rbSdiIOSSD Stratified from the upriver end of Island 11 just dewnriver from

the WB-5 Wasteway

Sediment GSavae Island SI-ISSD to SI- Random! Samples will be collected from the riparian area on
Shoreline GShoreline 3SSD Stratified 0-03 ft 31 1 1 3 1 1 -- the lefi shore at Savage Island

Sediment

Seimet, Depositional Area RBaed on sonar survey results, five samples wit be
IT Poiiar top of Savage S-I-SD to SI-. D . 0 -0.3 ft - 5 5 1 1 - 5 1 1 -- collected from the shallow area on the far (left) shoreTShallo IslandI ust upriver from nver mile 359

ill Sedientd Savage Island S-6SD to S-IOSDFomve shallow sedimient samples have been added
Shallow Stratufied behind Savage Island

Three samples will te collected from the shallow area
Sediment. Poiar WB-S Was WBW-1SD to Fcsed 0 - .3ft 3 3 3 3 3 - 3 on the far (left) shore just upriver from river mile 356
Shallow - WBW-3D in the WB-5 W.astewa to evaluate other centributing

mf ienees.

S eW W-SW(Two surface water samples will be taken at the WB-5
WBW-ISW (I2 3 lrce , ,-" - t1 RBAaOCIW ae Grab WB-5 Wasteway sample in sprnmg, I Focused - - - - - -depth2- -- \ asteAaC to augmen near shoe RCB\ sampng
sample in fall) eand evaluate other contributing influences,

Remedial Investigation Work Plan for Hanford Site Releases to the Columbia River
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Table 2-4. Proposed Sampling and Analytical Plan for the 300 Area Sub-Area. (9 Pages)

Sample Description Anayses*/EPA Method

Sample Collection Sampling Temporary Sample Sample 0Ca aFigure DesignationRaonlType Method LoctIon Sample ID Design Depth a

- - r

> >~

Based on Trustec comments, these samples will
Kingddsupplement previous sampling events and provide

HT Soil Grab oldRRG-aS to RG-s 0 -0.3f 10 - 4 - 10 10 4 4 10 4 ( -
Recreational Stratified additional data forH RA The samples will be

collected from a 10 cell random/stratified gd.

Depositional Area Random,' ,'3OufaceOne surface water sample will be taken at the upriver
HT Grab top of Savage SI-7SW 1 1 1 1 1 1 1 1 - endof Savage Islanddto augment near shore RCBRA

Water IslandStratifiA water depth
Islandsampling.

FigureS2-1 Surface s-One surface water sample will be taken at the Island
(cont.) Wruace W slad Water Stratfied water depth 11 Sloughs to augment near shore RLBRA sampling.

Rnne surface water sample will be taken between
IIurface RingoldRadm 2/srfe,.HTtratifiedraw pRG-3SWt 1 1 1 1 1 1 1S1aifed I - - - - - Ringold Spnngs and the WB-5 Wastewav to aument

near shore RCBRA sampling

Fish samples vill be collected from ITS Hole 2H TS2-FSI to H TS
IT Fish See Note I HTS Hole 2 ~S5  Focused NA 5 5- - 55 - - - - 5 -- Number and ype of fish may vary depending on

availability of fish at time of sampling

Based on an ecological habtat survey, ten samples

Island 12 will be collected from the npanan area. Samples
HT Seien Grab Shoreline S -SSD St1a2- fRad 0 -10.31 fl 10 41 4 - 10 10 1 4 - 10 4 - - 10 - -- - taken include five samples on the upnver end of

Sediment Island 12 and five samples near the middle and on the
near (right) shore side of Island 12.

Based on an ecological habitat survey, ten sainples

Figure 2-12 SedimentI MSTD- I SSD to Random.'vll be collected from the riparian area. SamplesurGrab SedilntneMste-ad IslanddHIT Grab Homestead Tsand10 0.3 f 10 4 1 - 10 10 4 4 - 10 4 - - 10 - -- - taken include five samples nei the upnve end of
Homestead Island and five samples near the
downnver end of Homestead Island

TSedirmntI[sland]1111- I SD to I11- Rando -03Based cn sonar survey results, five samples will be
HT Sh w Potade 0 - 0.3 ft 5 2 - 5 2 2 - 5 2 2 - 5 - -- collected from the shallow area from the downriver

end of Island 11 across from Ringold Springs

Remedial Investigation Work Plan for Hanford Site Releases to the Columbia River
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Table 2-4. Proposed Sampling and Analytical Plan for the 300 Area Sub-Area. (9 Pages)

Sample Description Anayses*/E PA Method

C0

Sample Collection Sampling Temporary Sample Sample rFigure Designation r Rationale
Type Method Location SampleID Design Depth t- V_- C- 2 W

Based Lin sonar survey resuls five amples will be
H-1'SeTmn Ponar I kvmesead Island I - 0 iRTD 5 to R 5 5 m 2 0-50 1 5 5 5 - collected from (he shallow area between the neard(ight) shore and Homestead Island

Based on sonar survey results, five samples ill be

Siment IS D- SSD to IS Stm- Randomta
HT Ponar Island 13 I- 0 - 0.3 fit 5 2 2 - 5 5 2 2 -c 5 2 2 - 5 - - - ollected from the shallow area just downver on the

Sb llow SSD Stratifed near nriaht) shore side of Island 1

Three samples wi] be collcted from shallow
OCl Sedimetl Ponar Rn rn RS RFcused 0 - 0 ft 3 3 3 - 3 3 3 3 - 3 -- - - - - - sedimen downriverofthe RingoldIrngation Return

Area to evaluate other contibuting in~uence&

Sediment, PB 16 4Three samples will be collected from shallow
ClS Ponar PE-1 SD to PE-3SD Focused 0 - 03 t 3 3 3 - 3 3 1 --- - - - - - sediment downjiver of the PE 16.1 Wasteway area to

evaluAte other contnbuting influences.

Figure 2-12 RGISW(1 Two surface water samples (one each in spring and
(cont.) Surface G Rmgold Irrigation 2< surface fall) will be taken at the Ringold lrngation Return tooCl in sprng I sample Focused--

Water Retum fall)water depth augment near shore RCBRA sampling and ealuate
other contributing influences.

Two surface water samples (one each in the spring

Surface PE 16 4inpr-n I sample2 3 surface 2 212and fall)iUl be taken at the PE 16. Wasteway to
C Grab in aping. I sample Focused . - - - - -2

Water Wasteway i. water depth augment near shore RCBRA sampling and evauate

other contrbung influences

Fish samples frot Rminold will be collected Number
FIT Fish2 See Note I Ringold RG-FSI to RG6-S5 Focused NA 5 - - - 5 - 5 -5 5 - and type of fish may va' depending on avalability of

fish at time of sampling.

Surface soil samples wl be taken from Homestead

Island The samples will supplement previous
HT Sod Gral)som e s HI-IS to HI10S rad - 05 ft 10 4 - 10 10 4 4 10 4 - 10 - -- sampling events and provide additional data for

ecologicml and human evaluations The samples will
be collected from a 10 cell randomstrati ed grid.

Remedial Investigation Work Planfor Hanford Site Releases to the Columbia River
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Table 2-4. Proposed Sampling and Analytical Plan for the 300 Area Sub-Area. (9 Pages)

Sample Description Analses*/EPA Method

cc

Sample Collection Sampling Tenporary Sample Sample
Figure Designation r. Rationale

Type Method Location Sample ID Design Depth oh

Ba dE -anec -,al ab<at uretteni mte

QQat b± 7

dmz D-t*--2Rd

Seflent Grb 114-SS~o 114- Ran inBsed on an ecological h abiat survv, ten a pes
HTSeiniGrabsland 4 10451 tratine 0 -0 3 ft 10 4 4 - 1 10 4 4 10 4 - 10 will be collected from the riparian area amples are

Shoreline ISSDStrautied from between the far (left) shore and Island 14.

Sodimet 1'1S-I5I1S t I S5- ando' Based on an ecological habilat survey ten samples

HT Grab Island 15 0 - ft 10 4 4 - 10 1t 4 4 1 4 -- 10 4 - -- wil be ollected from the npaian are asnples are
Shoreline raSSD Striafled from the upnver end of Island 15

Based on an ecological habitat survey ten sam ples
sedimentWI-I55lo - Randomwill be collected from the n paan area. five samples

Sediment.W- S oW- Rno
HT Shoreline Grab Wooded Isiand lOSSD Strafed 0 -03 0 10 1 1 - i1 10 4 4 10 4 - - 10 are from the upnver end ofW ooded Island and ve

samples are from Uhe ind-area of the island on the far

(left) shore side.

TSedimnt.is 11314-1 SD to 14- andonBased on sonar sun ey esults, five saple will be

I-T Ponar Island 14 0 -03 S 2 2 5 2 fi- S 2 2 - -- - collected fromshallow ediment betw n Iland 14
Shallow SSD Stratifed- and the near ight) shore

Figure 2-13
Based on sonar survey results, five samples will be

HT Ponar Island 15 I t- 003 fi 5 2 2 - 5 2 2 - 5 2 2 5- collected from shallow sediment downriver of Island
Shallow 5513 Stratified 15 on the far (left) shore

Based on sonar surve results, five samples will be

HT Sediment Poar Wooded Island WISD to W-5SD Random' 0- 0. fi S 2 2 - 5 2 25 5 collected from shallow sediment between Wooded
Shallow PonarStratifiedIsland and the near (right) shore.

S-acudne surface water sample will lie taken adiacent to

HT Grab Wooded Island WlISW 1 1 1 1 1 1 1 1 - - 1 Wooded Island to augment near sbore RCB'IRA
WaterStfied watr de ptIampling

Fish samples will be collected from Taylor Flats.
IT Fish' See Note I Tayior Flats TF--S to Ti---Fe5 Focused A5 - - - - 5 - 5 - -5 5Numberand eof fish ma vary depenmng on

av alabity of fish at time of ampingg

Remedial Investigation Work Planfor Hanftrd Site Releases to the Columbia River
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Table 2-4. Proposed Sampling and Analytical Plan for the 300 Area Sub-Area. (9 Pages)

Sample Description Analses*/EPA Method

'0

Sample Collection Sampling Temporary Sample Sample =70 -Ri lFigure Designaton -'t C RationaeType Method Location Sample ID Design DepthCC
o C~- e - e n

- e- -

Surface soil samples will be takn from Wooded

I 'land. The samples will supplement previous
Figu 2- T WoSoildesrablandlWdtc WtS t -W ft 1 - 4 - 10 10 44 -- 1 4 - -- 1 0- iuphng event. aid provid c adtional date for

(cant) lI oi i-lW-I o -ik Stratife
ecoloical and human evalatnor The samples wil
be collected from a 10 cell random slratfled gid

FEcus to char-acerne c W plume discharge o river

Pore Water. 300 Area GW 300A-IPW to 300A 1 ft below Majr use will be ecological impacs Fie samples
300 Area Grab Plume (POE Focused 6 6 6 -- -- -- - 6 6 are budgeted; the actual number will depend onClU iturnm ) 6PU)udieresults of pore water sampling in the hyporheic zone

iacent to 300 Area \OO/uranium discharge

Focus to charactenze cGW plume discharge to river

Maor use will be ecological impacts Thirty samples
Pore Water, Grb 3luea CW 300A-6PW to 300A I ft below are budgeted. the actual number will depend on

300 Area Ga Plume (POE, Focused 36 36 -- - 36 -- - - -- - -- - - - -- 36.Sreenmi U) 41PWmudlme results of pore water sampling in die hnporheic ne

adjacent to reactor area Metals will nlude

elemental uranium only.
FIgure 2-44_______ __________________________ ___________

Foc'us to charactenze GW plume discharge to ner
Sediment 300 Area CW 300A-1SD to 30A Maor use wil be ecological impacts Five samples

300 Area Ponar Plume (PCE, Focused 0 - 0.3 ft 6 6 - 6 6 6 6 - 6 -- are budgeted;the actual nutmber will depend on
tritium, Ut results of pore water sampling in the hyporheic zone

adjacent to 300 Area V O'uranmmi discharge

Focus to charactenze GW plume discharge to river
Surface 3O0 Aea GW 300AISW to 300A I ft above Major use will be ecological impac Five samples

300 Area , Crab Plume (PCE Focused sediment 6 6 6 6 6 -- - - 6 are budgeted the actual number il depend on
tniturn,) surface results of pore water sampling in the hyPorhei zone

adiacent to 300 Area VOCuraimun scarge

Remedial Investigation Work Plan for Hanford Site Releases to the Columbia River
September 2008 AF& T-37
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Table 2-4. Proposed Sampling and Analytical Plan for the 300 Area Sub-Area. (9 Pages)

Sample Description Analyses*/EPA Method

-eC
- 2- eJ ..

Sample Collection Sampling Temporary Sample Sample 41, z RationalFigure Designation r- r-Raioal
Type Method Location SampleID Design Depth ;

4o ri

Based on an ecoloica habitat su ey ten samples
w be collected from the npaan area three samples

30 Aez Sediment ( aKIArasln 3001 SL- ISS D to Random 0-03n 1 10 010 0 4 410 40 are from the upver end of 300 sland, three samples
Shoeline 10SSD Stratifed are frm the upper hird of the island. the remanig

samples from the id-area of the island on the far
(eft) shore side.

Based on na surveyresuli. ve samples wipbe
30D Area Shallow Ponar Side0,3 f 5 S 2 5 2 2 5 2 2 -- - collected from shallow seiment on the far (lefle)

Sh1oSd 0L5 D Surafined

shore across from 300 1.land

Three samples wil be collected from shallow

ediment:r t Potholes Canal Pserentdownniver of the Potholes Canal Tasco
C!Sdi t Ponar PC-ISP) to PC-3SD Focused 0- - 0 f 3 - 3 -3 - - - - -- --

Shallow Wastewa Wastewa area to evaluate other contbuting
influences.

Three samples will be collected from shallow
Oct Sediment Esquatzel Coulee F-C- ISD to EC-3SmD Focused 0 - 0e3n 3 3 3 3 3 3 3 - 3tedu en downriver of the Esquatel Coulee

FIgure 2-14 Shalow Wasteway Wasteway area to evaluate other contnbuln
(con) ________ __________ ________influenes.(cont.)

Two surrface water samnples (one each in the spring
Surface Potholes Canal IsrIga le02 3 surface and fall)> will be taken at the Potholes CanalOct Grab In sprl? Isample Focused 2 2 22 2 2 2 -- 2-Water Wasteway in peloied -watr depth Wasteway to augment near shore RCBRA samplinginfall)wterdeand 

evaluate other contributin influences.

[C-I SW I sample Two surface ater samples (one each in the sprng
Surface Esquatzel Coulee 2 2 surface and fall ) will be taken at the Esquatzel CouleeOCI Grab in Sprng, 1 sample Focused2 2-Water Wasteway inrng ewater depth Wasteway to augment near shore RCBRA samplng

in fall)i and ev aluate other ontributing On u'enes

30)A-FSI to Fish samples wi] be collectd from 300A Hole 
HT Fish See Note IA300AFHole5 Focused NA- - 5 - -- - - 5 - Number and e of fish may vae dependm on30aaAt-FSy of iT aimIngavaiabihy of ish a time of sampng

Remedial investigaion Work Plan for Hanlbrd Site Releases to the Columhia River
September 2008 AF&T-38
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Table 2-4. Proposed Sampling and Analytical Plan for the 300 Area Sub-Area. (9 Pages)

Sample Description Analyses*/EPA Method

Sample Collection Sampling Temporary Sample Sample cc W 7
Figure Designat-on Rationale

Type Method Location Sample )ID Design Depth 1z
3A-0

j 'To

(cot) 00 na Soi Grh J-1 toJI-0S -. 5 t 1 - 0 10 1> 4-IS 1 1 0 -4 - - ;- 1 -smhg nVadpr: eadnoa aaf

z iadz 6d ael- s=amp-_ :;

Seo2 30A2-FSoFishsampleswllbe collected from 300A Hole Z
3 aS e1 d55- Number and tye of fish may var depending on
Core S5availability of fish at time ofnsampling s

Surface -oil samples will be taken from Jolmison
Figureh2-14a A JohnsoIand The samples ill sp plm enet pious

(cont) 300 Area Soil Grab I-IS toe -1OS rued -0 ft 10 4 - 1 10 4 4 -- 10 4 - - 10a -- mpngeents and provieadditiona data for

ecoloxuldanil human evaluaons The amples will
be colcled rando y from a 10 cell n ad.

300DC- rSD to Four locations to charaenrze both sides of river
Core 300DC- I2SD (4 0 - Refusal above Johnson Island, adacent to (ight side) of

Shallow 300 Area Johnson Island donniver of Johnson Island.(left

300 Area Viracocr lcfos Focused ft 12 5 4 - 12 1 2 - 1 2 -- - 1 - - --

r(2-minch downver 5cr, drifed 0e) downriver of Potholes Canal 'Pa o Wastewa
diameter) approx 3 wd. susanples haese were placed at td e head of he Wallua Pool to

samples per core) evaluate potential deipostional atea

Based on an ecological hitt survey, fve samples
will be collected fomt the riparian area two samples

are from the uprver end of the Iand at river mile

300 Area Sedment. Gab 300 Area 30-D- SSDtii,-Randomrl ,f0 - 4 - 1 4--542-5- - 3-42; one sample is from the lower end of that islandShoreline dow irver 5SSD Sitraifed onesample is fromte upriver end of the sland
across from the Rich and pump House, and the
remaining sample is Crom the upriver end of Nelson

Figure 2-15 island

Sedient,30O-IS~o3Oo- Rndc~iilBased on sonar survey reults. eti samples ill be

300 .Area Sedient,300 Area 00D 1SDto30D 1om ft tj 10 4 - 10u 10i 4 41 -- 10 4 4 -- 10 -- - olectd from shallow areas near the far (left) shore
Shallowv IOSD Str'ti fied I ust ilwnver from river mile 341

Sedmen, L.4h Grve ityMIS srnles will be collected Front sloreu icara of
Sediment, Leslie Grov Cit300 Area Grab - LG-ISSD MIS 0 -0 5 P1;fil 5 5 5 5 5 L5 - -- 5 - - Leslie Grove City Park. These samples will beGrabParkt 5 replicate) collected as 5 replicates.

Remedial Invesigalion Work
September 2008

Plan for Hanford Site Releases to the Columbia River
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Table 2-4. Proposed Sampling and Analytical Plan for the 300 Area Sub-Area. (9 Pages)

Sample Description Aalses*EPA Method

T ae

Sample Collection Sampling Temporary Sample Sample
Figure Designation r-Rtiozl

Type Method Location Sample ID Design Depth 2 -7
6--

300 Area Island Soil Grab Gull Island ClIS to Gi0 0 ano - C. ft 1 10 4 - 10 10 4 4 - 1I 4 4 -- 10 Te-dm -- mlexUb cno vcolceStrtfe frd 0ru Glk landlfrom a10c ell grd.

Surface Leslie Grove City 2 3 ,urace Oe c ura p ~1 e p fsoefo
Recreational Grab LG-ISW Focused I 1 1 11 1 1 1 - - 1 - - - - -LseGoeCt akBa anht umn

Fiur 21Wgater Pakwater depth 1 1 1 ]1 1 I I- I - - I - - -- eseC0e vPa;IotLunhoagm t

--t E

300DC'-135 D to
Core, Characteriz.e the. sediments - 1-2 way between the

30 Aea Shallow Vircr 0 A rea 3DC1D(2-Reu2 2- 6 - 2 -- - -- Port of Beuton and the Riehland Pump House on both
(2-in h derwnnver coelctos oue i 6 - -sides of island Data to be used in the ecological

sinner) ~approx. 3sed. sub amples)evlaon
samples per core)4

Notes:

I Fish collection method shall be either:
- electrofishmng (oft lirnts in spring due to presence of juvenile steelbead), effective for whitefish, caipy bass, and suckers long-line: GCEA => Gamma energy analysis
- hook and line (effective for whitefish walleyeG and sturgeon) Gnw = Groundwater Plume opwelling

2 Arsenic for both organic and inorganic specia1Ion - fish Iissue onIy GWL grouundwater
3 Field parameters for surface water samples are measured in the field and consist of temperature, specific conducuivity, dissolved oxygen, and pH H-MU =Habital Management Unit

Field parameters for pore water samples potsist of specific conductvity and temperature. H T = -anford Townsite
4 The actual number of core stbsamples will depend on the volume of sediment recovered. Metals - by EPA Methods 60Cd6020 and 7471
SEveny lath surface water and sediment sample analyzed for PB0 Aroclors by 082 will also be analyzed for P0 -congeners. All fish MIS P BMultiple Rccremental Sampbng

samples will be anaFyzed for congeners only. o6 = other contributing influence Ii e., non-Hanford)
6 Filtered applies to water only. Solids ti., sediment and soil) are not filtered Pesticides = by EPA Method 8081
7 Groundwater plume upwelling sample locations will be inalird once the reconnaissance survey has been completed and the nal design has been approved by the Trs PE A tetbchloroetbylehe
8 Groundwnter plume upwelling trnsects (not discrete smplas) are depicted on the figure PCBs = pcsticides/polychlorineted biphenyls by EPA Method 8082

9 Blith-Dver (1959). PHC petroleum hydrocarbon by EPA Method 8115
- Sample not analyzed forgiven parameter SD - sediment
AEA - Alpha energy analysis SVOCs = semivolatile organic compounds by ER: Method 8270C
ASTM = American Society for Testing and MateriaLs SW =gsurface water
A VSSEM = acid volatile sulfides/simultaieously extdacted metals by EPA Method 200.8 TOC= total oranic carbon by EPA Method 9060
B ERA cBaseline Ecologica Risk Assessment VOCs = volatile organic compounds by EPA Method 8260B
BHHRA =%Basehine Hunian ealth Risk Assessment
Core = Sediment core
C9+Y hexavaleit chromium by EPA Method 7196A
DCC = dissolved organi coarbon
EPA United States Environmental Protection Agency

Remedial Investigation Work Planfor Hanford Site Releases to the Columbia River
September 2008 AF&T-40
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Table 2-5. Proposed Sampling and Analytical Plan for Lake Wallula Sub-Area. (6 Pages)

Sample Description Analyses" EPA Method

Collection sampleFIgure Designation Sample ol n Sampling Location Temporary e ID Sample Depth Method Va-RationaleMethod Design E Q 1.

