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LIST OF ACRONYMS

ABS dermal absorption factor
AMSL above mean sea level

ARAR applicable or relevant and appropriate requirement
ATSDR Agency for Toxic Substances Disease Registry
C colonies

CERCLA Comprehensive Environmental Response, Compensation and
Liability Act of 1980

CFR Code of Federal Regulations
COC contaminant of concern

CLP Contract Laboratory Program
CsOPC contaminants of potential concern
CRDL Contract Required Detection Limit
DCG derived concentration guide
DHEW U.S. Department of Health, Education and Welfare
DNAPL dense nonaqueous phase liquid
DNR Washington State Department of Natural Resources
DOE U.S. Department of Energy
DOW Washington State Department of Wildlife
DQO Data Quality Objective
Ecology Washington State Department of Ecology
EDMC Environmental Data management Center

EMI electro magnetic inductance
EPA U.S. Environmental Protection Agency
ERA expedited response action
ERA Expedited Response Action
ERDA United State Energy Research and Development Administration

FS feasibility study
J

HEAST Health Effects Assessment Summary Tables
HEIS Hanford Environmental Information System
HI Hazard Index

HMS Hanford Meteorological Station
HPGe High purity Germanium
HSBRAM Hanford Site Baseline Risk Assessment Methodology
IARC hazard quotient
IAREC International Atomic Energy Agency
ICR incremental cancer risk
IDL Instrument Detection Limit
ITS in-tank-solidification
LICR lifetime incremental cancer risk

ICRP International Commission on Radiological protection
LOAELS lowest observed adverse effect levels
MCL maximum contaminant level

MCLG maximum contaminant level goals
MSL Mean Sea Level
MTCA Model Toxics Control Act
NAD North American Datum
NCRP National Council on Radiation Protection and Measurements

NCP National Oil and Hazardous Substances Contingency Plan
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LIST OF ACRONYMS (Cont)

NEPA National Environmental Policy Act
NOAELS no observed adverse effects levels
NOEL no-observable-effect-level
NPL National Priorities List
NPS National Park Service

NRC Nuclear Regulatory Commission
NTU national turbidity unit
PAH polyaromatic hydrocarbons
PARCC precision, accuracy, representativeness, comparability and completeness
PCB polychlorinated biphenyls
PNL Pacific Northwest Laboratory

QAPjP Quality Assurance Project Plan
QC Quality Control
RAGS Risk Assessment Guidance for Superfund
RCRA Resource Conservation and Recovery Act
RCW Revised Code of Washington (State)
RfO reference dose

RI remedial investigation
RL Richland Field Office

RLS Radioactive Logging System
SAP Sampling and Analysis Plan
SCS Soil Conservation Service

SDG Sample Delivery Group
SDWA Safe Drinking Water Act
SF _lope factor
SMCL secondary max
SQL sample quantitation limit
STSC Superfund Technical Support Center
TAL target analyte list
TBC to be considered

TBP tributyl phosphate
TCL target compound list
TOC total organic carbon
UCL upper confidence limit
UN Unplanned Release
USC United States Code
USFWS United States Fish and Wildlife Service

USGS United States Geological Survey
USWB United States Weather Bureau

UTL upper tolerance limit
VOA volatile organic analysis
WAC Washington Administrative Code
WDOW Washington Department of Wildlife
WHC Westinghouse Hanford Company
WIDS Waste Information Data System
XRF X-Ray fluorescence
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1.0 INTRODUCTION

The focus of this remedial investigation (RI) is the 300-FF-5 operable unit, one of five
operable units associated with the 300 Area aggregate of the U.S. Department of Energy's
(DOE's) Hanford Site. The 300-FF-5 operable unit is a groundwater operable unit beneath
the 300-FF-1, 300-FF-2, and 300-FF-3 source operable units. This operable unit was
designated to include all contamination detected in the groundwater and sediments below
the water table that emanates from the 300-FF-1, 300-FF-2, and 300-FF-3 operable units
(DOE-RL 1990a).

In November 1989, the U.S. Environmental Protection Agency (EPA) placed the 300
Area on the National Priorities List (NPL) contained within Appendix B of the National Oil
and Hazardous Substance Pollution Contingency Plan (NCP, 53 FR 51391 et seq.). The EPA
took this action pursuant to their authority under the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA, 42 USC 9601 et seq.).

The DOE Richland Operations Office (DOE-RL), the EPA and Washington Depart-
ment of Ecology (Ecology) issued the Hartford Federal Facility Agreement and Consent
Order (Tri-Party Agreement), in May 1989 (Ecology et al. 1992, Rev. 2). This agreement,
among other matters, governs all CERCLA efforts at the Hanford Site. In June 1990, a
remedial investigation/feasibility study (RI/FS) workplan for the 300-FF-5 operable unit was
issued pursuant to the Tri-Party Agreement.

1.1 PURPOSE

300-FF-5 Operable Unit groundwater has been impacted from waste management
practices within the 300 Area. The purpose of the 300-FF-5 operable unit RI is to gather
and develop the necessary information to understand risks to human health and the
environment from these groundwater impacts and to support the development and
evaluation of remedial alternatives during the feasibility study (FS). The RI analysis will, in
turn, be used by Tri-Party Agreement signatories to make a risk-management-based
selection of remedies for the contamination exceeding the pertinent ARARs in the
groundwater aquifer and shoreline saturated sediments within the boundaries of the 300-
FF-5 operable unit.

In accordance with the Tri-Party Agreement, the 300-FF-5 operable unit RI and FS
are conducted in a concurrent, interactively phased manner. Data collected and evaluated
during the RI provide information needed to develop and analyze remedial alternatives in
the FS, while preliminary FS analyses provide a focus for further RI activities. The goal of
this first phase of the RI is to increase the initial understanding of the 300-FF-5 operable
unit by characterizing the nature and extent of the threat to human health and the
environment posed by the contamination in the groundwater and saturated sediments of
the operable unit.

This RI report documents the findings of the Phase I RI to allow DOE-RL, the EPA,
and Ecology to assess the focus of the project, determine the need for further RI activities,
and evaluate the FS. This report is consistent with the statutory requirements of CERCLA,
the regulatory requirements of the NCP, and the Tri-Party Agreement.
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This RI report also predicts the future impacts to groundwater from contaminated
vadose zone soils in the 300-FF-1 operable unit. Future impacts to groundwater from the
300-FF-1 contaminated soils was deferred to 300-FF-5 RI report from 300-FF-1 RI report.
Remedial action objectives developed for abating future unacceptable impacts to
groundwater from 300-FF-1 sources are identified in this report, but are recommended to
be incorporated into the remedial action objectives for the 300-FF-1 FS. In this manner,
remediation of the 300-FF-1 source operable unit and the 300-FF-5 groundwater operable
unit may be compatible.

Under the Tri-Party Agreement, a Phase I RI report is considered a secondary
document. Therefore, this report is an interim interpretation of the 300-FF-5 operable unit
conditions. Review comments on this report will be considered in the development of a
Phase II RI workplan and will be incorporated, along with Phase II RI findings, into a
Phase II RI report, which is considered a primary document for decision making. In the i
event a Phase II RI is unnecessary to complete the FS, the Phase I RI report will become a
primary document for decision making.

1.2 BACKGROUND

The Hanford Site is a 1,450 km 2 (560 mi2) tract of land located along the Columbia
River in southeastern Washington and covers portions of Benton, Grant, Franklin and
Adams counties (Figure 1-1). Operated by the federal government since 1943, its primary
mission has been plutonium production for military use, and nuclear energy research and
development.

Initial construction at the 300 Area fuels fabrication complex was completed in 1943.
Most of the facilities in the area were involved in the fabrication of nuclear reactor fuel

elements. In addition to the fuel manufacturing processes, many technical support, service
support, and research and development activities related to fuels fabrication were, and are
carried out within the 300 Area.

Early in the 1950's construction began in the 300 Area on the research and
development facilities known as the Hanford Laboratories. This marked the first
diversification of Hanford from a purely defense-materials production facility to one
heavily involved in peacetime uses of the atom.

