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EXECUTIVE SUMMARY

The purpose of this remedial investigation (RI) report is to evaluate the data generated during the
RI and other characterization activities at the 200-LW-1 and 200-LW-2 Chemical Laboratory
Waste Group Operable Units (OU). This evaluation will (1) determine if sufficient data have
been collected to support risk assessment and remedial decision making, (2) estimate risk at the
representative sites based on existing data and data collected during the RI, (3) assess the
accuracy of the conceptual exposure models and refinement of the contaminant distribution
models, (4) determine the need to proceed with a feasibility study (FS), and (5) determine which
constituents and site-specific cons” ' ations need to be : ressed in the FS. This RI report also
provides data to support the evaluation of remedial action alternatives in the FS with regard to
meeting potential applicable-or-relevant-and-appropriate requirements (ARAR), risk reduction,
and identifying potentially significant data gaps, if any. The FS ultimately will support a
proposed plan, leading to a record of decision (ROD) for all of the waste sites within the

200-LW-1 and 200-LW-2 OUs.

The 200-LW-1 OU consists of six waste sites, and the 200-LW-2 OU consists of 14 waste sites,
all which have been identified as Resource Conservation and Recovery Act of 1976 past-practice
sites. This RI report focuses on the characterization of one representative waste site,

the 216-T-28 Crib, in the 200-LW-1 OU, and two representative waste sites in the

200-LW-2 OU, the 216-S-20 Crib and the 216-Z-7 Crib. One additional site, the

216-B-58 Trench, was identified as a representative site within the 200-LW-1 OU. However, in

May 2004, this site was moved from the 200-LW-1 OU and consolidated into the 200-TW-1 OU.

Additional information regarding the waste sites is provided in Chapter 1.0.

The RI field investigation was conducted from August 2004 to March 2005 at the three
representative sites in accordance with the Work Plan (DOE/RL-2001-66, Chemical Laboratory
Waste Group Operable Units RI/FS Work Plan; Includes: 200-LW-1 and 200-LW-2 Operable
Units) (Work Plan). Data collected before and during the RI are discussed in this report. The
field investigations at the three waste sites included drilling and sampling of one vadose zone
borehole at each waste site and surface and subsurface soil sampling, followed by borehole

geophysical surveys to help define the vertical extent of contamination within the area
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historically defined as the waste site boundary. Geophysical logging also was performed in
existing boreholes near the 200-LW-1 and 200-LW-2 OU waste sites to help ascertain the lateral
extent of contamination. Additional information regarding the RI field activities and results are

provided in Chapter 3.0.

The primary objectives of the data quality objective process for the 200-LW-1 and

200-LW-2 OUs were to determine the environmental measurements necessary to refine the
preliminary site conceptual model, support an evaluation of risk, and support an evaluation of
remedial alternatives. The data quality objectives for the RI were met. All boreholes required by
the Work Plan (DOE/RL-2001-66) were completed. All required samples were taken and
analyzed for contaminants of potential concern at the 216-S-20 Crib and the 216-Z-7 Crib, and it
has been determined that the data are of sufficient quantity and « ality to support risk-assessment

activities a1 * 0 proceed to the FS to st port evaluation of alternatives.

At the 216-T-28 Crib, incomplete soil recovery prevented samples from being collected and
analyzed from the shallow zone (0 to 4.6 meters [0 to 15 feet]). lowever, it is anticipated that
the major zones of contamination are below 4.6 meters (15 feet), because the bottom of the crib
is located at 4.6 meters (15 feet). In addition, similarities in the 216-T-28 Crib, the 216-S-20
Crib, and the 216-Z-7 Crib construction and inventories suggest that the risk associated with the
" 6-T-28 Crib is similar to that of the 216-S-20 Crib and the 216-Z-7 Crib. Therefore, it has
been determined that the data collected at the 216-T-28 Crib also are of sufficient quantity and
quality to support risk-assessment activities and to proceed to the FS to support evaluation of

alternatives.

The risk assessment data evaluation methodology used in this RIreport co iders applicable
regulatory  juirements, the data quality objective process conducted for t : work plan, land-use
uncertainties, risk assessment methodology, other OUs, and site-specific conditions. The data

evaluation process consists of the following:

e Data screening for nondetected consti ents and background constituents
e Human health risk assessment determinations for nonradiological contaminants
o Comparison to risk-based concentrations for nonradiological contaminants

e Qualitative evaluation of ecological risk based on site- and area-wide information
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» Dose and risk evaluation for radiological contaminants

« Evaluation of impacts to groundwater.

Conceptual contaminant distribution models developed in the Work Plan (DOE/RL-2001-66)
were refined based on the data in this report. The contaminant distribution models depict current
cont: nant distribution beneath the representative sites. These models will be used in the FS to
apply the analogous site approach to the remaining waste sites (analogous sites). The analogous
site approach streamlines the RI by applying the contaminant distribution models for sampled
sites (representative sites) to the unsampled sites that are analogous to the representative sites.
The 200 Areas Implementation Plan (DOE/RL-98-28, 200 Areas Remedial
Investigation/Feasibility Study Implementation Plan — Environmental Restoration Program)

provides additional information on the analogous site approach.

A baseline risk assessment was performed using the RI data. The assessment was consistent
with stated assumptions concerning land-use scenarios, cleanup goals, and potential receptors.

A general summary of the risk assessment can be stated as follows.

« A fate and transport assessment for contaminants of potential concern was performed and
is provided in Chapter 4.0. Soil concentrations of nonradiological contaminants were
screened for groundwater protection based on the three-phase partition model in
Washington Administrative Code (WAC) 173-340-747, “Deriving Soil Concentrations
for Ground Water Protection.” The RESidual RADioactivity (RESRAD) dose model
(ANL 2002, RESRAD for Windows, Version 6.21) was used to evaluate radionuclide
contaminants of potential concern for their impact on groundwater and associated risk.
The model was used to predict potential doses from radionuclides potentially reaching

groundwater; the doses then were converted to risk values.

» In addition to the primary fate and transport assessment described above, a qualitative
assessn it was performed on the nonradionuclide contaminants that exceeded criteria for
groundwater protection based on WAC 173-340-747. The qualitative evaluation
considered factors such as frequency of detections, depth of detections, whether a
groundwater plume already exists for the contaminant, and quality assurance data
associated with the contaminant. The purpose of the assessment was to determine if

additional mathematical modeling was appropriate for these contaminants.

A%



The results of the RI characterization confirmed the expected contaminants of potential concern
and correlate well with contaminant distribution models in the Work Plan (DOE/RL-2001-66).
Contaminants of concern and risk and dose rates were identified for each waste site and will be
carried forward into the FS for evaluation of remedial alternatives. Further modeling is not

deemed necessary for the RI process at these OUs.

Chapter 6.0 presents the conclusions, summarizes the results, and discusses the path forward for
the 200-LW-1 and 200-LW-2 OUs. Table ES-1 summarizes the comparison of the risk and dose
assessment to the industrial land-use criteria. Based on the results of the RI, remedial
alternatives/closure strategies will be developed and evaluated against performance standards

and evaluation criteria in the FS. The decision-making process for the 200-LW-1 and

DOE/RL-2005-61 DRAFT A

A human health screening for direct soil contact was performed in accordance with risk
assessment guidance from the U. S. Environmental Protection Agency
(EPA/540/1-89/002, Risk Assessment Guidance for Superfund (RAGS), Vol. I, Human
Health Evaluation Manual (Part A), Interim Final, OSWER Directive 9285.7-01A) and
is provided in Chapter 5.0. This was performed for nonradionuclides using Hanford Site
background levels and the defined risk-based concentrations in WAC 73-340-745, “Soil
Cleanup Standards for Industrial Properties.” For radionuclide contaminants of potential
concern, it was performed using the RESRAD dose model. The I'" SRAD model was
used to predict potential direct-contact doses from radionuclides; the doses then were

converted to risk values.

An ecological risk assessment was performed in accordance with ecological risk

as  sment guidelines from the U.S. Environmental Protection Agency
(EPA/540/R-97/006, Ecological Risk Assessment Guidance for Superfund: Process for
Designing and Conducting Ecological Risk Assessments, Interim Final, and is included in
Chapter 5.0 of this RI report. For nonradionuclides, preestablished screening levels for
soil were obtained from WAC 173-340-900, “Tables,” Table 749-3, “Ecological
Indicator Soil Concentrations for Protection of Plants and Animals.” For radionuclide
contaminants, the ecological soil-screening levels developed by the U.S. Environmental
Protection Agency for screening soils at contaminated sites were used for comparison to

detected concentrations.
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TERMS

applicable or relevant and appropriate requirement
biota concentration guide

Biota Dose Assessment Committee

below ground surface

Comprehensive Environmental Response, Compensation, and
Liability Act of 1980

cleanup levels and risk calculations

contaminant of concem

contaminant of ecological concern

contaminant of potential concern

Chemical Tile Field North of 2703 Hazardous Waste Storage Area
contamination zone

U.S. partment of Energy

data quality assessment

data quality objective

Washington State Department of Ecology

ecological soil-screening level

U.S. Environmental Protection Agency
exposure-point concentration

feasibility study

groundwater

groundwater protection

Hanford Advisory Board

Henry’s law constant

Hanford Environmental Information System database
human health risk assessment

High-Rate Logging System

DOE/RL-98-28, 200 Areas Remedial Investigation/Feasibility
Study Implementation Plan —Environmental Restoration Program
Integrated Risk Information System

distribution coefficient

soil organic carbon-water partition coefficient

mass balance

maximum contaminant level

minimum detectable activity

minimum detection level

not applicable

not applicable

not applicable / not available

nondispersion

not detected

no laboratory analysis

not sampled

Neutron-Moisture Logging System

no observed adverse-effect level
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Tri-Parties

Tri-Party Agreement
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Work Plan

WSCF
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operable unit
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Plutonium-Uranium Extraction (Plant or process)

quality assurance

quality control

remedial action objective

risk-based concentration

Resource Conservation and Recovery Act of 1976
Reduction-Oxidation (Plant or process)

RESidual RADioactivity

remedial investigation

record of decision

Spectral Gamma-Ray Logging Sy *m

screening-level ecological risk assessment

soil screening level

Severn Trent Laboratories, Inc., Richland, Washington
Severn Trent Laboratories, Inc., St. 7 »uis, Missouri
Subsurface Transport Over Multiple Phases

semivolatile organics analysis or analyte

saturated zone

tentatively identified compound

total petroleum hydrocarbon

Washington State Department of Ecology, U.S. Environmental
Protection Agency, and U.S. Department of Energy
Hanford Federal Facility Agreement and Consent Order
waste materials contaminated with 100 nCi/g of transuranic
materials having half-lives longer than 20 years
treatment, storage, and/or disposal {unit)

upper confidence limit

volatile organics analysis or analyte

Washington Administrative Code

Waste Information Data System database
DOE/RL-2001-66, Chemical Laboratory Waste Group Operable
Unit RI/FS Work Plan; Includes 200-LW-1 and 200-LW-2
Operable Units

Waste Sampling and Characterization Facility
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METRIC CONVERSION CHART

Into Metric Units Out of Metric Units

If You Know Multiply By To Get If You Know Multiply By To Get
Length Length
inches 254 Millimeters millimeters 0.039 inches
inches 2.54 Centimeters centimeters 0.394 inches
feet 0.305 Meters meters 3.281 feet
yards 0.914 Meters meters 1.094 yards
miles 1.609 Kilometers kilometers 0.621 miles
Area Area
sq. inches 6.452 sq. centimeters sq. centimeters 0.155 sq. inches
sq. feet 0.093 Sq. meters sq. meters 10.76 sq. feet
sq. yards 0.0836 sq. meters sq. meters 1.196 sq. yards
sq. miles 2.6 sq. kilometers sq. kilometers 0.4 sq. miles
acres 0.405 Hectares hectares 2.47 acres
Mass (weight) Mass (weight)
ounces 28.35 Grams grams 0.035 ounces
pounds 0.454 Kilograms kilograms 2.205 pounds
ton 0.907 metric ton metric ton 1.102 ton
Volume Volume
teaspoons 5 Milliliters milliliters 0.033 fluid ounces
tablespoons 15 Milliliters liters 2.1 pints
fluid ounces 30 Milliliters liters 1.057 quarts
cups 0.24 Liters liters 0.264 gallons
pints 0.47 Liters cubic meters 35.315 cubic feet
quarts 0.95 Liters cubic meters 1.308 cubic yards
gallons 38 Liters
cubic feet 0.028 cubic meters
cubic yards 0.765 cubic meters
Temperature Temperature
Fahrenheit subtract 32, Celsius Celsius multiply by Fahrenheit

then 9/5, then add

multiply by 32

5/9
Radioactivity Radioactivity
picocuries 37 Millibecquerel millibecquerel 0.027 picocuries
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1.0 INTRODUCTION

This remedial investigation (RI) report for the 200-LW-1 300 Area Chemical Laboratory Waste
Group Operable Unit (OU) and the 200-LW-2 200 Area Chemical Laboratory Waste Group OU
focuses on the characterization activities associated with the following representative waste sites:

e 216-T-28 Crib (200-LW-1 OU)
e 216-S-20 Crib (200-LW-2 OU)
e 216-Z-7 Crib (200-LW-2 OU).

The representative waste sites were identified in DOE/RL-98-28, 200 Areas Remedial
Investigation/Feasibility Study Implementation Plan-Environmental Restoration Program
(Implementation Plan), and DOE/RL-2001-66, Chemical Laboratory Waste Group Operable
Units RI/FS Work Plan, Includes: _J0-LW-1 and 200-L .. -2 _ perable Units, __:v. 0 (Work
Plan), for evaluation as part of the RL. The representative waste sites were evaluated by
implementing the data quality objective (DQO) process. The DQO process was used to
determine the data that should be collected to assess site conditions and support remedial
decision making.

The 200-LW-1 OU waste sites received liquid wastes resulting from 300 Area process laboratory
operations that supported radiochemistry and metallurgical experiments. The wastes were
transferred from the 300 Area to the 200-LW-1 OU waste sites in the 200 Areas for disposal.
The 200-LW-2 OU waste sites received liquid waste resulting mainly from 200 Areas laboratory
operations that supported the major chemical processing facilities and equipment
decontamination from T Plant. Some 200-LW-2 OU waste sites, however, also are known to
have received waste from the 300 Area laboratories. The 200-LW-1 and 200-LW-2 OU
representative waste sites were selected for characterization because waste stream inventories,
effluent volumes received, and the current level of characterization suggest that contaminant
inventories present in the subsurface beneath these receiving sites represent average or worst
case con ions similar to those at the other waste sites in the respective OUs.

Mod cations to the Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement) (Ecology et al. 1989) M-013 series milestones for past-practice waste site
investigations approved in April 2002 (Change Request M-013-02-01) describes the approach to
investigate one or more OUs in a single Rl/feasibility study (FS) process. This modification
reduces the number of work plans, RI reports, and FSs needed for the 200 Areas waste sites.
The revised approach allows the collection in more than one OU at a time of data needed to
adequately characterize the waste sites and to evaluate effective remedial alternatives for groups
of OUs in a single activity.

The original 200-LW-1 OU 300 Area Chemical Laboratory Waste Group OU Work Plan was
prepared and issued to the Washington State Department of Ecology (Ecology) on

December 31, 2001, in fulfillment of Tri-Party Agreement milestone M-13-00L. However, in
accordance with the revised approach, waste sites in the 200-LW-2 200 Area Chemical
Laboratory Waste Group OU were consolidated into the original 200-LW-1 OU Work Plan
(Tri-Party Agreement Change Number M-15-01-03). The OUs were consolidated because they
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1.1  PURPOSE

. 1is RI report focuses on the characterization of three representative waste sites, the

216-T-28 Crib, the 216-S-20 Crib, and the 216-Z-7 Crib. Data from these three representative
waste sites were collected from August 2004 to March 2005. Existing boreholes near these three
waste sites were geophysically logged to provide additional data, and direct-push holes at the
216-Z-7 Crib were geophysically logged to help locate the borehole. These data are evaluated as
part of this RL.

This RI report evaluates data generated during the RI to determine if sufficient data have been
collected to support risk assessment and remedial decision making, to estimate risks at the
representative waste sites based on the data collected during the RI and on existing data, to
determine if any treatability investigat 1s are required to support the decision to proceed with an
FS, and to determine those contaminants of concern (COC) and site-specific considerations that
need to be addressed in the I

This report also provides data to support the evaluation of alternatives in the FS with regard to
meeting potential applicable or relevant and appropriate requirements (ARAR), applying risk
reduction, and identifying significant data gaps, if any. An evaluation of the baseline risk using
characterization data generated during the RI and significant data from other investigations also
is included in this report. Risk is evaluated for nonradiological contaminants using

U.S. Environmental Protection Agency (EPA) risk assessment guidance. Risk from radiological
contaminants is evaluated through the RESidual RADioactivity (RESRAD) computer dose

modi  (ANL 2002, RESRAD for Windows, Version 6.21).

1.2 SUPPORTING DOCUMENTS AND
REMEDIAL INVESTIGATION BASIS

Supporting documents that provided the basis for the RI Report are as follows.

*  DOE/RL-96-81, Waste Site Grouping for 200 Areas Soil Investigations.
This document presents the final prioritized waste site groups, identifies representative
waste sites, and provides preliminary conceptual contaminant distribution models for the
waste groups.