Based on srait urv, rsuls.fve samples will be collectd
00SdietSaloakmoRando oqfomallosedimeitenmRivprior to 

dmenhaow Ponar Yinavr Y Y DStratified confluence with the Columbia River to evaluate other
contributing influences

iifeYa m RvISR do thTwo surface water samples will be taken spring and fall)
CSrf We bYkmRvYenido s er--- 2 ft om the Yakima Riv-r to augment existing data anrd

evalai eother contributinginfluences.

Ten sediment samplewil hb randoml collect ed from the
R Sediment, Random. 0 -013 n It 10 10 1 it 10 10 1 10 - - shoreline area ofoward Amon CityPark from a 10 cell

Shoreline GrabHo d Cit P HAl SSD t -ISS Stratified grid

Sediment, GPC i Random Five sediment sample will be randoml colleed from theR ecreational S o e n r bColum bik Point M arina CP -t S D to C PM - D.= iie 0 Q 3 t5 5 5 5 5 5 5 -sw iln re f l mb e a dom \ in ro m a e e rg nthShoreline Statfied shoreline area of ColumbiaPoint Marna front a 5 cell grid

Igu r 2-16
Sedimet msamples will be randoly colcmed from the

Recreaional Sedimeab BaFemIn Island Boat BL -SSD r IBL-ltSSD Random! 0. 3 I 0 t 10 10 10 10 t0 110010 shoreline area of Batemin Iland Boat aLaunch from a 10 ccl
ShorlineLAunvSteacond

AboveCconfluenci oBased on sonar survey resuhlt, otie deep sedimeni sample
Yakinia River Sediment Deep Ponar Yakima and COIIMbiaDRandom 01 e collected ailie confuence olai ma and C'olumbi(deep Columbia River Sirati11d Rivers.

sedimentR

oBased on sonar survey results, one deep core sample will be
below confitnee of' collecctd from the Columbia River tin te viciity of n ver

Yakima River Sediment, lDeep pnr Yama and Columbia Rando 0 - 0 3 tIIIl333 1 - r bemi 3 below is cofluence with the Yakinia Rver TIe
deep Columbia River Sralfied ipper ten inches of the core will be tsed to evaluate

sediment ecoloical impacts

Recreatioiial Suface Water Grab IIward Anon Cit park IttA- SWRandom 2 3 surface water One surface water smple will be taken front near Howard
Stratified depth Anon City Park to antnen existiteg data

Remedial Investigation Work Planfor Hanford Site Releases to the Columbia River
AF&T-41Seplember 2008
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Table 2-5. Proposed Sampling and Analytical Plan for Lake Wallula Sub-Area. (6 Pages)

Sample Description Anaar s EPA Method

Collection Simpt Sap'0"
Figure Designation Sample Type MethOd Sampling Location Temporary Sample ID Design Imc Depth - -n

Rccreaticnal Surface Water Grab Columbia Poit Marina CPNI- 51W Random 3 surface w ater Ione urfac wae supic will be taken from near olumbtna
Staraifed dept- Point Marina to agt texistingdata.

Recresutuoal Surface Water Grab Bateman Island Boat i-s Random 23 surface water One urfac water -mmple will be taken from near Bateman
1.3nth Simtied rdeplhl W n-d Roal asm1h r" R men e virting dr,

Fh saples wil be collected fr amra Rver Dea
Yakima R ver Fish See NoteI Yakimai River Delta YR-FS I to YR- FS 10 Focused NA- 10 -1 C, 10 --6 -- - 0 t umber and typ of fih ma var depercidmg on aailabiit

zgure 2-z16 of fih atm of sampi
(coic)

Core. Shalow RC SD to YRC 3 SIDIft Reusal Characterzeedient adacent th w-est.m shoreof
Yaknia River Vibracr Yakima delta cores core locat on subdvded lat Focused 3 1 13 3 - - 3 - - 3 - lauan Island Uilize daa to aluae hstoic dperisionSappro3Ved samplesandpotenal 

ecological impas

Yakrina R ver CorebSlaPlowtM r CMI t Rand m(20 suRefuswalC haracter w e adiments wdjacil taoken fm n arle of
(trat2-inchidiater racore Yak1na dela c res core locaon subd dedinu Focused deI1spt s B- 1 1 - 1 ~ -- 1 -a P nt M Iand ou mcda t itih a t ori deposdaon

approxR 3 sedfasamtpleasd and potenalecoloicaewimpact

Based on an ecoltcal habitatesurcveledfro rea pleRie ltal

McNay Dam Seimen rab Peninsula HMU PHDlUR-SSD to lU Randurn NA3 1 - -- i3 -- - -- - - 1 - colleted romeriimpan varyca ependinona the P aunstla
Shoreliric 3SSD StoYildliChfe Management aUt Area w hth is on er faroe i

Ehre

aased on an ecolnt ical habitat survealtcoloampislimllabe

McNary DSlC Sediment-GAToothakerMAU THMU-ISSD toTHM- Random-0---0,32fl-2-21clctedriomthe inanancareat spacd ah m he ofai
Shoreline a 3SD Satified Wildlife Management Unit Aca which is on t near (ght)

shore.

Figure 2- 1

McNary Darn GSedid-nDRandom2 - -Based on an ecological habitat survey two samples will be
Sediment2 Stifed tcollected from the ripariant area o Badger Island,

Based on sonar survey results. two samples will be collecte
McNary Dam Sediment, Shallow Ponar Paper Mill Channel PM-ISD to 2SD Ra . 0.3 f 2 2 2 2 2 2 2 - 2 from shallow sediments in the Paper Mill Cannel o

Straified evaluate potential future dredging imipactt oit upland human
exposure.

Remedial Investigation WI rkt Plan for Hanford Sie Releases to the Columbia River

I
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Table 2-5. Proposed Sampling and Analytical Plan for Lake Wallula Sub-Area. (6 Pages)

Sample Description AnalysesafEPA Method

eColectionSample
MSgure Design ation CoTlethod Samping Dwcation Temporary Sample f Design Rationale

Sample Type Trvep rar tSampmeeI:I,.Sample Depte

Metdhod Desriyrgn E V smpcswdbecoccc

1 4

Random Bron sednonanr sirvyrelts two \aplewll be crolltsM DamCIScdimeutliShallow Ponar ToolakrierU TEN I-SDto 2SD 0a- 0i3d from -- - 2 2 -fshallowar from the near frightor inte areof
Stratified hToothaker Wildlie lanagement Unit.

Based on sonar survey results, fotr samples will be collect

Mlc~ary Damn Sediment. Shallow Ponar "Walitla Ba" WB3-lSl to 451)Random - .i2t4 424-4-front shallow areas from ithe ar (left) horebetween i the PStratified of Wall Wall and the conflence with the Walla Wall
River

Based on sonar qrvy results. five samtples wll e clecte

CCI Sediment, Shallow Ponar Snake River SR-ISD to SR-SD R do' 0 -tl ft 5 5 5 - 5 1 - - 5 - front sallow seme in the Walla Wall River priortoStratified confluence with the Columbia Rivet to evaluate other
contributing influences.

nsedm on snar sprveyresults, ive sanmles wilybe collecte
fcandomShmrWCllabWalaRirkCItoC SD0-03n1-fr-m-hallowsediens-- in the Snake River prior tos

igure2Sdien Statified -confluence withthe Columbia River to evaluate other
(oni.) contributing influences

Recreational Sediment Gb ,tRRandom 0 ft (011) 1010t I 10 101-Ten sediment sampleswil be randomly colected front theShoreline Stratified shoreline area of CoIluia Park fom a I o cell grid

Recreational Sediment GrRandom Tr0en sediment samples wil be radomly collected from theShioreine Ga lvrIln tI51 to C-I OSi) tri fed 0 -4)30ft10 l 1) 1)10 1 0 10 0 1-- 10 - - shrlie area of Clover Island from a 10 cell gd

Rercaiona Sediment, Shalow Grab Cl over Nisand C-SD to C-3SD Rno, 0 -03 3 ft 3 -3 3 3 3A 3 3 1 3resdmn ape ilbernol olce ra h
Snratfied shrchnc acof lov siNnd from a3 cell grid

RceSedimetncMI sm ple wilt l be colleced an 5 rplycoe from th
Shoreline rab TwoRiver'sPark TR-ISSL)(5 repicae) Mil) 0-.3 f 1 1II-I- shorchne area of Two Rivers Park

Remedial Investigation Work Planfor Hanford Site Releases to the Columbia River
September 2008 AF&T-43
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Table 2-5. Proposed Sampling and Analytical Plan for Lake Wallula Sub-Area. (6 Pages)

Sample Descrption Aayses*X A Metod

Coletion Sample
Fgure DesIgnation Sample Type MOd Sampling Locaon Temporary Sample D Sample eDepth Rationale

Method Design Ts ap bn y dm

sediment Racd Mrn -N4S onMISDDom,' 003Il1 n1 0Ten sedmet smpls wll be raidom lNclced from the

Reretonl Shoreline' r SctwaPr S -SDt P1SD Sratified s-0 t0 1 1 0 0 - 1 00horline area of Sacjiwe Park frot a 1 celprid

7Urf C w er SaMPICS taken NpnnI and fal from the
0C0 Surface Waer Grab Snake Rivr SR-ISW RLIatdofic;. ufa d aerpth 12 2 2 2 - 2 2 S~ak Rver to anient zcitmgdat and evalt,1 other

-r54 d-eph

contibntng influices

Two su fac wa -sample' wil be [aTn ( prmn and fa)
OC Surface W ater Grab W ala W alla River 'AT - SW isprin a d fall R do m ".5 surfac w ater 1 1 2 2 2 i 2 2- 2 2 2 t o h al a aR vr o a e e te ed t n

stratified depth evauae other contribung influnces

Flgure 2 1
(conL)

Randam 23 surface water (je suface w air supc w ie taken fom nw COhmbi
Recreaional Srfac Water G"rab Clmi Park CIP-ISW (spFIIJaid fall taiid dphP" oalmo x~ledt

Recewonl uriceWaer Grb Covr slnd IIIS, wRanom 2 3 surface water une surface water sampe w ill be aken fror near Cever
S-tifed dlth Island Boat Launch to azmet mi g data

Receaioal Sufac'atr ra TA RVC5 ar T 5'&1R andom 3 surface water One surface w ater saple will be taken from near Two
Rereuoal Sfae atr rb woRier ar T-1WStriIc depth Rivers Park to augmntc exisg daa

Keccaioia SrfceWaer Gmi asad Naris CM~SWRandom V 2'.3 surface water Qne surface water smple wil b taken fo n ar Cascade
Strafed depth Ma na w augnicut cising daa

Rec~ronl uraceWaer Grb acjawRP6, VI-SWR adom '"3sfac water One sfac water sample will be taken frcm near
Reresoal Sui ceWaer Grb acjaeaPak P SWstraEicld depth sacajaw4 P ark LI agment xistog data

Fih samples will ic collucd frmiri urbank Slough
McNary, Daw Fish See N"Ote I Burbank Slouh BSFS to BS FS7 Focused N A 77-7 7 - Number and ype f fish may var depending on avalability

of fish M liae of sampling

Remedial Invesigation Work Planfir Hanford Sie Releases tio the Columbia River

AF& T-44September 2008
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Table 2-5. Proposed Sampling and Analytical Plan for Lake Walula Sub-Area. (6 Pages)

Sample Description AnalysesEPA Method

Collection Sampling Location Temporary Sampeap DpSampleeFigure Designation Sample Type Iep Sample Depth -Rationale
Method Design

I.s~ M C Ua C4
> >~

ish samples will be coleded from Finley Slough Number
McNary Dam ish See Note I Finley Slough FS-FSI to FS-FS7 Focused NA 7- -- - - -- - - and tpe oi i may ay dependig on availabily of fs

at ime of sampling

Fich samples will be collected from Wallula Gap Number
Sgure 2 McNary Dam Fish See Note I Wallul a Gap WG-FS1 W0 WG-FS6 Focutsed NA 6 - 6 - 6 - 6 6 6 and type of fish may vary depeding on availability of fish

(cant) at time of samplin.

FlrC-lSD to I- C7-65D 12 core Characterize sediments heft side I dovmriver of the
M arDat Co)re Sitllow Foundation Island (Snake FCII -1-6D2 ocRefusl Caatrz cicislfsl dwntote

McNar ( Darr re \al Vbracore RvedS Sdientl ad a locations: approx. 3 sed. Focused fi R 1sa1l 6 1 1 6 -- -6 - -confluence of the Snake and Colubia Rivers. Used to
samples per coreb p evaluate potential historic dpostiuon of Hanford releases

mBased on an ecolgical haibuat survey, Five samples will be
Sediment Lake Wallula Shoreline Random-

McNarDamGShoreline raSedieStraified0 - 0.3 ft 5 -- -- 5 colected ro the riparan area: paced along the Lake
Wallula ShrliCne

Sedttment Random [en sediment samples will be randomly collected from UheRecreational Seine Grab Port Kelley Boat Ramp PK-1SSD to PK-lOSSDnd 0 -0.3 ft 10 10 10 10 10 1W 0 10I 101to-fe ineare o illeaonlmpfo a10 ceShorline Strafd shorene area of Por Klly Boa R amp from a 10 cell gd

Sediment Random' Ten sediment samples will be randomly collected from the
Storcitte (Thi 1-at Rodk:State Patk IR-ISSD to HR-ISSD Stratified shoreline area of Hat Rock State Park from a 10 cell grid.

Based on sonar arvey results five deep core samples will
Figure 2-18 be collected from Lake Wallula. one between river mile 310

Random and 311: one in the area off shore from lat Rock State
Mc.ary Dam Sediment Deep Potiar Lake Wall la Sediments LW-ISD to S Stratified 0- 0.3 ft .-- Pak'Boat Laund one near river mile 302 and one between

river nile 298 and 299. The upper ten inches oftMe co cs
will be used to evaluate ecoloical impacts

Random 2'3 surface water One surface water sample will be taken from near Port
Recreational Surface Water Grab Port Kelley Boat Ramp P1K-ISW Stratified11 1 1 1 1 1 1 - Kelley Boat Rap to a ent existing data.

Recatonal Sut-ace Water Vrab HatRock'StalePark HR-ISW Randont 23 surface water One surface water sample will be taken from near Hat Rock
Stratified dqth State Park/Boat Launch to augMent existins data.

McNars Dam Surface Water, RandmI IOfl above2 One deep water sample will be taken between rier mile 30C
Deep Stratified sedinent surface -and rier mile 301 0t augmet existing data

Remedial Investigation Work Plan for Han/frd Site Releaves to the Columbia River
September 2008 AF&T-45
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Table 2-5. Proposed Sampling and Analytical Plan for Lake Wallula Sub-Area. (6 Pages)

Sample Description Analyses EPA Method

Collection Sample Sample Depth RationaleFIgure Designation Sample Type Samping LocatIon TemporFary Sample tD Desegph cc cn-
Method Dsin

L WC15D o I MS 1 0- ReusaChracrie seimens st upri.e of Por K clcy mid a
Cam DDoep h-S)t _( 1 10-Rfsl o launch 0 tsIde LU sed a ment exist rig cre da.

McNary Dam -u diamederl Drill Rig Lak Walluracrela o bd dd i Focusd (8 ich3-- 1 - 3 - 3- Upper prio of sampe to be used to evaluate ecological
approv ; ed sampie bsamples mat

- I- t2 I -a

rigr. reo

(cont)

Lcont.) fWC-lSL)to IAV-38D (10I) Refusal Cwadcrize sediment just upriver of Ha Rock State
Core Deep 8ic ParkBoat Lach Nlle sid iUsd to auent xcistg core

MeNary Dam Cue ep Drill Rig Lake Wallule core locati on subdivided. intn Focused (8 inch 3 13 3 t 1 -- 3 -. -- q -. bot--rii(etsie.Ue i tgtdi xsigcr a

- 14-inch diameeri dataUpperpoion of sample obe used to evaluate
approx. 3 sed. samples4  sbsamplesecological impacts

SedimeniBR-3SD to DBR- Random 0 JoTen samples will be randomly collected from the shoreline
Recreatona Shoreline Grab McNary Dam Boa Ramps MBratd -03 ft 20 20 20- 20 2 0 20 20 20 20 - - 20 area of two (WA & OR sidel MNary Dam Boat Rampsh2SSD from a 10 cell grid each.

MD3RSW to MDR- Random 2 3 surface water 22Surface water samples will be collected from the shoreline
Re2c5riona Surface'Water Grab McNary Dam Boat Ramps 2SW Sranfled depth 2 2 2 2 2 2 2 area of McNary Da Boat Ramp.

Fgure 2-19 Surface Water, SIN Da Random 1 f above-i One deepwater sample will be taken between rivermile 292
Mcteary Dan DepMStratified sediment surface iid river mile 2930to augnient existing data

CreDeepMDCISDt to M IX 7-2USD (1 0- Refusal Characterize the sedimeits ~34 mile above McNary Damn
McNary Darn Drill Rig McNary Dam core location ubdivided t Focused t inch 20N A20 - - -- tnicer of rrier. Used to augnieni existiii core data Upper

-inch dameter) approx. 20 scd sample subsamples) portion of samplecct be used to evaluate ecological impas

Notes:
I Fish collection niethod shall be either

-clectrofishing off limits in spring due to presence of juvenile seelead, effective for whitefish, carp. bass, and sucklers: long-line; GEA =Ganmia nergy analysis
- hook and ie teffective forI whitefis, walleye. and sturgeon) GU =Groundowaci Plunie Upwelling

2 Arsenic for both organic and inorgatic 3ieciatin -fish tissue only G1W - groundwater
3 Field parameters for surface water samples are measured in the fieldand consisi of temperiure. specificConductivity, dissolved oxyen. andpH HIMU = Habitat Management Unit
4 The actual number of core subsamples will depend on the volume of sediment recovered HT= Haniford Towsite
5 Every Itth surface water and sediment sample analyzed forPCfB Arolors by 8082 wll also be analyzed for PCB congeners All fish Metals - by EPA Methods 6010/6020 and 4'l

samples will be analyzed for coeeners only. MIS = Multipie Incremental Sampline
6 Filtered applies to water only Solids lie, sediment and soil i are not filtered OCI = oider contributing influence ie. noti--Hafordl

Blgh-Dyer 1959. Pesticides = by EPA Method 8081
-- Sample not auihyed for eiven paranmeicr PCE = tetracloroeilylene
AA = Alpha ergy anlyss PCBs=- pesticidespolychlorinated biphenyl by EPA Method 882
ASTM- American Society for Tessi and Mater ials PHC-- petroleum iydiocarbon by EPA Method 8115
AVSSEM - acid volatilc sulfidessimultaneously extracted metals by EPA Method 200.8 SD = sediment
BERA Bascliie Ecoloical R AseNsment SVOCs= seiolatile urgiU c coimpounds by EPA Method 82'C
III IIIRA B-asehc m inalIuIealth Risic Asessment SW- surface water
Core Sediment core TOC = total organic carbuti by EPA Method 9060
Cr-6 = hexavale Chronium by EPA Method 196A VOCs volatile orgaic compounds by EPA Method 8260
DOC - dissolved organic carbon
EPA = United States Erivironmental Prolection Agency

Remedial Investigation Work Planfor Hanford Site Releases to the Columbia River
AF&T-46SepteMber 2008
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Table 2-6. Proposed Sampling and Analytical Plan for Bonneville Dam Pool Sub-Area.

Notes:

1 The actual nurmner of core subsamples will depend on Tihe volume of sediment recovered.
2 Filtered apples to water only Solids (ie. sediment and soil) are not filtered-
3 Bligh-Dyer i'99)
-- Sample hot analyzed for given parameter

AEA Alpha energy analysis
ASTM American Society for Testr and Materas
AV'SIEM acid volaile snlfdes suliaseousll extracted metals by EPA Method 200.8
HERA = Baseline Ecological isk Assessmet

BiIIPA - Baseline ilsunan health Risk Assessment

Core = Sedim ent core
Cr4 -- hexavalent chromium by EPA Method A

7196%
DOC = dissolved organic carbon
EPA -United Staes Enmomental Protcuon Aoen)c
OE\ = Gamuna energy analysis
G7 - G-roundwater Plume Upwelliig

CV\ - giroundlw ater
IIMU =llabtat Management Unit
HT = Hanford Townset

Remedial Investigation Work Plan for Hanford Site Releases to the Columbia River
September 2008 AF&T-47

Analyses*/EPA MethodSample Description

Collection. Temporary Sample SampleFigure Designation Sample Type Samping Location Sample Depth -Meth od ID Design

Vt

> Rationale:

Characterie the sediments in the Bonnievie
B3DC- ISD to BDC-OSD Dai Pool wid two additonal location to

-- Rfus-

Fg Denion Sa core subdmededTIntoel Sa lDcompleent an exting core sample on the rightCoDrill Rig Boon ilevile DD Focused (8 esgh 6- - -
Dam (4-uch dIameter approx6 srd side ofthe rerThi locamn i on the leside

a subsples) of the river. Note data used for Hanford Rd
chrceiainonly

Figure 2-
20

Ciatehz d" leun%=etv 1 d1BireBniviu
:Dam Pool w two additional locations to

2 U nn1core 0 'Re- 'a

Bonneville Core, Deep Cdli5 (ere 0 -dRededIntocomplement an existmg core sample on the right

Dam (4-inch diameterillHRg lieiltiS approx. 6 edtFocused ( Inch 6-- side of the nver. This location is on the lef side
approl1seds subsamples) of the river. Note: data used for Hanford Rad
samtples characterization only
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Table 3-. Analytical Performance Requirements for Contaminants in Water. (7 Pages)

Target
Analyte?