As the Hanford Site production reactors have been shut down, fuel fabrication
activities in the 300 Area have ceased. At the same time, research and development
activities have increased, especially over the past two decades. The newer buildings in the
area house primarily laboratory and large test facilities. Current research and development
activities focus on peaceful uses of plutonium, reactor fuels development, liquid metal
technology, fast-flux test facility support, gas-cooled reactor development, life science
research, and environmental restoration technologies.

The 300 Area is located along the Columbia River at the southeast corner of the site,
approximately 1.6 km (1 mi) north of the City of Richland. The 300 Area NPL site is
currently divided into six operable units: 300-FF-1, 300-FF-2, 300-FF-3, 300-FF-4, 300-IU-1,
and 300-FF-5. The 300-FF-1, 300-FF-2, 300-FF-3, and 300-FF-5 operable units are shown in
Figure 1-2. The 300-FF-4 operable unit is the Fast Flux Test Facility (400 Area) located
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approximately 11 km (6 mi) northwest of the 300-FF-5 operable unit (Figure 1-1). The
IU-1 operable unit is located several miles northwest of the 300 Area.

The 300-FF-5 operable unit consists of the groundwater and saturated sediments
beneath the 300-FF-1, 300-FF-2, and 300-FF-3 source operable units. The 300-FF-5 operable
unit was designated to address the groundwater/surface water pathway under the 300
Area and to aid in identifying source areas of contamination that commingle in the
groundwater environment before discharging into the Columbia River.

1.3 REPORT ORGANIZATION

The 300-FF-5 operable unit RI report is organized in a format similar to that
recommended by EPA (1988c) with the following 7 chapters and appendices following
Chapter 1.0, Introduction:

• Chapter 2.0, Phase I Data Collection Activities summarizes actual data
collection activities associated with the "RI/FS Work Plan for the 300-FF-
5 Operable Unit", Hanford Site, Richland, Washington (DOE-RL 1990a).

• Chapter 3.0, Physical Characteristics of the 300-FF-5 operable unit
provide a description of the relevant meteorologic, hydrogeologic,
and biotic characteristics of the study area.

• Chapter 4.0, Nature and Extent of 300-FF-5 Operable Unit
Contamination identifies contaminants of potential concern based on
empirically determined chemical and contaminant characteristics of
area groundwater, surface water, and biota.

• Chapter 5.0, Contaminant Fate and Transport Analysis provides
analysis of Chapters 3.0 and 4.0 to develop interpretations of
environmental fate and transport of operable unit contaminants.
Transport modeling is applied to this section to estimate future
contaminant concentrations in groundwater, surface water, and biota.

• Chapter 6.0, Baseline Risk Assessment estimates the actual human
health and environmental threats posed by hazardous substances
released from the 300-FF-5 operable unit.i

• Chapter 7.0, Summary and Conclusions summarizes all Phase I RI
activities and provides remedial action objectives for the FS and
identifies additional RI activities, if needed.

• Chapter 8._3,References, provides a list of cited documents within the
body of the Phase I RI report.
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• Appendices are used to present concise summaries of analytical data
and technical analyses needed to support the findings of the Phase I
RI Report. To avoid redundancy, such information is incorporated by
reference, rather than appended, whenever it has been published and
is readily available to data users.
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2.0 PHASE I DATA COLLECTION ACTIVITIES

The first phase of the 300-FF-5 operable unit RI was conducted in substantive
accordance with the 300-FF-5 operable unit RI/FS work plan (DOE-RL 1990a) and Work
Plan Change Notices 300-FF-5-01 through 300-FF-5-21 (ECN-186756). This chapter provides
an understanding of the various data collection activities that were undertaken during the
course of the initial phase of the RI. Interpretations of these data are provided in
subsequent chapters of this report.

Phase I RI data collection activities are presented below by the following
environmental-medium- or environmental-discipline-specific task categories with the
appropriate RI/FS work plan task numbers noted in parenthesis

• Contaminant sources investigation - (Work Plan Task 1)
• Geological investigation - (Work Plan Task 2)
• Soil investigation - (Work Plan Task 3)
• Groundwater investigation - (Work Plan Task 4)
• Surface water and sediment investigation - (Work Plan Task 5)
• Meteorological investigation - (Work Plan Task 6)
• Ecologica ! investigation - (Work Plan Task 7)

These categories, with one exception, represent environmental compartments within
which operable unit contaminants can potentially reside or be transported. The exception,
geological investigation, is included to allow for an integrated assessment of subsurface soil
and bedrock characteristics pertinent to the 300-FF-5 operable unit. There are no absolute
boundaries between the geological and soil media nor, for that matter, between any given
environmental media discussed in this report. Media boundaries are recommended by
EPA (1988a) and are adopted in this report as a matter of general convenience. A similar
environmental medium format is used in Chapters 3 and 4 to present interpretations of the
physical characteristics of the operable unit and the nature and extent of contamination,
respectively.

Activities conducted during the Phase I RI are presented with a brief summary that
describes the data collection activity: why it was conducted, where it was conducted,

when the activity was conducted, how it was conducted, and where detailed results can be
found.

All environmental investigative activities, with the exception of compilation of
existing data, were conducted under a sampling and analysis plan approved by DOE-RL,
EPA, and Ecology. The sampling and analysis plan consists of a field sampling plan and
quality assurance project plan, which are presented in DOE-RL (1990a).

2.1 CONTAMINANT SOURCE INVESTIGATION

The 300-FF-5 operable unit is a groundwater operable unit containing no waste
sources, but underlies and is downgradient of several source operable units. The 300-FF-5
operable unit was designated to address the groundwater/surface water pathway under
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the 300 Area and to aid in identifying source areas of contamination that commingle in the
groundwater environment before discharging into the Columbia River.

The majority of the waste generation activities whose discharges could affect the
300-FF-5 operable unit are discussed in the Phase I Remedial Investigation Report for the
300-FF-1 Operable Unit (DOE-RL 1993a). These activities/processes include fuel fabrication
operations, water treatment operations, support operations (e.g., convertible coal/oil
powerhouse), and sanitary waste from the various facilities in the 300 Area.

The fuel fabrication operations generated both liquid and solid waste. Most of the
liquid waste generated during fuel fabrication was disposed of in the waste management
units assigned to the 300-FF-1 operable unit. The fuel fabrication operations also generated
solid waste that was disposed of in solid waste burial grounds. Most of these burial
grounds are in the 300-FF-2 or 300-IU-1 (located about 3 miles northwest of the 300 Area)
operable units, but one is located in the 300-FF-3 operable unit. The solid waste burial
grounds contain mixed waste of mostly unknown composition, but are known to contain
various fission products and isotopes of uranium and plutonium. When filled, the burial
grounds were backfilled to grade with local sediments. Unplanned releases are accidental
spills or releases of waste or contaminated substances. A number of unplanned releases
having potential to affect the 300-FF-5 operable unit are assigned to the 300-FF-2, 300-FF-3,
and 300-IU-1 operable units.

The Waste Information Data System (WIDS) (DOE-RL 1992a) March 4, 1992 printout
contains information with respect to contaminant sources for the 300-FF-5 operable unit.
Work plans have not been prepared for conducting investigations of the 300-FF-2, 300-FF-3,
and 300-IU-1 operable units.

2.2 SURFACE WATER AND SEDIMENT INVESTIGATION

This task consisted of the following major data collection activities:

• obtain and compile existing data applicable to the Columbia River
water, sediment, and the 300-FF-5 operable unit

• collect and analyze water and sediment samples from the active
springs or seepage areas

• collect and analyze water samples from the river at near-shore
locations adjacent to active seeps and along the contaminated
groundwater plume as identified or projected in the groundwater
investigation

• monitor the river stage adjacent to 300-FF-5.