* DOE/RL-98-28, 200 Areas Remedial Investigation/F easibility Study Implementation
Plan - Environmental Restoration Program. This plan outlines a strategy to streamline
the characterization and remediation of waste sites in the 200 Areas, including CERCLA
past-practice sites, RCRA past-practice sites, and RCRA treatment, storage and/or
disposal (TSD) units. It outlines the framework for implementing assessment activities
and evaluating remedial alternatives in the 200 Areas to ensure consistency in
documentation, level of characterization, and decision making; establishes a regulatory
framework to integrate the requirements of RCRA and CERCLA into one standard
approach for cleam activities in the 200 Areas; lists potential ARARs; identifies
preliminary remediation goals and preliminary remedial action objectives (RAO);
introduces conceptual exposure models for establishing preliminary remediation goals
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The data evaluation process consists of the following:
« Data screening for undetected contaminants

« Data screening of maximum detected contaminants against established Hanford Site
background values

o Human health risk assessment determinations for nonradiological contaminants

o Evaluation of ecological risk using indicator concentrations

e Human health dose and risk evaluation for radiological contaminants

o Comparison to WAC 173-340-745, “Soil Cleanup Standards for Industrial Properties™
o Evaluation of impacts to groundwater.

Details of this evaluation are provided in Chapters 4.0 and 5.0. A flowchart of the data
evaluation process is provided as Figure 1-6.

1.3.1 Ider fication of Contaminants of Concern

Initia rthe entire data set was screened, and undetected contaminants were eliminated from
further consideration. Because of the limited number of samples, 95 percent upper confidence
limits (UCL) were not calculated; maximum concentrations for specific horizons were used for
comparisons and evaluation.

Laboratory sample sizes for the 200-LW-1 and 200-LW-2 OU sites varied from one to three
samples for different analytes at each depth. One boring was performed per site. Borings were
located in a biased manner (e.g., most likely location for contamination). Based on EPA
guidance (EPA 2002, Calculating Upper Confidence Limits for Exposure Point Concentrations
at  1zardous Waste Sites, OSWER 9285.6-10), these sample sizes are insufficient to generate a
valid upper one-sided 95 percent UCL on the true mean soil concentration using Land’s method,
as specified in WAC 173-340-740(7)(d)(i)(A), “Unrestricted Land Use Soil Cleanup Standards,”
“Compliance Monitoring.” Use of the maximum concentration ensures that less than 10 percent
of the samples exceed the soil cleanup value and that no single sample concentration exceeds
two times the soil cleanup level as specified in WAC 173-340-740(7)(e)(i) and (ii). In addition,
san ing at the 200-LW-1 and 200-LW-2 OU sites was designed to sample areas at which
suspected soil contamination had a probability of occurrence based on knowledge about the sites,
and therefore the samples meet the criteria for direct comparison of soil sample concentrations
with cleanup levels under WAC 173-340-740(7)(d)(ii1).

The data were compared to the 90" percentile of the background concentrations from

DC .. RL-92-24, Hanford Site Background: Part 1, Soil Background for Nonradioactive
Analytes; DOE/RL-96-12, Hanford Site Background: Part 2, Soil Background for Radionuclides,
and Ecology 94-115, Natural Background Soil Metals Concentrations in Washington State.

If the maximum detected v: 1e was less than the 90" percentile background value,
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300 vears (less for the tritium plume). It is expected that other groundwater contaminants
will remain below, or will be restored to, drinking water levels outside the Core Zone.

« No drilling for water use or otherwise will be allowed in the Core Zone. An intruder
scenario will be calculated for in assessing the risk to human health and environment.

« An industrial land-use scenario will set cleanup levels on the Central Plateau. Waste sites
outside the Core Zone but within the Central Plateau (200 N Area, Gable Mountain Pond,
BC Controlled Area) will be remediated and closed based on an evaluation of multiple
land-use scenarios to optimize institutional-control cost and long-term stewardship.

o Other land-use scenarios (e.g., residential, recreational) may be used for comparison
purposes to support decision making, especially for the following:

— The post-instituti  al controls period « 50 years)
— Sites near the Core Zone perimeter to analyze opportunities to “shrink the site”
— Early (precedent-setting) closure/remediation decisions

e This framework does not consi r the tank waste retrieval decision.

Because all of the 200-LW-1 and 200-LW-2 OU waste sites are located in the 200 Areas Core
Zone, this description serves as the basis for the risk assessment activities. ::e risk assessment
is presented for an industrial-exclusive land-use scenario in Chapter 5.0. The risk assessment
will follow the risk guidelines identified through the risk framework workshops as documented
in the Tri-Parties’ response to HAB Advice #132 (Klein et al. 2002). Risk evaluations for
possible Native American users and intruder scenarios may be considered in the FS for
informational purposes.

The risk evaluation for the 200-LW-1 and 200-W-2 OUs is based on these guidelines, as well as
on EPA and Ecology risk assessment guidance. Radiological contaminants are addressed
through a dose evaluation, described in Section 1.3.3, which then is converted to a risk value.
Hypothetical human health risks are calculated for industrial-exposure scenarios using inputs
developed from other Hanford Site OUs, site-specific data, and guidance documents.

The DOE worked for several years with cooperating agencies and stakeholders to define

land-use goals for the Hanford Site and develop future land-use plans (Drummond 1992, The
Future for Hanford: Uses and Cleanup, The Final Report of the Hanford Future Site Uses
Working Group). The cooperating agencies and stakeholders inciuded the National Park
Service; Tribal Nations; States of Washington and Oregon; local, county, and city governments;
economic and business development interests; environmental groups; and agricultural interests.
«u€se activities initially were reported by Drummond (1992) and culminated in
DOE/EIS-0222-F and the associated 64 FR 61615, “Record of Decision:  mnford
Comprehensive Land-Use Plan Environmental Impact Statement (HCP EIS),” which were issued
in 1999.
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were compared to RBCs developed under CERCLA guidance (EPA/540/R-92/003, Risk
Assessment Guidance for Superfund: Volume I -- Human Health Evaluation Manual (Part B.
Development of Risk-Based Preliminary Remediation Goals), Interim, Publication 9285.7-01B)
using the excess lifetime cancer risk range of 10 to 10 and a hazard quotient of 1.0 using an
industrial land-use scenario for nonradiological contaminants. Because the waste sites in these
OUs are within the Core Zone, RBCs used for screening correspond to a 10~ risk level.

1.3.3 Modeling Approach

Risk and dose estimates were modeled for radiological constituents identified as COPCs using
RESRAD Version 6 (ANL 2002). Dose and risk estimates were modeled for shallow-zone soil
0 mto 4.6 m (0 to 15 ft) bgs on the basis of direct exposure to soils for an industrial-exposure
scenario. Dose estimates then were compared to di  : exposure standards for the public and
workers. Risk estimates also were provided for comparison to Washington State anc ™ A target
risk ranges. Input parameters were developed on the basis of previous Hanford Site RESRAD
modeling activities, 200 Areas-specific geologic and hydrogeologic information sources, and
data collected for this RI report.

Groundwater was evaluated for nonradiological contaminants based on existing standards for
protection ot groundwater WAC 173-340-720(4), “Ground Water Cleanup Standards,”

“Method B Cleanup Levels for Potable Ground Water,” equations 720-1 and 720-2, and

40 CFR 141, “National Primary Drinking Water Regulations.” The fate and transport evaluation
included evaluating the frequency of detection, the location of the contaminant within the soil
col 1, the distribution coefficient, whether the contaminant has already reached groundwater,
and whether modeling would provide additional information beyond that already known.
Additional inforn  ion is provided in Chapters 4.0 and 5.0 of this RI report.

1.3.  Ecological Risk Evalu: on Methodology

DOE/RL-2001-54, Central Plateau Ecological Evaluation, has been prepared to support
ecologic: evaluations under the RI/FS process for Central Plateau waste sites.

DC TRL-2001-54 completes a screening-level ecological risk assessment (SLERA) for the
Central Plateau in accordance with the eight-step EPA ecological risk assessment process
presented in EPA/540/R-97/006, Ecological Risk Assessment Guidance for Superfund: Process
for Designing and Conducting Ecological Risk Assessments, Interim Final (see Figure 1-1 in
DOE/RL-2001-54).

The document contains a compilation and evaluation of ecological sampling data that have been
collected over many years from undisturbed and disturbed habitats in the Central Plateau.

The document describes the habitats on the Central Plateau, including sensitive habitats and the
plants and animals that inhabit them. It identifies potential species of concern, including
threatened and endangered species and new-to-science species. A detailed survey of the Central
Plateau performed in 2000 and 2001 is incorporated into the ecological evaluation document and
provides a current, detailed description of the ecological setting of the Central Plateau, and
augments the ecological information presented in this RI report.
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DOE/RL-2001-54 helps answer questions about Central Plateau ecological resources that it is
important to preserve and protect. The document also identifies ecological data needs that can be
addressed in future ecological sampling activities on the Central Plateau.

The SLERA in DOE/RL-2001-54 is meant to be a conservative evaluation of risk to the
ecological receptors that are unique to the Central Plateau from stressors—in this case,
introduction of contaminants and habitat elimination. The SLERA identifies pathways for
ecological receptors to be exposed to the contamination and evaluates potential risk from those
exposures.

Chapter 2.0 of DOE/RL-2001-54 describes the physical and ecological setting of the Central
Plateau and identifies important aspects of the ecology and the condition of the waste sites to
consider during the ecological risk assessment. For instance, while most waste sites are in a
disturbed habitat with little vegetation to support wildlife, the nearby shrub-steppe offers a more
hospitable habitat for wildlife. This region needs protection, because similar habitat is being
encroached on and eliminated in other parts of eastern Washington. Individual species whose
populations are limited dare signated as sensitive species also must be protected.

Recent surveys of the biological diversity on  : Hanford Site have identified a number of
new-to-science species whose protection status has not yet been :termined. The U.S. Fish and
Wilc fe Service as  Washington State may gather additional information from the scientific
community at the Hanford Site to help them determine the protection status of the new species.
Most of the waste in & waste sites has been stabilized, thereby limiting ecological access.

The decisions to stabilize and remediate waste sites must be balanced with the potential
disruption to the ecosystem both at and adjacent to the waste sites, as well as from distant
locations (e.g., borrow-source sites).

The conceptual site model in DOE/RL-2001-54, Chapter 3.0, explains the ecological resources
and the ways that receptors may be exposed. It shows where chemicals and r:  onuclides from
the waste sites are likely to come into contact with receptors in the environment. The exposure
pathways that are expected to be complete at most waste sites are as follows:

o Direct contact with or ingestion of soil by invertebrates (e.g., beetles, ants) and burrowing
mammals

» Uptake of contaminants in soil by vegetation

e Bioaccumula )n through ingestion of food items (e.g., food-chain effects) consumed by
wildlife that may forage at the waste sites.

Chapter 4.0 of DOE/RL-2001-54 discusses the toxicity values available for contaminants
believed to be present in the Central Plateau. Contaminants were identified from preliminary
sampling data available from a subset of waste sites. These contaminants were screened,
primarily for the likelihood of their presence in the environment (i.e., half-life and persistence).
A literature search for bird and mammalian toxicity values was performed. Toxicity values are
not available for some contaminants. A risk management decision will be needed to determine
how contaminants without toxicity values w  be handled during the risk assessment for

each OU.
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Chapter 5.0 of DOE/RL-2001-54 presents the exposure parameters used for estimating the
exposure in a quantitative manner. In a SLERA, most exposure parameters are set
conservatively at 100 percent. The only organism-specific factor necessary is body weight, and
this variable is available in the literature. This chapter further evaluated the exposure pathways
and constructed a food chain exposure model for wildlife specific to the Central Plateau.

The wildlife are shown in the food chain and habitat model in DOE/RL-2001-54.

DOE/RL-2001-54, Chapter 6.0, is the screening-level risk calculation for the Central Plateau.
Washington State and DOE provide contaminant-specific numerical values (WAC 173-340-900,
“Tables™) and biota concentration guides (BCG) (DOE-STD-1153-2002, A Graded Approach for
E = ingl  tion Doses to Aquatic and Terrestrial Biota) tc  otential risks. These are

cC ative numbers designed to add s all possibilities while considering potential risks.
Data available for a subset of the Cen | Plateau waste sites. These maximum
concentrations of contaminants detected at the waste sites were compared with the state and
DOE screening-level values. For chemicals, 12 metals, pentachlorophenol, and 4-dinitrophenol
were detected at a maximum concen tion above the screening level. The high number of
metals presenting a risk requires closer examination. Site-specific bioavailability data would be
helpful for understanding whether this is a reflection of the conservative nature of the screening
assessment or an actual risk to the ecosystems at the waste sites. Concentrations of four
radionuclides, Cs-137, Ra-226, Ra-228, and Sr-90, were above acceptable limits in the soil
samples. It is important to recognize the limitations and uncertainty associated with risks
identified by screening-level assessments. The risk calculations are useful for determining
relative risks between waste sites, not site-specific risks. The information should be considered
carefully along with actual biological evidence from the waste site area to determine if a hazard
exists. Data are available for hundreds of wastes sites in the Central Plateau (DOE/RL-2001-54,
Appendix C). These data include soil from the waste site, vegetation, and soil invertebrates.

The SLERA in DOE/RL-2001-54 leads to the problem formulation stage of a baseline ecological
risk  iessment. During problem formy ition, the risk managers and others consider the toxicity
evaluation, conceptual model exposure pathways, and assessment endpoints to support cleanup
decisions. As aresult, they are able to better define the initial risks and to determine direction
for the DQO process, if needed. The DQO process then will complete the following:

» Establish the level of effort needed to assess ecological risk at a particular site or OU
« Identify relevant and available data

o Design a conceptual model of the ecological threats at a site and the measures to assess
those threats

» Select methods and models to be used in the various components of the risk assessment

» Develop assumptions to fill data gaps for toxicity and exposure assessments, based on
logic and scientific | nciples.

Data collected during the RI directly support the ecological evaluation. Contaminant data from
the soil sampling conducted in the RI are compared against WAC 173-340-900, Table 749-3,
“Ecological Soil Indicator Concentrations,” as the beginning step of the OU-specific

1-11













DOE/RL-2005-61 DRAFT A

(horizontal:vertical) and contains two 3.7 by 3.7 by 2.7 m (12- by 12- by 9-ft) (L. x W x H)
wooden structures, 15 m (50 ft) apart, with the crib top of each located 5.5 m (18 ft) below grade
(Figure 1-8). The bottom of each wooden structure is suspended in a gravel fill that is 1.2 m

(4 ft) above the bottom of the unit (DOE/RL-91-60, S Plant Source Aggregate Area Management
Study Report). The outer area of the crib is barricaded with a light chain with surface
contamination warning signs and a concrete post marker. The surface is sand and gravel with a
slight depression around the riser vents. Within the outer barricade are two inner barricades
around each of the metal riser vents. The inner chains are posted with underground radioactive
material and cave-in potenti: signs at each cormner (DOE/RL-91-52. U Plant Source Aggregate
Area Management Study Report).

The 216-S-20 Crib began operating in January (952 and was retired in May 1973. The unit
received 135,000,000 L (35,663,200 gal) of waste containing 38.7 kg (85 Ib) of uranium, 171 g
(0.4 1b) of plutonium, 56.5 Ci of Cs-137, 22.7 Ci of Sr-90, and 20,000 kg ( ~ 200 Ib) of nitrates
(DOE/RL-96-81). Until July 1953, the crib received miscellaneous waste from laboratory hoods
and decontamination sinks from the 202-S Plant Canyon Building via the 207-SL Retention
Basin and the 219-S Retention Building. From July 1953 to September 1963, the crib received
the above effluent via pipelines from the 207-SL Retention Basin, 219-S Retention Building, and
300 Area . Hratories via a tanker truck that disposed of waste through a manhole located south
of the crib. From September 1963 to January 1969, the crib received miscellaneous waste from
laboratory hoods and decontan 1ation sinks in the 222-S Laboratory via the 219-S Retention
Building. After January 1969, 300 Area laboratory wastes were sent to the 216-T-28 Crib. From
Janu v 1969 to November 1972, the 216-S-20 Crib was inactive because of surtace subsidence.
The 219-S Retention Building and 207-SL Retention Basin pipelines were valved out from the
site. The 222-S Laboratory effluent was rerouted to 202-S Building concentrators for boildown
and discharge to underground storage (DOE [L-91-52 and HW-18700-DEL, REDOX Technical
Manual).

The 216-S-20 Crib has had a history of subsidence. Since the completion of stabilization in
December 1974, sink holes have been filled on three different occasions. No cavities are likely
to remain below the ground surface (RHO-CD-673, Handbook 200 Area Waste Sites). It is
estimated that the 216-S-20 Crib has received a total covering of 0.3 m (1 ft) of stabilization soil.
Thus, 9.8 m (32 ft) is the total depth of the unit from the surface. No known unplanned releases
are associated with this crib.

1.43 216 __ 7 Crib

The 216-Z-7 Crib 1s an inactive waste site located approximately 153 m (500 ft) east of the
231-Z Plutonium Isolation Plant and about 137 m (450 ft) north of 19th Street (Figure 1-2). The
216-Z-7 Cnb consists of two parallel wooden structures 45.7 m (150 ft) long by 1.5 m (5 ft) wide
by 0.6 m (2 ft) high, placed in a 1.5 m (5-ft)-deep excavation (Figure 1-9). However, the entire
area surrounding the 216-Z-7 Crib was excavated to approximately 3 m (10 ft). Surface
stabilization of 0.6 m (2 ft) is assumed for this site. Thus, the total depth from the current
216-Z-7 Crib surface to the bottom of the structure is approximately 3.6 m (12 ft). Each wooden
strue ire was constructed of three overlapping tiers. A 45.8 m (150-ft)-long 7.5 or 10 cm

(3- or 4-in.)-diameter perforated distribution pipe ran above the second tier. Each of the two
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trenches was covered by 303 m (1,650 ft) of 5 cm (2 in.) of planking topped with tar paper. The
excavation was b kfilled with gravel (DOE/RL-91-58, Z Plant Source Aggregate Area
Management Study Report).