Chemical
Abstracts Service

Number

Analytical
Instrument andlor

Method

Water Reference
Values for the

Protection of Human
Health (pg/L or

pCiIL)

Human
Health

Benchmark
Source

Water Reference
Values for the
Protection of

Aquatic Life (pg/L
or pCi/L)

Ecological
Benchmark Source

Laboratory
Reporting Limit

Requirement' (pCi/L
or ptg/L)

Precision
Accuracy (%)

VOLATILE ORGANICS

1. 11 -irichloroethane 71-55-6 EPA Method 8260B 200 MCL II Suter and Tsao 1996 5 ±20%" 5 0 5 b

1.1.2,2-Tetrachloroethane 79-34-5 EPA Method 8260B 0.055 Region 6 240 ODEQ 2001 5 ±20%b 50-150"
Suter and Tsao

1,1.2-Trichloroethane (TCA) 79-00-5 EPA Method 8260B 0.2 Region 6 1,200 1996 5 ±20%b 501I0"

l -Dichloroethane 75-34-3 EPA Method 8260B 122 Region 6 47 Suter and [san 1996 10 ±20%" 50-150b

1I -Dichloroethene 75-35-4 EPA Method 8260B NE NE NE NE 5 ±20%" 50-150'
Suter and Tsao

12-Dichloroethane (DCA) N 107-06-2 EPA Method 8260B 0.123 Region 6 910 1996 5 *20% 501

1,2-Dichloropropane 78-87-5 EPA Method 8260B 0.165 Region 6 5,700 ODEQ 2001 5 20% 50-150b

2-Butanone 78-93-3 EPA Method 82601B 710 Region 6 14,000 uter and Than 1996 10 ±20%' 50-150"

2-11 exanone 591-78-6 EPA Method 826013 200 Region 6 NA NA 20 i 20%' 50-150

Acetone 67-64-1 EPA Method 826013 548 Region 6 1.500 Suter and Lsao 1996 20 ±20%" 50-150b
Suter and Tsao

Benzene 71-43-2 EPA Method 8260B 0.354 Region 6 130 1996 5 ±20% 50-150

Bromodichloromethane 75-27-4 EPA Method 826013 NE NE 1NE NE 5 +20%" 50-150"

Bromoform 74-25-2 EPA Method 8260B NE NE NE NE 5 ±20" 50-150

Bromomethane 75-83-9 EPA Method 8260B NE NE NENE 10 ±L20" I 50-150

Carbon disulfide 75-15-0 EPA Method 8260B1 NA NA 0.92 ODEQ 2001 5 ±20%' 50-150b
Suter and Tsao

Carbon tetrachloride 56-23-5 EPA Method 8260B 0.171 Region 6 9.8 1996 5 20% 50-150

Chlorohenzene 108-90-7 EPA Method 826013 913 Reg'ion 6 64 Suter and I sao 1996 5 220*" 50-150"

Chloroethane 75-00-3 EPA Method 826013 NE NE NE NE 10 ±20%" 50-151)"
Suter and Tsao

Chloroform 67-66-3 EPA Method 8260B 0.167 Region 6 28 1996 5 +20%" 50-150"

Chloromethane 74-87-3 EPA Method 8260B NE NE NE NE 10 ±20" 50-150"

Dibromochloromethanc 124-48-1 EPA Method 8260B NE NI NE NE 5 ±20" 50-150"

Cis-I 12-Dichloroethylene 156-59-2 1 PA Method 826013 6 08 Region 6 47 Suter and Tsao 1996 5 +20% 50-150

Dichloroethylene - 1,2 (total) 540-59-0 1EPA Method 8260B 1.9 MTCA SW B 25 ODEQ 2001 5 ±20%b 50-150b

Ethylenzene 100-414 1EPA Method 8260B 134 Region 6 7.3 Suter and Lao 1996 5 ±20" 50-150"

Suter and Tsao 1996.
Mcthyl isobutyl ketone 108-10-1 EPA Method 826013 199 Region 6 170 ODLQ 2001 10 120% 50-150b

Suter and Tsao

Methylene/Chloride 75-09-2 EPA Method 8260B 4.28 Region 6 2,200 1996 5 ±20% 50-150

Styrene 100-42-5 EPA Method 8260 1.5 MTCA GW B NA NA 5 ±20%b 50-150

Tetrachloroethene 127-18-4 EPA Method 8260B 0.081 MTCA GW B 840 ODEQ 2001 5 ±20%" 50-150"

Toluene 108-88-3 EPA Method 8260B 228 Region 6 9.8 Suter and Tsao 1996 5 ±20/.' 50-150

trans-I,2- Diehloroethylence 156-60-5 EPA Method 8260B 10 7 Region 6 47 Suter and lsao 1996
S'' ~ " I I.Z........L 4.

79-014) L

75-01-4

EPA Method 8260B

EPA Method 8260B

0.028
-4. 4

0.015

Region 6

Region 6

47

1300

Suter and Tsao
1996

4 - I. 4

ODEQO2001
y __1121% I ______ L ,I- - - - - - - - - -- 4- 4 .

XY lenes (total)

cis- 1,3-D1ichloropropene
13301-20-
10061-01-5

EPA Method 8260B 20.3

EP'A Method 8260B1 NE .

Region 6

NE

13

NE

Suter and Tsao 1996

NE

0
0

+20%'

4 4

50-150"

50-150

50-150,

50-150"
50-150"
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Table 3-1. Analytical Performance Requirements for Contaminants in Water. (7 Pages)

Indicator Contaminant
Target

Analyte?

Chemical
Abstracts Service

Number

Analytical
Instrument and/or

Method

Water Reference
Values for the

Protection of Human
Health (sig/L or

pCiIL)

Human
Health

Benchmark
Source

Water Reference
Values for the
Protection of

Aquatic Life (pig/L
or pCi/L)

Ecological
Benchmark Source

Laboratory
Reporting Limit

Requirement' (pCi/L
or Ag/L)

Precision
Accuracy (%)

trdns-1.3-Dichloropropene _I0061-02-6 EPA Method 8260B1, NE NE NE NE5±200% 50-1 50b

SEMIVOLATILE ORGANICS
Suter and Tsao

1.2,4-Trichlorobenzene 120-82-1 EPA Method 8270 0.816 Region 6 110 1996 10 +20% 5 0 15 0

1,2-Dichlorobenzene 95-50-1 EPA Method 8270 4.93 Region 6 14 ODEQ 2001 10 _2 0 %b

1,.3-Dichlorobenzene 541-73-1 EPA Method 8270 1.45 Region 6 71 ODEQ 2001 10 ±2 0%" __ -____

Suter and Tsao
1,4-Dichlorobenzene 106-46-7 EPA Method 8270 0.467 Region 6 15 1996 10 +20%b 50- 1 50

2.4,5-Trichlorophenol 95-95-4 EPA Method 8270 365 Region 6 NA NA 10 ±20%/b50-1500

2,4,6-Trichlorophenol 88-06-2 EPA Method 8270 1.4 NRWQC 970 ODEQ 2001 10 *20%" 5 0 - 150

2.4-DichIorophenol 120-83-2 EPA Nlethod 8270 11 Region 6 3.650 ODEQ 2001 10 *2 0%' 50-15l

2.4-Dimethylphenol 105-67-9 EPA Method 8270 73 Region 6 42 ODEQ 2001 10 ±20%" 50150"

2,4-Dinitrophenol 51-28-5 EPA Method 8270 7.3 Region 6 NA NA 25 ±20%" 50-150"

2,4-Dinitrotoluene 121-14-2 EPA Method 8270 0.11 NRWQC 230 ODEQ 2001 10 +20%" 50-150"

2,6-Dinitrotoluene 606-20-2 EPA Method 8270 3.65 Region 6 230 ODEQ 2001 10 ±20%" 50-150"
2-Chloronaphihalene 91-58-7 EPA Method 8270 487 Region 6 32 ODIQ 2001 10 ±20%" 50-15"

2-Chlorophenol 95-57-8 EPA Method 8270 3.04 Region 6 2,000 ODEQ 2001 10 ±20%" 50-150b

2-Methyinaphthalene 91-57-6 EPA Method 8270 0.62 Region 6 2.1 ODEQ 2001 10 +20%" 50-5

2-Methylphenol (cresol, o-) 95-48-7 EPA Method 8270 1.825 Region 9 13 ODEQ 2001 10 205" 50-15Jw

2-Nitroaniline 88-74-4 EPA Method 8270 NE NE NE NE 10± 20"/%" 5 0-15 W

2-Nitrophenol 88-75-5 EPA Method 8270 29.2 Region 6 150 ODEQ 2001 20 +200%" 50- 150

3-4 Methylphenol (cresol, m+p) 65794-96-9 -EPA Method 8270 NE NE NE NE 10 ±20%" 50-150"

3.3-Dichlorobenzidine 91-94-1 EPA Method 8270 NE NE NE 10 +200. 50-150"

3-Nitroaniline 99-09-2 EPA Method 8270 NE NE NE NE 10 ±200%. 50-150

4.64Dinitro-2-methylphenol 534-52-1 EPA Method 8270 NE NE NE NE 10 ±20%" 50-150"

4-Bromophenylphenyl ether 101-55-3 EPA Method 8270 NE NE NE NE 10 20%" 50-150"

4-Chloro-3-methylphenol 59-50-7 EPA Method 8270 NE NE NE NE 10 ±20%" 50-150b

4-Chloroaniline 106-47-8 EPA Method 8270 NE NE NE NE )10±20?/." 50-150b

4-Chlorophenvlphen ether 7005-72-3 EPA Method 8270 NE NE NE NE 10 2 0%' 50-150"

4-Nitroanilinc 100-01-6 EPA Method 8270 NE NE NE NF 10 ±20%/" 50-150'

4-Nitrophenoll100-02-7 EPA Method 8270 29,2 Region 6 150 ODEQ 2001 20 :20%"-. 50-150'

Acenaphthene 83-32-9 EPA Method 8270 36.5 _ Region 6 520 ODEQ 2001 10 ±20%" 5 "

Acenaphthylvene 208-96-8 EPA Method 8270 37 Region 6 NA NA 10 ±200b 50-150'

Anthraccne 120-12-7 EPA Method 8270 182.5 ReLion 6 13 ODEQ 2001 10 ±20%"0 50-150"

Beuzol __anthracene N -56-55-3 EPA Method 8270 0.0038 NRWQC 0.027 ODEQ 2001 10 +20%" 50-150"

Benzo(a)pyrene 50-32-8 EPA Method 8270 0.00295 Region 6 0.014 ODEQ 2001 10 ±20%" 50-150"

Benzo(b)fluoranthene 205-99-2 EPA Method 8270 0.0038 NRWQC NA NA 10 ±20%" 50-150b

Benzo(ghi)perylene 191-24-2 EPA Method 8270 180 Region 6 NA NA 10 20%" 50-1SO"

Benzo(k)fluoranthene 207-08-9 EPA Method 8270 0.0038 NRWQC NA NA 10 ±20%" 50-150b

Bis(2-ethylhexyl)phthalate 117-81-7 EPA Method 8270 3 ODEQ 2001 10

Remedial Investigation Work Planfor Hanford Sie Releases to the Columbia River
September 2008
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Table 3-1. Analytical Performance Requirements for Contaminants in Water. (7 Pages)

Water Reference Water Reference
Values for the Human Values for the Laboratory

Chemical Analytical Protection of Human Health Protection of Reporting Limit
Target Abstracts Service Instrument andor Health (g/L or Benchmark Aquatic Life (gIL Ecological Requirement' (pCi/L Precision

Indicator Contaminant Analyte? Number Method pCiL) Source or pCi/L) Benchmark Source or sg/L) (%) Accuracy (%)
Butylbenzylphthalate 85-68-7 EPA Method 8270 730 Region 6 19 ODEQ 2001 10 ±20% 50-150
Carbazole 86-74-8 EPA Method 8270 3.4 Region 6 NA NA 10 ±20% 50-150
Chrysene 218-01-9 EPA Method 8270 0.0038 NRWC NA NA 10 ±20% 50-150"
Dibenzia,hanthracene 53-70-3 EPA Method 8270 0.00295 Region 6 NA NA 10 +20% 50-150
Dibenzofu ran 132-64-9 EPA Method 8270 1.22 Reg in 6 37 ODEQ 2001 10 ±_20% 50-I5_So

Diethylpthaate 84-66-2 EPA Method 8270 2,920 Rcgon6 210 DEQ001 10 120% 50-150
Dimethyl phthalate 131-11-3 EPA Method 8270 16,000 MTC GW B 3 ODEQ 2001 10 ±20% 50-150
Di-n-utlphthalate 84-74-2 EPA Method 8 270 365 Region 6 35 O[EQ 2001 10 ±20" 50-150"
D-n-utylphthalate 84-74-2 EPA Method 8270 3651 Reion 6 35 ODEQ 2001 10 120%" 50-50'

Di-n-oetylphthalate 117-84-0 EPA Method 8270 1500 Region 9 NA NA 10 ±20%" 50-150
Fluoranthene 206-44-0 EPA Method 8270 90 MTCA SW B 6.16 ODEQ 2001 10 ±20%" 50-150
Fluorene 86-73-7 EPA Method 8270 24.3 Region 6 3.9 ODEQ 2001 10 +2 % 50-150
Hexachlorobenzene 118-74-1 EPA Method 8270 0.00028 NRWQC NA NA 10 ±20%s 50-1,O1

Hexachlorobutadiene 87-68-3 EPA Method 8270 0.44 NRWQC 9.3 ODEQ 2001 10 120% 5-150
Hexachlorocyeopen tdiene 77-47-4 EPA Method 8270 21.9 Region 6 5.2 ODEQ 2001 10 ±20% 50-150
Ilexachloroethane 67-72-1 EPA Method 8270 1.4 NRWQC 540 ODEQ 2001 10 +20% 50-150

Indeno(,2,3-cd)pyrene 193-39-5 EPA Method 8270 0.0038 NRWQC NA NA 10 ±20% 50-150
Isophorone 78-59-1 EPA Method 8270 35 NRWQC 2,340 ODQ 2001 10 -20% 50-150"
Naphthalene 91-20-3 EPA Method 8270 0.620 Reion 6 NA NA 10 ±20%" 50-150"

Nitrobenzene 98-95-3 EPA Method 8270 0.34 Region 6 540 ODEQ 2001 10 ±20%" 50-150
N-Nitroso-di-n-dipropylamine 621-64-7 EPA Method 8270 0.005 NRWQC 117 ODEQ 2001 10 +20%" 50-150
N-Nitrosodiphenylamine 86-30-6 EPA Method 8270 3.3 NRWQC 210 ODEQ 2001 10 ±20% 50-150

Pentachlorophenol 87-86-5 EPA Method 8270 0.27 NRWQC 15 ODEQ 2001 10 +20% 5_O1Io
Phenanthrene 85-01-8 EPA Method 8270 37 Region 6 6.3 ODEQ 2001 10 +20% 5-1
Phenol 108-95-2 EPA Method 8270 1.095 Region 6 110 ODEQ 2001 10 -20% 50-150
Pvrene 129-00-D) EPA Method 8270 18.3 Region6 NA NA 10 ±20% o50-150"
Total petroleum hydrocarbons -Diesel TPHDIESEL &
range 'toils ITPII/O[ll NWTPI-D NA NA Not evaluated NA 500 :20% 80-120
METALS

Aluminum 7429-90-5 Metals 3650 Region 6 87 EPA 2006 50 20% 80-120
Suter and Tsao

Antimony 7440-36-0 Metals 146 Region 6 30 1996 60/6 ±20% 80-120
Arsenic 7440-38-2 Metals 0.018 NRWQC 150 EPA 2006 100/10 20% 80-120

Suter and Tsao
Barium 7440-39-3 Metals" 730 Region 6 4 1996 20/5.0! ±20%9 80-120

Suter and Tsao
Beryllium 7440-41-7 Metalsd 4 MCL 0.66 1996 5.0/2.0 ±20% 80-120
Bismuth 7440-69-9 NE NE NE NE 100 ±20% 80-120

Boron 7440-42-8 Metals 730 Region 6 1.6 ODEQ 2001 20 20% 80-120

Cadmium 7440-43-9 Metals 1.83 Region 6 0.25 EPA 2006 5.0/2.0' ±20% 80-120

Remedial InvestigationI

September 2008
Work Plan for Hanford Site Releases to the Columbia River
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Table 3-1. Analytical Performance Requirements for Contaminants in Water. (7 Pages)

Water Reference Water Reference
Values for the Human Values for the Laboratory

Chemical Analytical Protection of Human Health Protection of Reporting Limit
Target Abstracts Service Instrument and/or Health (pg/L or Benchmark Aquatic Life (pg/L Ecological Requirement (pCi/L Precision

Indicator Contaminant Analyte? Number Method pCIL) Source or pCiL) Benchmark Source or pgL) (%) Accuracy (%)

Calcium 7440-70-2 Metals NA NA 116000 Suter and Tsao 1996 1000 =20%c 80-120

Chromium (total) 7440-47-3 Metals II1 Region 6 74 EPA 2006 10/2.0 ±20/oc 80-120

Chromium (VI) 9 18540-29-9 Method 7196A I1 Region 6 10 Ecology 2006 10 ±20%S 80-120

Cobalt 7440-48-4 Metals' 73 Region 6 23 Suter and Tsao 1996 20 ,20%' 80-1I20

Copper 7440-50-8 Metalsd 136 Region 6 9 EPA 2006 10 *20% 80-120
Cyanide (total) 57-12-5 EPA Method 9010 73 Region 6 5.2 LANL 2005 5 20% 80-120

Iron 7439-89-6 Metas 300 NRWQC ]I000 EPA 2006 50 20% 80-120
MCLJMTCA

Lead 7439-92-1 Metals 15 GW 2.5 Ecology 2006 50/5.0 ±20% 80-20

Lithium 7439-93-2 Metals" 730 Region 9 14 ODEQ 2001 25 +20%c 80-120

Magnesium 7439-95-4 Metals NA NA 82.000 Suter and' 1sao 1996 750 ±20% 80-120

Manganese 7439-96-5 Mtals 50 NRWQC 120 Suter and Tsao 1996 5 A20% 80-120

Mercury 7439-97-6 Method 7470 0.0626 Region 6 0.012 Ecology 2006 0.5 :20% 80-120

Molybdenum 7439-98-7 Metals 18.3 Region 6 370 ODEQ 2001 20 120% 80-20

Nickel 7440-02-0 Mta6 73 Region 6 52 EPA 2006 40 ±20% 80-120

Phosphorous 7723-14-0 Metals" 0.073 Region 6 NE NE 50 ±20% 80-20

Potassium 7440-09-7 Metals NA NA 53,000 Suter and Tsao 1996 4000 ±20%9 80-120

Selenium 7782-49-2 Metals 18.3 Region 6 5 Ecology 2006 100/10 ±20% 80-120

Silicon 7440-21-3 Metals NE NE NE NE 20 ±20% 8J0-120
Suter and Tsao

Silver 7440-22-4 Metals" 18.3 Region 6 036 1996 10/2.0w ±20% 80120

Sodium 7440-23-5 Metals" NA NA 680,000 Suter and sao 1996 500 120% 80-120
Strontium 7440-24-6 Metals 2.190 Region 6 1,500 Suter and Tsa 1996 10 ±200/J 80-120

Suter and Tsao
Thallium 7440-28-0 Metals" 0.24 NRWQC 12 1996 50/5.0 ±20% 80-120

Suter and Tsao
Tin 7440-31-5 Metals" 2,190 Region 6 73 1996 100 ±20% 80-120

Suter and Tsao
Uranium 7440-61-1 Metals 2.19 Region 9* 2.6 1996 3000/500 *20% 80-120

Suter and Tsa
Vanadium 7440-62-2 Metals" 18.3 Region 6 20 1996 25 ±20% 80-120

Zinc " 7440-66-6 Metas 1.100 Region 6 105 Ecology 2006 10 20/' 80-120c

RADIONUCLIDES

Americium-241 14596-10-2 GEA 15 MCL-rad 438 ANL 2006 50 +2 0% 80-120
Antimony-125 14234-35-6 GEA 300 MCL-rad 400,000 ANL 2006 50 80-120
Bervllium-7 13966-02-4 GEA NE NE NE NE 50 2%'80-1 2