The tasks were performed in accordance with the 300-FF-5 Operable Unit Field
Sampling Plan for Tasks 5B and 5C--Riverbank Springs and Near-shore River Water and Sediment
(Hulstrom 1992a).
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2.2.1 Data Compilation

Existing data applicable to the 300-FF-5 operable unit and to the Columbia River
includes:

• Hydrologic data from the U.S. Geological Survey's gauging stations
(Priest Rapids Dam and McNary Dam on the Columbia River, and
Kiona on the Yakima River)

• Water Level Measurements for Modeling Hydraulic Properties in the
300-FF-5 and 100 Aggregate Area Operable Units (Campbell et al. 1993)

• 1988 Hanford Riverbank Springs C_racterization Report, (Dirkes 1990)

• Investigation of Ground Water Seepage from the Hanford Shoreline of the
Columbia River, (McCormack 1984)

• Columbia River Characterization Data Report in Support of Hanford Project
L-045H, (Stordeur 1992a)

• Hanford Site Environmental Report for Calendar Year 1989 (Jaquish and
Bryce 1990)

• Hanford Site Environmental Report for Calendar Year 1990 (Woodruff et
al. 1991)

• Hanford Site Environmental Report for Calendar Year 1991 (Woodruff and
Hanf 1992)

• Columbia River Monitoring Data Compilation (Dirkes 1992).

2.2.2 Riverbank Springs

Fourteen active riverbank springs and near-shore submerged springs were identified
during visual inspection of the 300-FF-5 operable unit shoreline along the western bank of
the Columbia River. These active spring sites were surveyed using a global positioning
system survey instrument to provide vertical and horizontal control to locate the sites
(Figure 2-1). The survey was performed in accordance with the 300-FF-5 Operable Unit Field
Sampling Plan for Tasks 5B and 5C-Riverbank Springs and Near-shore River Water and Sediment
(Hulstrom 1992a). The survey was conducted during September 1992 in order to take
advantage of the river's normal low flow period. In addition, the Columbia River was
artificially lowered by reducing river flow for a period of 24 hours by reducing discharge at
the Priest Rapids Dam coordinated with Grant County PUD. Details on the sampling
activities and results are presented in WHC (1993).

Samples from 5 active seeps (SP-6, -7, -9, -11, and -12), identified during the initial
survey as major seeps, were collected in a single round of sampling for chemical analysis
(Table 2-1). Sampling was conducted on September 14 and September 21, 1992. Field
measurements were made at the sample sites to determine the seep-water temperature, pH,
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and conductivity. Instrument failure due to cold weather prevented field measurements of
nitrate, phosphate, and potassium concentrations. Sampling was conducted during the 24
hour period when the river flow was artificially lowered (coordinated with upstream Priest
Rapid Dam) to maximize the potential for the seeps to be actively flowing and to maximize
the ip _9act of the contaminated groundwater entering the river along the 300-FF-5 operable
unit. To assure that sampling was not bank storage, samples were taken hourly of springs
and nearby wells for at least 8 hours prior to actual sampling. During this preliminary
sampling seep water was monitored for pH, conductivity and temperature. The change in
measured parameters clearly showed that groundwater and not river water was being
sampled at the seeps. Water seeping from these sites was sampled using a peristaltic
pump and silicon tubing. New tubing was used at each site to prevent cross-
contamination of the spring sites. Sample collection methods were consistent at all
locations except where spring flow was very low and/or extremely shallow and the sites
needed to be improved prior to sampling to allow for collection of spring water without
disturbing the sediments. Spring sites SP-7 and SP-12 required deepening prior to
sampling.

One river-stage recorder was operated throughout the study to collect hourly river
water elevation data (Campbell et al. 1993). This recorder was used to determine optimum
sampling times and provided data used to evaluate surface water and groundwater
interactions which are discussed in Chapter 3.0. Water samples were analyzed for target
analyte list (TAL) and target compounds list (TCL) parameters, selected radionuclides and
anions. The results of the analysis are presented in Appendix A and evaluated in
Chapter 4.0.

Estimates of seep discharges are based on standard velocity/area measurement

techniques (ASTM 1991). Where the spring was too small, or seepage occurred over a
general area, the best technical judgment and field estimates were used to estimate a flow
volume.

Sediment samples were collected at spring sites SP-6, -7, -9, and -12, the sediment
surrounding spring site SP-11 was too coarse for sample collection. A sample was collected
from the area within approximately 1.5 m (5 ft) of the seep and down flow of the seep
using stainless steel trowels and 3.7 L (1 gal) bowls. At each location, the sediment sample
was homogenized prior to making a sample split. Sampling was conducted in accordance
with the 300-FF-5 Operable Unit Field Sampling Plan for Tasks 5B and 5C--Riverbank Springs
and Near.Shore River Water and Sediment (Hulstrom 1992a). The results of the sediment
sample analysis are presented in Appendix A and evaluated in Chapter 4.0.

2.2.3 Near-Shore River Water

Near-shore river water was collected and analyzed to provide an indication of
contamination due to the discharge of springs and groundwater into the Columbia River
from the 300-FF-5 operable unit. Details of the sampling activities are presented in WHC
(1993). Routine monitoring of the Columbia River has shown that radionuclide
concentrations in the river water are extremely low (DOE-RL 1990a). Thus, nearshore
sampling of river water at low river stage should provide the maximum detectable extent
and relative concentrations of groundwater contaminants in the river along the shoreline.
Field measurements were consistent with those conducted on the spring samples, including
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temperature, pH, and conductivity. Instrument failure due to cold weather prevented field
measurements of nitrate, phosphate, and potassium concentrations.

Near-shore river water samples were collected at locations near the actively flowing
riverbank springs or seep areas, above spring SP-6, and immediately downstream of spring
sites SP-9 and SP-11, using methods similar to those described for the collection of spring
water samples (Hulstrom 1992a). Near-shore river water samples were collected September
21, 1992. At each site, water was collected 1, 3, and 6 m (3, 10, 20 ft) from the shoreline at
mid-water depth. Sampling distance from shore was measured using a tape measure and
water depth was found with a depth finder. New silicon tubing was used at each location
to collect the samples. The tubing was purged with deionized water for five minutes
between each sampling event at a site. The near-shore river water samples were analyzed
for the same parameters as the river bank spring samples. The results of the near-shore
river water analysis are presented in Appendix A and evaluated in Chapter 4.0.

2.3 GEOLOGICAL INVESTIGATION

2.3.1 Geophysical Surveys

The surface geophysical surveys were conducted as part of the 300-FF-5 RI and had
three main objectives (Kunk et al. 1993):

• to evaluate the reflective properties of major sedimentary units, the
water table and the top of the basalt

• to determine the existence of a proposed paleochannel (Lindberg and
Bond 1979) located near the eastern boundary of the 300-FF-5
operable unit and parallel to the present-day Columbia River

° to define the lateral extent of the Ringold lower mud unit for
confirmation that this unit is continuous below the operable unit

2.3.1.1 Surface Geophysical Surveys. This section summarizes the geophysical surveys
described in Kunk et al. (1993), to which the reader is referred for more detailed
information. Four surface geophysical survey techniques were utilized to provide
subsurface site characterization information, as discussed below.

2.3.1.1.1 Shallow High Resolution Seismic Reflection Survey. This technique is
used to map geologic horizons or subsurface strata and unconformities such as
paleochannels. A seismic wavelet is reflected from subsurface changes in density and
received by an array of surface geophones. The depth of these subsurface features can
then be calculated based on the time interval between the initiation of the seismic wavelet,

and its reception by the geophones.

This survey was the first attempt to apply this recently developed technique, and
consequently produced mixed results. The contact between the Holocene eolian soils and
the Missoula flood deposits, the Hanford/Ringold formation contact, and the lower mud of
the Ringold formation were generally mappable using this technique. However, this
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process was extremely labor intensive in this geologic environment, both in data collection
and processing phases. Standard "production" data acquisition and processing did not
apply in these sediments. The water table was within a few feet of the Hanford/Ringold
contact and was considered as one reflector for this study. However the study data
indicate that if a higher frequency source were used the water table could likely be
discerned from the Hanford/Ringold contact and mapped with reasonable accuracy. The
Ringold/basalt interface was not detected consistently enough to be mapped. The data
collected from this technique did not support the proposed north-south trending
paleochannel.