The 216-Z-7 Crib received process waste from the 231-Z Plutonium Isolation Plant via the
231-W-151 Sump from 1947 to 1967. A riser on the west side of the crib received 300 Area
liquid waste from the 340 Waste Neutralization Facility via tanker trucks. In total, the site
received an estimated 79,900,000 L (21,100,000 gal) of liquid waste containing 4.46 kg (10 Ib)
of uranium, 2,000 g (4 Ib) of plutonium, 200 Ci of Cs-137, 200 Ci of Sr-90, and 20,000 kg
(44,000 1b) of nitrates (DOE/RL-96-81).

When the facility was retired in 1967, deactivation was accomplished by blanking the pipeline

west of the 231-W-1¢ ¢ np and the distribution piping. No unplanned releases were
associated with this crib.
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Figure 1-7. 216-T-28 Crib Construction Diagram.
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2.0 INVESTIGATION APPROACH AND ACTIVITIES

This chapter summarizes the data collection activities performed during the 200-LW-1 and
200-LW-2 OU RI. These activities are described in detail in D&D-25461. The RI was
conducted in accordance with the SAP found in Appendix A of the Work Plan
(DOE/RL-2001-66). The RI needs for the 200-LW-1 and 200-LW-2 OUs were developed and
presented in the DQO process summary reports (BHI-01589 and WMP-18098). The DQO
process is used to develop a data collection strategy consistent with data uses and needs. The
objectives identified include collecting data that will be used to define the nature and extent of
radiological and chemical contamination, supporting evaluation of risks, and assisting in the
evaluation, selection, and design of remediation alternatives.

Data were collected to characterize the nature ar  vertical extent of chemical and radiological
contamination and the physical conditions in the vadose zone underlying the historical
boundaries of the 216-T-28 Crib in the 200-LW-1 OU and of the 216-5-20 Crib and

216-Z-7 Crib in the 200-LW-2 OU. Borehole drilling and sampling, direct-push sampling, and
surface and borehole geophysical surveys were conducted during the field activities. All
boreholes were completed, and all samples were collected and analyzed for COPCs, as identified
in the DQO reports and the SAP.

2.1  200-LW-1 AND 200-LW-2 OPERABLE UNIT
REDM I AL INVESTIGAT N DRILLING

Three boreholes (C4175, C4176, and C4183) were drilled and sampled during the 200-LW-1 and
200-LW-2 OU RI. Boreholes were drilled through the 216-T-28 Crib, the 216-S-20 Crib, and
the 216-Z-7 Crib from the ground surface to the water table at depths of approximately 69 m
(226.5 ft), 74 m (243.5 ft), and 68 m (225 ft) bgs, respectively. The boreholes were drilled to
better define stratigraphy and to assess the nature and vertical extent of chemical and radiological
contamination as well as the physical properties of the soil beneath these waste sites.

Six direct-push holes (C4177, C4178, C4179, C4180, C4181 and C4182) were installed in the
area of the 216-Z-7 Crib. Direct-push hole C4182 was completed to a depth of 16.5 m (54 ft),
and the other five direct-push holes were completed to a depth of 15.3 m (50 ft). Geophysical
logs were run in each cased hole to determine where borehole C4183 could be drilled and
sam] :d in the area of highest contamination in this crib.

Cable-tool drilling equipment with drive-barrel cuttings technology was used to construct all
three boreholes. Two telescoped, threaded carbon-steel temporary casing strings (0.273 m
[10.75-in.] outside diameter and 0.219 m [8.625-in.] inside diameter) were used to keep each
borehole open and minimize the pote al for downhole cross-contamination. A hammer drill
with casing of 0.168 m (6.625-1n.) outside diameter and 0.152 m (6.0-in.) inside diameter was
used to construct the six direct-push holes at the 216-Z-7 Crib. A split-spoon drive-barrel
sampler with stainless steel liners was used for soil acquisition. Soil samples were collected
from the three boreholes for chemical and radiological analyses. Additionally, one liner each
from selected intervals was submitted for determination of physical properties.
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fluoride, nitrate. nitrite, nitrogen, phosphate sulfate, sulfide), oil and grease. total petroleum
hydrocarbons (TPH) (diesel, kerosene, and gasoline ranges), and radionuclides. Samples were
analyzed selectively for field bulk density, moisture content, and particle size.

2.1.2 200-LW-1 and 200-L.W-2 Operable Unit
Remedial Investigation Borehole
Geophysical Logging

A spectral gamma-ray logging system (SGLS) and a high-rate logging system (HRLS) were used
to capture the down-hole radiometric signature at the three boreholes and six direct-push holes
completed during the RI. The logging systems provided a continuous radiometric signature of
the soils through a single thickness of casing to drilled depth.

In addition, selected existing boreholes in the vicinity of each waste si  were logged using an
SGLS and an HRLS. These boreholes are listed, along with the new boreholes and direct-push
holes, in Table 2-4.

Where SGLS dead time exceeds 40 percent, peak spreading and pulse pile-up effects may result
in an underestimation of activities. This effect is not entirely corrected by dead-time correcting,
and the extent of «  rincreases w 1 increasing dead time. In these instances, the HRLS data
were substituted for the SGLS data. Dead time corrections were required on some direct-push
holes and exist: 1 boreholes that had less than 40 percent dead time. No water corrections were
required for any of the direct-push holes or existing boreholes.

Passive neutron logging also was performed in each direct-push hole, to detect neutrons that may
be generated by interactions of alpha particles in the soil or, to a lesser extent, from spontaneous
fission.

Detailed reports of the borehole geophysical logging conducted in each borehole or direct-push
hole are provided in D&D-25461.

2.2  OTHER 200-LW-1 AND 200-LW-2 OPERABLE
UNIT ACTIV] [ES

2.2.1 Surface Geophysical Surveys and Radiological
Field Screening

Surface geophysical surveys were conducted at all borehole and direct-push locations before
drilling. The surveys were performed to verify the location of waste sites and to identify
potential underground hazards.

Because drilling up to 30.5 m (100 ft) bgs was classified as medium to low risk, continuous
radiological field screening of the drill cuttings and the immediate work area occurred to that
depth. Deeper than 30.5 m (100 ft) bgs, morning and afternoon radiological surveys were
conducted for the remaining drilling. Radiological activity greater than two times background
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3.0 REMI [TAL INVESTIGATION RESULTS

This chapter describes the hydrogeologic framework in the 200-LW-1 and 200-LW-2 OUs. Tt
also describes the geophysical logging results and the nature and vertical extent of contamination
at the three representative waste sites investigated during the RL

31 HYDROGEOI 'GICFRA!I iWORK

This ¢  ion summarizes the hydrogeologic framework in the 200 W-1 and 200-LW-2 OUs and
incor]  ates site-specific data obtained during the RI with historical data from the 200 Areas.
Additional infc  ition on the hydrogeologic setting of the OU can be found in the
Implementation Plan +  DE/RL-98-28), the Work Plan (DOE/RL-2001-66), and other documents
as cited in the text.

3.1.1 Topography

The 200-LW-1 and 200-LW-2 OUs include waste sites located in both the 200 East and the

200 West Areas on the Central Plateau, which is a broad, relatively flat, prominent terrace (Cold
Creek Bar) that constitutes a cal topographic high near the center of the Hanford Site

(Figure 3-1). TI Cold Creek Bar was formed about 13,000 years ago during the last
cataclysmic flood from glacial Lake Missoula. The Cold Creek Bar trends generally east-west
with elevations between 197 and 225 m (647 to 740 ft) above mean sea level. The plateau drops
off rather steeply to the north and northwest into a former flood channel with elevation changes
of between 5 and 30 m (50 and 100 ft). The plateau decreases more gently in elevation to the
south into the Cold Creek valley and to the east toward the Columbia River. Most of the

200 West Area and the southern half of the 200 East Area are situated on the Cold Creek Bar,
while the northern half of the 200 ™ st Area lies within the former flood channel. A secondary
flood channel running south from the main channel bisects the 200 West Area. More detail on
the physical setting of the 200 Areas and vicinity is provided in the Implementation Plan,
Appendix F (DOE/RL-98-28).

Waste sites in the 200 West Area are situated in a relatively flat area in a secondary flood
channel. Surface elevations range from approximately 205 m (673 ft) to 217 m (712 ft)
(NAVDBSR), and the surface slopes gently to the west. Waste site surface elevations in the

200 East Area and vicinity range from approximately 189 m (620 ft) in the northern portion of
the 200 Areas to 230 m (755 ft) at waste sites just south of the 200 East Area (NAVD88). The
surface of the 200 East Area slopes gently to the northeast. The 200-LW-1 and 200-LW-2 QU
representative waste sites all are located in the 200 West Area on the Central Plateau.

31.2 Geology

The 200-LW-1 and 200-LW-2 OUs are located in the Pasco Basin, one of several structural and
topographic basins of the Columbia Plateau. Basalts of the Columbia River Basalt Group and a
sequence of suprabasalt sediments underlie the 200-LW-1 and 200-LW-2 OU waste sites.
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lithofacies (DOE/RL-2002-39). Beneath the 200-PW-2 and 200-PW-4 OU waste sites the
Hanford formation includes the gravel-dominated and sand-dominated facies. The
gravel-dominated facies are cross-stratified, coarse-grained sands and granule-to-boulder gravel.
The gravel is uncemented and matrix-poor. The sand-dominated facies are well-stratified

fine- to coarse-grained sand and granule gravel. Silt in these facies is variable and may be
interbedded with the sand. Where the silt content is low, an open-framework texture is common.
Clastic dikes are common in the Hanford formation but rare in the Ringold Formation
(DOE/RL-98-28 and DOE/RL-2002-39). They appear as vertical to subvertical sediment-filled
structures especially within sand- and silt-dominated units. The Hanford formation is locally
overlain by veneers of surficial deposits.

! +fic Deposits. Surficial deposits include Holocene eolian sheets of sand that form a thin
eer over the Hanford formation across the site, except in localized areas where the deposits

are absent. Surficial deposits co f very fine- to medium-grained sand to occasionally

silty sand. Silty deposits less th (approximately 3 ft) thick also have been documented at

waste sites where fine-grained, wind-blown material has settled out through standing water over

many years (DOE/RL-98-28, Rev. 0, Appendix F). Fill material was placed in and over

representative waste sites during construction and for contamination control. The fill consists of

reworked Hanford formatic sediments and/or surficial sand and silt. The thickness of the fill

material varies from 5.2 to 10.1 m (17 to 33 ft) at the representative waste sites (D&D-25461).

3.1.3 ! rdrostratigraphy

The focus of the RI was on the distribution of contaminants within the vadose zone beneath the
representative waste sites. Vadose zone hydrostratigraphic units in the 200-LW-1 and
200-LW-2 OUs include the Ringold Formation, the Cold Creek unit, the Hanford formation, and
surficial deposits (see Figure 3-2). The base of the unconfined aquifer is the top of the Ringold
Formation unit 8 (lower mud) at the 200 West Area waste sites and the top of basalt (Elephant

- Mountain Member) at the 200 East Area waste sites.

Vadose Zone. The vadose zone is the area between the ground surface and the water table. The
vadose zone is approximately 104 m (340 ft) thick in the southern section of the 200 East Area
and thins to the north to as little as 0.3 m (1 ft) near West Lake. Sediments in the vadose zone
are dominated by the Ringold Formation and the Hanford formation. The Cold Creek unit may
be present in a small area immediately above the basalt. Because erosion during cataclysmic
flooding removed much of the Ringold Formation north of the central part of the 200 East Area,
the vadose zone is dominantly composed of Hanford formation sediments between the northern
part of the 200 Areas and Gable Mountain. Basalt projects above the water table north of the
200 st Area.

In the 200 West Area, the vadose zone thickness ranges from 40.2 m (132 ft) to 102 m (337 ft).
Sedii mts in the vadose zone are the Ringold Formation, the Cold Creek unit, and the Hanford
formation. Erosion during cataclysmic flooding removed some of the Ringold Formation and the
Cold Creek unit.

Perched water historically has been documented above the Cold Creek unit at locations in the
200 West Area. While liquid waste disposal facilities were operating, localized areas of
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Recharge to the unconfined aquifer within the 200 Areas is from artificial sources and less
significant natural precipitation. Estimates of recharge from precipitation range from 0 to

10 cm/yr (0 to 4 in./yr) and are largely dependent on soil texture and the type and density of
vegetation. PNNL-5506, Hanford Site Water Table Changes 1950 through 1980, Data
Observation and Evaluation, reports that between 1943 and 1980, 6.33 x 10'' L (1.67 x 10'' gal)
of liquid wastes were discharged to the soil column. Most sources of artificial recharge were
terminated in 1995. The artificial recharge that does continue largely is limited to liquid
discharges from sanitary sewers, two state-approved land-disposal structures, and

140 small-volume, uncontaminated miscellaneous liquid discharge streams. One of the approved
land-disposal structures, the Treated Effluent Disposal Facility (a liquid waste disposal facility),
is located 600 m (2,000 ft) east of the 216-B-3C lobe of B Pond and receives treated liquid
wastes from the 200 East and 200 West Area facilities.

3.1.4 Sum ary of Hydrogeolc : Conditions at
Represe ative Sites

Stratigraphy and general location information about each of the representative waste sites is
presented in this section. More descriptive information on the waste sites, their history, and their
locations is presented in the following subsections. Stratigraphy diagrams for the representative
waste sites are presented in Section 3.3.

3.1.4.1 z >T-28 Crib

The 216-T-28 Crib is located in a north-south-trending secondary flood channel in the 200 West
Area (DOE/RL-92-05, B Plant Source Aggregate Area Management Study Report). The surface
elevation at this site is approximately 204.7 m (671.7 ft) (NAVD88). Stratigraphic units of
interest beneath the site (in ascending order) consist of the Ringold Formation (unit E and upper
Ringold), early Palouse soil (Cold Creek unit), and the Hanford formation sand- and
gravel-dominated sequences. The stratigraphy at the 216-T-28 Crib is shown in Figure 3-5 and
1s based on the geology at borehole C3102 (temporary borehole number assigned to the
216-T-26 Crib in 2001). Groundwater beneath the 216-T-28 Crib occurs within the Ringold
Formation unit E, about 69 m (226 ft) bgs.

3.1.4.2 216-S-20 Crib

The 216-S-20 Crib is located in a north-south-trending secondary flood channel in the 200 West
Arez JOE/RL-92-05). Ground surface elevation at this site is approximately 208.3 m (683.5 ft)
(NAVDS8S). Stratigraphic units of interest near the site (in ascending order) consist of the
Ringold Formation (unit E and upper Ringold), the Cold Creek unit, and the Hanford formation
sand- and gravel-dominated sequences. The stratigraphy near the 216-S-20 Crib is shown in
Figure 3-6 and is based on the geology at borehole 299-W22-19. Groundwater beneath the
216-S-20 Crib occurs within the Ringold Formation unit E, about 71 m (233 ft) bgs.

3 43 2 »Z-7Crib

The 216-Z-7 Crib is located in a north-south-trending secondary flood channel in the 200 West
Area (DOE/RL-92-05). Ground surface elevation at this site is approximately 203.7 m (668.3 ft)
(NAVDSS). Stratigraphic units of interest beneath the site (in ascending order) consist of the
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The drilling of borehole C4175 began on September 30, 2004, with final decommissioning on
January 13, 2005. Borehole C4175 was drilled to a total depth of 69.4 m (227.5 ft) bgs, and the
water table was found at 69.4 m (226.5 ft) bgs. The upper 5.2 m (17 ft) consisted of
crib-construction backfill material. From 5.2t0 9.5 m (17 to 31 ft) bgs. the gravel-dominated
facies of the Hanford formation were observed. The sand dominated facies of the Hanford
formation were observed from 9.5 t0 22.3 m (31 to 73 ft) bgs. Interbedded sand- to
silt-dominated facies were observed from 22.3 to 27.6 m (73 to 90.5 ft) bgs. The Cold Creek
unit was observed from 27.5 to 47.3 m (90.5 to 155 ft) bgs, with a highly compacted caliche
layer at approximately 30.5 to 31.3 m (100 to 102.5 ft) bgs, and another caliche layer between
33.6 and 34.2 m (110 and 112 ft) bgs. From 47.3 to 57.3 m (155 to 188 ft) bgs, a combination of
silts, sands, and gravels were observed, and between 57.3 and 69.4 m (188 and 227.5 ft) bgs,
unconsolidated clay, silt, and granule- to boulder-sized gravel were observed.

At0.8to 1.5 m (2.5 to 5 ft) bgs, the radiological control technician field screening detec 1
5,000 ¢/min beta-gamma on contact with  :soils. At3.8to4.6  (12.5to 15 ft) bgs, this
increased to 40,000 ¢/min beta-gamma and 85 c/min alpha; this has an associated dose rate of
25 mR/h. The dose rate increased to a maximum of 200 mR/h at 5.3 t0 6.1 m (17.5 to 20 ft) bgs,
then dropped off to bar  zround levels past 18.3 m (60 ft) bgs. Other than an alpha ‘spike’ at
20.7to 21.1 m (68 to 69.3 ft) bgs, no other radiological anomalies were detected during the
drilling phase. No organic vapors were detected during drilling.

3.2.1.1 Geophysical ogging Summary at the 216-T-28 Crib

Geophysical logging of borehole C4175 was performed with the SGLS on November 8, 2004,
and December 6, 2004, and with the HRLS on December 10, 2004. Cesium-137, Co-60, and
Eu-1.  were the man-made radionuclides detected in the borehole. Cesium-137 was detected
from the ground surface to 21.4 m (70 ft) bgs and at a few sporadic locations below 21.4 m

(70 ft) to total depth. A maximum concentration of approximately 3.9 x 10° pCi/g was measured
at 5.3 m (17.5 ft) bgs.