Carbon-14 14762-75-5 Carbon-14 2,000 MCL-rad 609 AN 2006 50 20%'80-120

Cesum-134 13967-70-9 G(EA 80 MCL-rad 21.1 ANL 2006 15±20%8S-120

Cesium-137 10045-97-3 GEA 200 MCL-rad 426 AN 2006 15 2Qf 80-12

Cobalt-60 10198-40-0 GEA 100 MCL-rad 3,760 AN 2006 25 +20% 80-120

Curium-244 13981-15-2 Iotopic Cm - AEA 15 MCL-rad 66.3 ANL 2006 1-2%80-120

Europium-152 14683-23-9 GA 200 MCL-rad 25.500 AN L 2006 50 -20%1.' 8-2

Remedial Investigation Work Planfor Hanfjrd Site Releases to the Columbia River
SLptember 2008 AF&T-51
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Table 3-1. Analytical Performance Requirements for Contaminants in Water. (7 Pages)

Water Reference Water Reference
Values for the Human Values for the Laboratory

Chemical Analytical Protection of Human Health Protection of Reporting Limit
Target Abstracts Service Instrument and/or Health (pg/L or Benchmark Aquatic Life (sg/L Ecological Requirement' (pCi/L Precision

Indicator Contaminant Analyte? Number Method pCi/L) Source or pCiL) Benchmark Source or mg/L) (%) Accuracy (%)
Europium-154 15585-10-1 GEA 60 MCLrad 20,000 ANL 2006 50 ±20%' 80-120'

Europium-155 14391-16-3 GEA 600 MCL-rad 264,000 ANL 2006 50 ±20%' 80- 120
Iodine-129 15046-84-1 LEPS I MCL-rad 40,000 ANL 2006 5 * 20 %r 8-1 20
Neptunium-237 13994-20-2 Np-237 -AEA 15 MCL-rad NA NA 1 ±20%' 80-120'

Nickel-63 13981-37-8 LSC 50 MCL-rad NA NA 15 +20% 80-120'

Plutonium-238 13981-16-3 isotopic Pu-AEA 15 MCL-rad 176 ANL 2006 1 ±20%' 80-120
Plutonium-239/240 PU-239/240 Isotopic Pu-AEA 15 MCL-rad 187 ANL 2006 1 ± 20 % 80-120

Plutonium-241 14119-32-5 AEA NA NA NA NA 15 ±20%' 90-120

Potassium-40 13966-00-2 GEA NA NA 250 ANL 2006 400  ± 20 %r80-120r

5 (total of Ra-26 and
Radium-226 13982-63-3 Total radium-isotopic Ra-228) MCL-rad 4 AN 2006 1 ±20%' 80-120

5 (total of Ra-226
Radium-228 15262-20-1 Total radium-isotopic and Ra-228) MCL-rad 3 ANL 2006 3 ±20%' 80-120'

Ruthcnium-106 13967-48-1 GA NE NE NE NE 50 ±20% 80-120
Strontium-90 10098-97-2 Total Rad Sr - GPC 8 MCL-rad 300 ANI 2006 1 +20%' 80-120'
Technetium-99 N 14133-76-7 T echnetium -99 900 MCL-rad 700,000 ANL 2006 15 ±20%' 80-120r

Thorium-232 14274-82-9 Isotopic Th-AEA 15 MC-rad 300 ANL 2006 1±20% 80-120'

TIritium 10028-17-8 11-3 20.000 MCI-rad 300,000000 ANL 2006 400 1 2 0% 80-120'
Uranium-234 N 13966-29-5 Isotopic U-AEA 30 MCL-rad 200 ANL 2006 1 +20%' 80-120'
Uranium-235 15117-96-1 Isotopic U-AEA 30 MCL-rad 200 ANl. 2006 1 ±20%-' 80-120'
Uranium-238 N 7440-61-1 Isotopic U-AEA 30 MCL-rad 200 ANL 2006 1+20' 80-120'
PESTICIDES/POLYCHLORINATED BIPHENYLS

77 3,3',4,4'-tetrachlorobiphenyls 32598-11-1 EPA Method 1668A 4.50E-03 Region 6 NA NA 0.02 tbd tbd
81 3,4,4',5-tetrachlorobiphenyl 70362-504 EPA Method 1668A L50E-03 Region 6 NA NA 0.02 tbd tbd
105 32598-14-4 EPA Method 1668A 150E2 Region 6 NA NA 0.02 tbd tbd
114 2,3,4,4',5- pentachlorobiphenyls 74472-38-1 EPA Method 1668A .5OE-02 Region 6 NA NA 0.02 tbd tbd
118 2,3',4,4',5- pentachlorobiphenyls 31508-00-6 EPA Method 1668A 1.50E-02 Region 6 NA NA 0.02 tbd tbd
123 2',3,4,4'5- pentachlorobiphenyis 65510-44-3 EPA Method 1668A .50E-2 Region 6 NA NA 0.02 tbd tbd
126 3,3'.4,4',5-pentachlorobiphenyls 57465-28-8 EPA Method 1668A 4.50E-06 Region 6 NA NA 0.02 tbd tbd
156 2,3,3',4,4',5- hexachlorobiphenyis 38380-08-4 EPA Method 1668A 1.50E02 Region 6 NA NA 0.02 tbd tbd
157 2.3,3',4,4',5'- hexachlorobiphenyis 69782-90-7 EPA Method 1668A 1.50E-02 Region 6 NA NA 0.02 tbd tbd

167 2,3',4,4',5,5'-
hexachlorobiphenyls 52663-72-6 EPA Method 1668A 1.50E-02 Region 6 NA NA 0.02 td tbd

169 3,3,4,4,5,5'-hexachlorobiphenvls 32774-16-6 EPA Method_1668A 1.50E-05 Region 6 NA NA 0.02 tbd tbd
189 2,3,34,4',5,5'-
heptachlorobiphenyls 39635-31-9 EPA Method 1668A 150E-02 Region 6 NA NA 0.02 tbd tbd

Aldrin 309-00-2 EPA Method 8081 0.000082 MTCA SW B 0.0019 Ecology 2006 0.05 i 2 0% _5-15__

Alpha-BHC 319-84- EPA Method 8081 0.0079 MITCA SW B 2.2 ODEQ 2001 0.05 - 2 0% _5-150_

alpha-Ch lordane 5103-71-9 EPA Method 8081 0.0008 NRWQC 0.0043 Ecology 2006 0.5 i 20% q0-_I%
Aroclor-1016_N_ 12674-11-2 EPA Method 8082 0.000064 NRWQC NA NA 0.5 + 2(1%b ___so-_I
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Table 3-1. Analytical Performance Requirements for Contaminants in Water. (7 Pages)

Water Reference Water Reference
Values for the Human Values for the Laboratory

Chemical Analytical Protection ofHuman Health Protection of Reporting Limit
Target Abstracts Service Instrument and/or Health (tg/L or Benchmark Aquatic Life (pg/L Ecological Requirement (pCi/L Precision

Indicator Contaminant Analyte? Number Method pCi/L) Source or pCi/L) Benchmark Source or yg/L (%) Accuracy %

Aroclor-1221 11104-28-2 EPA Method 8082 0.000064 NRWQC 0.28 ODEQ 2001 0.5 ±20% 50-150"

Aroclor-1232 11141-16-5 EPA Method 8082 0.000064 NRWQC 0.58 ODEQ 2001 0.5 *20% 50-150

Aroclor-1242 53469-21-9 EPA Method 8082 0.000064 NRWQC 0.053 ODEQ 2001 0.5 ±20%" 50-150

Aroclor-1248 12672-29-6 EPA Method 8082 0.000064 NRWQC 0.081 ODEQ 2001 0.5 ±20% 5-150"

Aroclor-1254 11097-69-1 EPA Method 8082 0.000064 NRWQC 0.033 ODEQ 2001 0.5 *20% 50-150

Aroclor-1260 11096-82-5 EPA Method 8082 0.000064 NRWQC 94 ODEQ 2001 0.5 ±20%i- 1;0

beta-1,2,3,4,5,6-
HIexachlorocycohexane 319-85-7 EPA Method 8081 0.0091 NRWQC 0.08 Ecology 2006 0.05 ±20% 5150
Delta-BIIC 319-86-8 EPA Method 8081 0.052 Region 6 2.2 Suter and Tsao 1996 005 ±20%" 50-150
Dich lorod iphenyl-dichloroethane 72-54-S EPA Method 8081 0.00031 NRWQC 0.001 Ecology 2006 0.1 20% 50-150
Dichlorodiphenyl-dichloroethylene 72-55-9 EPA Method 8081 0.00022 NRWQC 0.001 Ecology 2006 0.1 +20% 0-B
Dichlorodiphenyl-trichloroethane 50-29-3 EPA Method 8081 0.00022 NRWQC 0.001 Ecology 2006 0.1 ±20% 50-150
Dieldrin 60-57-1 EPA Method 8081 0.000052 NRWQC 0.0019 Ecology 2006 0.1 ±20% 50- 15

Endosulfan 11 33213-65-9 EPA Method 8081 22 Region 6 0.056 LANL 2005 0.1 +20% 50-150"

Endosulfan sulfate 1031-07-8 EPA Method 8081 22 Region 6 0.056 LANL 2005 0.1 120%r 50150
Endosulfan 1 959-98-8 EPA Method 8081 22 Region 6 0.056 LANL 2005 0.05 d20%" 50-150"

Endrin 72-20-8 EPA Method 8081 0.059 NRWQC 0.0023 Ecology 2006 0.1 ±20% 50-150"

Endrin aldehvde 7421-93-4 EPA Method 8081 0.2 MTCA SW 1 NA NA 01 ±20% 50-150"

Endrin ketone 53494-70-5 EPA Method 8081 0.2 MTCA SW B 00023 Ecology 2006 0.1 ±20% 50-150

Gamma-BHC (Lindane) 58-89-9 EPA Method 8081 0.038 MTCA SW B 0.08 Ecology 2006 0.05 ±20% 50-iSo
Gamma-chlordane 5103-74-2 EPA Method 8081 0.0008 NRWQC 0.0043 Ecology 2006 0.5 ±20% 50- 150"
Heptachlor 6-44-8 EPA Method 8081 0.000079 NRWQC 0.0038 Ecology 2006 0.05 ±20%" 50-150"
Heptachlor epoxide 1024-57-3 EPA Method 8081 0.000039 NRWQC 0.0000038 ODEQ 2001 0.05 120% 50-15
Hexachlorobenzene' 118-74-1 NA 0.00028 NRWQC NA NA 0.05 +20%' 50-150"

Methoxychlor 72-43-5 EPA Method 8081 8.4 MTCA SW B 0.03 EPA 2006 0.5 ±20%" 50-150
Toxaphene 8001-35-2 EPA Method 8081 NE N E NE NE 5 ±20% 50-150
OTHER ANALYTES

Alkalinity ALKALINITY EPA Method 310.1 NA NA NA NA 5.000 A2(% 80-120

Hardness HARDNESS EPA Method 130.1 NA NA NA NA 10,000 4 120% None

Nitrate N03-N EPA Method 300.0 NA N A NA NA 75 A20%' 80-120
EPA Method 4 15.1

DOC COD Modified NE NE NE NE 1000 420% 80-120

TKN_ NKJELDA 1. EPA Method 351.1 NA NA NA NA 50 ±20%' 80-120'
Notes:
Entries in bold indicate analyes for which the reporting limit exceeds associated benchmark concentration.
Human Health Benchmark Sources:
MCL-rad = EPA Soil Screening Guidance for Radionuclides. Technical Background Document. Table 23-Radionulide Drinking Water MCLs. EPA Office of Radiation and Indoor Air, Office of Solid Waste and Emergency Response. October 2000.
(For Uranium isotopes, values are the December 2000 Federal MCL)
NRWQC = National Recommended Water Quality Criteria. Human health for Consumption of Water + Organism values. EPA Office of Water/Ofice of Science and Tcchnoig. 2006
MCL = Federal Maximum Contaminant Levels (MCLs), National Primary Drinking Water Regulations, EPA. June 2003, EPA 816-F-03-016.
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Table 3-. Analytical Performance Requirements for Contaminants in Water. (7 Pages)

Water Reference Water Reference
Values for the Human Values for the Laboratory

Chemical Analytical Protection of Human Health Protection of Reporting Limit
Target Abstracts Service Instrument and/or Health (pg/ or Benhmark Aquatic Life (pig/ Ecological Requirement (pCi/L Precision

Indicator Contaminant Analyte? Number Method pCi/L) Source or pCi/L) Benchmark Source or sg/L) _ (%) Accuracy (%)

Model I oxies Control Act (MTCA), Method B Surface Water Standards (lowest between carcinogenic and noncarinogenic values). Values obtained from Washington State Department of Ecology (WADOE) Cleanup Levels and Risk Calculation
(CLARC).
MTCA Method B Ground Water Standards (lowest between carcinotenic and noncarinogenic values). Values obtained from Washington State Department of Ecology (WADOE) Cleanup Levels and Risk Calculation (CLARC).
Region 6= EPA Region 6 Human Health Medium-Specific Screening Lcevels December 2007. Dallas Texas 75202.
Recion 9= EPA Region 9 Preliminan Rernediaion Goals2B I) for Ta water. October 2004. htwwww ena emvreionJ9/w ae sund prelilesrnreble200xl
Region 9* = (adjusted by 3 to account for revised Office of Water R) of 00006 mg/kg-d)

Ecological Benchmark Sources:
See BERA Methodology benchmark table for use of surrogates.
Ecology 2006 = WAC 173-201A. "Water Quality Standards for Surface Waters of the State of Washington Washington State Department of Ecology. Olympia, Washington.

Suter and T sao 1996 = Suter. GW. and C I isao, lnoxiculogical Ienchmarkv for Screening of Potential Contaminants of Cncernfor EjJecis on Aquatic

EPA 2006 =- Yaional Recommended Water Quality Criteria, Office of Water, Washington, D.C.
ANL 2006 = Argonne National Laboratorv, RSRAD Bi tafor Windows, Version 1.21 (http://web.ad.ant.gov/resradhome2/l).
LANL 2005 = Los Alamos National Laboratory, Ecorisk Database (Release 2.2).
ODEQ 2001 Oregon Department of Environmental Quality, Guidance for Ecological Risk Assessment. level 11 Screening Level Values, December 200 1 Update.

' Values for radionuclide analysis are minimum detectable activity requirements. Other values are laboratory reporting limits, nominally 5 to 10 times sample detection limits and functionally useable as PQL.
The accuracy criteria shown are the minimum for associated batch laboratory control sample percent recoveries. Laboratories must meet statistically-based controls if more stringent. Additional accuracy criteria include analyte-specific evaluation

performed for matrix spike and surrogate recoveries as appropriate to the method. The precision criteria shown are for batch laboraton replicate matrix spike analysis.
Accuracy criteria for associated batch matrix spike percent recoveries. Evaluation criteria based on laboratory statistical limits or fixed limits as defined in the referenced methods. Precision criteria for batch laboratory replicate matrix spike analyses or

replicate sample analysis.
SW-846 Method 60110 or 6020 or EPA Method 200,8 and extraction Method 3050B.

First value shown is via routine inductively coupled plasma (ICP). second value via "trace" inductively coupled plasma.
r Accuracy criteria for associated batch laboratory control sample percent recoveries. For sonic radionuclide analytical methods, additional analysis-specific evaluations also are performed for matrix spikes, tracers, and carriers as appropriate to the
method. Precision criteria for batch laboratory replicate sample analyses.

gCarbon-14 will be measured in the 100-K Area only.

h Isotopes not specifically addressed by existing contracts. The detection limits shown are estimates,
Analysis for hexachlorobenzenes and chlordane will be reported as specific isomers. The reporting limit shown is for each isomer.

Evaluate as a general chemistry parameter of water: see Table 2.3 for specific samples.

AEA = alpha energy analysis
DOC = dissolved organic carbon
EPA = U.S. Environmental Protection Agency
GEA = gamma energy analysis
GPC = gas proportional counter
L EPS = low energy photon spectroscopy
MCL = maximum contaminant level
NA = No reference value available, but contaminant concentration will be evaluated for exposure modeling, comparison to other media types, or descriptive purposes.
NE = For compounds that have not been previously detected, benchmarks were not evaluated. If this compound is detected during sampling, benchmarks will be provided, ifavailable.
PQL = practical quantitaon limit
tbd = to be determined
TKN = total nitrogen
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Table 3-2. Analytical Performance Requirements for Contaminants in Soil and Sediment. (10 Pages)

Soil
Reference Sediment Reference

Values for the Reference Values for
Protection of Values for the the Laboratory

Human Protection of Protection of Reporting
Chemical Health Ecological Sediment Ecological Soil Limit
Abstracts Analytical Receptors Human Health Receptors Ecological Receptors Ecological Requirements

Target Service Instrument and/or (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Laboratory Laboratory
Indicator Contaminant Analyte? Number Method pCilg) Source pCilg) Source pCi/g) Source pCi/g) Precision (%) Accuracy (%)

VOLATILE ORGANICS

I .1-Trichloroethane 71-55-6 EPA Method 8260 57 MTCALeahin 0.03 ORNL 1997 NA NA 0.001 ±30% 50-150

1,1,2.2-Tetrachloroethane 79-34-5 EPA Method 8260 0.00136 MTCA-Leachin 1.4 ORNL 1997 NA NA 0.005 ±30%

1,1,2-Trichloroethane 79-00-5 EPA Method 8260 0.00428 MTCALeaching 1.2 ORNL 1997 NA NA 0.005 ±30%"lw

.1 -Dichloroethane 75-34-3 EPA Method 8260 8.73 MICA-Leaching 0.27 ORNL 1997 NA NA 0.01 ±30% 50-150

.1-Dichloroethene 75-35-4 EPA Method 8260 NE NE NE NE NE NE 0005 j 30% 50150

1,2-Dichloroethane 107-6-2 EPA Method 8260 0.00232 MTCA-Leaching 0.25 ORNL 1997 NA NA 0.005 +30% 0-150h

1,2-Dichloropropane 78-87-5 1EPA Method 8260 0.00329 MTCA-Leaching NA NA 700 Ecology 2001 0.005 +3_____% _ _ 0-150

2-Butanone 78-93-3 EPA Method 8260 20 MTCA-eaching 0.27 ORNL 1997 NA NA 001 30%" 50-15(

2-1lexanone -f 591-78-6 EPA Method 8260 NA NA 0022 ORNL 1997 NA NA 0.02 ±30% 50-15t

Acetone 67-64-1 EPA Method 8260 3 MITCA-Leaching 0.0087 ORNL 1997 NA NA 0.02 +30%g-150"

Benzene 71-43-2 EPA Method 8260 0.00451 MTCA-Leaching 0.16 ORNL 1997 20 Ecology 2001 0.005 +30% 50-1O50
Bromodichoromethane 75-27-4 EPA Method 8260 NE NE NE NE NE NE 0.005 ±30% 50-150

Bromoform 75-25-2 EPA Method 8260 NE NE NE NE NE NE 0.005 i30%" 50-150

Bromomethane 75-83-9 EPA Method 8260 NE NE NE NE NE NE 0.01 ±30% 50-150

Carbon disulfide 75-15-0 EPA Method 8260 4.034 MTCA-Leaching 0.00085 ORNL 1997 NA NA 0.005 30%5-r5o

Carbon tetrachloride 56-23-5 EPA Method 8260 0.00304 MITCA-Leaching 0.047 ORNL 1997 NA NA 0.005 ±30% 50-SOb

Chlorobenzene 108-90-7 EPA Method 8260 1.39 MTCA-Leachg 041 ORNL 1997 40 Ecolog 2001 0,005 1 330% 50-150

Chloroethane 75-00-3 EPA Method 8260 NE NE NE NE NE NE 0.01 *+30%" 50-150

Chloroform 67-66-3 EPA Method 8260 0.0383 MTCA-Leaching 0022 ORN 1997 NA NA 0.005 ±30" 5015P

Chloromethane 74-87-3 EPA Method 8260 NE NE NE NE NE NE 0.01 +30%" 50-150

Dibromochloromethane 124-48-1 EPA Method 8260 NE NE _ NE NE N E NE 0.005 ±130" 50-150"

Dichloroethylene 25323-30-2 EPA Method 8260 0414 M CA-eachin 0.4 ORN (1997 NA NA 0005 ±30% 50-150"

Ethylbenzene _100-41-4 EPA Method 8260 _ 1.93 MICA-Leaching 0089 ORNt 1997 NA NA 0.005 i30%( 50-150"

Methvlene chloride 75-09-2 EPA Method 8260 0.0257 MTCA-Leachng 0.37 ORNL 1997 1.600 LANE 2005 .005 5 ±30% 1 50-150

Remedial Investigation Work Planfor Hanford Site Releases to the
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Table 3-2. Analytical Performance Requirements for Contaminants in Soil and Sediment. (10 Pages)

Soil
Reference Sediment Reference

Values for the Reference Values for
Protection of Values for the the Laboratory

Human Protection of Protection of Reporting
Chemical Health Ecological Sediment Ecological Soil Limit
Abstracts Analytical Receptors Human Health Receptors Ecological Receptors Ecological Requirements

Target Service Instrument and/or (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Laboratory Laboratory
Indicator Contaminant Analyte? Number Method pCilg) Source pCi/g) Source pCig) Source pCilg) Precision (%) Accuracy (%)

Strene 100-42-5 I EPA Method 8260 00336 MTCA-Leaching NA NA 300 Ecology 2001 0005 i30% _50-15P