Details of the equipment and procedures used are described in Kunk et al. (1993).
Data processing essentially consists of removing unwanted signals (such as low-velecity
ground roll and air waves) that tend to degrade the reflection wave arrivals. This
processing is performed by filtering the data and enhancing the desirable signals. Data
processing did reveal that the sensitivity in the Geometrics data recorder (model ES-2401)
was highly affected by high ambient temperatures, and the Dinoseis seismic wave initiation
device appears to have generated different wavelets from day to day. This wavelet could
not be adequately characterized (for removal using deconvolution techniques) probably due
to the large amount of shot-related noise present in the data.

2.3.1.1.2 Seismic Refraction. This technique is based on changes of the physical
properties of subsurface strata or an unconformity that refract or change the speed of an
energy wave passing through the subsurface. There are three key geological structural or
stratigraphic constraints to the use of the seismic refraction investigation method:

• the structure or stratigraphy must allow for the wave velocity to
increase with depth

• the layer(s) of interest must have significant velocity contrast with the
layers above

• the layer(s) of interest must be sufficiently thick to be detected.

I_ :tecting the Hanford formation_ingold Formation contact, and determining
contrasts in the sediments that might be associated with potential hydrologic channeling,
with the seismic refraction method of investigation is difficult because these contacts
involve potentially thin interfaces with small velocity contrasts. The data acquired from
this technique were used primarily for braC:eting velocity values for the seismic reflection
processing. Deriving geologic structure and stratigraphy from the data was not seriously
attempted due to the uncertainties in determining first-arrival times.

The same equipment was used for both seismic reflection and refraction surveys.
Figure 2-2 provides the location of the seismic survey lines in the 300-FF-5 operable unit.
Details of the survey procedures, equipment used, and data processing can be found in
Kunk et al. et al. (1993).

2.3.1.1.3 Ground Penetrating Radar (GPR). This technique utilizes high-frequency

signals (typically in the 10 to 100 MHz range) that are transmitted into the ground. The
transmitted energy is reflected back to a receiving antenna where variations in the return
signal are recorded. The results are a continuous profile of the subsurface conditions.
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GPR data were collected along all seismic reflection and refraction lines (Figure 2-3),
with additional data concentrated along central line 1-3. Standard equipment and
techniques were applied to achieve an investigative depth of 3.0 to 4.5 m (10 to 15 ft). This
method was successful in mapping the thickness of the eolian sand dunes and a Holocene
soil horizon that is found consistently throughout the Hanford Site. This method also
detected several small (less than 15 ft deep and less than 100 ft wide) shallow drainage
features trending north-south. None of these features were of the size predicted for the
proposed paleochannel by Lindberg and Bond (1979). It was not able to detect the Ringold
Formation/Hanford formation contact because it occurs at a depth greater than 3 to 4.5
meters. Details of the survey procedures, equipment used and data processing can be
found in Kunk et al. (1993).

2.3.1.1.4 Electromagnetic Induction (EMI). This technique is based on radiating an
electromagnetic field that induces eddy currents in the earth. A resulting secondary
electromagnetic field is measured at a receiving coil and can be linearly related to the
subsurface conductivity. The conductivity value resulting from a measurement is a
"composite", representing the combined effects of the thickness of the stratigraphic layers;
their depths; their specific conductivities; and any artificial conductive objects that may be
present.

EMI data were collected along several seismic profiles (Figure 2-4), and near well
399-1-18 to trace an anomaly detected along seismic line 3-5 (Figure 2-5). The soil
conditions limited the maximum depth of investigation to 3 to 4.5 m (10 to 15 ft) in most
areas. The results from the EMI survey were similar to those of the GPR technique. The
primary feature detected was a reflector at depths of 0 to 4 m (14 ft). This feature is most
likely the Holocene soil horizon separating eolian silts and sands from the underlying
Hanford formation. Details of the survey procedures, equipment used and data processing
can be found in Kunk et al. (1993).

2.3.1.2 Borehole Geophysical Surveys. Both gross gamma and spectral gamma surveys
were conducted primarily in the confined aquifer boreholes after placing each string of
temporary casing. Spectral logging intervals missed on the confined aquifer borings, due to
equipment or scheduling difficulties, were performed on similar intervals in nearby
clustered deep unconfined aquifer boreholes, as indicated by the logging intervals and
dates detailed in Table 2-2.

The primary objective of the spectral gamma surveys was to detect and quantify
gamma-ray-emitting radionuclides present in the subsurface material. The logging
configuration used on this and other projects has frequently detected radioelement
activities as low as 0.3 pCi/g (Swanson et al. 1992). Spectral gamma surveys were
conducted in 8 monitoring wells (699-S-29-E16B, -E16C, 399-8-5C, 699-S27-E9B, -E9C, 399-1-
10B, -13B, and 399-1-14B as indicated in Table 2-2). The spectral gamma ray surveys did
not identify any radionuclides. Spectral gamma survey logs and survey methods and
procedures are presented in Swanson et al. (1992), and the reader is referred to this report
for further details regarding the spectral gamma surveys.

The primary objective of the gross gamma surveys was to locate possible zones of
gamma-emitting radionuclides. Additionally, gross gamma surveys can help interpret the
borehole lithology. Gross gamma-ray logging was performed in 10 boreholes (699-$29-
E16C, 699-$19-E14, 699-$22-E9C, 399-8-5C, 399-1-21B, 699-$27-E9C, 699-$28-E12, 399-1-10B, -
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13B, and 399-1-14B as indicated in Table 2-2). This method was marginally useful in corre-
lating thick fine-grained sequences such as the lower mud unit, and the ability to
consistently correlate coarse-grained units was poor (Swanson et al. 1992). The gross
gamma survey logs and interpretations are presented in Swanson et al. (1992), and the
reader is referred to this report for further details regarding the gross gamma surveys.

2.3.2 Geologic Characterization

The geologic characterization activities were completed to determine site-specific
geologic and hydrologic conditions associated with the 300-FF-5 operable unit. Geologic
and hydrogeologic data were obtained through the installation of additional
wells/boreholes which expanded the existing groundwater monitoring network. Detailed
information on drilling procedures lithologic logging and well construction is provided in
Swanson et al. (1992).

2.3.2.1 Wells and Boreholes. Nineteen new monitoring wells were installed (Table 2-3) to
augment the existing network of approximately 60 wells (Figure 2-6) in the 300 Area
(Swanson et al. 1992). Two additional boreholes (4T and 7T) which were located near well
clusters 699-S22-E9X and 699-S27-E9X, respectively, were constructed as temporary
pumping wells for aquifer testing and were later decommissioned. Of the 19 wells, 16 were
drilled using the cable tool drilling method and three borings (699-S22-E9A, 399-8-5A, and
699-S29-E16A) were drilled using the sonic drill method (Volk et al. 1992).

The objective of drilling the geologic characterization boring (GC-1) was to help
identify hydrofacies that were less than 1.5 m (5 ft) in thickness, and to evaluate the
heterogeneity of the Ringold Formation. This well was drilled to the Hanford
formation/Ringold Formation contact 17 m (56 ft) using cable tool equipment. A mud
rotary rig with wire line diamond coring capabilities was used to core the Ringold
Formation from 17.25 to 20.05 m (56.6 to 65.8 ft). Drilling was terminated after several
unsuccessful attempts to recover core because drill fluid circulation could not be
maintained.

2.3.2.2 Physical Property Testing. A total of 227 soil samples (Swanson et al. 1992) were
collected for laboratory testing of physical properties in support of the geologic
characterization of the 300-FF-5 operable unit. The physical testing included:

• sieve analysis, to determine particle-size distribution of sand to
gravel-size particles

• hydrometer analysis, to determine particle-size distribution of mud
size particles, (i.e., silt and clay)

° permeameter, to determine vertical saturated hydraulic conductivity

° moisture content.

The results of the laboratory physical testing are provided in Swanson et al. (1992).
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2.4 SOIL INVESTIGATION

The goal of the soil investigation task was to determine the lateral extent and
distribution of contaminants in the unsaturated (vadose zone) and saturated sediments
outside the vertical projections of source boundaries of adjacent operable units (DOE-RL
1990a). The vadose zone soil samples from boreholes at some distance and upgradient
from known sources were used as representative background samples for the 300-FF-1
operable unit RI. The saturated sediment samples were used to determine aquifer matrix
contamination for the 300-FF-5 operable unit RI.