Cobalt-60 was detected 10.7 to 25.3 m (35 to 83 ft) bgs and at 33.7 m (110.5 ft) bgs. The

maxi concentration was approximately 0.9 pCi/g at 11.1 m (36.5 ft) bgs. It is likely that
Co-€ sts in the high gamma activity zone between 3.1 and 10.7 m (10 and 35 ft) bgs. The
minimum detection level (MDL) for Co-60 is significantly increased at this high-activity zone,
such that it may not be detected.

Europium-154 was detected 10.7 to 33.9 m (35 to 111 ft) bgs and at 35.8 m (117.5 ft) bgs. The
maximum concentration was approximately 110 pCi/g at 24.6 m (80.5 ft) bgs. It is likely that
Eu-154 exists in the high g¢  ma activity zone between 3.1 and 10.7 m (10 and 35 ft) bgs. The
MDL for Eu-154 is significantly increased at this high activity zone, such that it may not be
detected.

The potassium-uranium-thorium log showed some variations, suggesting lithology changes that
may be correlated with adjacent boreholes. On December 12, 2004, the geophysical logging
showed enhanced radon in the borehole between 19.8 and 68.6 m (65 and 225 ft) bgs.

Geophysical logging of four existing boreholes in the vicinity of the 216-T-28 Crib
representative waste site, boreholes 299-W14-1, 299-W14-2, 299-W14-3, and 299-W 14-4, also
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(DOE/RL-96-81). This waste contained uranium, plutonium, Cs-137, Sr-90, and nitrates
(DOE/RL-96-81).

Radioactive contamination was detected in the vadose zone beneath the 216-T-28 Crib in
borehole C4175 to 68 m (223.5 ft) bgs. Maximum contaminant levels are shown in Appendix A
and are summarized here. Because insufficient material was collected at 3.8 to 4.6 m (12.5 to
15 ft) bgs, samples for the sha »w zone (< 4.6 m [15 ft] bgs) were not collected.

Maximum concentrations of radionuclides in deep soils with concentrations that were detected
above background or that have no available background values were as follows:

e Americium-241 802 pCi/g at 5.3 to 6.1 m (17.5 to 20 ft) bgs

e Antimony-125 239 pCi  at 8.41t09.2 m (27.5 to 30 ft) bgs

» Carbon-14 4,52 pCi/g at27.5t028.2 (90 to 92.5 ft) bgs

« Cesium-134 456 pCi/gat 5.3t0 6.1 m (17.5t020 ft) }

o Cesium-137 3,100,000 pCi/g at 5.3 to 6.1 m (17.5 to 20 ft) bgs
+ Cobalt-60 1,180 pCi/g at 5.3 to 6.1 m (17.5 to 20 ft) bgs

« Europium-152 0.733 pCi/g at 27.5t0 28.2 m (90 to 92.5 ft) bgs
» Europium-154 ' 43 pCi/g at 27.5 t0 28.2 m (90 to 92.5 ft) bgs

» Europium-155 19.9 pCi/g at 27.5 to 28.2 m (90 to 92.5 ft) bgs

» Neptunium-237 0.011 pCi/g at 14.5t0 15.2 m (47.5 to 50 ft) bgs
» Nickel-63 843 pCi/g at 5.3 t0 6.1 m (17.5 to 20 ft) bgs

o Plutonium-238 845 pCi/gat5.3t06.1 m(17.5t020 bgs

o Plutonium-239/240 1,110 pCi/g at 5.3 to 6 m (17.5 to 20 ft) bgs

e Technetium-99 1.61 pCi/g at 60.2 to 61.0 m (197.5 to 200 ft) bgs
» Total Radioactive Strontium 642,000 pCi/g at 5.3 t0 6.1 m (17.5 to 20 ft) bgs
o Thorium-228 1.82 pCi/g at 6.9 to 7.6 m (22.5 to 25 ft) bgs

o Tritium 19,000 pCi/g at 27.5 to 28.2 m (90 to 92.5 ft) bgs
o Uranium ~33/234 59.4 pCi/g at 6.9 to 7.6 m (22.5 to 25 ft) bgs

e Uranium-235 1.8 pCi/g at 6.9 to 7.6 m (22.5 to 25 ft) bgs

e Uranium-238 35.1 pCi/g at 6.9 to 7.6 m (22.5 to 25 ft) bgs.

Extensive tables in Chapters 4.0 and 5.0 of this report compare the nonradioactive COPCs
against background and screening levels. For deep soils, contaminants that were detected above
background or that have no available background are as follows (maximum detected levels
shown):

¢ Oil and Grease 1,080,000 pg/kg at 60.2 to 61.0 m (197.5 to 200 ft) bgs
» TPH-diesel range 13,000 pg/kg at 60.2 to 61.0 m (197.5 to 200 ft) bgs
o TPH-kerosene range 13,000 pg/kg at 60.2 to 61.0 m (197.5 to 200 ft) bgs
¢ Antimony 5,030 pg/kg at 60.2 to 61.0 m (197.5 to 200 ft) bgs
e Arsenic 9,290 pg/kg at 27.5 to 28.2 m (90 to 92.5 ft) bgs

o Bismuth 202,000 ng/kg at 6.9 to 7.6 m (22.5 to 25 ft) bgs

e Chromium 81,700 pg/kg at 6.9 to 7.6 m (22.5 to 25 ft) bgs

o Lead 34,400 ng/kg at 60.2 to 61.0 m (197.5 to 200 ft) bgs
» Nickel 52,700 pg/kg at 6.9 to 7.6 m (22.5 to 25 ft) bgs

e Selenium 869 pg/kg at 48 to 48.8 m (157.5 to 160 ft) bgs

o Silver 4,980 ng/kg at 20.6 to 21.4 m (67.5 to 70 ft) bgs
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crib received miscellaneous waste from laboratory hoods and decontamination sinks from
202-S Plant, miscellaneous waste from laboratory hoods and decontamination sinks in the
222-S Analytical Laboratory, and effluent from the 207-SL Retention Basin, 219-S Retention
Building, and 300 Area laboratories (DOE/RL-91-52 and HW-18700-DEL). It received waste
containing uranium, plutonium, Cs-137, Sr-90, and nitrates (DOE/RL-96-81).

Radioactive contamination was detected in the vadose zone beneath the 216-S-20 Crib in
borehole C4176 to 72.6 m (238 ft) bgs. Maximum contaminant levels are shown in Appendix A
and are summarized here.

The only radioactive contamination detected in shallow soils (<4.6 m [<15 ft]) bgs above
background or that had no available background value was Eu-155 at 0.062 pCi/g at 3.8 to 4.6 m
(12.5 to 15 ft) bgs.

Maximum ¢ centratic . of rad wuclides in deep soils :tect above bacl und or that have
no available background values were as fc ws:

e Americium-241 123 pCi/g at 9.9 to 10.7 m (32.5 - 35 ft) bgs

e Carbon-14 35.6 pCi/g at 9.0 to 9.8 m (29.5 to 32 ft) bgs

e« Cesium-137 95,600 pCi/g at 9.0 to 9.8 m (29.5 to 32 ft) bgs
» Cobalt-60 104 pCi/g at 9.0 to 9.8 m (29.5 to 32 ft) bgs

» Europium-1. 70.8 pCi/g at 9.0 to 9.8 m (29.5 to 32 ft) bgs

» FEuropium-155 0.144 pCi/g at 46.2 to 47 m (151.5 to 154 ft) bgs
o Neptunium-237 0.084 pCi/g at 9.9 to 10.7 m (29.5 to 32 ft) bgs
e Nickel-63 4,5 pCi/gat9.0to0 9.8 m(29.5 to 32 ft) bgs
e Plutonium-238 2.6 pCi/gat 9.9 to 10.7 m (32.5 to 35 ft) bgs

« P onium-239/240 78 pCi/g at 9.9 to 10.7 m (32.5 to 35 ft) bgs

o Technetium-99 9.18 pCi/g at 9.0 to 9.8 m (29.5 to 32 ft) bgs

» Total Radioactive Strontium 96,300 pCi/g at 9.0 to 9.8 m (29.5 to 32 ft) bgs
e Thorium-228 15.9 pCi/g at 9.0 to 9.8 m (29.5 to 32 ft) bgs

e Thorium-232 1.41 pCi/g at 9.9 to 10.7 m (32.5 to 35 ft) bgs
o Tritiu 63.1 pCi/g at 9.0 to 9.8 m (29.5 to 32 ft) bgs

. -anium-233/234 250 pCi/g at 9.9 to 10.7 m (32.5 to 35 ft) bgs

e Uranium-235 26.4 pCi/g at 9.9 to 10.7 m (32.5 to 35 ft) bgs
¢ Uranium-238 270 pCi/g at 9.9 to 10.7 m (32.5 to 35 ft) bgs.

Extensive tables in Chapters 4.0 and 5.0 of this report compare the nonradioactive COPCs
against background and screening levels. For shallow soils, contaminants 1at were detected
above background or have no available background are as follows (maximum detected levels
shown):

e Arsenic 6,700 pg/kg at 3.8 to 4.6 m (12.5 to 15 ft) bgs
e Nitrogen in nitrite and nitrate 2,800 ng/kg at 3.8t0 4.6 m (12.5 to 15 ft) bgs.
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3.2.3 Nature and Extent of Contamination in the
216-7Z-7 Crib

This section describes the nature and extent of contamination in the 216-Z-7 Crib area.
The 216-Z-7 Crib is located east of the 231-Z Plutonium Isolation Plant Building and north of
19" Street (Figure 1-2).

3.2.3.1 Geophysical Logging Summ: 7y for the 216-Z-7 Crib

The six 216-Z-7 Crib direct-push holes were geophysically logged in July 2005. Geophysical
logging was performed on the 216-Z-7 Crib borehole (C4183) on February 24, 2005, and
March 24 and 28, 2005. Four man-made radionuclides, Cs-137, Co-60, Pu-239, and Eu-154
were 1nd with SGLS. A comparison of radionuclide data for the six direct-push holes and
borehole C4183 for Cs-137, Co-60 and Eu-154 1s shown in Table 3-2.

The data from the various sources agree within the bounds of error expected with SGLS and
given the expected variation among the different boreholes. In general, logging data give a
general picture of contamination but are more prone to error than are laboratory data and are
considered less reliable. Logging results are subject to the judgment of the personnel involved in
taking d interpreting results and are dependent on many assumptions such as moisture level,
distance from surface, thickness of casings, and homogeneity of soil.

The Cs-137 logging detects start just below the surface, with maximum concentrations of up to
100,000 pCi/g at 4.4 to 5.8 m (14.5 to 19 ft) bgs. Detections ceased at about 14.6 to 15.6 m
(48to 51 ft) bgs. The laboratory sample data show Cs-137 at 2,800 pCi/g at 5.3 to 6.1 m (17.5 to
20 ft) bgs, with detections continuing to below the 12.2 to 13.0 m (40 to 42.5 ft) bgs sample
depth. Because the next sample interval 1s at 17.5 to 18.3 m (57.5 to 60 ft) bgs, this is consistent
with logging.

Cobalt-60 was detected from 4.0 to 16.0 m (13 to 52.5 ft) bgs, with maximum concentrations of
upto 35 pCi/g. e maximum concentration at each hole was at between 4.6 and 9.5 m (15 and
31 1t) bgs. The laboratory sample data show Co-60 at 58.3 pCi/g at 5.3 to 6.1 m (17.5 to 20 ft)
bgs and 17.5 pCi/g at 6.9 to 7.6 m (22.5 to 25 ft) bgs. Although laboratory analysis showed
Co-60 results at depths greater than 9.5 m (31 ft) bgs, the highest of these was only 0.044 pCi/g.

Europium-154 was detected from 4.0 to 14.3 m (13 to 47 ft) bgs, with maximum concentrations
of up to 60 pCi/g. The maximum concentration at each hole was between 2.7 and 7.0 m (9 and
23 ft) bgs. The laboratory sample data show Eu-154 at 10.5 pCi/g at 5.3 to 6.1 m (17.5 to 20 ft)
bgs and 5.54 pCi/g at 6.9 to 7.6 m (22.5 to 25 ft) bgs. Although laboratory analysis showed
Eu-154 results at depths greater than 14.3 m (47 ft) bgs, the highest of these was only

0.153 pCi/g.

Plutonium-239 was detected in two direct-push holes, from 4.0 to 5.8 m (13 to 19 ft) bgs, with a
maxil 1m concentration of 240,000 pCi/g at 5.0 m (16.5 ft) bgs. Passive neutron detector
measurements infer the presence of Pu-239 in the high gamma activity zone in the borehole and
remai ng direct-push holes, but the data available were inconclusive. The laboratory sample
data show Pu-239 at 472,000 pCi/g at 5.3 to 6.1 m (17.5 to 20 ft) bgs and 33,900 pCi/g at
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Cobalt-60

uropium-154
Europium-155
Neptunium-237
Plutonium-238
Plutonium-239/240
Technetium-99
Total Radioactive Strontium
Tritium

58.3 pCi/g at 5.3 t0 6.1 m (17.5 to 20 ft) bgs

10.5 pCi/g at 5.3 to 6.1 m (17.5 to 20 ft) bgs
0.0829 pCi/g at 17.5 to 18.3 m (57.5 to 60 ft) bgs
0.059 pCi/g at 5.3 to 6.1 m (17.5 to 20 ft) bgs
5,770 pCi/g at 5.3 to 6.1 m (17.5 to 20 ft) bgs
472,000 pCi/g at 5.3 to 6.1 m (17.5 to 20 ft) bgs
11 pCi/g at 6.9 to 7.6 m (22.5 to 25 ft) bgs
437,000 pCi/g at 5.3 to 6.1 m (17.5 to 20 ft) bgs
9.54 pCi/g at 35.8 to 36.6 m (117.5 to 120 ft) bgs.

Extensive tables in Chapters 4.0 and 5.0 of this report compare the nonradioactive COPCs
against background and screening levels. For shallow soils, contaminants that were detected
1 ound or that have no available back _ »und are as follows (maximum detected
vels shown):

above |

Arsenic
Cyanide
Nitrogen in nitrite and nitrate

13,400 ug/kg at 3.8 to 4.6 m (12.5 to 15 ft) bgs
3,950 ug/kg at 3.8 to 4.6 m (12.5 to 15 ft) bgs
2,000 pg/kg at 3.8 to 4.6 m (12.5 to 15 ft) bgs.

For deep soils, contaminants that were detected above background or have no available
background are as follows (maximum detected levels shown):

Antimony

Arsenic

Bismuth

Boron

Chromium
Hexavalent chromium
Lead

Nickel

Silver

Uranium

Mercury

Cyanide

Ammonium ion
Nitrate

Nitrogen in nitrite and nitrate
Phosphate

Methylene chlorine
Oil & grease
1,2.3-Trichlorobenzene
Carbon disulfide
Diethyiphthalate
Di-n-butylphtha =2
Ethyl acetate
Nonadecane
Trichloroethene

2,800 pg/kg at 5.3 to 6.1 m (17.5 to 20 ft) bgs
13,400 ng/kg at 3.8 to 4.6 m (12.5 to 15 ft) bgs
123,000 pg/kg at 8.4 to 9.2 m (27.5 to 30 ft) bgs
3,100 pug/kg at 8.4 t0 9.2 m (27.5 to 30 ft) bgs
193,000 pg/kg at 5.3 to 6.1 m (17.5 to 20 ft) bgs
2,050 pg/kg at 60.2 to 61 m (197.5 to 200 ft) bgs
14,300 pg/kg at 5.3 to 6.1 m (17.5 to 20 ft) bgs
23,400 pg/kg at 60.2 to 61.0 m (197.5 to 200 ft) bgs
4,700 pg/kg at 29.4 to 30.2 m (96.5 to 99 ft) bgs
27,900 ng/kg at 5.3 to 6.1 m (17.5 to 20 ft) bgs
5,600 pg/kg at 5.3 to 6.1 m (17.5 to 20 ft) bgs
3,950 pg/kg at 3.8 to 4.6 m (12.5 to 15 ft) bgs

649 ug/kg at 60.2 to 61 m (197.5 to 200 ft) bgs
19,744 ng/kg at 12.2 to 12.8 m (40 to 42.5 ft) bgs
2,500 pg/kg at 12.2 to 12.8 m (40 to 42.5 ft) bgs
13,000 pg/kg at 6.9 to 7.6 m (22.5 to 25 ft) bgs

24 pg/kg at 6.9 to 7.6 m (22.5 to 25 ft) bgs
727,000 pg/kg at 67.1 to 67.9 m (220 to 222.5 ft) bgs
7.5 pg/kg at 6.9 to 7.6 m (22.5 to 25 ft) bgs

1.1 pg/kg at 5.3 to 6.1 m (17.5 to 20 ft) bgs

460 pug/kg at 67.1 to 67.9 m 220 to 222.5 ft bgs
2,100 pg/kg at 29.4 to 30.2 m (96.5 to 99 ft) bgs
5.5 pg/kg at 8.4 10 9.2 m (27.5 to 30 ft) bgs

1,500 pg/kg at 60.2 to 61.0 m (197.5 to 200 ft) bgs
2 ug/kgat 5.3t0 6.1 m (17.5 to 20 ft) bgs.
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nitrate, carbon tetrachloride, trichloroethylene, I-129, and tritium exceeded groundwater
protection standards/guidelines in the vicinity of the 216-T-28 Crib. Of these contaminants, only
nitrate, [-129, and tritium were potentially associated with waste disposal practices at the crib.