Tetrachloroethene 127-18-4 EPA Method 8260 0000854 MTCA-Leaching 0.057 ODEQ 2001 10 LA NL 2005 0.005 +30% -0-5011

'oluene 108-88-3 EPA Method 8260 4.65 MTCA-Leaching 0.05 ORNL 1997 200 Ecolo 2001 0.005 ±30% 5-50h

Trichloroethene 79-01-6 EPA Method 8260 0000723 MTCALeaching 0.22 ORNL 1997 NA NA 0.005 ±30%; 50-150

Vinyl Chloride 75-01-4 EPA Method 8260 0.000182 MTCALeachin 0.03 ODEQ 1998 NA NA 0.01 +30% 50 - 5Q

Xvines (total) 1330-20-7 EPA Method 8260 21.33 MTCA-L eaching 016 ORNL 1997 40 Ecology 2001 0.01 30%/.' 50-1501

cis-1,3-Dichloropropene10061-01-5 EPA Method 8260 NE NE NE NE NE NE 0 005 1 30% 50-150

trdns-1,3-Dichloroproptne 10061-02-6 EPA Method 860 NE NE NE NE NE NE 0005 -1-30%/. 50-150
SEMIVOLATILE ORGAN ICS

1,2,4-Trichlorobcnzene 120-82-1 EPA Method 8270 1.476 MTCA-Laching 96 ORN 1997 20 Ecologv 2001 0.33 ±30% j50-15P
1,2-Dichlorobenzcne 95-50-1 EPA Method 8270 8.43 MTCA-Leaching 033 ORNL 1997 20 Ecology 2001 0.33 0% /___50-150

1 ,3-Dichlorobcnzene 541-73-1 EPA Method 8270 6.85 MICA-Leaching 17 ORNL 1997 20 Ecology 2001 0.33 30%650-150

1.4-Dichlorobenzene 106-46-7 EPA Method 8270 0.0297 MTCA-Leaching 0.34 ORNL 1997 20 Ecology 2001 033 -+30% 50 -150

24,5-Trchlorophenol 7 95-95-4 EPA Method 8270 22.18 MTCA-Leaching 0.003 ODEQ 2001 4 Ecolop 2001 033 +30%' _m-150

2,4,6-TrichlorophenoI 88-06-2 EPA Method 8270 0.111 MTCA-Leaching 0.006 ODEQ 2001 10 Ecology 2001 0.33 +3ls% 5

2142Dicbiorophenol _0-83-2 EPA Methd 8270 0.440 MTCA-Veaching NA NA 20 Ecology 2001 0.33 .30% 50-150

2,4-Dimethylphenol 105-67-9 EPA Method 8270 2.94 MITCALeaching 0.018 ODEQ 2001 4 Ecology 2001 0.33 +30%50-150

2.4-Dinitrophenol

2.4-Dinitrotoluenc

2.6-Dinitrotoluene

51-28-5

121-14-2

6 0620-72

EPA Method 8270

EPA Method 8270

EPA Method 8270

0.361

0.361

0 183

MTCA-Leaching

MTCA-Leaching

NA

NA

NA

A

A

NA
-I 4

NA

20

4

Ecology 2(1

Ecology 2001

0825

0-33
4 4 4 , + ,

NA 4 Ecology 2001
_, _- - - - - --

2-Chloronaphthalene

2-Chlorophenol

91-58-7

95-57-8

E PA Method 8270

EPA Method 8270

4067 MTCA-Leaehinp NA NA 4 Ecology 2(1

0.33

0.33-. 4-44

0.515 M MTCA-L caching NA NA 7 Ecology 2001 0.33

50-1 50

50-1 50

50-150"
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Table 3-2. Analytical Performance Requirements for Contaminants in Soil and Sediment. (10 Pages)

Indicator Contaminant
Target

Analyte?

Chemical
Abstracts
Service
Number

Analytical
Instrument and/or

Method

Reference
Values for the
Protection of

Human
Health

Receptors
(mg/kg or

pCi/g)

Human Health
Benchmark

Source

Sediment
Reference

Values for the
Protection of

Ecological
Receptors
(mg/kg or

pCilg)

Hill AFB
2-Methvlnaphthalene 91-57-6 EPA Method 8270 2.034 MTCA-Leaching 0.02 ODEQ 2001 3 2005 0.33 ±30%" 50-150b

2-Methylphenol (cresol, o-) 95-48-7 EPA Method 8270 5 MTCA-Leaching 0.008 ODEQ 2001 20 Ecology 2001 0.33 +30%' 501O
2-Nitroaniline 88-74-4 EPA Method 8270 NE NI NE NE NE NE 033 ±30'% 50-150

Region 6/Re ion 9
2-Nitrophnol 88-75-5 ElPA Method 8270 49 Vlues NA NA 7 Ecolog 2001 066 50-150b
3+ 4 eh Ilphenol (cresol, m--p) 65794-96-9j EPA Mehod 8270 NE NE N1E NE NE NE1-(.33 ±30" 5-150"

3.3'-Dichlorohenzidine 91-94-1 EPA Method 8270 NE NE N NE NE NE 033 +30%"50-15o

3-Nitroaniline 99-09-2 EPA Method 8270 NE NE NE NE NE NE 0.33 30% 50-150

4.6-Dinitro-2-mnethylphenol 534-52-1 EPA Method 8270 NE NE NE NE NE NE 0.33 L:730% 50-150b
4-Bromophenylphenyl ether 101-55-3 EPA Method 8270 NE NE NE NE NE NE 0.33 30% 50-150'
4-Chloro-3-methyl1phenol 59-50-7 EPA Method 8270 NE NE NE NE NE NE (0.3 30% 50-150

4-Chloroaniline 106-47-8 EPA Method 8270 NE NE NE NE NE NE 0.33 r30% 50-150,

4-Chlorophenylphenyl ether 7005-72-3 EPA Method 8270 NE NE NE NE NE NE 033 30*" 50-150b

4-Nitroaniline 100-01-6 EPA Method 8270 NE NE NE NE NE NE 0.33 30* 50-150

Region 6/Region 9
4-N itrophenol 100-02-7 EPA Method 8270 4888 Values NA NA 7 Ecology 2001 0,66 ±30%" 50-150"

Acenaphthene 83-32-9 EPA Method 8270 9789 MTCA-Leaching 1.06 Michelsen 2003 20 Ecology 2001 0.33 ±30%" 50-150"

Hill AFB
Acenaphthylene 208-96-8 EPA Method 8270 9790 MTCA-Leaching (3,47 Michelsen 2003 2.3 2005 0.33 *30% 50-150"

Hill AFB
Anthracene 120-12-7 EPA Method 8270 2190 Region 6 Values 1.23 Michelsen 2003 1,2 2005 0.33 ±3(Ib 50-150

MTCA-Direct
Benzo(a)anthracene 56-55-3 EPA Method 8270 0.14 Contact 4.26 Michelsen 2003 18 LANL 2005 0.33 *30% 5010

Benzo(a)pvrene 50-32-8 EPA Method 8270 0.0148 Region 6 Values 3.3 Michelsen 2003 12 Ecology 2001 0-33 ±30%" 500

MTCA-Direct
Benzo(b)fluoranthene 205-99-2 EPA Method 8270 0.14 Contact 1.8 ODEQ 2001 18 LANL 2005 0.33 ±30%b 50-15

Hill AFB
Benzo(ghi~perylene _19 -24-2 EPA Method 8270 23( _ Regon 6 Value 4(02 Michehen 2003 L2 2005 0.33 -30%" 50-150"

MTCA-Direct Hill AFB
Benzo(k)fluoranthene 207-08-9 EPA Method 8270 0.14 Contact 0.027 ODEQ 2001 1.2 2005 033 ±30%" 50-156)
Bis(2-Chloroethoxy )methane _ 111-91-1 EPA Method 8270 NE NE NE NE NE NE 0.33 +30% 5(-50

Bis(2-chloro-l1-methylcthyl)ether 108-60-1 EPA Method 82701 NE NE NE

Remedial Investigation Work Plan for hanford Site Reeases to the Coumhia River
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Table 3-2. Analytical Performance Requirements for Contaminants in Soil and Sediment. (10 Pages)

Soil
Reference Sediment Reference

Values for the Reference Values for
Protection of Values for the the Laboratory

Human Protection of Protection of Reporting
Chemical Health Ecological Sediment Ecological Soil Limit
Abstracts Analytical Receptors Human Health Receptors Ecological Receptors Ecological Requirements

Target Service Instrument and/or (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Laboratory Laboratory
Indicator Contaminant Analvte? Number Method pCi/g) Source pCig) Source pCilg) Source pCi/gI Precision (%) Accuracy (%)

B1s(2-hloro th I) ether 111-44-4 EPA Method 8270 NE NE NE N E NE N 033 +3r/5-150

MiCA-Direct
IBis(2-ethvlhexvl)phthalate 1 17-81-7 EPA Method 8270 2087 Contact 2.52 Michelsen 2003 100 Ecology 2001 0.33 ±30% 50-150

Hill AFB
Butylbenzylphthalate 8548-7 EPA Method 8270 240 Region 6 Values 0.26 Michelsen 2003 10 2005 0.33 30%b 5; 5I 0

MITCA-Direct
Carbazole 86-74-8 EPA Method 8270 1011 Contact 0923 Michelsen 2003 NA NA 0.33 ±30%" 50-150

MTCA-Direct Hill AFB
Chrysene 2181-9 EPA Method 8270 0.14 Contact 5.94 Michelsen 2003 L2 2005 0.33 +30%-

Hill AFB
Dibenz a,hlanthracene 53-70-3 EPA Method 8270 0.0148 Region 6 Values 0.8 Michelsen 2003 12 2005 0.33 +30%-

Dibenzofuran 132-64-9 EPA Method 8270 14.5 Rnejon 6 Values 0.399 Michelsen 2003 6.1 L ANL 2005 0.33 ±30* 50-150

MTCA-Direct
Diethylphthalate 84-6-2 EPA Method 8270 73 Contact 0.6 ORNL 1997 100 Ecology 200] 033 ±30% 5015

MTCA-Direct
Dimethy phthalate 131-11-3 EPA Method 8270 90 Contact 0311 Mihelsen 2003 200 Ecology 2001 0.33 NA NA

MTCA-Direct
Di-n-butylphthalate 84-74-2 EPA Method 8270 56.54 Contact 0.103 Michelsen 2003 200 Ecology 2001 033 +30% 50-150

MTCA-Direct
Di-n-octylphthalate 117-84-0 EPA Method 8270 1.28 Contact 0.011 Michelsen 2003 100 Ecology 2001 0.33 ±30%" 50-150

IHill AFB
Fluoranthene 20-44-0 EPA Method 8270 229 Region 6 ValuI 1L1 Mihesen 2003 4.7 2005 033 +3 0%'h 50-15

Fluorene 86-73-7 EPA Method 8270 101.21 MTCA-Leaching 107 Mihelsen 2003 30 Ecology 2001 0,33 ± 3 0 050-150

Ilexachlorohenzne_1 18-74-1 EPA Method 8270 0.088 MTCA-Leaching 0.1 ODEQ 2001 17 Ecology 2001 00017 j ±30, 50-150

Hexachlorobutadiene

Hexachlorocyclopentadiene

Ilexachloroethane

87-68-3

77-47-4

67-72-1

EPA Method 8270

EPA Method 8270

EPA Method 8270

0.0138

1-88

0.027

MTCA-Leaching

MTCA-Leaching

MTCA-Leachin

0.001

NA

ODEQ 2001

NA

ORNL 1997

10

ItW

10

Ecology 2001

Ecology 2001

Ecology 2001

0.33

0.33

±30%"

0.33 +30%

so-I50"

50-150b
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Table 3-2. Analytical Performance Requirements for Contaminants in Soil and Sediment. (10 Pages)

Soil
Reference Sediment Reference

Values for the Reference Values for
Protection of Values for the the Laboratory

Human Protection of Protection of Reporting
Chemical Hlealth Ecological Sediment Ecological Soil Limit
Abstracts Analytical Receptors Human Health Receptors Ecological Receptors Ecological Requirements

Target Service Instrument and/or (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Laboratory Laboratory
Indicator Contaminant Analyte? Number Method pCi/g) Source pCi/g) Source pCi/g) Source pCig) Precision (%) Accuracy (%)

MTCA-Direct
Indeno-(1,2,3-d)pyrene 193-39-5 EPA Method 8270 0.14 Contact 4.12 Michelsen 2003 NA NA 0.33 +30%5I-ob

Isophorone 78-59-1 EPA Method 8270 0.238 _MTCA-Leaching NA NA NA NA 0.33 ±30% _.l

Hill AFB
Naphthalene 91-20-3 EPA Method 8270 4A6 MITCA-Leaching 0529 Mihelsen 2003 2 2005 0.33 ±30% 50-150

Nitrobenzene 98-95-3 EPA Method 8270 0.0313 MTCA-Leaching 0.021 ODEQ 2001 40 Ecology 2001 0.33 ±30%"-150

N-Nitroso-di-n-dipropylamine 621-64-7 EPA Method 8270 0.0695 Region 6/9 0.028 ODEQ 2001 20 Ecology 2001 0-33 ±30% 01
N-Nitrosodiphenylamine 86-30-6 EPA Method 8270 99 SSL I NA NA 20 Ecoloy 2001 0.33 ±30% 50-150

Pentachlorophenol _ 87-86-5 EPA Method 8270 0.0523 MTCA-Leaching 0.017 ODEQ 2001 2.1 Ecology 2001 0.33 *30%s 50-150
Hill AFB

Phenanthrene _Y_ 85-01-8 EPA Method 8270 97.89 MITCA-Leaching 6.1 Michelsen 2003 2.1 2005 0.33 +30% 50-150

Phenol 108-95-2 EPA Method 8270 45 MTCA-Leaching 0.048 Ecology 1997 30 Ecology 2001 0.33 *30% 50-150"
Hill AFB

Pyrene N 129-00-0 EPA Method 8270 231 Region 6 Values 8.79 Michelsen 2003 1.3 2005 0,33 130%" 50-150
TPHDIESEL

Total petroleum hydrocarbons - Diese &
range + oils 'VPH/OILII NWTP-D NA NA NA NA NA NA 5 ±30%' 70-130

METALS

Aluminum 7429-90-5 Metalsd 7,730 Region 6 Values 14000 Ingersoll 1996 50 Ecology 2001 5 30% 70-130'

Antimony' 7440-36-0 Metals" 3.13 Region 6 Values 0.6 Michelsen 2003 0.27 EPA SSL 6/0.6' ±30% 70-130'

Arsenic 7440-38-2 Metals 0.39 Region 6 Values 31.4 Michelsen 2003 10 Ecology 2001 10/I ±30% 70-130

Barium 7440-39-3 Metalsd 1.560 Region 6 Values 48 ODEQ 2001 102 Ecoov- 2001 20 5 ±30% 70-130

Berylium 7440-4 1-7 Metakd 15.6 Region 6 Values 0.46 Michelsen 200313 10 Ecology 2001 05/02 ±30% 70-130'
Bismuth 7440-69-9 Metasa NE NE NE NE NE NE 10 ±30%' 70-130
Boron 7440-42-8 Metals NA NA NA NA 0.5 Ecology 2001 2 ±30%' 70130'

Cadmium 7440-43-9 Metals 3.9 Region 6_Values 2.39 Michelsen 2003 0.36 EPA SSL 0.5/02' +30% 70-130'
Calcium 7440-70-2 Me alIs NE NE NA NA NA NA 10 ±30% 70-130

Chromium (total) 7440-47-3 Metalsd 30 Region 6 Values 95 Mihelsen 2003 26 EPA SSI, I[ ±30% 70-130

Chromium (VI) V j18540-29-9 Method 7196A 30 Region 6 Values NA NA 81 EPA SS 05 _300% 70-130
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Table 3-2. Analytical Performance Requirements for Contaminants in Soil and Sediment. (10 Pages)

Soil
Reference Sediment Reference

Values for the Reference Values for
Protection of Values for the the Laboratory

Human Protection of Protection of Reporting
Chemical Health Ecological Sediment Ecological Soil Limit
Abstracts Analytical Receptors Human Health Receptors Ecological Receptors Ecological Requirements

Target Service Instrument andor (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Laboratory Laboratory
Indicator Contaminant Analyte? Number Method pCi/g) Source pCi/g) Source pCi/g) Source pCi/g Precision (%) Accuracy (%)

Persaud et a
Cobalt 7440-48-4 Metalsd 903 Region 6 Values 50 1993 13 EPA SSL 2 +30% 70-130

Copper 7440-50-8 Metasd 291 Region 6 Values 619 Michelsen 2003 28 EPA SSL 1 30% 70-130

Iron 7439-89-6 Metalsd 5.480 Region 6 Values 200,000 Ingersoll 1996 NA NA 5 13%/o 70-30

MTCA-Dirct
Lead 7439-92-1 Metals 250 Contact 335 Michelsen 2003 11 EPA SSL 5.0 .5 30% 710-130

Lithium 7439-93-2 Metal.d 1.560 Region 9 PRs NA NA 35 Ecology 2001 25 ±30% 70-130c

Magnesiurn 7439-954 Metalsd NA NA NA NA NA NA 75 ±30% 70-130c

Manganese 7439-9%-5 Metalsd 347 Region 6 Values 1,800 Ecoogy 1997 220 EPA SSL 5 ±30% 70-130c

Mercury 7439-97-6 Method 7471 2.3 Region 6 Values 0.8 Michelsen 2003 01 Ecology 2001 0.2 +30% 70-130

Molybdenum 7439-98-7 Metalsd 39A Region 6 Values NA NA 2 Ecology 2001 2 ±30% 70- 30c

Nickel 7440-02-0 Metalsd 156 Region 6 Values 53 Mchelsen 2003 30 Ecology 2001 4 ±30% 70-130

Phosphorus 7723-14-0 Metalsd NA NA NA NA 5 ±30/ 70-130

Potassium 7440-09-7 Metal. S NA NA NA NA 400 ±300 70-130

Selenium 7782-49-2 Metals 39.1 Region 6 Values I ODEQ 2001 03 Ecology 2001 10/10 +30%' 70-130

Silver 7440-22-4 Metals" 39.1 Region 6 Values .545 Mchelsen 2003 2 Ecology 2001 1/0.2.0 +30% 70-130

Sodium 7440-23-5 Metalsd NA NA NA NA NA NA 50 130%' 70-130

Strontium 7440-24-6 Metalsd 4,690 Region 6 Values NA NA NA NA +30% 70-130

Thallium 7440-28-0 Metals" 0.548 Region 6 Values NA NA I Ecology 2001 5 *30% 70-130c

Tin 7440-31-5 Metalls 4.690 Region 6 Values NA NA 50 Ecology 2001 10 ±30% 70-130

Uranium 7440-61-1 Metals" 4.68 Region 9 PRGs* NA NA 5 a Ecology 2001 3 0/5r t30% 70-130

Vanadium 7440-62-2 Metals 39-1 Region 6 Values 57 ODEQ 2001 2 Ecology 2001 2.5 ±30% 70-130

Zinc 7440-66-6 Metals 2,350 R'egion 6 Values 683 Michelsen 2003 86 Ecology 2001 70-13W
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Table 3-2. Analytical Performance Requirements for Contaminants in Soil and Sediment. (10 Pages)

Indicator Contaminant
Target

Analyte?