Samples of vadose zone and aquifer sediments were collected from each borehole or
cluster site at 1.5 m (5 ft) intervals and at distinct stratigraphic changes. The soil sampling
activities were conducted in accordance with 300-FF-5 operable unit Work Plan (DOE-RL
1990a). The chemical analysis data for soil samples collected from the 300-FF-5 operable
unit RI boreholes is presented in Appendix B.

2.5 GROUNDWATER INVESTIGATION

To augment the existing approximately 60-well network, 19 new groundwater
monitoring wells and two pumping wells were installed as discussed in Section 2.3.2.1.
During the field effort, temporary well designations were given to each newly installed
well. Temporary and permanent well designations are provided in Table 2-4 for cross-
referencing. Only permanent designations will be used in this document. The borings
were drilled in 4 clusters of 3 wells; 1 cluster of 2 wells; and 5 single-well sites. Wells
monitoring the top of the unconfined aquifer are designated "A"(e.g., 399-1-17A); wells
monitoring the bottom of the unconfined aquifer are designated '_3" (e.g., 399-1-17B); and
wells monitoring the top of the uppermost confined aquifer are designated "C" (e.g., 399-1-
17C). Two additional boreholes (699-S22-E9T and 699-S27-E9T) were drilled as temporary
wells for aquifer testing and were later decommissioned.

2.5.1 Hydrostratigraphy

The new wells were geologically logged during drilling, and soil samples were taken
at 1.5 m (5 ft) intervals or at identifiable lithologic changes to delineate hydrofacies based
on identified lithofacies and extent and distribution of contaminants (Section 2.4).
Continuous core-barrel samples were collected from each well throughout the lower mud
unit layer and underlying sediments of the Ringold Formation. Selected wells were
geophysically logged to assist in stratigraphic analysis (Section 2.3.1.2). A summary of the
field work performed in the 300-FF-5 operable unit including lithologic logs, geophysical
logs, and summary sheets for the nineteen new monitoring wells is provided in Swanson
et al. (1992).

2.5.2 Groundwater Contaminant Distribution

Groundwater quality data have been collected, evaluated and reported for many
years, under the Hanford Site-wide groundwater monitoring program. Additional studies
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include Jaquish and Mitchell (1988) and Evans et al. (1988), Jaquish and Bryce (1990),
Woodruff et al. (1991), Woodruff and Hanf (1992).

The 19 new wells were sampled and instrumented to determine groundwater flow
directions and to determine if waste disposal sites that are considered actual or potential
major sources of contamination are contributing to groundwater contamination.
Groundwater sampling dates for monitoring wells in the 300-FF-5 operable unit are
provided in Table 2-5. Chemical analysis results of groundwater samples are presented in
Appendix C and discussed in Chapter 4.0.

2.5.:] Hydraulic Properties

Aquifer tests consisting of step drawdown, constant discharge, slug, slug
interference, constant head, and laboratory tests were conducted to determine hydraulic
properties of the subsurface units in the 300-FF-5 operable unit. The testing was performed
at well cluster sites 699-S22-E9X and 699-S27-E9X (see Figure 2-6) in accordance with the
test plan (Swanson 1992). Details of the wells, test types, and flow rates are provided in
Table 2-6. Each site consisted of three observation wells (A, B, and C) and one pumping

well (designated T). The T and A wells were screened in the unconfined water table
aquifer. The B wells were screened near what was anticipated to be the bottom of the
unconfined aquifer, and the C wells were screened in the deeper confined aquifer (below
the Ringold lower mud unit). The aquifer testing results revealed semiconfined conditions
present in some of the B well completions that was not anticipated prior to the pump
testing activities. This may be caused by the local presence of Ringold mud units between
the well A and B screened intervals. The presence of semiconfining conditions in several of
the B wells were determined from the lack of drawdown response in the lower aquifers

during the constant discharge tests.

The overall testing sequence included a slug test; pretest monitoring (to establish a
water-level baseline); a step-drawdown test (to determine an optimum discharge rate for
the constant discharge test; a constant discharge test (including drawdown and recovery
phases); and a final slug test. A slug interference test was performed at wells 699-S22-E9T
and 699-S22-E9A, and a constant head test was performed at well 699-$22_E9C. Water
levels were allowed to reequilibrate between tests. Slug test data are not available for all
new wells for the operable unit because this was not a requirement of the work plan, well
designs (3" wells constructed with sonic drilling methods could not be tested due to a lack
of equipment that fit the casing size), and equipment (data logger) failures. Test results
and summaries are provided in Swanson et al. (1992).

2.5.4 Aquifer Intercommunication

Four clusters of 3 wells (699-S29-E16A, B, and C; 699-S22-E9A, B, and C; 399-8-5A, B,
and C; and 699-S27-E9A, B, and C) (Figure 2-6), were completed at three levels to permit
measurement of groundwater potentials and contaminant concentrations throughout
vertical profiles within the unconfined aquifer and between the semiconfined and upper

confined aquifer.
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Pressure transducers connected to dataloggers were used to measure groundwater
elevations simultaneously and hourly at 34 wells in the 300-FF-5 operable unit. The
transducers were installed in 22 "A" wells, 7 "B" wells and 5 "C" wells, as well as the river

stage recorder (Section 2.2.2). The monitoring network collects and stores the data for
automatic retrieval by radio telemetry into a computer for storage and processing. The
hourly groundwater and river water elevation data was contoured by Westinghouse
Hanford Company (WHC) Geosciences Group personnel and used to prepare an animated
time-sequence video which graphically portrays the groundwater and surface water
interactions in the 300-FF-5 operable unit (Campbell et al. 1993). These interactions are
discussed in Chapter 3.0. Additional details regarding the transducers monitoring network
are presented in Campbell et al. (1993).

2.5.5 Groundwater Modeling

Water levels, contaminant distributions, aquifer properties, and geology were used
to develop a conceptual model for groundwater flow and contaminant transport within the
300-FF-5 operable unit. Based on this conceptual model, a numerical model was developed
to quantify groundwater flow and contaminant transport of uranium. Details of the
numerical model and the groundwater modeling conducted for this RI are provided in
Appendix D and evaluated in Chapter 5.0.

2.6 METEOROLOGICAL INVESTIGATION

The meteorological investigations were conducted as part of the first phase 300-FF-1
operable unit Phase I RI. The results of the meteorological investigations are presented in
Hulstrom (1992b) and discussed in Chapter 3.0.

2.7 ECOLOGICAL INVESTIGATION

" The ecological investigations for the 300-FF-5 operable unit were conducted in
conjunction with the 300-FF-1 operable unit Phase I RI and consisted of data collection
activities related to the characterization of potential receptor organism populations, both
human and wildlife. The human ecological investigations are described in DOE-RL (1993a).

2.7.1 Wildlife Ecological Investigation

The ecological investigation for the 300-FF-5 operable unit RI consisted of data

collection activities related to the characterization of potential receptor wildlife organisms
that could potentially be impacted by contaminated groundwater. An interpretation of the
ecology of the operable unit is presented in Section 3.7.2. Data gathered under the wildlife
ecological investigation for the 300-FF-5 operable unit Phase I RI included the compilation
of existing biological information and a survey of biological resources of the operable unit.
These two activities are summarized below.
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2.7.1.1 Biological Data Compilation. Existing biological information was compiled to
develop a general understanding of the wildlife ecology of the operable unit and vicinity.
A description of the general wildlife ecology of the Hanford Site was obtained from the
Hanford Site National Environmental Policy Act (NEPA) Characterization (Cushing 1991), !
and a recent annual environmental monitoring report for the Hanford Site (gaquish and
Bryce 1990). Operable-unit-specific information pertaining to the occurrence of birds,
mammals and vegetation was found in the 1992 biological survey (Brandt et al. 1993) and
various reports (Eberhart et al. 1982, Fitzner et al. 1981, Gano and States 1982, Rogers and
Rickard 1977, and Sackschewsky et. al. 1992.)