PNNL-15070 indicates that nitrate, carbon tetrachloride, I-129, and tritium exceed drinking
water standards in the area of the 216-T-28 Crib. The waste site also is on the edge of
groundwater contaminant plumes for Tc-99 and trichloroethylene and may exceed drinking
water standarcs for these contaminants.

3.3.2 Current Impact to Groundwater in the
21 3-20 Crib Area

..ie effluent volume (135,300 mS) disc’ ed at this si  was more than 22 times eater than the
soil pore volume (6,020 m’) eath the footprint of the w e site to the g indwater table
(DOE/RL-96-81). This suggests that effluent may have reached groundwater at this site. When
the Work Plan was written, current information in PNNL-13401 indicated that that nitrate,
carbon tetrachloride, 1-129, uranium, and tritium exceed groundwater protection
standards/guidelines in the vicinity of the 216-S-20 Crib. Of these contaminants, only nitrate,
I-129, and tritium may have been associated with waste disposal practices at the crib.

PNNL-15070 indicates that trichloroethene and tritium exceed drinking water standards in the
area of the 216-S-20 Crib. The waste site also is on the edge of groundwater contaminant
plumes for nitrate and I-129 and may exceed drinking water standards for these contaminants.

3.3.3 Current pactto Groundw: r '
216-Z-7 Crib Area

The effluent volume (79,000 m3) discharged at this site was more than 2.6 times greater than the
soil pore volume (30,000 m’) beneath the footprint of the waste site to the groundwater table
(DOE/RL-96-81). This suggests that effluent may have reached groundwater at this site. When
the Work Plan was written, current information in PNNL-13401 indicated that nitrate, carbon
tetrachloride, trichloroethylene, Tc-99, I-129, and tritium exceed groundwater protection
standards/guidelines in the vicinity of the 216-Z-7 Crib. Of these contaminants, only nitrate and
tritium may have been associated with waste disposal practices at the crib.

PNNL-15070 indicates that nitrate, carbon tetrachloride, and trichloroethylene exceed drinking
water standards in the area of the 216-Z-7 Crib.
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43 GROUNDWATER PATHWAY MODELING
USING RESRAD VERSION 6.21

Radionuclides with maximum detected concentrations exceeding background values or that had
no available background values were evaluated for potential impact to groundwater. The

co puter code RESRAD Version 6.21 (ANL 2002) was used to model transport of the
radionuclides from designated contamination zones to the groundwater. The depth of the
contamination zones was defined based on the contaminant distribution models in the Work Plan
(DOE/RL-2001-66) and refined by the contaminant distribution in the vertical cross sections
beneath the cribs as determined from analytical data collected during the RI investigation.
Figures 3-10, 3-13, and 3-16 of this RI report present the contaminant distribution models for
each borehole located at the three representative sites.

Based on contaminant distribution in the vertic: cross sections beneath the cribs, there are three
distinct zones of contamination at the 216-T-28 Crib, the 216-S-20 Crib, and the 216-Z-7 Crib.
The zones of contamination in the 216-T-28 Crib, as shown in Figure 4-1, are defined as follows:

o Shallow contamination-transport zone to a depth of 15 m (49.2 ft), related to low mobility
contaminants

o Intermediate contamination-transport zone to a depth of 30 m (98.4 ft), related to
moderate mobility contaminants

e Deep contamination-transport zone to a depth of 69 m (226.4 ft), related to high mobility
contaminants.

The zones of contamination in the 216-S-20 Crib, as shown in Figure 4-2, are defined as follows:

¢ Shallow contamination-transport zone to a depth of 15 m (49.2 ft), related to low mobility
contaminants

« Intermediate contamination-transport zone to a depth of 50 m (164 ft), related to
moderate mobility contaminants

» Deep contamination-transport zone to a depth of 73 m (239.5 ft), related to high mobility
contaminants.

The zones of contamination in the 216-Z-7 Crib (Figure 4-3), are defined as follows:

e Shallow contamination-transport zone to a depth of 18 m (59.1 ft), related to low mobility
contaminants

» Intermediate contamination-transport zone to a depth of 35 m (114.8 ft), related to
moderate mobility contaminants

e Deep contamination-transport zone to a depth of 66 m (216.5 ft), related to high mobility
contaminants.
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The vertical distributions of arsenic, mercury, and uranium are shown in Figure 3-10. The
depths of the peak concentrations of arsenic and mercury are roughly proportional to the inverse
ratio of their Kgs, as was expected. The dep  of the maximum arsenic concentration is 3.7 times
greater than the depth of the maximum mercury concentration. while the arsenic Ky is 1.8 times
smaller than the mercury Kg. Uranium peak concentration is only 1.5 m (5 ft) below the mercury
peak concentration. This suggests that the uranium Ky is significantly higher than was assumed
in the radioactive contaminant analysis, indicating that this analysis was very conservative.

Also, the simple mass balance calculations show that 367 kg of uranium (or 97 percent of the
amount disposed of) are located within the contaminated soil column that extends to the depth of
about 32 m (105 ft). One reason for uranium to have a larger K4 than expected would be the
reducing of U®" to U*. The latter has significantly lower solubility and consequently lower

mob ty (greater apparent Ky). Therefore, the only COPCs remaining on the list are arsenic,
fluoride, and nitrate.

The arsenic potential to reach the groundwater 1,000 years was evaluated usii = RESR*™
Version 6.21 (ANL 2002). Uranium-238 was selected to emulate the arsenic behavior in the
vadose z« :, because its half-life is very large, and a negligible portion of its mass is lost by
decay within 1,000 years. The U-238 K4 was specified as equal to 29 L/kg, which is the
assumed arsenic Ky (Table 4-2). The RESRAD parameters that are not vertical cross-section
specific and constituent specific are defined in Table 4-10. The cross-section-specific
parameters are defined in Table 4-12, assuming the total depth of the contaminated zone to be
equal to 50.3 m (165 ft). Based on the RESRAD calculations, it is concluded that a nondecaying
constituent with the Ky equ  to 29 L/kg will not reach groundwater within 1,000 years,
assuming that the current depth of the contaminated zone extends to about 50 m (164 ft). Based
on this conclusion, arsenic is excluded from the list of COPCs.

The remaining COPCs are fluoride and nitrate. The vertical distributions of these constituents
are shown in Figure 3-10. In this figure, the concentrations of both constituents increase with
depth. This means either that the peak concentration occurs very close to the water table or that
the peak discharges to the groundwater already have occurred.

Based on DOE/RL-2001-66, the total amount of nitrate discharged into the 216-T-28 Crib was
10,000 kg. Sim fied calculations of the nitrate mass within the contaminated soil column
extending to the groundwater table using conservative assumptions about nitrate concentrations
shows that the maximum nitrate mass currently stored in this column is about 6,200 kg. This
means that about 38 percent or more of the nitrate mass has discharged into the aquifer. This is
consistt ~ with the fact that nitrate has a Ky equal to 0 and travels with the same velocity as the
groundwater. As discussed in DOE/RL-2001-66, based on the total amount of effluents
discharged in the 216-T-28 Crib and the volume of soil column beneath the crib, the waste water
already could have reached the aquifer (DOE/RL-2001-66). The fluoride K4 is O as well,
suggesting that the same conclusions can be made about this constituent.

The fact that the nondecaying constituent with a K4 equal to zero reaches groundwater within
1,000 years is consistent with the previous mod ng (DOE/RL 2002-42; and DOE/RL-2003-11,
Remedial Investigation for the 200-CW-5 U Pond/ Z Ditches Cooling Water Group, the
200-CW-2 S Pond and Ditches Cooling Water Group, the 200-CW-4 T Pond and Ditches
Cooling Water Group, and the 200-CS-1 Steam Condensate Group Operable Units) and with the
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ma; num dose of 0.032 mrem/yr at 3,500 years. The other radionuclides do not reach the
hypothetical groundwater well in 10,000 years.

4.4.2.3 Deep Contaminant-Transport Zone - 68.5 Meters

The radionuclides selected for the deep contaminant-transport zone modeling were defined based
on the analysis of the contaminant distribution in the vertical cross section. These radionuclides
are Am-241, Tc-99, and tritium. The concentrations of these radionuclides versus depth are
shown in Figure 3-10. As seen in this figure, these radionuclides are located within the entire
vadose zone. It was assumed that the contaminant depth in this case is 68.5 m (224.7 ft), which
is0.5m (1.6 ft). >ve the groundwater table. This assumption was made to enable the use of
RESRAD calculations.

. ~c ntaminants, Tc-99 and tritium, reach groundwater in a very short time (4.5 years), with
maximum dose rates of 0.1 mrem/yr and 41 mrc  yr respectively.

4. 3 216-S-20 Crib Nonradioactive >nt iinants of
Potential Concern

The inorganic contaminants that are present at maximum concentrations greater than background
or that do not have an applicable background value and exceed groundwater protection screening
standards include the following:

Arsenic
Bismuth
Mercury
Uranium.

The RBC is not available for bismuth. Consequently, the corresponding soil concentration of
bismuth was not calculated. However, the maximum concentration of bismuth is relatively high,
and bismuth was included on the list of COPCs for further consideration.

The WAC 173-340-747 three-phase model does not address transport through uncontaminated
vadose zone soils beneath the contaminated site. An additional screening evaluation for potential
groundwater impacts was applied based on the Pacific Northwest National Laboratory report
(PNNL-11800) that indicated that a Ky value of 40 1/kg is a reasonable metric for considering

insport from the vadose zone to groundwater. This screening supplements the comparison to
the soil screening criteria by identifying those constituents that are effectively in  »bile in the
vadose zone a1 that, therefore, are highly unlikely to reach groundwater.

The following two constituents have a Ky greater than 40 L/kg:

o  Mercury (Kq =52 L/kg)
e Bismuth (K4 = 100 L/kg).
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U-233/234, U-235, and U-238. The concentrations of these radionuclides (except Np-237,
Sr-90, and Tc-99, which had only a few data points each) versus depth are shown in Figure 3-13.
As seen in this figure, these radionuclides are located within the upper 15 m (49.2 ft) of the cross
section.

None of radionuclides except Tc-99 reach groundwater in 1,000 years. Technetium-99 reaches
groundwater with the maximum concentration at 1,000 years. However, its dose

(2x10™ mrem/yr) is significantly lower than the corresponding regulatory limits of 4 mrem/yr.
Carbon-14 reaches the hypothetical groundwater well with the maximum dose of 0.06 mrem/yr
at 6,000 years (maximum excess cancer risk is 6 x 10'®). Uranium reaches the hypothetical
groundwater well with the maximum dose of 2,830 mrem/yr at 6,000 years. Neptunium-237
dose is 8.46 x 10™ mrem/yr.

4.4.4.2 Int___)ediate Contaminant-Transport Zone - 50 Meters

The radionuclides selected for the intermediate contaminant-transport zone modeling were

defi |based on the analysis of the contaminant distribution in the vertical cross section. These
radionuclides are Eu-154, Eu-155, Pu-238, and Pu-239/240. The concentrations of these

rac nuclides versus depth are shown in Figure 3-13. As seen 1n this figure, these radionuclides
are located within the upper 50 m (164.0 ft) of the cross section.

None of the radionuclides reach groundwater in 1,000 years. Plutonium (its daughters) reaches
the hypothetical groundwater well with the total maximum dose of 0.012 mrem/yr at 6,300 years.
The other radionuclides do not reach the h*  othetical groundwater well in 10,000 years.

4.4.4.3 Deep Contaminant-Transport Zone - 73 Meters

The radionuclides selected for the deep contaminant-transport zone modeling were defined based
on the analysis of the contaminant distribution in the vertical cross section. These radionuclides
are Am-241 and tritium. The concentrations of these radionuclides versus depth are shown in
__gure 3-13. As seen in this figure, these radionuclides are located within the entire vadose zone
to the depth of 73 m (239.5 ft). The groundwater table was at 74 m (242.8 ft) bgs.

Only one radionuclide, tritium, cannot be screened out because it reaches groundwater in a very
short time, and its excess cancer risk is above the groundwater protection limit. However, after
44 years, the excess cancer risk associated with tritium falls below the groundwater protection
limit.

4.4.5 216-Z-7 Crib Nonradioactive Contaminants of
Potential Concern

The inorganic contaminants that are present at maximum concentrations greater than background
or that do not have an applicable background value and exceed groundwater protection screening
standards are as follows:

e Arsenic
¢ Bismuth
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1,000 years. The U-238 K4 was specified as equal to 0 L/kg, which is the cyanide K4

(Table 4-4). The RESRAD parameters that are not vertical-cross-section specific and constituent
spec ¢ were defined in Table 4-16. The cross-section-specific parameters were defined in
Table 4-18. Cyanide was detected in only one sample from the depth of 4.5 m (14.8 ft).
Consequently, the total depth of the contaminated zone was specified at this depth. The

cc entration of uranium was specified as equal to the concentration of cyanide (3.95 mg/kg).
This concentration was converted to pCi/g (6.32 x 10! pCi/g). The uranium (cyanide) reaches
the groundwater within 1,000 years, with the maximum concentration at 700 years. The
maximum concentration is 3.3 x 10" pCi/L, which is the equivalent of 0.21 ug/L. The
maximum contaminant level (MCL) for cyanide is 200 pg/L. Consequently, even though
cyanide is likely to reach the groundwater within the 1,000-year time period, its maximum

cc centration will be significantly below the MCL. Based on this evaluation, cyanide is
excluded from the list of the potential contaminants.

None of the organic and inorganic constituents detected in the vado  zone beneath the
216-2Z-7 Crib should be retained as a COPC.

4.4.6 216-Z-7 Radioactive Contaminants of Potential
C :ern

Hanfo  Site 90" percentile background values from DOE/RL-96-12, Table 5-1, were used to

i ntify potentially site-related contaminants in the background screening. The radionuclides
that are present at maximum concentrations greater than background or that do not have an
applicable background value are shown in bold in Table 4-5. The radionuclides no longer
retained for further evaluation based on the background screening are Sb-125, C-14, Cs-134,
Eu-152, Ni-63, K-40, Ra-226, Ra-228, Th-228, Th-230, Th-232, U-233/234, U-235, and U-238.

Radionuclide-specific parameters and contamination-depth-specific parameters used in the
RESRAD model are presented in Tables 4-17 and 4-18.

4.6.1 Shallow Contaminant-Transport Zone - 18 Meters

he radionuclides selected for the shallow contaminant-transport zone modeling were defined
based on the analysis of the contaminant distribution in the vertical cross section. These
radionuclides are Cs-137, Np-237, Sr-90, and Tc-99. The concentrations of these radionuclides
(except Sr-90, which had only a few data points) versus depth are shown in Figure 3-16. As seen
in this figure, these radionuclides : : located within the upper 18 m (59.1 ft) of the cross section.

None of the radionuclides except Tc-99 reach groundwater in 1,000 years. Technetium-99
reaches groundwater in about 500 years. Its peak dose is 8.5 mrem/yr, which is above the
4 mrem/yr regulatory limit. Consequen /, Tc-99 is the only radionuclide of potential concern.

4.4.6.2 Intermed e Contaminant-Trans rt Zone - 35 Meters

-.. radionuclides selected for the intermediate contaminant-transport zone modeling were
defined based on the analysis of the contaminant distribution in the vertical cross section. These
radionuclides are Pu-238 and Pu-239/240. The concentrations of these radionuclides versus
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453 216-Z-7 Crib

None of the nonradioactive constituents detected in the vadose zone beneath the 216-Z-7 Crib
should be retained as COPCs.

The only two radioactive contaminants of concern are Tc-99 and tritium. Both of them reach the
hypothetical groundwater well within the 1,000-year time period. While the peak doses
associated with these radionuclides are below the regulatory limit, their excess cancer risk values
are above the groundwater protection limits. :
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communities. Characteristic vegetation and the percent cover of each plant species associated
with each habitat type are described in detail in DOE/RL-2001-54.

Reptiles found in the Central Plateau include gopher snakes (Pituophis melanoleucus) and side-
blotched lizards (Uta stansburiana). Rattlesnakes (Crotalus viridis) also have been observed.
Observations of reptiles were not widespread, with only 23 observations of side-blotched lizards
at 316 sites surveyed in 2001 (DOE/RL-2001-54).

Numerous species of birds and mammals occupy habitats surrounding the 200 Areas. Based on
the resu  of bird point counts, the species of bird observed at the largest number of stations in
the 200 East Area are the American robin (Turdus migratus), the European starling (Sturnus
vulgaris), and the western meadowlark (Sturnella neglecta). The species of bird observed at the
largest number of stations in the 200 West Area are the v tern meadowlark (Sturnella
neglecta), the sage sparrow (Amphispiza belli), the lark sparrow (Chondestes grammacus), and
the loggerhead shrike (Lanius ludovicianus). Mammal species in these surrounding habitats
consist primarily of small rodents including the Great Basin Pocket Mouse (Perognathus parvus)
and deer mice (Peromyscus maniculatus). Other small mammals such as the pocket gopher
(Thomomys talpoides) could potentially occur in less disturbed surrounding habitat. The
surrounding habitat is also home to black-tailed jackrabbits (Lepus californicus), mountain
cottontails (Sylvilagus nutalli), badgers (Taxidiea taxus), coyotes (Canis latrans), mule deer
(Odocoileus hemionus), and an occasional elk (Cervus elaphus) (DOE  L-2001-5 . This
SLERA compares soil media concentrations against concentrations that are known to have no
observable adverse effects. Target receptors are designed to be broadly representatives of gr¢ s
of mann als and birds that include the species occurring at the 200 Area sites.