Chemical
Abstracts
Service
Number

Analytical
Instrument and/or

Method

Reference
Values for the
Protection of

Human
Health

Receptors
(mg/kg or

pCi/g)

Human Health
Benchmark

Source
RADIONUCLIDES

Americium-24 I14596-10-2 GEA 3.66 SSL-rad 5,150 ANL 2006 3,890 ANL 2006 0.3 ±30%" 70-130'

Antimony-125 14234-35-6 G EA 0.0617 SSL-rad 7,000 AN L 2006 3,520 ANL 2006 0.3 ±30%" _ _70-130"

Beryllium-7 13966-02-4 GEANE NENE NE NE NE 0.3 ±30%" 7-3

Carbon-14 14762-75-5 LSC 284 SSiL-rad 59,000 AN] 2006 760 ANL 2006 50 ±30%" 70-130

Cesium-134 13967-70-9 GEA 0.0157 SSL-rad 1,480 ANL 2006 11.3 ANL 2006 0.1 ±30%' 70-130"

Cesium-137 10045-97-3 GEA 0.0438 SSL-rad 3,120 ANL 2006 20.8 ANL 2006 0.1 ±30%" 70-130b

Cobalt-60 ' 10198-40-0 GEA 0.009 SSL-rad 1,460 ANL 2006 692 ANL 2006 0.05 t30%' 70-130"

Europium-152 14683-23-9 GEA 0.0211 SSL-rad 3,040 ANL 2006 1,520 ANL 2006 0.1 ±30%h 70-130h

Europium-154 15585-10-1 GEA 0.0191 SSL-rad 3,000 ANL2006 1,290 ANL 2006 0.1 +30% 70-130"

Europium-155 14391-16-3 GEA 0.9 SSL-rad 31.600 ANL 2006 15.800 ANI. 2006 0 -130% 70-130'
Plutoniumn-238 13981-16-3 Isotopic Pu - AEA NA NA 5,73 ( ANL 2006 5270 ANIT 2006 1 ±30%h 70-130'
Plutonium-239/240 N, PU-239/240 Isotopic Pu - AEA 2.87 SSL-rad 5,860 ANI. 2006 6.110 ANL 2006 1 ±30%" 70-130'
Potassium-40 13966-00-2 GEA NA NA 4,430 ANL 2006 NA NA 4 30% 70-130

Radium-226 13982-63-3 GEA 0.0131 SSL-rad 100 ANL 2006 50.6 ANL 2006 0.1 ±30%" 70-130"

Radium-228 15262-20-1 GEA 0.0246 SSL-rad 90 ANL 2006 43.9 ANL 2006 0.2 +30%" 70130"
Ruthenium-106 13967-48-1 (iA NIF NE NE NE NE NE 03 30% 70-130"

Total Rad Sr -
Strontium-90 N 10098-97-2 GPC 5.51 SSL-rad 600 ANL 2006 22.5 ANI 2006 130% 70-130"
Technetium-99 14133-76-7 Technetium -99 104 SS-rad 42.2(00 ANI. 2006 4490 AN.I 2006 15 ±30%" 70-130"

Thorium-232 14274-82-9 Isotopic Th-AEA 3.44 S5-rad 1.000 AN]. 2006 1,510 ANL 2006 1+± 30 %.' ] 70-130'

Tritium 14119-32-5 LSC 510 551.-rad 374,000 ANI. 2006 174.000 ANL 2006 400 ±30%h 70-130'
Uranium-234 13966-29-5 Isotopic U-AEA 502 SSL-rad 5,000 ANL 2006 5.130 ANL 2006 1 ±30%' 70-130"

liranium-235 _ 15117-96-1 Isotopic U-AEA 0.206 SSL-rad 4,000 ANL 2006 2,770 ANL 2006 1 ±30%. 70-130"

Uranium-238 74401-1 Isotopic U-AEA 0.979 SSL-rad__ 2,000 ANL 2006 1,580 ANL 2006 1 *30%b 70-130b

PESTICIDES/POLYCHLORINATED BIPHENYLS_ _ _

EPA Method
77 33.4.4-tetrachlorobiphenyls 32598-11-1 1668A 3.90E-02 Region 6 Values NA NA NA NA 0.00002 tbd tbd

EPA MethodI0.0000281l 3,4.475-tetrachlorobiphenyl 70362-50-4 1668A 1.30E-12 Region 6 Values NA NA NA NA 0.00002 tbd tbd

105 2.3.34,4'- pentachlorobiphenvls

114 2.3,.4.45- pentachlorohipheny s

I18 2 ,44.5- pentachlorobiphenyls

123 2.3.4,4.5- pentaeh oroiphenyks

32598-144

74472-38-1

31508-00-6

655110-44-3

EPA Method
1668A

EPA Method
1668A

EPA Method
1 668A

EPA Method
1668A

1,30E-0l j Region 6 Values

1.30-(1 1

1.30E-(1

1.30E-1 

Region 6 Values

Region 6 Values

Recion 6 Values

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

00(102

0-0002

0.00002

(00012

tbd

tbd

tbd

thd

ibd

tbd

thd
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Table 3-2. Analytical Performance Requirements for Contaminants in Soil and Sediment. (10 Pages)
Soil

Reference Sediment Reference
Values for the Reference Values for
Protection of Values for the the Laboratory

Human Protection of Protection of Reporting
Chemical Health Ecological Sediment Ecological Soil Limit
Abstracts Analytical Receptors Human Health Receptors Ecological Receptors Ecological Requirements

Target Service Instrument and/or (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Laboratory Laboratory
Indicator Contaminant Analyte? Number Method pCilg) Source pCilg) Source pCilg) Source pCi/g Precision (%) Accuracy (%)

EPA Method
126 3,3',4,4,5-pentachlorobiphenyls 57465-28-8 1668A 3.90E-05 Region 6 Values NA NA NA NA 0.00002 thd tbd

EPA Method
156 2,3.34,4,4,5- hexachlorobiphenyls 38380-08-4 1668A 1.30E-01 Region 6 Values NA NA NA NA 0.00002 tbd tbd

EPA Method
157 2.3.3',4.4',5- hexachlorohiphenyls 69782-90-7 1668A 1 30E-01 Region 6 Values NA NA NA NA 0.00002 tbd tbd

EPA Method
167 2.34.45.5'- hexachlorobiphenyls 52663-72-6 1668A 130E-0I Region 6 Values NA NA NA NA 0.00002 tbd tbd

EPA Method
169 3,3'.4.4.55'-hexaehlorobiphenyls 32774-16-6 1668A 1.30E-04 Region 6 Values NA NA NA NA (.00002 tbd tbd
189 2,3,344,55'- EPA Method
hpiachlorohiphenyls 39635-31-9 1668A 130E-01 Region 6 Values NA NA NA NA 0,00002 1bd tbd

Aldrin 309-00-2 EPA Method 8081 (100254 MI CA-Leaching (.04 ODEQ 200 1 0,1 Ecology 2001 0.0017 +30%" 50-150"
Persaud et. a.

Alpha-BIIC 319-84-6 EPA Method 8081 0.000549 MI'CA-Leaching 0006 1993 6 Ecology 2001 000165 *30% 50-150

alpha-Chlordane 5103-71-9 EPA Method 8081 0.258 MTCA-Leaching 0.01 ODEQ 2001 1 Ecology 2001 0.0165 +30%-

Aroclor-1016 12674-11-2 EPA Method 8082 0.393 Region 6 Values j NA NA 40 Ecology 2001 0.0165 +30/ 50-150

Aroclor-1221 I I 104-28-2 EPA Method 8082 0.222 Region 6 Values NA NA 40 Ecology 2001 0,0165 +30%" 50-150

Aroclor-232 11141-16-5 EPA Method 8082 0.222 Region 6 Values NA NA 40 Ecology 2001 0.0165 +30% 50-150

Aroclor-1242-Y 53469-21-9 EPA Method 8082 0222 Region 6 Values NA NA 40 Ecology 2001 0.0165 *30%" 50-150"

Aroelor-1248 12672-29-6 EPA Method 8082 0.222 Region 6 Values 1.021 Ecology 1997 40 Ecology 2001 0.0165 *30%" 50.150"

Aroclor-1254 11097-69-1 EPA Method 8082 0.222 Region 6 Values 0.23 Micheken 2003 40 cology 2(1(1 0.0165 !30% 50-150

Aroclor-1260 11096-82-5 EPA Method 8082 01.222 Region 6_Values 0.138 Michlsen 2003 40 Ecology 2001 0.0165 +30%" 50150"
beta- L.2,3.4..6-
Hexachlorocyclohexane 319-85-7 EPA Method 8081 (.0(351 MTCA-Leaching NA NA 10 Ecologx 2001 0(0(165 ±30%" 50-150

Delta-I IC 1319-86-8 EPA Method 8081 0.00208 MTCA-leachin 0.12 ORNL 1997 6 Ecology 2001 0.0017 130% 50-150

Dichlorodiphenyl-dichloroethane 72-54- EPA Method 8081 1.099 MICA-Leachin NA NA NA NA 0.0033 ±30%" 50-150

Dichlorodiphenv 1-dichloroethylene 72-55-9 EPA Method 8081 0.794 MCA-Leaching NA NA NA NA 0.0033 130%" 50-150

Dichlorodiphenyl-irich loroethane 50-29-3 EPA Method 8081 1.147 MICA-Leaching NA NA 3.7 LANI. 2005 0,0033 130%t 50-15O"
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Table 3-2. Analytical Performance Requirements for Contaminants in Soil and Sediment. (10 Pages)

Soil
Reference Sediment Reference

Values for the Reference Values for
Protection of Values for the the Laboratory

Human Protection of Protection of Reporting
Chemical Health Ecological Sediment Ecological Soil Limit
Abstracts Analytical Receptors Human Health Receptors Ecological Receptors Ecological Requirements

Target Service Instrument and/or (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Laboratory Laboratory
Indicator Contaminant Analyte? Number Method pCi/g) Source pCi/g) Source pCi/g) Source pCi/gf Precision (%) Accuracy (%))

Dieldrin 60-57-1 EPA Method 8081 0.00283 MTCA-Leaching 0.003 ODEQ 2001 0.0049 EPA SSL 0.0033 -30%.5S-Ob

Endosulfan II 33213-65-9 EPA Method 8081 4.301 MTCA-Leachin 0.006 LANL 2005 NA NA 0.0033 30%5

Endosulfan sulfate 1031-07-8 EPA Method 8081 4.301 MTCA-Leachin 0.006 LANL 2005 NA NA 0.0033 ±30%' 50-15

Endosulfan- 959-98-8 EPA Method 8081 4,301 MTCA-Ieaching 0.006 LANL 2005 NA NA (,0017 ±30% 50-15 0b

Endrin 72-20-8 EPA Method 8081 1.057 MTCA-Leaching 0.003 ODEQ 2001 0.2 Ecology 2001 0.0033 +30 %5o-I h

Endrin aldehyde 7421-93-4 EPA Method 8081 1.057 MTCA-Leaching 0.003 ODEQ 2001 0.0034 LANL 2005 0.0033 30%o

Endrin ketone 53494-70-5 EPA Method 8081 1.057 MiCA-Leaching NA NA 0.0034 LAN 2005 0.0033 i31 0%h 50-150

Gamma-BIC (Lindane) 58-89-9 EPA Method 8081 0.4 SSL 0.0009 ODEQ 2001 0.1 LANL 2005 0.0017 30%01"

Gamma-chlordane 5103-74-2 EPA Method 8081 0.0021 MTCA-Leaching 0.0045 ODEQ 2001 2.2 LANL 2005 0.017 ± 30%;0-150

leptachlor 76-44-8 EPA Method 8081 02576 M CA-Leaching 001 ODEQ 2001 0.4 LAN 2005 000165±30%50-150

Ieptachlor epoxide 1024-57-3 EPA Method 8081 0.0037 MTCA-Leaching 0.0006 ODEQ 2001 0.4 fEcology 2001 0.00165 ±30% 50-150

Methoxychlor 72-43-5 EPA Method 8081 30.6 - Region 6 Values 0.019 ORNL 1997 NA NA 00165 j 30%5-

Toxaphene 8001-35-2 EPA Method 8081 NE NE NE NE NE NE 0.165 ±30% 50- 150

OTHER ANALYSES
Nitrogen in nitrate N03-N EPA Method 300.( NA NA NA NA NA NA 0.75 .. 30%. _..._.._ 7W
Particle size N/A ASTM D4222 NAA NA NA NA NA NA N A

TOC" TOC EPA Method 9060 NAT NA 10%7 Michelsen 2003 NA NA c30*% 7G-1 30

Notes:
Entries in hold indicate analytes for which the reporting limit exceeds associated benchmark concentration.

Human Health Benchmark Sources:

Region 6 Values =EPA Region 6 1lluman health Medium-Specific Screening 1evels. December 2007. Dallas. Texas 75202.
Region 9 PR s = Region 9 Preliminary Remediation Goals. Residential Soil. October 2004. http://www.epa.gov/regionl9lwaste sfund/prg/files/prgtable2004.xl
Region 9 PR;s*= Region 9 (adjusted hy 3 to account for revised Office of Water RfD of 0.0006 mg/kg-d)
SSL = USEPA Soil Screening Levels. Exhibit A-1 Generi SSLs for Residential Scenario. From "Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites". EPA Oflice of Emergency and Rcmedial Response. December 2002.
SSL-rad = USEIPA Soil Screening Guidance for Radionuclides, Technical Background Document. Table A-I Generic (no accounting for dccay) SSl-s for Radionuelides (minimum between direct ingestion of soil and external radiation exposure).
EPA Office of Radiation and Indoor Air. Office of Solid Waste and Emergency Response. October 2000.

M'FCA Direct Contact = Model Toxics Control Act (M CA), Method B unrestricted land use-direct contact (lowest between carcinogenic and noncarcinogenic values). Values obtained from Washington State Deparnment of Ecology (WADOE) Cleanup levels
and Risk Calculation (CLARC).
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Table 3-2. Analytical Performance Requirements for Contaminants in Soil and Sediment. (10 Pages)

Soil
Reference Sediment Reference

Values for the Reference Values for
Protection of Values for the the Laboratory

Human Protection of Protection of Reporting
Chemical Health Ecological Sediment Ecological Soil Limit
Abstracts Analytical Receptors Human Health Receptors Ecological Receptors Ecological Requirements

Target Service Instrument and/or (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Benchmark (mg/kg or Laboratory Laboratory
Indicator Contaminant Analyte? Number Method pCi/g) Source pCilg) Source pCi/g) Source pci/g) Precision (%) Accuracy (%)

MTCA L eaching - MICA Method B Soil Concentrations for Groundwater Protection. Values derived in accordance with WAC 173-340-747 (eq. 747-1) using Method B groundwater values and default soil and chemical/physical parameters. Where default
chemical parameters were not available values obtained from Oak Ridge National Laboratory (ORNL) table of Chemical Specific Parameters (June 12, 2008). If no MCA Method B groundwater value available, then no leaching standard calculated.

Ecological Benchmark Sources:

Ecological Sediment Benchmark Sources
ODFQ 2001 =Guidance for Ecological Risk Assessment Level 11 Screening Level Values, December 2001
Update.
ANL 2006 = Argonne National Laboratory. RESRAD Bioafor Windows. Version 1.21 (http://web.ead.anl.gov/resrad/home2/).
Ingersoll 1996 = Ingersoll et a, Calculation and evaluation of sediment effect concentrations for the amphipod Ilyalella azteca and the midge Chironomus riparius. iGreat Lakes REs. 22(3): 602-623.
Ecology 1997= Creation and Analysis of Freshwater Sediment Quality Values in Washington State, Publication 97-232a.
Persaud et a. 1993 = Guidelines for the Protection and Management ofAquatic Sediment Quait in Ontario. Ontario Ministry of the Environment.

IANL 2005 = Los Alamos National Laboratory, Ecorisk Database (Release 2.2).
ORNL 1997 = Oak Ridge National Laboratory, Toxicological Benchmarks for Screening Contaminants of Potential Concernfor Effects on Sediment -Associated Biota: 1997 Revision. ES/ER/TM-95/R4,

Michelsen 2003 = Michealsen, T., Development of Freshwater Sediment Quality Values for Use in Washington State. Prepared for the Washington Dept. of Ecology. Publication No. 03-09-088,

Ecologcal Soil Benchmark Sources
Ecology 2001 = Ecological Indicator Soil Concentrations for the Protection of Terrestrial Plants and Animals. WAC 173-340. able 749-3, See Table 2- in BERA Methodology for use of surrogates.
EPA SSL = Soil Screening Levels various dates, Office of Solid Waste and Emergency Response,
Washington, D.C.
LANL 2005 = Los Alamos National l aboratory, Ecorisk Database (Release 2.2).
ANL 2006 = RESRAD Biotafor Windows, Version 1.21 (http://web.ead.anl.gov/rsrad/home2l).
I-ill AFB 2005 = Ilill Air Force Base, Thermal Treatment Unit Ecological Risk Screen Ilill Air Force Base,
Utah.

'Values for radionuclide analysis are minimum detectable activity requirements. Other values are laboratory reporting limits. nominally 5-10 times sample detection limits and functionally useale as PQLs.

1,Accuracy criteria is the minimum for associated batch laboratory control sample percent recoveries. Laboratories must meet statistically based control if more stringent. Additional analyte-specific evaluations also performed for matrix spikes and surrogates as
appropriate to the method. Precision criteria for batch laboratory replicate matrix spike analyses.

Accuracy criteria for associated hatch matrix spike percent recoveries. Evaluation criteria based on laboratory statistical limits or fixed limits as defined in the referenced methods. Precision criteria for hatch laboratory replicate matrix spike analyses or replicate
sample analysis.

SW-846 Method 601) or 6020 or EPA Method 200.8 and extraction Method 3050B.

Reference value is less than detection limit. Additional lines of evidence will be evaluated to determine potential risk to ecological receptors.

First value shown is via routine inductively coupled plasma (ICP), second value via "trace" ICP.

Evaluated as sediment chemical properties only.
Accuracy criteria for associated batch laboratory control sample percent recoveries. For some radionuclide analytical methods. additional analysis-specific evaluations also are performed for matrix spikes, tracers, and carriers as appropriate to the method.

Precision criteria for batch laboratory replicate sample analyses.

AEA = alpha energy analysis PQL = practical quantitation limit

EPA U.S. Environmental Protection Agency tbd = to be determined
GEA gamma energy analysis TOC- total organic carbon
GPC = gas proportional counter
NA = No reference value available, but contaminant concentration will be evaluated for exposure modeling, comparison to other media types. or descriptive purposes.
NE = For compounds that have not been previously detected, benchmarks were not evaluated. If this compound is detected during sampling, benchmarks will be provided, if available.
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Table 3-3. Analytical Performance Requirements of Contaminants in Tissue. (8 Pages)

xu

S.2-1ichloroheni/ene

1,3-Diclhlorobenuiene

1,4-Diehlo robenzene

2A..5-T cO nhrophenol

2,4,6-Trichiorophenol

2.4-Dic h lo rohi en ol

ChemIiical
A bst racts

Service
Number

COMPO( 7IDS

120-82-1

Q5-50-I

Analytical
Instrument and/or

Method

EPA Method 8270

EPA Method 8270

Fish Tissue
Benchmark

Concentration
(pCi/g or mg/kg)*

0.0504

0.4540

I aboratory
Reporting

Limit
Requirement

(pCi/g or
mgky)

0,33

Precision

±30 %
5015 + +

1.33

Accuracy

50-150'

50-1504
0.3 SO 15 " 4 4 - -

541-73-1

106-46-7

95-95-4

88-06-2

120-83-2

EPA Method 8270

EPA Method 8270

0.0151

0.0049

0.33

0.33

±30%"

±31%"
13N. z,;04-1- 4-

EPA Method 8270

EPA Method 8270

E PA Method 8270

0 5044

0.0107

0.0 151

0 33

0.33

+30%"

50-150

50-150"

50-150

50-150
±34. 50 4- 1 -50

0.33 ±300""

2,4-Dimet h lphenol 105-67-9 EPA Method 8270 0.1009 0 33 ±30%" 50-150"

2,4-Dinitrophenio1 51-28-5 EPA Method 8270 0.0101 0.825 ±30" 50-150'

2,4-Dinitrotoluene 121-14-2 EPA Method 8270 0.0101 0.33 ±30%. 50-150

2,6-Di nitrotoluene _ 606-20-2 EPA Method 8270 0.0050 0.33 30"o' 50-1 Io

2-Chloroniphkthaln 91-58-7 EPA Methld 8270 0,4035 0.33 r 3O0h 50-150
2-Chlorophenol 95-57-8 EPA Method 8270 0.0252 0.33 ±30*" 50-150
2-MethylInaphthalenc 91-57-6 EPA Method 8270 0.0202 0.33 ±30"." 50-1501)

2-Methyphenol (cresol, 0-) 95-48-7 EPA Melhod 8270 0.2522 0.33 50-150
2-Nitrmivlirme X8-74-4 EPA Method 8270 NE 0,33 304 50-150
2-Nitropheno 88-75-5 EPA Method 8270 NE 0.66 30% 50-150

0.2522 aind
0.02522.

3 '-4 MeIthylphenol (Creso. mi - p) 65794 EPA Method 8270 respectively 0-33 30% 50-150
3,3-Dichllorobenzidine 91-94-1 EPA Method 8270 0.0003 0.33 ±30%' 5-50
3-N tmmiline 99-09-2 F PA Method 8270 NE 03 3 30% 50- 150
4w6-Din, 2-mehvlpheno1 534-52-1 EPA Method X2 70 NE 0.33 130% 50-150

Indicator Contaminant

SEMIVLOLATILE ORGANIC

1,2,4-1richlorohenzene

-r

H
'~J1

r. 0

0

50-150



Analytical Performance Requirements of Contaminants in Tissue. (8 Pages)

Indicator Contaminant

4-B3romoplienylphenyl ether

4-Ch loro-3-melhy]pheno!

4-Chloroaniline

4-Chloropenvlpheienyl ether

4-N itrnphe~noI

Chemical
Abstracts

Servi cc
Number

101-55-3

59-50-7

106-47-8

An' alyt ical
InostrumnIct and/or

Method

EPA Method 8271

EPA Method 8270

EPA Method 8270

Fish Tissue
Benchmark

Concent ration

(pCi/g or mg/kg)*

NE

0.0202

7005-72-3 EPA Method 8270 NE 0.33 j 30" 50-150

______________________ 100-01-6

100-02-7

EPA Method 8270

EA Miethod 8270

Acenaphthenc 83-32-9 EPA Method 8270 0.3027 0.33 30% 50-150

A cetiphthlene 208-96-8 EPA Method 8270 N E 0.33 30" 50-150

Anllhracnc 120-1 2-7 EPA Method 8270 1 .5133 0.33 30" 50-150

Bcnzo(a)anthraccne 56-55-3 EPA Method 8270 0.00016 0.33 ±30%' 50-150 

BHeuzo(a)pyrene 50-32-8 EPA Method 8270 0,000016 0.33 ±30%" 50-150

Benzo(b)lluoranthcoe 205-99-2 EPA Method 8270 0.00016 0.33 ±3 0 % o(-1 50 h

Befno(ghi)pervyvile 91 -24-2 EPA Method 8270 N1 0.33 30" 50-150

Benzo(k)lluoranlhene 207-08-9 EPA Method 8270 0.0016 0.33 ±304" 50-150

Bis( 2-ChIoroethoxy )methtIx) e I -91-1 EPA Method 8270 N 0.33 30" 50-1 50

Bis(2-ch loro-1-
neiyleIyl)ether 108-60-1 FEPA Nthod 8270 0.0017 0.33 +3 0 % 50-1 50

Bis(2-chloroeth l) ether 111-44-4 EPA Method 8270 0.0001 0.33 +30%" 50-150

Bis(2-ethyIlhexyl)phthalate 117-81-7 EPA Method 8270 0.0084 0.33 A3 0 %' 50-150"

Buiylbenzvlphthialate 85-68-7 EPA Method 870 1 08 0.33 ±30%" 50-150

Carhazole 86-74-8 EPA Method 8270 0.0059 0.33 ±30%" 50-150"

Chrvsene 218-01-9 EPA Method 8270 0.0161 0.33 ±30%" 50-150

DibenzIa.lan thracene 53-70-3 E PA Method 8270 0.000016 0.33 ±30%" 50-o150

Laboratory
Reporting

Limit
Requirement'

(pCi/g or
mg/kg)

0-33

0.33

0.33

Precision

=30t

Accuracy

50-150'

50-150'

50-150"

Table 3-3.