An endangered and threatened species survey for the 300-FF-5 operable unit was
included in the 1992 biological survey. The purpose of this survey was to determine the
potential for adverse impacts to protected species, or habitats critical to their existence, from
either operable unit contaminant releases or subsequent remediation efforts. This survey
consisted of a review of literature published by the Washington State Department of
Wildlife (DOW 1987) and the Washington State Department of Natural Resources. The
DOW and DNR were also requested to review their records for sightings of endangered or
threatened animal or plant species, respectively, in the vicinity of the operable unit. The
results of these records reviews are contained within letters received from DOW and DNR

(Appendix E).

2.7.1.2 Biological Survey. Pacific Northwest Laboratory (PNL) and WHC conducted a
biotic survey of the 300-FF-5 operable unit in 1991 and 1992. The survey was conducted to
locate and evaluate any evidence of, or potential for, uptake of toxic substances by plants
or animals. The PNL biologists documented the uptake of selected contaminants by small
mammals and vegetation. Observations were also made of evidence of small mammal and

bird occurrences and animal-burrowing activities. The results of this survey are discussed
in Chapter 3.7.2.

Investigations of the biological resources of the 300-FF-5 operable unit are reported
in Brandt et al. (1993b). Vegetation of the 300-FF-5 operable unit and upstream area were
surveyed between March and May 1992. Surveys were confined within a zone defined by
the crest of the river bank and the margin of the Columbia River. Each of thirteen
locations was characterized by the dominant tree, shrub, and grass at the location. The
areas were then subsequently searched to identify all plants occurring at that location. A
second survey was conducted in mid October 1992 to evaluate the site for fall-flowering
species and to identify any species growing in the areas inundated by the spring high
water. Species of particular concern that could potentially occur in the operable unit are
northern wormwood (Artemisia campestris ssp. borealis var. wormskioldii), which blooms in
April and persistent sepal yellowcress (Rorippa columbine), which blooms in late summer and
early fall. Both species are listed as endangered by the State of Washington and are
candidates for listing under the Endangered Species Act.

The operable unit and upstream riparian/riverine habitat were surveyed for the
occurrence of birds, mammals, and reptiles weekly from June 13, 1992 to July 1, 1992, and
from December 16 to December 23, 1992. Survey procedures followed those defined in the

300-FF-5 operable unit work plan and support plans (DOE-RL 1990a). Attention was paid
to the occurrence of animal tracks, feces, bedding areas, prey remains, and the animals
themselves. The occurrence of small mammals was assessed by live trapping. The
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Hanford Site literature database was reviewed for information regarding the occurrence
and biology of vegetation and animals likely to occur in the operable unit.

2.7.2 Sensitive Environments

Sensitive environmental resources were identified by evaluating known occurrences
of protected species, ecologically sensitive species, and keystone species on or in the near
vicinity of the operable unit. The evaluation was based on field assessments described
above and on review of the Hanford Site literature describing the ecology and distribution
of the biological resources with the potential to occur in the operable unit and vicinity. The
results are presented in Section 3.7.3.

2.8 DATA VALIDATION

This section describes the status of the data validation and describes which data has

been validated to date. Sampling procedures, analytical methods, and data validation

requirements for e'_¢ironmental media were specified in the Quality Assurance Project Plan
(QAPjP) of the 300-FF-5 operable unit work plan (DOE-RL 1990a). Data validation was
conducted in accordance with established Hanford procedures and guidelines developed
for chemical and radiological analyses (WHC 1992a and 1992b) which are consistent with
EPA procedures and guidelines (Bleyler 1988a and 1988b).

The 300-FF-5 Phase I RI was performed using data (4 quarterly sampling rounds)
received as of May, 1993. Validation was performed on a minimum 20% of the 300-FF-5
operable unit data. Selection of samples to meet the 20% data validation requirement was
based on a number of factors. These included the following: 1) inclusion of sample splits,
duplicates, blanks (trip, field, method), and standards, 2) samples of interest (due to
historical data trends, unusual values, or well location), 3) correlation with other fractions
within a sample (i.e, validate radiological fractions corresponding to other analytes that
were validated from that sample). Based on the total number of samples taken for a
particular analyte or fraction an approximate 20% of the total were identified as the
required number for validation. Where possible coordination within a given data package
was desired but more than one data package per sampling round or group of analyses had
to be validated in order to not bias the results. Data validation reports (10) are itemized in
a memo from Hulstrom provided in Appendix E. Full scale data validation was not
conducted on the remaining 80 percent of the data, although this data was at least blank
adjusted from laboratory blank sample results for each sample delivery group (SDG).

Appendix F provides a summary of the data quality evaluation. This evaluation
includes a summary of the samples validated, field QC samples, analyses performed and
results, and the number of data points that were deemed valid. The evaluation addresses
the work plan requirements for precision, accuracy, representativeness, comparability and
completeness (PARCC Parameters).

2-13



DOE/RL-93-21, Rev.0

SP-= '

N 1 _200 =

\
\

300-FF-3 \ \

ldary \
\.

\
1

0 600 METERS
400-meter grid based on Lambert
Coordinate System, Nad83 0 2000 FEET

Source: Hulstrom 1993.

913-1768/46212/6-29-93

Figure 2-1. Location of Springs and Seeps Along W Bank of
300-FF-5 Operable Unit.

2F-1



DOE/RL-93-21, Rev.0

E 2,305,000 E 2,310,000

I
I'"
e

i 300-FF-2 699-S19-E14
: Temp #2I

N 385,000 --

I
,, ,300-FF-' _:_:_

I ""L

i i!i!i

rl !

: ele.13:
,---J

. 316-3 i ::

N 380,000 -- I
I

i 300 Area5-2
| •

699-S27-E9 u_

I
I

i 699-S28-E12

I
: 300-FF-3

t
• S3OE15A

N 375,00(_ m _ "_ S30E15B

i t

1
Hanford SiteBoundary I m"_ " '

!1

t LEGEND

.... OperableUnitBoundary
- -. --- HanfordSiteBoundary

,, SeismicLine(Reflection
0 600METERS andRefraction)

0 2000FEET ........ RefractionLine(only)
SeismicTestingAreas

Notes:The300-FF-5OperableUnitconsistsof thegroundwater
beneaththe300-FF-1,300-FF-2and300-FF-3OperableUnits. 699-_7-E9o.1991Boreholes

WasteManagement
GridinLambertCoordinates(feet)NAD83 e_:_e UnitDesignation
Source:Kunketal.1993

913-1768/44628/4-28-93

Figure 2-2. Location of Seismic Survey Lines in the 300-FF-5
Operable Unit.

2F-2



DOE/RL-93-21, Rev. 0

E 2,305,000 E 2,310,000

I
r=Bm i Q ==_,= I = ==.==.=,=. ,=,=,,=,=e
|

i 300-FF-2

I Temp #2 !30oo
N 385,000 :'n 2ooo . _ .....

I

, i/ ii
i :300-F , _ ....

i

i 399-8-5"
4000' 618-9 0

I =rl
e18-13 :

.... --, 316.1_

N 380.000 2000- _ 316-3 ii _:!

el .

looo. 300 Area
5.2

_99_$27-E9

I Iooo
: z_oo

I 3°°° 699-$29-E
: 699-$28-E12

i 0oo 2ooo 40oo
: 300-FF-3

/
N 375,000

S30E15B

HanfordSite I E: _ --,

Boundary I _ \
!1 ' \

t LEGEND

.... Operable Unit Boundary

- --- --- Hanford Site Boundary

, . Ground Penetrating Radar
0 600 METERS looo (GPR) Profiles - distance

from benchmark

0 2000 FEET . _ Concentrated GPR Data
Notes:The 300-FF-5 Operable Unitconsistsof thegrouncNvater ('3 1991 Boreholes
beneath the 300-FF-1,300-FF-2 and 300-FF-3 Operable Units. 699-_'27-E9

Waste Management
Gridin LambertCoordinates(feet) NAD83. slC:_-e Unit Designation

Source:Kunket al. 1993
913-1768/44629/4 -28-93

Figure 2-3. Ground Penetrating Radar Data Profile Lines in the
300-FF-5 Operable Unit.