Three of the most common groups of insects found at the Hanford Site are darkling beetles,
grasshoppers, and ants.  arkling beetles are a dominant part of the insect community in the
200 Areas, where they occur with very little seasonal restriction but exhibit dramatic changes in
abundance from year to year (PNL-2253, Ecology of the 200 Area Plateau Waste Management
Environs: A Status Report). Grasshoppers are herbivorous insects common to the

Central Plateau. This SLERA compares soil media concentrations against concentrations that
are known to have no observable adverse effects. Target receptors are designed to be broadly
representatives of insects and other soil invertebrates such as earthworms that include the
invertebrate species occurring at the 200 Area sites. Ants tunnel underground and move soil to
the surface; however, their ability to move contaminants to the surface at the Hanford Site is not
well documented. Biota samples in conjunction with soil samples would be helpful in
understanding the completeness of this exposure pathway. The role of soil invertebrate species
in transport of contaminants from the subsurface is discussed in more detail in Section 5.2.5.3.

5.2.2.1 Sensitive Habitat

Sensitive habitats are those identified in  OE/RL-96-32, Hanford Site Biological Resources ‘
Management Plan, as rare or wetlands (riparian) habitat. The Federal and state governments ‘
protect wetlands. Rare habitats are those that have a low availability but are important for plant, (
fish, and wildlife species (DOE/RL-96-32). On the Central Plateau, the only identified rare

habitat areas, rated as Level IV in DOE/F  -96-32, are located in proximity of the basalt ridges of
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An exposure pathway is the physical course that a CC  C takes from the poii  of release to a
receptor. The chemical intake or exposure route is the means by which a COPC enters a
receptor. For an exposure pathway to be complete. all of the following components must

be present:

* A source

e A :chanism for chemical release and transport
o An environmental transport medium

e An exposure point

* An exposure route

» A receptor or exposed population.

In the absence of any one of these components, an exposure pathway is considered incc Hlete
and, by definition, no risk or hazard exists. Figure 5-1 presents the conceptual exposure model
for the 200-LW-1 and 200-LW-2 OU waste sites.

5.2.4.1 Cor 1 inant Sources

The 200-LW-1 OU is one of two OUs in the chemical laboratory waste category as described in
DOE/RL-96-81. The OU received liquid wastes resulting from 300 Area process laboratory
oper. ons that supported radiochemistry and metallurgical experiments. The wastes were
transferred from the 300 Area to the 200-LW-1 OU waste sites in the 200 Areas for disposal.
The other OU in this waste category, e 200-LW-2 200 Area Chemical Laboratory Waste Group
OU, received liquid waste resulting mainly from 200 Area laboratory operations that supported
the ajor chemical processing facilities and equipment decontamination from T Plant. Some
200-LW-2 sites, however, are known to have also received waste from 300 Area laboratories.

The 200-LW-1 and 200-LW-2 OUs fall within the chemical laboratory waste category. This
category is composed of waste sites that received liquid waste streams from 200 and 300 Area
laboratory facilities. Experiments conduct in these laboratories were associated with the major

processing facilities in the 200 Areas (e.g., T and B Plants, Plutonium-Uranium Extraction
[PUREX] Facility, Reduction-Oxidation [REDOX] Facility).

Detailed descriptions and histories of the three representative waste sites, the 216-T-28,
216-S-20, and 216-Z-7 Cribs, can be found in Section 1.4 of this report.

5.24.2 Release Mech: s1 : 11 vironmental Transport Media

The primary release and transport  echanisms for COPCs from the source via environmental
media to potentially contaminated media are as follows:

» Surface and subsurface liquid discharge, followed by deposition on surface and
subsurface soils

» Infiltration, percolation, and leaching contaminants from waste sites to subsurface soils
and groundwater
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] 1
Air Concentration = C, x( j

PEF " VF
where
C, = soil concentration (mg/kg)
VF volatilization factor (chemical-specific) (m’/kg)
P 7 =particulate emissions factor (1.32 x 10° m’/kg).

The volatilization factors for volatile organic compounds identified as COPCs in shallow-zone
soil' and the particulate emissions factor used to estimate fugitive dust emissions were ob  1ed
from EPA/540/R-96/018, Soil Screening Guidance: Users Guide, Directive 9355.4-23.

No volatile organic or semivolatile organic compounds were detected in the shallow zone soils at
the 216-S-20 Crib or the 216-Z-7 Crib. No data were available for the shallow zone soils for the
216-T-28 Crib on which to calculate risk. As a surrogate, concentrations of organic ¢t pounds
from eper in the 216-T-28 Crib were evaluated and compared to established screening levels.
Based on that analysis, and because of the chemistry of the compounds, particularly a low partial
pressure, it is unlikely that organic compounds remain in the shallow zone soil, having volatized
long ago. Subsequently, vapor emissions for the 216-T-28 Crib were not considered a valid
exposure pathway, and no particulate emission factor was calculated.

5.3 JMAN HEALTH RISK EVA UATION F(
NONRADIC OGICAL CONTAMINAN §

A baseline HHRA, in which potential adverse health effects are evaluated in the absence of any
re; dial action, generally consists of four steps: data collection and analysis, exposure
assessment, toxicity assessment, and risk characterization (EPA/540/1-89/002, Risk Assessment
Guidance for Superfund (RAGS), Volume I -- Human Health Evaluation Manual, (Part A)
Interim Final, OSWER 9285.7-01A). In the first step of the assessment, COPCs are identified
on the basis of such criteria as detection status, comparison to background concentrations, and
comparison to toxicity-based screening criteria. Exposure pathways associated with the toxicity-
based screening criteria were described in Section 5.2.4 of this RI Report. The results of the
screening assessment are interpreted in an1  ertainty analysis in Section 5.3.3.

' Shallow-zone soils are defined as those collected from 0 to 4.6 m (Oto 15 ft) bgs.
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e OSWE Directive 9285.6-03. Risk Assessment Guidance for Superfund, Vol. | Human
Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors,
(Inte n Final) (EPA 1991)

« EPA/600/P-95/002Fa. Exposure Factors Handbook

o  EPA/540/R-99/005, Risk Assessment Guidance for Superfund, Volume I: Human Health
Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment)
Interim

o« EPA/6l P-92/003C, Proposed Guidelines for Carcinogen Risk Assessment

e (C NER 9285.7-081, Supplemental Guidance to RAGS: Calculating the
Concentration Term (EPA 1992).

5.3.2 Contaminants of Potential Concern for
Hum: ealth

The COPCs are those chemicals that should be ¢ :d through the human health risk
quantification process. This component of the HHRA process summarizes those contaminants
detected in environmental media and identifies the COPCs for environmental media that are
accessible for human exposure. Chemicals of potential concern are those chemicals that pose
potentially unacceptable risks to human health. Actions to improve the understanding of COPC
distribution and/or migration in the environment or actions to mitigate potential exposures should
be evaluated further in the FS. The technical approach for identifying nonradionuclide COPCs is
outlined in Figure 5-2.

5.3.2 ata Evaluation

All so data collected under the Work Plan (DOE/RL-2001-66) were considered in the human
health evaluation. Soil sampling information, including collection dates, sample identification
numbers, depths, and analytical laboratories are summarized in Tables 2-1 through 2-3.

All nonradiological contaminants detected in one or more samples were included in the human
health risk evaluation. In accordance with established precedent, the following rules were
applied to data for the risk assessment.

e Sample data with estimated concentrations (“B” or “J” qualification flags) were evaluated
at the reported concentration in the risk evaluation.

¢ Rejected (“R”-qualified) data were not used in the risk evaluation.

e If duplicate and/or split sample results were available for a sample, the highest of the
reported concentrations was used in the risk evaluation.

Frequency-of-detection criteria were not applied to this data set. All detected contaminants were
carried to the next screening step.
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o Other TICs that are not calibrated and are estimated and that do not have risk values in
the , Version 3.1 tables (Ecology 94-145) are 2.4,6-trimethylpyridine, 3-penten-2-one,
6-tridecene. mesityl oxide, tetramethylpiperidinone, 2-butyl-1,1.3-trimethyl-cyclohexane.
decahydro-2 6-dimethyl-naphthalene, n-butylbenzenesulfonamide, bis(2-

e ylhexyl)adipate. o-terphenyl. propionic acid, eicosane, n-hexanoic acid, decahexanoic
acid octacosane, 1,2.4-trithiolane, 3-methyl 2-cyclohexen-1-one, and cyclohexyl
i1socyanate.

Tributyl phosphate often is reported as a TIC; however, because of its use at the Hanford Site
and because many of the laboratories under contract calibrate for this compound, it was
considered during the human health risk evaluations.

5.3.2.2 Identificat n of Essential Nutrii s

Chemicals that are considered essential human nutrients, are toxic only at very high doses.
These nutrients are typically present at concentrations only slightly higher than naturally
occurring levels and are not generally evaluated in a human health risk assessment
(EPA/540/1-89/002). Examples of such chemicals described in Section 5.9.4 of
EPA/540/1-89/002, are iron, magnesium, calcium, potassium, and sodium. These essential
nutrients were not included in any of the comparisons as part of the human health screening
assessment.

5.3.2.3 Background Screening

As shown in Figure 5-2, detected contaminants that are not essential nutrients were screened for
consideration in the risk-based evaluation by comparing the maximum detected concentration
with background concentrations. With the following three exceptions, Hanford Site lognormal
90" percentile background values were used to identify potentially site-related contaminants in
the background screening, as recommended in DOE/RL-92-24. The background values were
identified in Summary Table 2 of DOE/RL-92-24.

o DOE/RL-92-24 does not list a background value for cadmium. For cadmium, the
90™ percentile background value of 0.81 mg/kg was obtained from Table 7 of Ecology
Publication 94-145. The cadmium background value is specific to eastern Washington.

e Organic compounds, semivolatile organic compounds, and PCBs are not naturally
occurring in the soils at the Hanford Site; background criteria have not been developed.
Therefore, concentrations of these contaminants have been compared to soil screening
levels without a prior background screening.

» Site-wide and statewide soil background levels are not available for antimony, selenium,
strontium, thallium, titanium, yttrium, Am-241, Co-60, Cm-z |, Eu-152, Np-237, Se-79,
Tc-99, or U-234. If any of these metals or radionuclides were detected, they were carried
forward in the risk assessment process.

 If atoxicity value was not available from a reliable source or an appropriate surrogate
could not be identified, the chemical was not included in the risk assessment.
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e 216-S-20 Crib. Antimony, arsenic, barium, beryllium, bismuth, boron, total chromium,
hexavalent chromium, copper, lead, mercury, nickel, silver, uranium, fluoride, nitrate as
N, nitrogen as nitrate/nitrite, sulfide

216-Z-7 Crib. Antimony, arsenic, bismuth, boron, total chromium, hexavalent
chromium, lead, mercury, nickel, silver, uranium, ammonium ion as N, nitrate as N,
nitrogen as nitrate/nitrite, phosphate.

5.3.2.4 Screening to WAC 173-340 Soil and Groundwater Protection Screening Levels

Inorganic contaminants with maximum detected concentrations exceeding background screening
values and the maximum concentrations of organic chemicals detected in one or more samples
were evaluated against WAC 173-340-745 screening levels. The maximum detected

con tion in the upper 4.6 m (15 ft) was compared to direct-contact screening levels for
industrial land use (WAC 173-340-745 levels). The exposure assumptions used to develop the
WAC 173-340-745 levels for direct exposure to soil are summarized in Table 5-4. These
exposure assumptions represent a reasonable maximum exposure scenario for an industrial
worker. The maximum contaminant concentrations from any depth (the deep-zone soil column
extending from the surface to groundwater) were evaluated against WAC 173-340-747 soil
screening levels for groundwater protection. The exposure assumptions that were incorporated
in e development of the soil screening levels for groundwater protection are provided in
Table 5-5. The fixed-parameter (default values) variant of the WAC 173-340-747 three-phase
equilibrium model was used to calculate soil screening levels for groundwater protection in
Chapter 4.0. Developing screening levels using this model involves considering groundwater
RBCs, such as MCLs, as well as the chemical and physical parameters of the chemicals being
considered. Table 4-2 provides the groundwater RBC, Ky, and H. values used to develop the
WAC 173-340-747 soil screening levels for groundwater protection. Table 5-6 provides the
toxicity values used to develop both these direct-contact screening levels and the soil screening
levels for groundwater protection. Direct-exposure screening levels were obtained from
CLARC, Version 3.1. The summary of the comparison of nonradionuclides against

WAC 173-340-740, WAC 173-340-745, and WAC 173-340 ., }7 screening levels is summarized
in Table 5-7.

Table 5-8 provides the comparison of the maximum detected concentration of any organic
contaminant in shallow-zone soil to its direct-exposure screening level A shaded set of cells
indicates the maximum detected concentration of a contaminant exceeds screening level. No
organic contaminants exceeded direct exposure screening levels at two of the three representative
sites based on comparison of maximum detected values in the top 4.6 m (15 ft) of soil to

WAC 173-340-745 industrial screening values. There are no shallow zone data available for
216-T-28 Crib. As a surrogate, concentrations of organic compounds from deeper in the
216-T-28 Crib were evaluated and compared to established screening levels. Based on that
analysis, and because of the chemistry of the compounds, particularly a low partial pressure, it is
unlikely that organic compounds remain in the shallow zone soil, havii _ volatized long ago. It
should be noted that the 216-T-28 Crib contained a larger concentration of volatile compounds at
depth than any of the waste sites in this OU. However, the maximum concentrations in the deep
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construction, and future land-use suggest there is a similar lack of risk associated with the
216-T-28 Crib.

The results of soil screening for groundwater protection indic: : that a number of soil
contaminants may potentially pose groundwater impacts. The finding of potential groundwater
impacts for some of these contaminants is, however, implausible because of the nature of the
chemical distribution in soils and the site-specific characteristics of the vadose zone. The fixed-
parameter three-phase partitioning model is an equilibrium model that does not account for
transport through an uncontaminated vadose zone. In the model, soil is assumed to be uniformly
cor minated to the top of the aquifer. In fact, for most of the contaminants, a considerable
thickness of vadose zone separates contamination from the aquifer. Contaminants with relatively
high K4 values (see Section 5.3.2.4), such bismuth, lead, and mercury, are highly unlikely to be
able to infiltrate from near the ground surface to the aquifer. Discussionin PN _-11800
concluded that contamine s with Kg values of 40 /g or _  ter are considered immobile in
the vadose zone and groundwater.

54 RESRA 'MODELING

The RESRAD computer code (ANL 2002) was used to evaluate potential adverse health effects
of residual radionuclides in soil at the 216-S-20 Crib, 216-T-28 Crib, and 216-Z-7 Crib. The
radiological COPCs identified in Section 5.4.1 were chosen based on detection status and
comparison to background concentrations. The input parameter values for the RESRAD
modeling and the associated rationale and assumptions are discussed in Section 5.4.2. The
results of RESRAD modeling of potential health effects and groundwater impacts associated
with radionuclides in shallow- and deep-zone soils are described in Section 5.4.3. Both
radiological dose and cancer risk are assessed as health-effects endpoints. An uncertainty
analysis for the RESRAD modeling is provided in Section 5.4.4.

5.4.1 Criteria for Se ting Radiological Contaminants
of Potential Concern in Shallow-Zone
Soil Samples

The COPCs are those radionuclides that pose potentially unacceptable radiological dose and/or
cancer risks. Radionuclides identified in this section will be evaluated as COPCs in the

RE! AD modeling. If exposure to radionuclide COPCs exceeds dose or risk criteria as
determined by the RESRAD modeling, actions to improve the understanding of COPC

distributic  and/or migration in the environment or actions to mitigate potential exposures should
be evaluated further in the FS. The technical approach for identifying radionuclide COPCs is
illustrated in Figure 5-3.

5 1.1 Data Evaluation

All soil data collected under the Work Plan (DOE/RL-2001-66) were considered in the
radiological evaluation. Soil sampling information, including collection dates, sample
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The >llowing contaminants are present at maximum concentrations greater than background or
do not have an applicable background value, and will be evaluated further for either surface
exposure and/or potential groundwater impacts:

e 216-T-28 Crib. Am-241, Sb-125, C-14, Cs-134,Cs-137, Co-60, Eu-152, Eu-154,
Eu-155, Np-237, Ni-63, Pu-238, Pu-239/240, Tc-99, Th-228, Sr-90, tritium, total
uranium, U-233/234, U-235, and U-238

e 216-S-20 Crib. Am-241, C-14, Cs-137, Co-60, Eu-154, Eu-155, Np-237, Ni-63, Pu-238,
Pu-239/240, Ra-228, Tc-99, Th-228, Th-232, Sr-90, tritium, total uranium, U-233/234,
U-235, and U-238

e 216-Z-7 Crib. Am-z , Cs-137, Co-60, Eu-154, Eu-155, Np-237, Pu-238, Pu-239/240,
Tc-99, Sr-90, tritium, total uranium.

5.4.2 RESRAD Assumptions and Input Parameters

Waste site-specific or Hanford Site-specific data were used where available as input parameters
for the RESRAD modeling. The types of parameters for which such data were used included
vadose zone hydrogeologic characteristics, radionuclide Ky values, the dimensions of each site,
and the depth of cover material on each site. A detailed explanation of the derivation and
application of waste site-specific and Hanford Site-specific physical data for the RESRAD
modeling is provid¢ in Chapter 4.0.

K, values used preferentially in the RESRAD simulations were “conservative” values from
PNNL-11800, Table E.15, Source Category “F” K4 values, corresponding to low-organic/
low-salts/near-neutral-pH releases.