0.33

0.6

: 30' 50-150"
5t-150"

0

p
Sh

NE

N" F



0
Analytical Performance Requirements of Contaminants in Tissue. (8 Pages)

1 ( cator Contaminant

Dibenzofurani

DijethyNphho 1al

Chemical
Abstracts
Service
Number

132-(

8- ,

)4-9

Anailical
Instrument and/or

Method

EPA Method 8270

P M\ethod 8270

Fish Tissue
Benchlimrk

Concentration
(pCi/g or mng/kg)*

0.0050

4.0354

Laboratory
Reportiig

Limit
Req u irem et

(pCi/g or

0.33

0.33

DimTIChyl phldaze 131-1 1-3 1 PA Method 827 NE 1 1)33 30% 50-150
h pi-n-btyvph aLate 84-74-2 EPA Method 827-0 0.5044 133 30% 50-150

Di-n-oceylphthialaie I 7-84-0 EPA Method 8270 N E 0.33 30% 50-1 50

FluoraIthIene 206-44-0 E PA Method 8270 0.2018 0.33 *30%" 50-150
Fluorene 86-73-7 EPA Method 82770 0.2018 0.33 130%' 50-150

Ilexachlorobernzne I 18-74-1 EPA Method 8270 0.0001 0.33 t30%' 50-150

Ilexachlorobutadiene 87-68-3 EPA Method 8270 0.0015 0.33 130%" 50-150

I lexachlorocyclopeitadiene 77-47-4 EPA Method 8270 0.0303 0.33 ±3 0% 50-150

Ilexaihlorocithane 67-72-1 EPA Method 8270 0.0084 0.33 *3 0"h 50-150

Indeno(0,2,3-cd)pyrene 193-39-5 EPA Method 8270 0.0002 0.33 ±30%'" 50-150

Isophorolle 78-59-1 EPA Method 8270 0.1239 0.33 +30%" 50-150

Naplithalene 91-20-3 E PA Method 8270 0.1009 0.33 130%" 50-150"

Nitrobenizene 98-95-3 EPA Method 8270 0.0025 0.33 ±30%" 50-150h

N-Nitroso-di-n-dipropylam ne 621-64-7 EPA Method 8270 0.000017 0.33 *30%" 50-150t

N-Nitrosodipheuylanine 86-30-6 EPA Method 8270 0.0240 0.33 +30%" 50-15011

Penitachloroplienol 87-86-5 E PA Method 8270 0.0010 0.33 +3o%; 50 I,

PhenanIene

Phenol

Pyrene

85 -01-8

129-00-0

EPA Medhod 8270

EPA Method 827 .)

EPA Method 8270
PESTICIDES/POLYCH LORINATED BIlPHENYLS

N I" 0.33
0.3 50-15 "4

15 133

0.1513

0.33

0.33

9 2 I [PA Method 80)81 1 0.0000107 001017 1+300. ' I 50-1 -M.a'

4

4

'-.4

C

Table 3-3.

0

Precision

±30%"

Accuracy

50-15o
-4--

50- I5S

50-150

50-150*30%"

4

m

4.-)

0

(,2

1 309-00-2 EPA Method 8081 0.000007Aldrin 00017 +30% 50-150



Table 3-3. Analytical Performance Requirements of Contaminants in Tissue. (8 Pages)

hidicator Contaminant

Ai\lplr-13 I IC

alpha-Chlordane

Aroclor-1016

Aroclor-1221

Chemical
Abstracts

Service
Number

319 84-6

5103-71-9

12674-11-2

11104-28-2

Analytical
instrument and/or

iethod

EPA Nethod 801

Fish Tissue
B enchinark

Concentration
(pCi/g or mg/kg)*

NI

I aboratory
Reporting

Limit
Requirement"

(pCi/g or
mng/kg)

0.00165

Precision

- " I _ 1
,1 9 84-

EPA Meihod 808 I

EPA Method 8082

EPA Method 8082

NE

0.0017

0.0165

0.0165 130% "
-+ F t

0.0001 0.0165 ±30% "

Accuracy

50-150"

50-150"

50-150 h

50-150,

Arocdor-1232 11141-16-5 EPA Me(hod 8082 0.0001 0.0165 ±30%" 50-150'

Aroclor-1242 53469-21-9 EPA Method 8082 0.0001 0.0165 ±30%" 50-150

Aroclor-1248 12672-29-6 E PA Method 8082 0.0001 0.0165 ±30%" 50-150"

Aroclor-1254 1 1097-69-1 EPA Method 8082 0.0001 0.0165 ±30% 50-150"

Aroclor-1260 11096-82-5 EPA Method 8082 0.0001 0.0165 ±30% 50-150

beta- 1 ,2,5.6-
He\ x1orIt, exane 319-85-7 EPA Methd 8081 NE 0.00165 30% 50-150

Chlordane 57-74-9 NA 0.0003 0.017 ±30%" 50-150

D(1a-BHC 3 19-86-8 EPA Method 8081 NE 0.0017 30 50- 150
Dichlorodiphenlvi-
dichloroethane 72-54-8 EPA 'Method 8081 0.0005 0.0033 30%" 50-150

Diclilolrodiphenyl-
dichloroethylene 72-55-9 EPA Method 8081 0.0003 0.0033 A30% 50-150

Dich lorod iphenyl-
trichloroethane 50-29-3 EPA Method 8081 0.0003 0.0033 ±30% o50-150

Dieldrin 60-57-1 EPA Method 8081 0.000007 0.0033 ±30% 50-150

Endhsu1Ian 11 33213-65-9 EPA Method 8081 NE 0.0033 +3( %50-150

Endosulfa sulfate 1031-07-8 EPA Method 8081 NE 0.0033 +30% 50-150

Endos'ul fan-I 959-98-8 EPA Method 8081 NE 0.0 17 30% 5- 15 L

rr

&30% " 50-150r 1IEndrin 72-20-8 E PA Mlethod 8081 0.0915 0.0033

11



S
Table 3-3. Anaiytical Performance Requirements of Contaminants in Tissue.

Laboratory
Chemical AnahiNical Fish Tissue Reporting

Indicator Coitaminaat Abstracts Insirunic't and/or Benchma rk Limit
Service C 11hod oncenration RequireeCnt
Number (pCi/g or mg/kg)* (pCi/g or

mni/kL,)

E ndri TI I IdCh kdC

Endrin keiune

Gamma-BI IC (Lindanc)

Gammii ia -ch Io rdanie

liepiachlor

lieptachior epoxide

EPA Methciod 808 1

EPA Method t0i I

EPA Netlhcad 8081

N E

N L

0.0001

0.033

0.0033

0.001750- 1 o"

(8 Pages)

Precision Accuracy

30 1 50-150

% o 50-150

ELPA Metio'd XI 8 I

EPA Method 8081

Ni

0.000026

0.017

0.0165
11.1) 165 ±30% ~'4 F -+ 4 4-

30%

LPA Nethod 8081_. 50 15
Ilexachlorobenzene' 118-74-1 NA 0.0001 0.0017 130% 5o-1501,
Riethoxychlor 72-43-5 IPA Miethod 8081 0.0252 0.0165 ;30%" 50-150

Toxiiphe Ie 8001-35-2 EPA Methiod 8081 0.0001 __ 0.165 30% 50-150
RAI DION CL IDES

Carbon-14 14762-75-5 L SC 0.0316 50 ±30%' 70-130

Americiu m-241 14596-10-2 G EA 0.0005 0.3 ±30%" 70-130

50-150

50-150'

Cesium- 34

Cesium-137

Cobalt-60

Europium-1 52

E uropi u m-154

Europiun-155

P1 conitinm-238

Potassiun-40

Radium-226

Rad itn-228

Ruthi1 m-106

13967-70-9

100145-97-3

10198-40-0

0.0012
01 ± 30%' 701I30

GEA 0.0017
70-130)'

GEA 0.0028
0.05 43 0%1/ 704-130"t 4 -'- ----------- ----- -: __ _ _ _ _

14683-23-9

15585-10-1

14391-16-3

GEA

GE AL

G;EA
F 4 4

13981-16-3

13966-00-2

Isotopic Pu - AlEA

0.0073

0.0042

0.0228

0.0004

0. 1

0.3

1

30% d

+3(4% d 7(1-130"
:3011

±30%4 4 4- -4- -- -- F

GE A
4-,' A

13982-63-3

15262-20-1

G EA

0.0018

0.0001

4 ±30"O
70-130____ 1- + 4-

0.1 +30%" 7-3l

701-13"

70-1311d

70-130d

70-130

G;EA 0.000044
GFA0.2 +1P .'4 7013

139674X-] il A70-130'1

0l

S
CF

C
E
C

742 -93-4

53494-70-5

58-89-9

5103-74-2
-4 4

76-44-8

1024-57-3

50-150

0.1 13 30

00165

0 1 3!% d 70 !30
0. 1 30% 70-130

0 05 t30% 70-130

0.1 30"o a 70-130>
-n

0.2 t d"o 70 130
3%67-48-1 GE-A +30%d 70-130

0.000013



Fable 3-3.

Indicator Contaminant

Analytical Performance Requirements of Contaminants in Tissue. (8 Pages)
1T

Chemical
Abstracts

Service
Number

Analytical
Instrument and/or

Method

Fish Tissue
Benchmniark

Concentration
(pCi/g or mg/kg)*

Laboratory
Repor ing

Limit
Require ment'

(pCi/g or
mL,/kL)

Precision Accuracy

v)

Chromium (VI_

Copper

Iron

Lead

1854-29-9

7440-50-8

7439-89-6
A I-

Method 7196A

Met alsr

Metalsr

Metals

0(1.0151

0.2018

3.53 1(1

N E

0.5

*30%
+ A A

5.0
+30%

70-130

70-130

70-130 e

70-130'

'"M

I
Total Rad Sr-

Strontium-90 10098-97-2 GPC 0.0007 1 30% 70 - 13 0 '

Techneliuimn-99 14133-76-7 GPC 0.0158 15 ±30%d 70-130d

Thorium-228 14274-82-9 Isotopic Th-ALA 0.00015 1 ±3 0Od 70-130

Thorium-232 14274-82-9 Isotopic Th-AEA 0.00047 1 + 3 0 %d 70-130

Tritium [,SC 0.4384 400 * 3 0 %d 70-130

Uranium-234 13966-29-5 Isotopic U-AEA 0.00066 1 +30% " 70-130

Uranium-235 15117-96-] Isotopic [-AEA 0,00065 1 ±30% 4 70-130

Uraiium-238 7440-61-1 Isotopic U-ALA 0.00052 k 3 0 %d 70-130 d

A u10minu 7429-90-5 6010/3050B 50442 5.0 +30" 70-130

nton 7440-36-0 Metalsr 0.0020 6.0/0.6 +30% 70-130

Arsenic 7440-38-2 Metalsfr 0-0001 10/1.0 A30% 70-130e

BariwM 7440-39-3 Metais I 0088 .0/L5 30% 70-130

Bervllium 7440-41-7 Metals 0.0101 .05 t30% 70-130

Bismuth 7440-69-9 Metals N 10 30% 70-130

BIron 7440-42-8 Metas L0088 2 30% 70-130

Cadmiiumo 7440-43-9 MetaIls 0.0050 0.5/0.2 ±30% 70-130

Cnkium 7440-70-2 Metals NE 10 +30% 70-130

ChromiUM 7440-47-3 Melals NE 1/0.2 30% 70-130c

-

S

I I



0

7C

%Liaids
Not es:

NA Extraction NE 0. 1 l)"a I NA I NA

*SOurceS: EPA Rceion - Risk- C - ont c t rat on. ( Ictober 2i 17. di , oid Iy I I 5 t accLnt for CTI I R dsng rI f 62) grams/dy (g/d) vs. defalt of 54 g 1
I irait im henlchimar k Friher ad jsd I down ward by 5 c Accou it For revised Office of Water oral refercec dise ok0 Ft6 mg/kg-d.
EPA, 20 I cIII c,al ch E-1 Ase ssmn Summary Tables IH EAST): Radiclides. U.S. Eli\ronmca1 Proh ectott Agency, 0ffcc of Radti 0on Protection.
Wash inton, D.C. Ava iLaLi onInc at: http. /wwwepaigov rodiati n:Ihast

0

'Fable 3-3. Analy'tical Performniice Requiremients of Contaminants in Tissue. (S Pages)

Laboratory
Chemical Anahlical F7ish Tissue Reporting

I ndicalor Contaminant Ahstracts (li r Benchnark Liiit Precision ACCracyService Method Concentralion Requirementi
Number (pCilg or mglkg)* (pCi/g or

mg/kg)

f hi m 7439-93-2 i CIals 0.1009 2.0 30% 70-130
Maiejsium 7439-95-4 MetalsI N 75 37 70-131

Man ganese 7439-96-5 Metals 0.7062 5.0 ±30 % 70-130
Total \1erui 7439-97-0 Method 7471 NE 0.2 30% 0-1 3W

Nickel 7440-02-0 NICals, 0.1009 40 3%e 70-130
Phosphorus 7723-14-0 Mtalsf 0,0001 5 ±30" 70-130

Potassium 7(10-7 Mel N 40 30/ 70-1 30

Selenium 7782-49-2 Metals' 0.0252 10/11r Of 70-130
Siicon 7440-2 1-3 Metals NE 2 700 0-130'

Silver 7440-22-4 Metalst 0.0252 1/0.2 -30% 70-130
Sodium 7440-23-5 Metals N F 30 30% 70-130'
Stronijum 7440-24-6 MLs ( 265 1 3 0" 70-130 1

Thallium 7440-28-0 Metals 0.01104 4; +30% 70-130

Ti 7440-31-5 Metalsf 3.0265 5.0 ±30% 70-130'
Uraiulmin (solu ble salts) 7440-61-1 Metais 1.()151 30/5 ±30% 70-130 '

Vanadium 7440-62-2 Nietalsf 0.0050 2.5 ±30% 70-130'
Zinc 7440-66-6 Metals 1.5 133 30" 71130
OTHER ANALYSES

C;

0



Table 3-3. Analytical Performance Requirements of Contaminants in Tissue. (8 Pages)

Chemical AnaticaFis T
AbtracEs Benchi

Indicator Contaminant strs lnstrument and/or C el
Method oed

Number (pCilg or i

Entrics in bold indicate aialyies for wlil tihe reporting limit exceeds the benchimark concentration.

Issue
iark
rat ion
Ig/kg)*

I I

Laboratory
Reporting

Limit
Requirement'

(pCi/g or
mnaI kO

Accuracy

Tissic analVsis wil I in ldC wc weights.

a V attics for radimnt Ide I alis I C minmum delectable aci is iv requirements. Oth er vIes arc 1 AhIrator reporting I imis, nolli [aI I 1- 10 1 inmes sample

1ctect ion limiis atid fuli onall sable as P() s I mited sample availabili andi or matmrix ntcret cnc cs may dramati call a ffet sMIple peciLe

quantitatiolt limiits for bioia materials.

b I lic acuac w te nII shown are Iie I mnmI I rn r assot e d batch I aboratory control saiplc per Cen Ie o eries I ahoratortin mst0 meet sta sti Lll se d

contro l, mor e riimtcnt Additional acti ra1 .,e rIL udLe L:a tiILi-secihc evaluation per,rtTeTI 11r marix spike and surrogate recoveries as apprupriatC to the
ImIihod pjhc plc In cri na shown arc for bate 1 laborator reI i te mtm p ike ntik aIs.

c Analysis for ltexaclilorobenzenes and chliordane will be reported as specifc isomers. The reporting imit showi is for each isomer.

d A cc racy cr itcria for associated batcI laboratory control sample percent recoveries, For some radionuclide analytical methods, additional a1ahysis-specific

eva nIat ills aIso are perorII oed r matrix sp ikcs, tracers, attd carriers as appropriate to thc method Precision eritcrit for bal th lbI orat ory rpi catC ill Is Iplc ana yses.

e Accuracy criteria or assiiciated batch matrix spike percint recoveries. Evaluation crIteria baser! Otn laboratory statistical Itnits or fxed limits as defined in the
refercnccd methods. Prectsii criteria for hateI laboratory repl icac matrix spikc analyscs or replicate sample analysis.

f SW-44 Method 601 or 602(1 or EPA Mctod 200. atnd exiractiot Method 3050B1. First valc shownius lii routine inductively couplcd plasma (ICP), scoid

valuc via "trae CP

A EA = 11ha cnergy atalysis
CTUIR kon federatcd Tribes of the Umatilhi Indian Reservation

EPA United Stites Envirotmental Protection Ageticv

GEA = inma energy aralysis
GPC gas proportioaI cottiter

1S = liquid scintillatiom coter

NA riot available

NE, For compouds that have ot becn prviotusly detected, benchmarks were not evalUated

If tlis C)mpotnd is detected dortig sot tmp1 i ng, 11uenclinarks will be proviLed, if

available.

PQL = practical quantitation Lmitt

"C,

1C1

0

I-.

01

PreCISion



Table 3-4. Sample Volume, Preservation, and Hold Time Requirements. (3 Pages)

AnaIysis

TPH

TOC

Metals

Mercury

lexavalent C hiniituit

SVOAs

VOAs

Pesticides

PCB-,

PCB Congeners

GF A

Am Cm

Matrix

Sol. Sediment

Soil Sediment

Soil Sediment

Soil ;Sedimen!i

Soil Sediment

Soil -Sediment

Soil Sediment

Soil Sediment

Soil/Sediment

Soil Sediie i

Soil Sediment

Soil Sediment

Soil. Sediment

Bottle Type

aG

G

G(P

# Dotles

1

I

Units

g

Volume JCoolin

125 Cool 4C

Preservntion

None
..................

125

250

125

125

Cool 4C

None

Cool 4C

Cool 4C

None

None

None

Holding Time

14 Davs

25 lDnys

6 Months

14 Days
-I 4 ____________

None
F -I- 4-- + 4 4..

Cool 4C

28 Days

30 Day+s
4 F + 4 I 4. I ______________

aG

G

aG

ai

G/P

G P

g

g2

g

12

250

250

120

Cool 4C

Cool 4(C

Cool 4C

None

None

None
I 1 + +

250 Cool 4(, None
-1 A +

U 125

1500

Cool 4C

None

None

None
-I I F F F

10 None None

14/40 Davs

14 Davs

1440 Davs

14/40 Days

1 4/(0 )ays

6 Montlis

lodine- 129 Soil Sediment G, P2 None None 6 Months

Nickle-63 Soil Sediment G/P 2 None None 6 Monihs

Neptin i im-23 7 Soil Sediment GP I None None 6 Months

Pinionimm-Iso Soil. Sediment G P 14 1I None None 6 MIonths

Strontitjm-90 Soil Sediment G. P I g 1( None None 6 Months

Technel ium.Li-99)

Thoriumi-iso

Triti t

Uranium-iso

Particle SiZe

Soil Sediment

Soil Sedimeiit

Soil Sediment

Soil Sedimen!t

Soil Sedimnent

GiP

G, P

G

g 10

10

S0

None

None

None

None

None

None

None
I f F I 1 1 4

1000 None None None
GA P

6 Monibs

6 Months

6 Miontis

6 Months

=

0

[-.4

z

0 0

I

I

I

1

1000 Noneg None None



Table 3-4. Sample Volume, Preservation, and Hold Time Requirements. (3 Pages)

Analysis

Alkalinit v

TPI-

Matrix

Vter

Water

Bottle Type

GP

G

# Bot1les Units Volume Cooling Preservation
_____ I F + I

nL

m1L

2 0 0

1000

Cool 4C

Cool 4C

None

1101 to pH <2

Holding Time

14 Days

14 Days

I ardnesw Water G/P 1 mL 250 None I N03 or H2S04 to p] I <2 6 Months

Total Kidadhl Nitrogen Water G/P I m1L 301) Cool 4C [12S04 to pl -<2 28 Days

DOC Water G 1 n1l 125 Cool 4C I 1C1 or I 12S04 to p1H <2 28 Days
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Executive Summary

Washington Closure Hanford (WCH) is leading the development and implementation of a

Columbia River Component (CRC) work plan aimed at characterizing Hanford Site-derived

contaminant levels and associated risks in areas of the Columbia River that were not part of the

River Corridor Baseline Risk Assessment's 100 Area and 300 Area and Inter-Areas projects.

A paucity of information is currently available to help WCH identify areas where sediment

contaiinng Hanford-derived materials have come to reside and is available for sampling.