2F-3



DOE/RL-93-21, Rev. 0

E 2,305,000 E 2,310,000

I
,i...1., m=1,l..=m e ,==,,ram=

SeeFi

I for

Temp#2
I 300-FF-20 _N 385,000 --

I I i:: ::.: i:e:::::::i.i:; :
I

i =300-FF-1 ........
)699-$22-E9

i = a ...... ! I ....
: el..13 :

316-1

: _ 316-3 .........N380,000- ni

i 300 Area ....... :5.2

699-S27-E9 u_

I
|

i 699.S28-E12

I 699-S29-EIE
, 300-FF-3e

!
N 375,000-- 300 • S3OEl_"

830E15B

HanfordSite 1 E _ : .:.,.

Boundary I ¢
I,I .....

l LEGEND

.... Operable UnitBoundary
- --- -- HanfordSite Boundary

EMI Profile
0 600 METERS

_ ConcentratedEMI Data
0 2000FEET (See Figure2-5)

Note:The300-FF-5OperableUnitconsistsof thegroundwater 699-S"27-E9
1991 Boreholes

beneaththe 300-FF-1,300-FF-2and300-FF-30pembteUnits. Waste Management
el¢_-0 Unit Designation

GridinLambertCoordinates(feet)NAD83

Source:Kunketal. 1993
913-1768/4463014-28-93

Figure 2-4. EMI Data Profile Lines in the 300-FF-5 Operable Unit.

2F-4



DOE/RL-93-21, Rev.0

Power
Line
Road

N500

13_,_ f

),,"
0

$100

$200

$400

/

Well
399-1-18 s7oo

0

/

EMI SurveyLocationLines I

!

EMI Profile

Note: Relative location shown Seismic Line 3-5 0 100 METERS
on Figure2-4. ,..... Road
Source: Kunket al. 1993 0 300 FEET

913-1768/44622/4-28-93

Figure 2-5. EMI Date. Profile Lines Near Well 399-1-18.

2F-5



69_ • I

300-FF-2
¢..
0

0

e399- .18A,B,C ::3
cn

t
399-1-15

e399..1-6

3 B

399-8-: • 399-14 • •
o399-1-11

399-_ 399-1-12 _g9-1-5
399-1.13A, Be 3_-1-15B

399-1-17A r399"1"19 ,,B,C

e399..8-4 399-8-2 e399-8-1 399- -, -7

399-1-9

399-3-6 •
I

399-6-1 • 399-3-2 • _99..3-3

"3004-_1

e399-5-1 390-4-1 •
309-4-7 °



DOFJRL-93-21,Rev.0

2F-6



DOE_L-9_-21, Rev. 0

Table 2-1. 300 Area Seeps and Springs.

Proximity of Closest Well Site

Site Spring Near River Sediment to the Best Flowing Springs
Number Sampling Water Sampling SamplingDate Date Date Well Approximate

Designation Distance

SP-1 ,,

SP-2

SP-3

SP-4

SP-5

SP-6 9/14/92 9/21/92 9/14/92 699-$19-E13 300 meters

SP-7 9/14/92 9/14/92 399-1-10A 40 meters

SP-8

SP-9 9/14/92 9/21/92 9/14/92 399-02-01 90 meters

SP-10

SP-11 9/14/92 9/21/92 399-03-10A 50 meters

SP-12 9/21/92 9/21/92 ,

SP-13

SP-14
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Table 2-2. 300-FF-5 Geophysical Borehole Data.

Well Number Geophysical .... Date of Spectral Notes
Logging Interval (ft) Gamma Survey

699-S29-E16A None
1A

699-S29-E16B SG 35-90 9/3/91 No artificial radionuclides identifed
1B

699-$29-E16C S(3 0-35 6/26/91 No artificial radionuclides identifed
1C SG 80-144 8/06/91 No artificial radionuclides identified

.5(3 135-174 8/29/91 No artificial radionuclides identified
GG 4.4-37.1
GG 0-91
GG 54.9-145.9
GG 113.5-176.7

699-$19-E14 GG 2.4..40.1
3A

699-S22,-E9A None
4A

699-S22-E9B None
4B

699-$22_E9C GG 3.5-38.5
4C GG 0.5-152.3

GG 120-181
,,, , ,,,

399-8-5A None
5A

399-8-5B None
5B

399-8-5C SG 69-167 8/6/91 No artificialradionuclidesidentified
GG 0.8-169.7

3()9-1-2LA None ......
6A

399-1-21B GG 3.5.20
6B GG 3.4-114

699-S37-EgA None
7A

699-S27-E9B SG 0-58 7/31/91 No artificial radionuclides identified
713 SG 105-167 9/10/91 No artificial radionuclides identified

699-$27-E9C SG 40-117 7/01/91 No _rtificial radionuclides identified
7C SG 167-195 8/18/91 No artificial radionuclides identified

GG 4.58-4O
GG 120-178
GG 145-197.7

, ,,,,,

699-$28-E12 GG 4.6-17.5
8A GG 1.7-57.6

399-1-10B SG 0-50 9/19/91 No artificial radionuclides identified
10B SG 45-107 10/2/91 No artificial radionuclides identified

GG 3.9-52.3
GG 19.9-111.7

399-1-13B SG 70-112 9/20/91 No artificial radionuciides identified
13B GG 4-60

GG 30-116.4

399-1-14B S(3_ 9/06/91 ' No artificial radionuclides identified
14B SG 50-108 10/19/91 No artificial radionuclides identified

GG O-65
GG 30-102.6

GG -GrossGamma Boreholesurvey
SG -RLS Spectra]Gamma Boreholesurvey
Source:Swanson 1992a
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Table 2-3. Summary 300-_Operable Unit Drill Hole Data.

Permanent Start Completion Total Depth to Elevation Screen Sandpack Coordinates Number of Numbe_ of Number ot
Well number Date Date Depth Water top of interval (ft) interval (Lambert) chemical Physical archive

(ft) (ft) brass cap (ft) samples samples samples
NGVD 29 analyzed analyzed in storage

(a)

699-S29-E16A 9/4/91 9/6/91 59,4 34.8 377.05 28-48 25-49.8 N:114,731231 0 0 0
E-.594,750.76

699-S29-E16B 8/8/91 9/21/91 118.5 332 377.19 94-104 88.8-105.9 N:114,739.01 5 2 2
E-_594,747.01

699-$29-E16C 6/13/91 9/27/91 177.9 3.4 377.03 165.6-176 160.3-175.7 N:114,730.80 7 32 24
E:594,742.44

699-$19-E14 8/15/91 9/17/91 47 29.35 370.98 19.1-39.9 16.9-42.3 N:117,716.40 6 9 10
E-.594,250.05

699-S22-E9A 9/11/91 9/23/91 44.7 27.7 371.70 22.6-37.6 19.7-41.9 N:116,761.88 0 0 0
E-.592,688.32

699-S22-E9B 7/16/91 9/26/91 151 24.7 371.19 137.3-148.0 129.6-150 N:116,756-55 4 0 0
E:592,697.21

699-S22-E9C 6/3/91 9/18/91 181.6 +7.1 371.04 173-5-178.8 1662-181.6 N:116,_52_80 7 25 36
E'-592,689.03

399-8-5A 10/8/91 11/12/91 72.05 5523 398.03 50-70 46.1-7123 N:116,565.80 0 0 0
E_93,384.44 0

399-8-5B 8/5/91 12/19/91 168 54.3 397.67 1542-165 150.6-176.8 N:116,567.58 10 0 1
E._593,392.19

397.62 190.06-205.86 180.9-207 N:116_73.92 7 28 32399-8-5C 6/'20/91 12/31/91 208 28.4

E--593,386.92

399-1-21A 9/18/91 9/28/91 54.6 37.6 379.87 31.43-57.17 29.1-52.4 N:116,184.18 0 0 0
E-.594,161.02 ._

399-1-21B 10/22/91 9/25/91 115 4423 380.44 102-112 952-115 N:116,177.11 5 19 20 0
E-_94,157.43

699-S27-E9A 5/2/91 6/26/91 59 39.5 388.00 34.77-55 31.8-5623 N:115,332.17 0 7 11
E:592,720.96

699-SZ7-E9B 7/15/91 9/19/91 178.7 40 387.95 164.95-175.62 16323-178.7 N:115,328_55 7 0 0
E-.592,727.64

699-$27-E9C 5/24/91 9/25/91 202 723 388.02 195-200.05 188.6-201 N:115,324.62 7 33 42
E--592,72123

699-$28-E12 5/2/91 5/17/91 58 40.5 386.19 352-55-5 31.4-58 N:115,000.19 10 13 13
E'_593,538.16

399-1-10B 9/6/91 11/21/91 119 39-5 372.47 11)4.5-114.5 99-11523 N:116,729.06 6 20 26
E_94_1.o9