An industrial exposure scenario is us¢ [0 evaluate potential surface exposure to radionuclides
in soil. The exposure scenario pathway assumptions and generic RESRAD input parameter
values are gene ly consistent with previous work in the 200-UP-1 OU. The input parameter
values also . :largely in accordance with those described in Appendices A and B of
WDOH/320-015. The specific parameter values and associated references for each RESRAD
it parameter are provided in Table 5-11 for industrial land use. Specific input parameter
values and associated references for groundwater protection modeling using RESRAD are
provided in Tables 4-10 through 4-12 for the 216-T-28 Crib, in Tables 4-13 through 4-15 for the
216-S-20 Crib, and in Tables 4-16 through 4-18 for the 216-Z-7 Crib.

Maximum detected concentrations of radionuclides in the O m to 4.6 m (15 ft) shallow-zone soil
layer were evaluated for potential radiation dose and cancer risk in the industrial-land-use

scer i0. The specific radionuclides and exposure concentrations used in RESRAD are those
indicated in shading in the column labeled “Shallow-Zone Maximum Concentration” in

Table 5-10. Potential radiation dose and cancer risk associated with these concentrations were
assessed under two conditions. 1 the first condition, labeled the “cover” scenario, the maximum
detected concentration was assumed to be uniformly present across the entire site area to a depth
of 4.6 m (15 ft) or more, but the site-specific depth of cover identified in Tables 2-1 and 2-2 of
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5. 3.1 RESRAD Results for the 216-T-28 Crib

Industrial Scenario. No RESRAD modeling was performed at this waste site because no
samples were collected in the shallow-zone soils (0 to 4.6 m [0 to 15 ft]). Because of the depth
of the crib, the zones of major contamination are anticipated to be at or below 4.6 m (15 ft).

Groundwater Protection. The RESRAD modeling was run to 10,000 years. Of the
radionuclides present in the subsurface, only T¢-99 and tritium migrate to the groundwater
within 1,000 years. Neptunium and plutomum (all 1sotopes) reach the groundwater with
maximum doses ranging from 4.0 x 10~ to 1.7 x 10° ¢ mrem/yr at 10,000 years. Uranium (all
isotopes) reaches groundwater with a maximum dose of 105 mrem/yr at 6,000 years. The excess
cancer risk related to neptunium and plutonium is below 1.0 X lO during the modeling period.
The aximum excess cancer risk related to " 1i85.0x 10™ m-14 reaches the

) lwater with a max: d of 04 rat | yea s maximu  excess
cancer risk related to C-14 is 6.5 x 10”'. No other radionuclides reach groundwater within
10,000 years. Figures 5-4 through 5-7 present the summed dose and summed risk for all
radionuclides reaching groundwater beneath the 216-T-28 Crib.

The results of dose and risk calculations for the groundwater pathway are summarized in
Table 5-12. The only two contaminants of concern are Tc-99 and tritium. Both contaminants
reach the hypothetical groundwater well in very short time (4.5 years) and their dose and/or
excess cancer risk are above the groundwater protection limits.

54.3.2 ESRAD Results for the 216-S-20 Crib

Industrial Scenario. The dose assessment and risk assessment results for the 216-S-20 Crib are
shown in Tables 5-13 and 5-14, respectively. In addition to the radiation dose and cancer risk
over time, the tables indicate the primary radionuclic and exposure pathway associated with
dose and risk at each time. The percent contribution of individual radionuclides to dose and
cancer risk is expressed in terms of the original radionuclides present at a site, rather than as the
percent contribution across all parents and progeny present at some specific time. For example,
dose and risk over time from some nuclides may be associated with progeny as well as the parent
nuclides themselves. If no single radionuclide contributes 40 percent or more to the total dose
via the primary pathway, multiple radionuclides associated with the primary pathway

are tabulated.

Health effects are modeled from the present day to 1,000 years in the future. Cancer risk
estimates employ cancer risk morbidity slope factors from EPA/402/R-99/001, Cancer Risk
Coefficients for Environmental E _ sure to Radionuclides, Federal Guidance Report No. 13,
provided in the RESRAD computer code. The depth of cover over the contaminated zone at the
216-S-20 Crib is approximately 11 m (36 ft). Therefore, the contaminated zone lies below the

0 m to 4.6-m (15-ft) soil layer evaluated for possible surface exposure. Low concentrations of
one radionuclide (Eu-155) were measured where t  kground data are unavailable. Although this
radionuclide is present at a very low concentration in the cover material, potential health effects
related to surface exposure were evaluated to provide assurance that no significant impacts are
likely under current site conditions. Because the depth of cover was so great, removing the
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(15 ) soil layer evaluated for possible surface exposure. Three radionuclide COPCs (Cs-137,
Eu-155, Np-237) were identified in a sample interval beginning at 3.8 m (12.5 ft) bgs. Although
these radionuclides likely are predominantly from deeper than 4.6 m (15 ft), these radionuclides
were evaluated as if they were present in a contaminated zone within 4.6 m (15 ft) of the

ground surface. Both “cover” and “no-cover” alternatives were evaluated for the 216-Z-7 Crib,
where the cover depth was considered to be 2.4 m (7.9 ft) thick.

Radionuclide doses for each exposure pathway and radionuclide are summed to calculate the

tot: dose to an individual. Radiation doses over the 1,000-year modeling period are below the
15 mrem/yr target dose limit both when the “cover” is in place and under the “no-cover”
condition. Cancer risks for each exposure pathway and radionuclide are summed to calculate the
total cancer risk to an individual. Cancer risk estimates are evaluated relative to the target risk
range of 10 to 10 described in 40 CFR 300. Cancer kest  ‘ss at the 216-Z-7 Crib are
below the target risk range for the industrial exposure scenaric 1theex 1 “cover.” T /en
without the existing “cover,” cancer risk estimates lie well outside the target risk range of 10° to
10™* throughout the modeling period, ranging between 9.806 x 107 and 2.57 x 10”. The time of
maximum total dose and risk for the industrial scenario with existing “cover” is at 1,000 years.
Under the “no-cover” condition, the maximum dose and risk occur at year 0. Figure 5-12 shows
the summed dose and summed risk from all radionuclides for the “no-cover” condition.

Figure 5-13 shows the summed dose and risk for the “cover” condition at the 216-Z-7 Crib.

Groundwater Protection. The RESRAD modeling was run to 10,000 years. Of the
radionuclides present in the subsurface, only Tc-99, Am-241 and tritium migrate to the
groundwater within 1,000 years. Technetium-99 reaches groundwater in about 500 years. The
peak dose is 8.5 mrem/yr, which is above the 4 mrem/yr regulatory [imit. The associated peak
excess cancer risk also is above regulatory limit (1.8 x 10™). Americium-241 and tritium reach
groundwater within the 1,000-year period. ...e total dose during this time period is below

0.3 mrem/yr. The peak excess cancer risk associated with tritium is 3.6 x 10 in year three,
which 1s above regulatory limit. The maximum excess risk : ociated with Am-241 within
1,000-year period (1.6 x 10 is only slightly above the regulatory limit of 1.0 x 10

C: sidering that the concentration of Am-241 at the depths greater than 50 m (164 ft) is only
10 pCi/g, which is significantly lower than the concentration of 60,600 pCi/g used in the
modeling, the dose associated with Am-241 should be considered insignificant. Since the excess
cancer risk is just slightly above the regulatory limit, Am-241 can be excluded from the list of
the potential contaminants of concern.

Figures 5-14 through 5-16 present the summed dose and summed risk for radiological
contaminants reaching groundwater. Groundwater protection modeling results for the
216-Z-7 Crib are summarized in Table 5-18.

The only remaining contaminants of concern are Tc-99 and tritium. Both of them reach
groundwater within the 1,000-year time period. While the peak doses associated with these
radionuclides are below the regulatory limit, their excess cancer risk values are above the
groundwater protection limits.
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dose-response model assumes that effects observed at high doses, such as cancer incidence,

also may be observed at lower doses, albeit at correspondingly lower frequency. As dose rates
decrease, it is possible, though uncertain, that the model fails and that at some dose rates little or
no correlation exists between dose and response.

5.5 ECOLOGICAL RISK ASSESSMENT

This section presents the methodology and results of the SLERA for the 200-LW-1 and

20 LW-20U Areas. The SLERA assesses the potential impacts of past releases to soil on
wildlife using the area, assuming the absence of remediation. The objectives of this SLERA are
to evaluate the potential for ecological exposures from these releases and to identify the

likel 1 of adverse impacts on wildlife; ' tions that might use the investigation area. The
outc of this SLERA 11 ust "tode et 2nviro 1en ' measurements necess._ to
support the RI/FS process and remedial decision making.

5.5.1 Investigation Area

As described in the site conceptual model (Section 4.2), all three representative waste sites
contain habitat that wildlife could utilize. The following three 200-LW-1 and LW-2 OU waste
sites are being evaluated in this SLERA:

e 216-T-28 Crib
e 216-5-20 Crib
o 216 . 7 Crib.

These three sites were selected in the DOE/RL-96-81 and DOE/RL-98-28 and are considered to
be representative of conditions for the 200-LW-1 and LW-2 OU waste sites. Section 2.4
discusses the representativeness of these three sites for other 200-LW-1 and 200-LW-2 OU
waste sites.

5.5.2 [Ecological Risk Assessment Guidance

The EPA, Ecology, and DOE have published guidance documents for performing SLERAs.
The procedures used for this SLERA are consistent with those described in the
following documents:

o EPA/630/R-95/002F, Guidelines for Ecological Risk Assessment

o EPA/540/R-97/006, Ecological Risk Assessment Guidance for Superfund: Process for
Designing and Conducting Ecological Risk Assessments (Interim Final

« EPA/910/R-97/005, EPA Region 10 Supplemental Ecological Risk Assessment Guidance
for Superfund

o EPA/630/R-92/001, Framework for Ecological Risk Assessment
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3. If needed, conducting risk evaluation through site-specific screening, site-specific
analysis, or an actual site-specific biota dose assessment within an ecological risk
framework, similar to that recommended in EPA/630/R-95/002F.

Any of the steps in the graded approach may be used at any time. To avoid confusion with the
eight-step EPA process, the DOE steps for evaluating risks posed by radionuclides are referred to
as Levels 1 through 3 throughout the remainder of this document. These levels roughly coincide
with Step 2 of the EPA’s process. This SLERA uses Level 1, part of Level 2 (e.g., maximum
concentrations), and a simplified Level 3 to assess the risks to wildlife potentially exposed to
radionuclides at the 200-LW-1 and LW-2 OU Area.

The BCG contained in the technical standard guidance includes conservative screening
concentrations that are judged to be protective of the most sensitive terrestrial organ tested
(e.g., small mammals), assuming a dose threshold of 0.1 rad/day. The BCGs we de “oped
from dose-response relationships for chronic reproductive effects (Jones et al. 2003, “Principles
and Issues in Radiological Ecological Risk Assessment”). Each radionuclide-specific BCG

re’ :sents the limit ;radionuclide concentration in environmental media (i.e., soil, sediment, or
water) that would not exceed DOE’s established or recommended dose standards for

biota protection. Therefore, surface soil concentrations of less than the BCGs are not considered
to pose a threat to terrestrial receptors.

5.5.4 Organizatic of the Ecological Risk Assessment

The remainder of this assessment has been organized into the following subjects to identify the
potential for ecological risk at the 200-LW-1 and LW-2 OU representative waste sites:

o Screening evel Ecological Risk Assessment. Presents the methodologies and results
of the SLERA (Sections 5.5.6 and 5.5.7)

» Characterization of Uncertainty. Identifies uncertainties in the assumptions used to
estimate risk to ecological endpoint species (Section 5.5.8)

+ Evaluation of Ecological Significance. Discusses the significance of the results of the
SLERA; collectively considers the results of the SLERA in light of the assumptions and
inherent limitations of the analyses (Section 5.5.9)

¢ Conclusions and Recommendations. Summarizes the conclusions and
recommendations based on the results of the SLERA (Section 5.5.10)

o Data Gaps. Presents a discussion of the usability of the data and identifies where
additional data could refine the model further.
5.5.5 Screening-Level Ecological Risk Assessment

This SLERA is consistent with the eight-step SLERA process developed for the Superfund
program in EPA/540/R-97/006. The process starts with a SLERA, which is considered to follow
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potential chemical exposure through the food chain. Surface soil concentrations at 0 m to 4.6 m
(0 to 15 ft bgs) are compared with these wildlife-screening values.

5.5.6.2 Radionuclides

The WAC regulations and the screening values presented in WAC 173-340-900, Table 749-3,
address only nonradionuclide chemicals. Because radionuclide chemicals are present at the
Hanford Site, BCG screening values provided in DOE-STD-1153-2002 have been used to screen
radionuclides. The default terrestrial wildlife BCGs are soil concentrations that have been

calct ited for a hypothetical small mammal and use high-end exposure assumptions that include
I are not limited to the following: small body weight, high ingestion rate compared to body
weight, continuous exposure to radiation from all directions, 100 percent area use, and high
incidental soil ingestion rates. The model also assumes that a dose of 0.1 r ""lay is protective of
ecologic populations. This dose is based on preventing effec  to the most sensitive species
tested. Each radionuclide-specific BCG represents the limiting radionuclide concentration in
environmental media that would not exceed DOE’s recommended dose standards for biota.
These BCG values represent conservative NOAEL-based screening levels assumed to be
protective of wildlife populations and include protection for potential radionuclide exposures
through the food chain. In addition, because the effects of exposure to multiple radionuclides
can be additive, all radionuclide fractions (maximum concentration/BCG) have been summed as
follows:

Total risk estimate = )’ (maximum radionuclide concentration/BCG).

If the total risk estimate (sum of all fractions) is less than 1.0, the ecological risk is

considered acceptable and the evaluation for radionuclides is complete. The guidance uses
three levels to evaluate the potential risk to ecological receptors, with the first level being the
most conserv: 'e. Level 1 uses maximu detected concentrations rather than the 95-percent
UCL recommended by the WAC 173-340 regulations for the initial screening. Level 2 uses a
sc¢ :ning of the arithmetic mean concentrations against BCGs. Therefore, in accordance with
DOE-STD-1153-2002, maximum . onuclide concentrations have been compared to their
respective BCGs, and all fractions have been summed to determine if the sum is less than 1.0.
The following lists outline the primary assumptions used for estimating a BCG at each level of
the SLERA for radionuclides, in accordance with the DOE guidance.

Level 1 Assumptions

1. Source in soil is infinite (i.e., nondepleting) and terrestrial wildlife are exposed to
uniform radionuclide doses.

2. Exposed species have infinitely small mass, which results in an overestimation of the
external dose rate for finite-sized organisms.

3. Wildlife species are immersed 100 percent of the time in the waste site soils.

4. Ten percent of the total diet for the wildlife species is from incidental ingestion of soil.
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5.5.7 Analysis and Results

Data collection activities during the RI are discussed in Chapter 2.0. Samples were collected
from the boreholes and were analyzed for volatile and semivolatile organic compounds, PCBs,
inorganics (metals), total petroleum hydrocarbon, general chemistry, and radionuclides. Samples
also were collected for physical properties analysis. Data were validated in accordance with the
project’s quality assurance plan. All samples collected during the remedial investigation were
soil samples collected at depths ranging from O m to 11 m (0 to 36 ft) bgs beneath clean fill that
has been added over the years to stabilize these waste sites (fill ranges from 0 m to 0.61 m [0 to
2 ft] thick). All the samples included in this risk assessment by station identification, sample
identification, depth interval, and dates of collection are summarized in Tables A-1 and A-2.
Consistent with EPA recommendations for a SLERA, all chemicals that are detected at least
once in any of the shallow-zone soil samples were evaluated in this SLERA. The analyses and
results of the screening are presented s rately for nonradionuclides and radionuclic . in
Sections 5.5.7.1 and 5.5.7.2.

5.5.7.1 Nonradionuclides

For each representative waste site, the maximum detected concentration for each
nonradionuclide contaminant was screened against the wildlife screening values presented in
WAC 173-340-900, Table 749-3, to determine if any chemical concentrations exceeded their
respective screening values. The results of this screening for each representative waste site are
presented in Tables 5-19 through 5-21. The results of the terrestrial wildlife screening for

nc adionuclides at the waste sites were as follows:

« 216-T-28 Crib. No shallow data available for analysis
e 216-S-20 Crib. None
e 216-Z-7 Crib. None.

Bismuth was detected above background in samples from the 216-T-28 and 216-S-20 Cribs.
However, because of low toxicity and low mobility, bismuth was excluded from further analysis.

5.5.7.2 Radionuclides

For each representative waste site, the maximum (Level 1) detected concentration of each
radionuclide were screened against the BCGs proposed by the BDAC (DOE-STD-1153-20("".
The results of this screening are presented in Tables 5-22 through 5-24. The results of the
terrestrial wildlife screening comparison for radionuclides detected above background levels
against proposed BCGs at each waste site were as follows:

e 216-T-28 Crib. No shallow data available for analysis
e 216-S-20 Crib. None
o 216-Z-7 Crib. Np-237.

For each 200-LW-1 and LW-2 OU waste site except the 216-T-28 Crib, the total risk estimate

(sum of all radionuclide fractions) was less than 1.0 for terrestrial wildlife. The sum of all
fractions of radioactive contaminants in 216-S-20 Crib was 0.023. In the 216-Z-7 Crib, the sum
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A ough these compounds were seen at some of the representative sites at concentrations above
background values, they are unlikely to represent a potential threat to ecological receptors
because they are naturally occurring elements of soil. Nitrate/nitrite, phosphate, ammonia, and
fluoride were not considered further in the ecological evaluation because of their general status
as nutrients, particularly for plant species, and typically low toxicity.

5.5.8.4 Exposure Estimation

The estimation of exposure requires many assumptions to describe potential exposure situations.
Uncertainties exist regarding the likelihood of exposure, frequency of contact with contaminated
media, concentration of contaminants at exposure points, and time period of exposure.