As such, a preliminary desk-top assessment of potential sedirnent deposition areas was made

using river bathymetry and process knowledge of the riverine environments along the Hanford

Reach and McNary pool of the Columbia River. Subsequently, a field scoping effort was

performed to: 1) assess the accuracy of the initial sediment mapping effort, 2) evaluate the

efficacy of using a single beam sonar to determine the presence of sediment deposits in the off-

shore regions of the McNary pool and Hanford Reach, and 3) evaluate whether petit ponar

sampling methods could be effectively employed in off-shore areas as part of the upcoming

CRC sediment sampling efforts. Three complete sonar survey transects running perpendicular

to the shoreline were performed in the McNary pool and three incomplete sonar survey

transects were performed near the entrance of the Yakima River. Additionally, sonar surveys

were performed near 100-D Area's water intake structure as well as a few off-shore locations

near the 100-D island.

Mapping sediment deposits in the impounded regions of McNary pool were particularly effective

due to relatively consistent riverbed characteristics and water velocities there. Surveys

performed along pre-determined transects that extended from shoreline to shoreline provided a

means to summarize and compare the proportion of riverbed that contained sediment.

Approximately 50% of the riverbed surveyed near Port Kelly and Hat Rock State Park contained

major sediment deposits, whereas nearly 90% of the riverbed surveyed near McNary dam

contained major sediment deposits. Sonar surveys conducted near the mouth of the Yakima

River indicated that sediment deposits were only prominent within approximately 100m of the

shoreline of Bateman Island. Immediately downstream of Bateman Island near the boat launch

and marina, sediment persisted off-shore approximately 200 meters. Sediment deposits were

evident immediately adjacent to the 100-D water intake structure but were not evident in the

excavation trench that extended across the main river channel Sediment surveys in the main

river channel near 100-D were more difficult due to the presence of hard-pan material that

elicited soft bottom (i.e. sediment) sonar signals.
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The petite ponar sampler device was found to be an effective technique to obtain sediment from
the off-shore locations in water depths between 3m (9 feet) and 35m (104 feet). The petite

ponar sampler was effectively deployed in relatively fast moving waters off-shore but limited

amounts of sediment were found in these regions during this initial scoping effort. A comparison

of the areas suspected to contain sediment versus the areas actually found to contain sediment

indicated that sediment deposition areas were more limited than what had been initially

identified as part of the Columbia River Component workshop meetings held in February, 2008
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1 Introduction

Washington Closure Hanford (WCH) is leading the development and implementation of a
Columbia River Component (CRC) work plan aimed at characterizing Hanford Site-derived
contaminant levels and associated risks in areas of the Columbia River that were not part of the

River Corridor Baseline Risk Assessment's 100 Areas and 300 Areas and Inter-Areas projects.
The CRC assessment areas are generally described as all off-shore (>2 m below the low water
mark) areas of the Columbia River beginning near 100-BC and extends down river to where
Hanford-derived contaminants have come to reside. Additionally, near-shore areas (areas
between the low water and high water marks) along Franklin and Grant counties, the riverine

islands, and all near shore areas downstream of the Hanford Site are part of the CRC
boundaries.

Ultimately, it is expected that a number of sample sites will be selected and sediment samples

will be collected using one or a combination of surface sediment sampling techniques (grab

samplers such as petite ponar, van veen, or other) and coring or drilling sampling techniques in

support of the CRC. The bulk of historical contaminant concentration data evaluated thus far

indicate the down-river boundary for sampling in support of the CRC extends to the U.S. Corps

of Engineer's McNary Dam, However, a paucity of information exists concerning the locations

of sediment deposition areas in the proposed CRC sampling regions (Robertson and Fix 1977).

Initially, a preliminary desk-top assessment was made to describe areas where sediment is

known and suspected to have been deposited in the Hanford Reach and McNary pool

(Figure 1). By understanding the river flow patterns, land elevations, topographical features,

and process knowledge of the Hanford Reach environs (river currents, major bank erosion

areas, etc..), Environmental Assessment Services (EAS) staff generated geographical

information systems (GIS) maps depicting Hanford Reach bathymetry data (previously

unpublished) and the aquatic and riparian environments. Colorized maps were created using

map scales consistent with Columbia River Component Data Gap Analysis for consistency

(WCH 201 Rev 0). Known and suspected sediment deposit areas were digitized from hand-

sketched drawings and displayed on the maps as well as major key features such as reactor

intake structures, pipelines, landforms. and land erosion areas (e.g. Figure 1). The waterline

(shoreline) and riparian areas identified on these maps were modeled using the Modular

Aquatic Simulation System 1 D unsteady flow model (Waichler et al. 2005) and reflected the
river levels that occur when Priest Rapids discharge rates are approximately 80KCFS
(waterline) and 240KCFS (upper boundary of riparian areas)
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Figure 1. Map B2, near 100-N and 100-D Areas depicting Hanford Reach bathymetry, riparian
areas, sediment deposits (known or suspected) and corresponding river levels that reflect
-80Kcfs and -240Kcfs (steady state).

2

B-7
Reiedia/ Iinsiguai n IWVorik Plan for a/Il rd .Site Releases to Ihc Columhia River
Sep[emher 2UIJ<

Iti-

- !r

0 . I



Appendix B - Preliminary Assessment DOE RL-2008-lI

of Sediment Deposition Areas Rev. 0

Subsequently, a field scoping effort was needed to; 1) assess the accuracy of the initial
sediment mapping effort, 2) evaluate the efficacy of using a single beam sonar to determine the
presence of sediment deposits in the off-shore regions of the McNary pool and Hanford Reach,
and 3) evaluate whether petit ponar sampling methods could be effectively employed in off-
shore areas as part of the upcoming CRC sediment sampling efforts.

This report provides preliminary results of an effort that was performed to serve as "ground
truthing" to determine the accuracy of predicted sediment deposition areas with the Hanford
Reach.

2 Methods

Field scoping efforts were carried out from February 28 and March 10, 2008. The field survey
approach included downloading GIS-derived transects onto the watercraft's GPS and then
navigating along these transects with the aid of a TRI Gold autopilot steering mechanism at a
speed of -3 km/hr. Observers calibrated the sonar signals using visual verification of soft
bottom and armored bottom riverbeds (in shallow water areas) as well as using repeated
deployments of a petite ponar sampler in deeper water areas (3 m to 35 m deep). This
information was recorded on field survey sheets and daily summaries were provided in the field
record book (EL-1625). GPS point features were obtained to help differentiate sediment and
armored river bed areas. GIS illustrations of the regions defined as sediment and armored
riverbed in each area were produced.

Three transects were selected in the impounded regions of McNary pool and four transects
were established over the 100-0 intake structure (Figure 2). The McNary pool transects
coincided with previous efforts described by Robertson and Fix (1977). Additionally, sonar
surveys were opportunistically performed (without pre-defined transects) near the Yakima River
delta to provide an initial estimate of the extent of sediment deposits there (see Figure 2).

The sonar used was a module of the GARMIN GPSMAP4208 using a 200 kHz signal
frequency. In order to accurately differentiate between armored (rocky) riverbed and fine-
grained riverbed the scale (or range) of the sonar was set between 2 times to 3 times the
maximum depth encountered during the sonar survey for each transect. This expanded range
setting allowed observers to see the primary bottom and 1 or 2 ghost signals that were used to
identify riverbed areas containing fine-grained substrates and differentiate the armored riverbed
(rocky substrates). The sonar gain settings were changed when sonar range settings were
changed to accommodate the sensitivity of the sonar and allow observers with a systematic
approach when delineating fine-grained riverbed areas. Sonar gain settings ranged from 1% in
the relatively shallow water regions (water depths S 10 m) to 4% in relatively deep water survey
regions (water depths ranging from 10 m to 35 m) (Figure 3). Field observers found the most
consistent method of delineating fine-grained riverbed material was to adjust the sonar settings
so that the presence of red color in the I" ghost signal coupled with an increase in blue
backscatter of the primary river bottom signal was present when armored riverbed material was

GARMIN GPSMAP4208 a copyright tradematk of Garmin International, Inc., Olathe, Kansas,
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present. \hen this occurred along a given transect, a GPS position was obtained and qualifiers
of the waypoint feature (e.g. "start of rock", etc..) were recorded.

N
W+

Hanford
Site

I~ I'AlRoc
1 10,I

Lgnd

ll___ itA~ird Sitec Hwd v

S11n111ig Ain

ict :ircr

Figure 2. Sonar/Ponar survey regions selected in the McNary Pool and Hanford Reach.
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Sonar calibrations using the petite ponar sampler to obtain samples of the riverbed material
were key to this effort as river (water depth, water velocity) and riverbed conditions (e.g.
substrate sizes, substrate embeddedness, presence of fine-grained hard-pan material) varied
from area to area and resulted in slightly different sonar signals. The petite ponar was deployed
several times prior to, and during the sonar surveys to calibrate and verify that the sonar signals
being used to identify and differentiate fine-grained riverbed areas were accurate (Figure 4).

The quality of sediment sample obtained from the petite ponar device was classified as "poor",
"good", or "excellent" depending on the amount (depth) of sediment in sample, substrate type,
and amount of vegetation or debri in the sample (Table 1). The sonar signals indicating "good"
or "excellent" sediment were generically classified as "Sediment" on the illustrations provided in
this report. The depth of sediment in each sample taken was measured by opening the top of
the ponar sampler and pushing a measuring device into the sample material. Visual inspection
of the sample was used to estimate general substrate types and the amount of debri or
vegetative matter in each sample. A more detailed description of the ponar deployment
instructions and sample material assessment protocols are provided in Attachment A.

Table 1. Classification of sediment sample quality using the petite ponar grab sampler,

Amount of Debri or
Sample Quality Depth of Sediment in General Substrate Vegetative Matter in

Rating Sample Types of Sample amle
Sample

"Excellent" 8 to 10cm Fines Little to none

-5% to 25% of
"Good" 4 to 8 cm Fines & Sandy sample

sample

Fines, Sand, Pebble, Relatively abundant
'Poor" 0 to 4 cm Gravel (-;25% of sample)

The ponar sample results Figure 5 provides an example of "excellent" sediment sonar signal
patterns and a ponar validation sample. Figure 6 provides an example of "poor" sediment sonar
signal patterns and the ponar validation sample. Results of the sonar calibration efforts using

the petite ponar sampler are provided in Attachment B.
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Figure 3. Sonar Image depicting primary bottom, 1l ghost signqal, 2r" ghost signal, and key
features used by observers to delineate fine-grained riverbed from armored riverbed areas.
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Figure 4. Petite ponar sediment sampler used to calibrate and verify selected sonar signals
that indicated the presence of fine-grained material and armored (rocky) riverbeds, The
sampler is held open with a tension-activated pin (left). When tension is lost, the pin ejects and
the jaws of the ponar close together (right).
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Figure 5. Sonar signal indicating "excellent" se dim ent (above) and petirt ponar grab sample
validation (nelow).
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Figure 6. Sonar signal indicating poor sediment (above) and petite ponar grab sample
validations (below).
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3 Results & Discussion

A total of 10 transects (7 pre-determined transects and 3 opportunistic transects) were surveyed
using the single beam sonar technique described above. A total of 40 petite ponar grab
samples were performed to calibrate and/or verify the sonar signals that indicated the presence
of sediment nverbed areas.

Figure 7 and Table 2 provides an overview of the extent of sediment deposition areas that were
encountered along three transects (totaling -5 km in length) in the Columbia River located
between the Walla Walla River confluence and McNary Dam. The proportion of sediment
encountered (length of transect where sediment was encountered per total transect length) was
greatest near McNary Dam. Sediment comprised -1.64 km (89%) of the 1.84 km long transect
(Figure 8) located near McNary Dam. Four discontinuous sections of this transect were found
to have an armored riverbed with the bulk of the armored rverbed being located near the center
of this transect (see Figure 8). The maximum water depth recorded along this transect was
-35 m (114 ft).

Walla
Walla r

Figure 7. Summary figure depicting 3 pre-determined sonar transects in the McNary pool of the
Columbia River and illustrating the sediment deposition areas mapped there during early March,
2008.
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Figure 8. Sonar transect near McNary Dam (transect H) and sediment deposition areas
mapped there during early March, 2008.
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The 1.3 Km long sonar transect located near Hat Rock State Park (Transect G) was roughly
equally split between armored riverbed and sediment deposition areas (see Figures 8, 9 and
Table 2). Although the bulk of armored riverbed occurred near the center of the river, it was not
continuous there, nor did it elicit a predictable pattern based on proximity to the shorelines or
the bathymetry encountered (Figure 9). The 1.85 Km long sonar transect located near Port
Kelly (Transect F) was also approximately equally split between armored riverbed (49%) and
sedinent depositions (51%), however, areas containing a sufficient amount of sediment for
petite ponar sampling did not follow the same pattern as those elicted along the transect near
Hat Rock State Park (Figure 10). High river velocities were most pronounced near the West
side of the river and there was a corresponding lack of sediments that had deposited there.
Nearly half of this transect was located in a large back water region that occurred along the
eastern edge of the river and correspondingly contained the bulk of sediment encountered along
this transect. It should also be noted that the Walla Walla River empties into the Columbia River
from the eastern shoreline immediately upstream of this transect and likely plays a role in the
amount of sediment that has been deposited along the eastern shorelines of the Columbia
River.

Figure 9. Sonar transect near Hat Rock State Park (transect G) and sediment deposition areas
mapped there during early March, 2008.
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Figure 10. Sonar transect near Port Kelly (transect F) and sediment deposition areas mapped
there during early March, 2008.

Riverbed sonar surveys for "good" or "excellent" sediment sampling areas were performed near
the confluence of the Yakima River and the Columbia River. These survey areas were
arbitrarily selected by the field team to help represent the sediment depositional areas that
appear to extend beyond the mouth of the Yakima River (Figure 11). In this region, the sonars
range and gain was adjusted downward because maximum river depths (-15 m) in this region
were much less than what had been encountered downriver between the confluence of the
Walla Vall River and McNary Dam. The downriver-most transect shown on Figure 11 was
selected because it is located near a manna and is in an area that receives relatively high
recreational use throughout the year. Sediment mapping efforts in this region were not
performed all the way across the river channel and therefore were not used to estimate the
proportion of the transect that contained sediment deposits Sediment mapping efforts shown
on Figure 11 indicate that sediment deposits along the shoreline areas of Bateman Island
generally only extend out about 100 m into the river. Sediment areas mapped near the high
recreational use area (the down-river most transect) persisted off-shore for approximately
200 m, where river currents increased substantially. A number of petite ponar samples taken to
calibrate/verify the sediment sonar signals in this region were qualified as "good" due to large
amounts of vegetative matter and debri in the samples
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Figure 11. Sonar transects near the confluence of Yakima River and Columbia River and
sediment deposition areas mapped there during early March, 2008.

Four pre-determined transects were surveyed near the 100-D intake structure to examine
sediment deposition patterns in the trough that was excavated for the 100-D intake structure
(Figure 12). One transectwas positioned perpendicular to the shoreline (parallel to the 100-D
intake trough) and three transects were positioned parallel to the shoreline (perpendicular to the
100-D intake trough).

A major sediment deposit was identified beginning near the wall of the intake structure and
continued offshore approximately 150 m. Observers estimated that a mound of sediment
approximately 4-5 m deep was present beginning about 80 m from the wall of the intake
structure (Figure 13). The sonar signal produced over the hummock of sediment indicated the
presence of armored riverbed (see Figure 13), however, verification sampling with the ponar
device and visual examination of the riverbed there indicated the signal was produced by the
presence of macrophytes (aquatic vegetation) and debri over a sediment deposit.

Conversely, sonar signals produced offshore and in the trough of the intake structure elicited the
appearance of fine-grained materials (i.e. little to no backscatter of the primary rivebed and first
ghost signals). However, verification sampling using the petite ponar sampling device
consistently yielded "poor" sediment samples (Figure 14). The limited amounts of fine-grained
material obtained from the edge of the ponar sampler had the appearance of reddish brown
color and the texture was similar to coarse sand.
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Figure 12. Sonar transects near 100-D intake structure and sediment deposition areas mapped
there dunng early March 2008. Figure also illustrates areas that were previously identified as
either "known" or "suspected" sediment deposition areas as parl of a preliminary assessment of
potential sediment sampling regions in support of the CRC.
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Figure 13. Sonar image near 100-D intake structure showing area of sediment deposition,
March 2008.

Figure 14. Photograph of hard pan material (concretion of fine-grained materials) obtained in
the riverbed of the Columbia River near 100-D.
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In summary, the use of a single-beam sonar to rapidly map sediment deposition areas in the
Columbia River was effective when the instruments were calibrated using a combination of
visual observations and performing repeated deployments of the petite ponar sampler.
Optimum ground speed of the water vessel was found to be 3 km/hr. Mapping sediment
deposits in the impounded regions of McNary pool were particularly effective due to relatively
consistent riverbed characteristics and water velocities there. Surveys performed along pre-
determined transects that extended from shoreline to shoreline provided a means to summarize
and compare the proportion of riverbed that contained sediment. Approximately 50% of the
riverbed surveyed near Port Kelly and Hat Rock State Park contained major sediment deposits.
whereas nearly 90% of the riverbed surveyed near McNary dam contained major sediment
deposits. Sonar surveys conducted near the mouth of the Yakima River indicated that sediment

deposits were only prominent within approximately 100m of the shoreline of Bateman Island.
Immediately downstream of Bateman Island near the boat launch and marina, sediment
persisted off-shore approximately 200 meters. Sediment deposits were evident immediately

adjacent to the 100-D water intake structure but were not evident in the excavation trench that
extended across the main river channel, Sediment surveys in the main river channel near 100-
D were more difficult due to the presence of hard-pan material that elicited soft bottom (i.e.
sediment) sonar signals, Conversely, large accumulations of debri such as vegetation, was

found to have produced sonar signals indicative of the armored riverbed despite the fact that
sediment was present around the debri. These confounding conditions emphasize the need to
perform verification surveys using the petite ponar sampler when conducting sediment surveys
using a single beam sonar. After surveying the riverbed areas near 100-D, near the confluence
of Yakima River and Columbia River, and other impounded regions of the McNary pool, it

appears that the number and extent of areas that contain major sediment deposits along the
Hanford Reach and McNary pool is likely more limited than was initially estimated and illustrated
on the maps prepared for the February 2008 CRC workshops,
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Attachment A

Standard Operating Procedure
Sediment Sampling Using a Petite Ponar Bottom Grab Sampler

Preparation:

Move sampling equipment and supplies to work vessel. The rope line should be attached to the

sampler using a ball-bearing swivel or similar hardware to minimize twisting forces during
deployment and retrieval. For safety, the rope, swivel, and shackles should have a load

capacity at least three times the weight of the sampler. After assembly, secure the Petite Ponar

Bottom Grab apparatus by placing it in the sampler tray and releasing the tension on the rope

line.

NOTE: The Petite Ponar Bottom Grab apparatus should always be secured when the work

vessel is in motion.

* Move work vessel to sampling location and anchor or hold on station using GPS data

and navigation system.

" Record necessary data in site logbook, including date, time, and sampling station

coordinates.

Procedure:

" Lock the sampler open with the safety pin and position over sampling location.

" Remove the safety pin, keeping hands and fingers outside the sampler. Deploy the

sampler using the rope line, preferably near the back of the boat. The sampler should

be lowered at a controlled rate of speed approximately equal to 1 foot per second

(ft/sec).

Note: Under no circumstances should the sampler be allowed to "free fall" to the bottom,
as this may result in premature triggering, an excessive bow wake, or improper

orientation of the sampler.

* After the sampler has triggered (check for stack wire), enclosing a sediment sample,

retrieve the sampler at a controlled rate of speed approximately equal to 1 ft/sec.

* Lift the sampler carefully on board the work vessel and secure in large, flat pan or stand.

Be careful not to swing or tip the sampler during retrieval.

* Open the sampler and evaluate the sample acceptability. The following acceptability

criteria should be satisfied:

1. The sampler is not over-filled so that sample is pressing against the top of the

sampler.
2. Overlying water is present (indicates minimal leakage).

3. The overlying water is not excessively turbid (indicates minimal sample disturbance).

4. The sediment surface is relatively flat (indicates minimal disturbance or winnowing).
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5. The desired penetration depth was achieved (10-cm deep surficial sample).
* For biological and chemical replicates, the difference in penetration depth between

replicates within a station can be no more than 10 percent. Sampling must continue until
the criteria are met, The following are minimum penetration depths.

Medium-coarse sand 4 to 5 centimeters (cm)
Fine sand 6 to 7 cm
Silt/clay 10cm

* Remove the water overlying the sediment sample. The preferable method for removing
the water is by slowly siphoning it off near one corner of the sampler.

* Record the physical description of the sample in the site logbook. This description
should include:

1. Gross characteristics of the surficial sediment such as texture, color, biological
structures present (shels, tubes, macrophytes), debris present (wood chips, wood
fiber, human artifacts), oily sheen present on the sample, and odor,

2. Gross characteristics of the vertical sediment profile, such as changes in any of the
surficial characteristics listed above.

3. Penetration depth for the sample.
4. Comments related to sample quality such as leakage when the sampler retrieved,

the presence of winnowing, or visible disturbance of the sediment.
Note: In order to obtain acceptable grab samples, it may be necessary to decrease
the weight of the sampler (to reduce penetration). This can be done by removing the
lead weights on the sampler and/or attaching metal (non-crush) floats to the frame.
If weights are removed, the holes in the sampler should be plugged using stainless-
steel nuts and bolts,

* Photograph the sediment.
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