The assumptions used tend to simplify and approximate actual site conditions and may over-

or underestimate the actual risks. In general, these assumptions are intended to be conservative
and yield an overestimate of the tn  risk or hazard.

For nonradionuclides, the EPCs used in the exposure assessment were the maximum detected
concentration in the topmost 15 ft of the soil column. The EPC was intended to provide a high-
end estimate of actual exposure at the site because the potential receptors are assumed to be
exposed to the maximum detected contaminant concentration for the entire duration of exposure.
The EPCs were assumed to remain constant for the duration of exposure. That is, physical,

ch ical, or biological processes that could reduce chemical concentrations or changes in the
bioavailability of soil contaminants over time have not been factor¢ into the estimate of the
EPCs. Use of this conservative assumption is likely to overestimate exposure to receptor
species.

The PCs used for radionuclides in the SLERA were the maximum contaminant concentration in
the topmost 15 ft of the soil column at each waste site. Because of the mobility of the potential
te :strial wildlife receptors, sampling at known or suspected contamination areas, and the lower
quality foraging habitats at the representative waste sites relative to other nearby areas, the
maximum will likely be an overly conservative exposure concentration for measuring
population-level effects. Typically the mean serves as a good indicator of the actual risks to
terrestrial wildlife populations; however, individual organisms (particularly less mobile

o misms) could be exposed to higher concentrations; therefore the maximum detected
concentration was used as the screening level for this activity.

Many of the waste sites have been backfilled with a layer of clean soil. The depth of the clean
fill varies; however, depths are generally between O m and 11 m (0 and 36 ft bgs). Data used in
this SLERA were collected at soil locations beneath the clean fill layers to depths of 4.6 m

(15 ft) bgs. Most wildlife exposures occur in the upper 0.61 m "~ ft) of soil; therefore these data
serve as a conservative estimate of exposure and potentially overstate the actual risks.

For this SLERA, an area use factor was not applied. That is, wildlife receptors are assumed to
reside and exclusively forage within each waste site. Because the habitat quality at the waste
sites in the 200-LW-1 and 200-LW-2 OU Area is marginal to poor and most wildlife species are
highly mobile, wildlife are unlikely to use the waste sites exclusively. Use of this conservative
assumption likely overestimates exposure to most potential receptor species.
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5.5.9.1 Nonradionuclides

With the exception of the 216-T-28 Crib, no contaminants exceeded established background or
BCGs for terrestrial wildlife. No shallow data was available for the 216-T-28 Crib. Additional
sampling should be considered during the FS. Site-wide soil background levels have been
established for metals at the Hanford Site and are compared with site-specific concentrations in
Tables 5-19 through 5-21.

Al ugh there are no data for the shallow zone in the 216-T-28 Crib on which to model risk,
several assumption can be made about the shallow zone beneath the crib and the ecological risk
presented. Maximum contaminant concentrations detected in the subsurface below the 216-T-28
Crib are found at depths greater than 4.6 m (15 ft). Nearly all biological activity occurs within
the top 0.61 m (2 ft) of the soil column. Currently, the construction of the crib and the material
ac d for stabilization do not appear to be useful habitat or for  a ifac  and
subsurface biota. Subsequently, the ecological risk presented by nonradionuclides in the shallow
zone below the 216-T-28 Crib is considered negligible and can be excluded from further
consideration.

5.5.9.2 Radionuclides

Level 1 risks to terrestrial wildlife from contamination in surface soil were estimated using a
highly conservative model, where exposure and toxicity estimations for the most radiosensitive
species (primarily reptiles and small mammals) tested were used to conservatively estimate the
risks to larger order wildlife. In addition, the model used did not account for home range (i.e., an
area use factor of 1 was assumed), availability of higher quality habitat for foraging in nearby
areas, and the clean cover soil at some waste sites. The model assumes that a small mammal
resides and forages exclusively at each waste site evaluated and that these small mammal
populations and their food items are continuously exposed to high-end levels of radionuclides
that have been measured at each waste site, sometimes at soil depths of over 4.6 m (15 ft) bgs.
The ecological significance of the risks to wildlife potentially exposed at each area evaluated is
discussed in the fo »wing bullets for the three 200-LW-1 and LW-2 OU representative waste
sites at which radionuclide levels exceeded screening levels during the Level 2 screening.
Tables 5-22 through 5-24 illustrate the radionuclide comparison.

o 216-T-28 Crib. Although there are no data for the shallow zone in the 216-T-28 Crib on
which to model risk, several assumption can be made about the shallow zone beneath the
crib and the ecological risk presented. Maximum contaminant concentrations detected in
the subsurface below the 216-T-28 Crib are found at depths greater than 4.6 m (15 ft).
Nea / all biological activity occurs within the top 0.61 m (2 ft) of the soil column.
Additionally, the construction of the crib and the material added for stabilization do not
appear to be useful habitat or forage areas for surface and subsurface biota.
Subsequently, the ecological risk presented by radionuclides in the shallow zone below
the 216-T-28 Crib is considered negligibie and can be excluded from further
consideration.

e 216-S-20 Crib. Using the maximum detected concentrations, the sum of all fractions for
all radionuclides was 0.022. Only Eu-155 was detected above “background” at
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that the sum of all fractions is less than 1.0 the ecological significance of this exceedance
to terrestrial wildlife populations is likely low.

Based on the results of this risk analysis, no further ecological investigations are warranted for
the 200 W-1 and LW-2 OU waste sites. Decisions on whether to undertake remedial actions
are discussed in Chapter 6.0.

5.5.1 Data Gaps

Overall, the screening results suggest a negligible potential for adverse impact to ecological

rec . ors at the waste sites. Missing data from the shallow zone in the 216-T-28 Crib is
somewhat problematic, and appropriate sampling and analysis should be considered in the FS.
Alternatively, o0 could draw an ween the 216-T-2& b and the 216-T- and
216-Z-7 Cribs, based on knowledge of the process streams that generated the wastes in the three
cribs and based on similarities of inventories, construction, etc. and conclude that contaminants
found in the 216-T-26 and 216-Z-7 Cribs likely would be found in similar concentrations in the
216-T-28 Crib. It would then follow that it is equally unlikely that any contaminants in the

216 28 Crib would be of ecolc _ :al or biological significance.

5.6 | MMARY OF RISK ASSESSI NT

Multimedia sampl : and analysis results from three representative sites within the 200 Areas
LW-1 and LW-2 OUs were analyzed for potential risk to human heath and ecological receptors.
Contaminants included inorganic compounds, organic compounds, and radionuclides.

D: :ctions by grouping for the shallow soil interv: are summarized as follows:

e 21 T-28 Crib. Because of low sample recovery, analyses were not conducted on this
interval, no samples above 4.6 m (15 ft) bgs

e 216-S-20 Crib. Ten radionuclides, eight inorganic compounds, and no organic
compounds were detected

e 216-Z-7 Crib. Thirteen radionuclides, nine inorganic compounds, and no organic
compounds were detected.

Detections by grouping for the deep soil interval are summarized as follows:

e 216-T-28 'rib. Twenty-six radionuclides, 23 inorganic compounds, and 14 organic
compounds were detected

e 216-S-20 Crib. Twenty-two radionuclides, 21 inorganic compounds, and three organic
compounds were detected

e 216-Z-7 Crib. Twenty radionuclides, 22 inorganic compounds, and eight organic
compounds were detected.
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The arsenic potential to reach the groundwater in 1,000 years was evaluated using RESRAD,
Version 6.21. Uranium-238 was selected to emulate the arsenic behavior in the vadose zone
since its half life is very large and a negligible portion of its mass is lost because of decay within
1,000 years. The U-238 K4 was specified equal to 29 I/kg, which is the arsenic Ky. Based on
the RESRAD calculations it can be concluded that a non-decaying contaminant with the Kq4 equal
to 29 L/kg will not reach groundwater within 1,000 years assuming that the current depth of
contaminated zone extends to about 50 m (165 ft). Based on this, arsenic can be excluded from
the st of the potential contaminants of concern.

Uranium has low distribution coefficient and would be expected to be mobile and reach
groundwater quickly. However, uranium transport in the vadose zone considered in the
radioactive contaminant analysis using [._3RAD showed that none of : uranium isotopes
reaches groundwater in 1,000y .. Based on this, uranit  is excluded from the list of the
potential cont n: s of conc

Nonadecane was detected in very low concentration (1.5 mg/kg) in only one sample. The
concentration was estimated (the  nple has laboratory qualifier marked as “J”). It is suspected
that the detection of these contaminants i1s because of sample contamination in the laboratory.
Consequently, nonadecane was not included on the list of potential contaminants of concern for
further consideration.

The cyanide potential to reach the groundwater in 1,000 years was evaluated using RESRAD
6.21. Uranium-238 was selected to emulate the cyanide behavior in the vadose zone since its
half life is very large and a negligible portion of its mass is lost because of decay within

1,000 years. The U-238 K, was specified equal to 0 L/kg, which is the cyanide Ky. The
concentration of uranium was specified equal to the concentration of cyanide (3.95 mg/kg). This
concentration was converted to pCi/g (6.32 x 10! pCi/g). The uranium (cyanide) reaches the
groundwater within 1,000 years with the maximum concentration at 700 yrs. The maximum
concentration is 3.3 x 10"° pCi  which is equivalent of 0.21 ug/L. The MCL for cyanide is
200 ug/L. Consequently, even though cyanide is likely to reach the groundwater within the

1,/ D-year time period, its maximum concentration will be significantly below the MCL. Based
on this, cyanide is excluded from the list of the potential contaminants.

Nitrate is the only contaminant that exceeds background concentrations, exceeds the
WAC 173-340 groundwater protection screening standards, and reaches groundwater in less than
1,000 years.

H nan Health Risk - Direct Exposure to Radiological Soil Contaminants

Risk-based soil screening levels were calculated for the Industrial Worker exposure scenario
with an ingestion exposure pathway. The exposure point is considered to be the topmost 4.6 m
(1 ft) of the soil column. The exposure point concentration is the maximum contaminant
concentration detected in this interval:

e . 3T-28 Crib. Because of incomplete sample recovery, no shallow zone data are
available for this representative site. Additional sampling should be considered in the FS
and the risk calculated and re-evaluated

o 216-S-20 Crib. Eu-155 (0.062pCi/g)
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Nearly all biological activity occurs within the top 0.61 m (2 ft) of the soil column.
Additic ally, the construction of the crib and the material added for stabilization do not
appear to be useful habitat or forage areas for surface and subsurface biota.
Subsequently, the ecological risk presented by radionuclides in the shallow zone below
the 216-T-28 Crib is considered negligible and can be excluded from further
consideration.

e 2 .8-20 Crib. There are no nonradiological contaminants in the topmost 4.6 m (15 ft)
of the soil column that exceed background or wildlife exposure factors. Using the
maximum detected concentrations, the sum of all fractions for all radionuclides
was 0.022. Only Eu-155 was detected above “background” at 0.062 pCi/g. When
compared to the BCG of 20,000 pCi/g, Eu-155 was excluded from further consideration
of risk.

e 216-Z-7 Crib. here are no nonradiological contaminants in the topmost 4.6 m (15 ft) of
the soil column that exceed background or wildlife exposure factors. Using the
maximum detected concentrations, the sum of all fractions for all radionuclides was
0.023. Only Cs-137 and Np-237 were detected above background at 0.0835 pCi/g and
0.059 pCilg, respectively, at a depth of 3.7-5.3 m (12-...5 ft) bgs. The concentration of
Cs-137 was compared to the BCG of 20 pCi/g, thus eliminating Cs-137 from further risk
evaluation. There is no BCG for Np-237. Neptunium was detected at a depth of more
than 3.8 m (12.5 ft) bgs. Most biological activity occurs in the topmost 2 ft of the so
column, indicating an approximately ten-foot thick soil blanket between the contaminant
and potential exposure points. Although Np-237 was detected in the 216-Z-7 Crib, the
sum of all fractions is less than 1.0, and by definition, the ecological risk is acceptable
and screening is complete. It is unlikely that the Np-237 will present any ecological or
biological significance.

Based on the analysis conducted on the data provided for the representative wastes sites in the
200 Area LW-1 and 200-LW-2 Operable Units, with the exception of the 216-T-28 Crib, there
does not appear to be significant human health or ecological risks associated with these sites nor
is any anticipated in the future.

From an ecological perspective, the risk presented by contaminants in the shallow zone beneath
the 216-T-28 Crib can be considered as follows: although there are no data for the shallow zone
in e 216-T-28 Crib on which to model risk, several assumption can be made about the shallow
zone beneath the crib and the ecological risk presented. Maximum contaminant concentrations
d :cted in the subsurface below the 216-T-28 Crib are found at depths greater than 4.6 m

(15 ft). Nearly all biological activity occurs within the top 0.61 m (2 ft) of the soil column.
Additionally, the construction of the crib and the material added for stabilization do not appear to
be useful habitat or forage areas for surface and subsurface biota. Subsequently, the ecological
risk presented by radionuclides in the shallow zone below the 216-T-28 Crib is considered
negligible and can be excluded from further consideration.

From a human health perspective, further investigation is required to evaluate the risk presented
by the 216-T-28 Crib waste site.
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Figure 5-2. Human Health Flowchart for Nonradionuclides.
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Figure 5-6. RESRAD Analysis for 216-

28 Crib, Tritium Total Dose and Risk Estimates,

Groundwater Pathway, Deep Contaminant Transport Zone Depth of 69 m.
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Figure 5-17. Ecological Risk Screening Approach.
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LEGEND:

BCG = Biota Concentration Guide

COC = Contaminant of Concern

DOE = Department of Energy

DQO = Data Quality Objectives

ECO-SSL = Ecological Soil Screening Level

A: If a constituent is not detected in any sample at a site it is eliminated from
further considerations, excepting situations with notably elevated detection limits
which will be addressed in a case-by-case manner. If a constituent is detected in
one or more samples, the maximum detected concentration is used in the
screening ssment.

B: Essent.a: wacronutrients, including sodium, calcium, potassium and
magnesium, are nontoxic and will not be evaluated : oxicants.

C: Hanford site 90" percentile ba und values (' itate value for
cadmium) will be used to identify puwcntially site-relaea contaminants.

D: The screening will compar= #= maximum detected concentration of each
chemical to the available Wa: ton Administrative Code (WAC) 173-340
screening values and the ECO-85Ls devel~~=- by EPA. Sites which are
evaluated based on human h=~1+h industriz sening levels will be screened only
against the WAC 173-340 ¢ ning value 1v: wildlife in accordance with State of
Washington guidance. Any chemicals for which no WAC 173-340 value or
ECO-SSL screening levels exist will be carried through to the Feasibility Study.
E: Chemicals and radionuclides addressed in the Feasibility Study will be
compared to screening levels developed for the site-specific suite of receptors
developed under the site-wide ecological DQOs.
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Table 5-10. Background Comparisons for Radionuclides In Shallow-Zone
Soils. (4 Pages)

Constituent Name Background

Shallow Zone Ma

Concentrati
(pCi/g)

Depth of Shallow Zone
Maximum (ft)

*Background valuc vascu un secular equilibrium with thoium-232.
"Strontium-90 value based on analysis of total radioactive strontium.
Data presented for radionuclides with half-life greater than 1 year.
Shaded cells indicate radionuclides that exceeded background level, or which had a detect but no background level.

N.A. not applicable; fallout radionuclide.
NA not available.

ND = not detected.

NS= not sampled.

ol
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Table 5-20. Ecological Screening Results for Nonradiological Contaminants at the
216-S-20 Crib. (2 Pages)

Top 4.6 m Does! ximum Soil
(15 ft) Back- Concentration Screening o . .
J t
Ch  cal Name Maximum ground Exceed Value* COEC Justification
Concentration Background? (Wildlife)
Sulfate ND 237 No NA No Not detected
Sulfide ND No Not detected

“utuess otherwise footnoted, screening values represent WAC-173-340-900. “Tables.” Table 749-3, soil values for
terrestrial wildlife.

"No WAC-173-340-900. Table 749-3. terrestrial wildlife value available, screening value is soil screening level for
wildlife from EPA 2003, Guidance for Developing Ecological Soil Screening Levels, OSWER Directive 9285.7-35.
» WAC-173-340-900. Table 749-3. terrestrial wildlife value available, screening value is lowest of
WAC-173-340-900, Table 749-3. soil values for plants and biota.

YArsenic background value from Table 6.9.a., DOE/RL-92-24, Hanford Site Background: Part 1, Soil Background for
Nonradioactive Analyies.

Shading indicates that analyte was retained as a COEC.

COEC =  contaminant of ecological concern.
NA = notapplicable/not available. SSL = soil-screening level.
ND = not detected. WAC = Washington Administrative Code.
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Table 5-21. Ecological Screening Results for Chemicals at the 216-Z-7 Crib.

Top 4.6 m Does Maximum Soil
(  mical (15 ft) Back- Conce; ation Indicator o . .
Name Maximum ground Exceed Value® COECY Justification
Concentration Backeround? (Wildlife)

“uniess otherwise footnoted, screening values represent W acC-173-340-900, “Tables,” Table 749-3, soil values for terrestrial
wildlife.

"No WAC-173-340-900, Table 749-3. terrestrial wildlife value available. screening value is soil screening level for wildlife
from EPA 2003, Guidance for Developing Ecological Soil Screening Levels, OSWER Directive 9285.7-55.

“No WAC-173-340-900, Table 749-3, terrestrial wildlife value available, screening value is lowest of WAC-173-340-900.
Table 749-3, soil values for plants and biota.

dArsenic background value from Table 6.9.a, DOE/RL-92-24.

Shading indicates analyte was retained as a COEC.

COEC = contaminant of ecological concern.

NA = not applicable/not available.
N = not detected.
WAC = Washingion Administrative Code.
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