399-1-13B 8/27/91 11/19/91 123.8 42 385.79 106-55-117_ 101.8-119 N:116,549.48 4 18 25
E--593,y_.81

399-1-14B 8/27/91 11/15/91 114.5 38.1 379.99 99-109.7 97.5-111.5 N:116,779238 4 21 16
E-.593,991.10

|

Source: Swanson 1992a
NGVD 29 - National Geodetic Vertical Datum 1929
lm = 328 ft.
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Table 2-4. Wells Drilled during the 300-FF-5
Phase I Remedial Investigation. a

Temporary Designation Permanent Designation

1-10B 399-1-10B
1-13B 399-1-13B
1-14B 399-1-14B

1A 699-S29-E16A
1B 699-S29-E16B
1C 699-$29-E16C
3A 699-$19-E14
4A 699-S22-E9A
4B 699-S22-E9B
4C 699-$22-E9C
5A 399-8-5A
5B 399-8-5B
5C 399-8-5C
6A 399-1-21A
6B 399-1-21B
7A 699-S27-E9A
7B 699-S27-E9B
7C 699-$27-E9C
8A 699-$28-E12
4T 699-S22-E9Tb
7T 699-S27-E9Tb

a Typically, wells within the 300 Area begin with the 399- designation, whereas wells
outside the 300 Area (ie. within the 600 Area) begin with the designation 699-.

b These aquifer test well designations were also only temporary since the wells were
abandoned after the completion of the aquifer tests.
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Table 2-5. 300-FF-5 Operable Unit Groundwater Well Sampling Dates. (Sheet I of 2)

......

Location Round 1 Round 2 Round 3 Round 4

399-1-10A 12/13/91 05/12/92 NS

399-1-10B 12/13/91 34/27/92 9/9/92 NS

399-1-11 01/08/92 C)5/20/92 NS NS
, . ,, ,,

399-1-12 12/17/91 05/01/92 NS NS

399-1-13A 12/13/91 04/30/92 NS NS

399-1-13B 12/13/91 04/28/92 9/15/92 NS
., , ,,, ,.,,

399-1-14A 12/10/91 05/01/92 NS NS
,,,

399-1-14B 12/10/91 04/28/92 09/15/92 NS

399-1-15 12/10/91 04/11/92 9/15/92 NS

399-1-16A 12/13/91 05/11/92 NS NS

399-1-16B 12/16/91 05/11/92 NS 11/11/92
,,,.

399-1-16C 12/16/91 05/12/92 NS 11/11/92

399-1-17A 12/16/91 35/11/92 10/6/92 11/11/92
,, , , ,,

399-1-17B 12/17/91 C35/20/92

399-1-17C 12/17/91 (35/11/92 NS 11/12/92
,,., ,., ,,,,

399-1-18A 12/06/91 _4/29/92 9/11/92 NS

399-1-18B 12/06/91 04/29/92 NS NS

399-1-18C [12/06/91 04/28/92 9/8/92 .... NS
, , .,,

399-1-19 NS NS 9/9/92 NS
,,, i ,,. , , "'"

399-1-21A 12/10/91 04/30/92 NS NS

399-1-21B 12/10/91 04/30/92 9/11/92 NS

399-1-5 01/08/92 05/20/92 9/11/92

399-1-6 12/07/91 04/27/92 9/16/92 11/12/92
.,., ,,,.,

399-1-7 12/11/91 NS NS NS

399-1-8 12/11/91 134/24/92 9/16/92 12/10/92 .....

399-1-9 12/11/91 C)4/27/92 9/15/92 NS

399-2-1 12/11/91 05/12/92 NS 12/03/92

399-2-2 12/12/91 05/12/92 9/11/92 11/12/92
i

399-2-3 12/12/91 04/28/92 9/11/92 11/14/92

399-3-10 12/09/91 05/13/92 N S 11/14/92

399-3-11 01/16/92 06/11/92 9/16/92 11/13/92
, , ,,,,,

)99-3-12 12/09/91 04/23/92 9/10/92 11/14/92

399-3-2 12/09/91 04/22/92 9/2/92 il1/14/92
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Table 2-5. 300-FF-5 Operable Unit Groundwater Well Sampling Dates. (Sheet 2 of 2)

Location Round 1 Round 2 Round 3 Round 4

)99-3-3 01/16/92 05/13/92 9/10/92 11/10/92

399-3-7 12/09/91 _5/06/92 NS 11/12/92

399-3-9 12/12/91 C)5/13/92 NS 11/13/92
,,

399-4.1 12/03/91 05/06/92 NS 11/14/92

399-4-10 112/03/91 05/13/92 9/14/92 11/15/92

399-4-11 12/03/91 05/06/92 NS 11/12/92

399-4-12 01/06/92 04/22/92 9/9/92 11/14/92
,

399-4-7 12/03/91 05/13/92 iNS 11/15/92
i "

399-4-9 12/03/91 04/21/92 9/9/92 11/10/92
am-

399-5-1 12/03/91 04/21/92 9/9/92 11/13/92

399-6-1 12/04/91 04/21/92 9/9/92 11/10/92

399-8-1 01/07/92 NS NS NS

399-8-2 01/07/92 _5/06/92 9/10/92 NS

399-8-3 01/13/92 35/06/92 9/10/92 11/10/92

399-8-4 01/08/92 04/22/92 9/14/92 NS

399-8-5A 12/10/91 04/13/92 9/10/92 11/13/92

399-8-5B C)1/13/92 04/18/92 9/2/92 NS

399-8-5C C)1/13/92 04/18/92 9/2/92 NS
,

699-$27-E14 NS NS NS 11/11/92

699-$19-E14 01/06/92 04/20/92 9/9/92 NS

699-S22-E9A 12/02/91 04/24/92 9/11/92 NS

599-S22-E9B 12/02/91 04/24/92 9/11/92 NS
,

899-$22-E9C 12/02/91 04/24/92 9/14/92 _S

699-S27-E9A 12/05/91 _,/23/92 9/10/92 NS
,

699-S27-E9B 12/05/91 _t/20/92 9/10/92 NS

699-$27-E9C 12/05/91 D4/20/92 9/10/92 NS
,,

699-$28-E12 12/05/91 04/21/92 9/9/92 NS

699-S29-E16A 12/04/91 04/13/92 8/31/92 NS

699-S29-E16B 12/04/91 04/13/92 8/31/92 NS

699-$29-E16C 12/04/91 04/13/92 8/31/92 NS

699-S30-E15A 12/04/91 05/04/92 9/14/92 NS

NS = Well not sampled during this round.
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Table 2-6. Aquifer Tests at Cluster Sites 699-$22-EX and 699-$27-EX in the
300-FF-5 Operable Unit.

................

Well Name Test Type Test Date Flow Rate Test Duration
(gal/min) (min)

,, , ,,,,, , ,, , ,,i ,,,, ,.. , , ,,

699-S22-E9T Step-drawdown 3/18/92 20 96
(pumping 39 94

well) .................
Constant 3/20/92 27.5 540

discharge 1
, ,,, ,. , ,. ,.. ,,.

Constant 3/25- 3/27/92 20.9 2,440
discharge 2

, ,,,,. , i ,,, ,,,.. ., , ,,

Constant 3/30 - 4/1/92 24.5 2,880
discharge 3 ,, ,. ,.,,, ,,,,.. ,,,,

Slug test 3/13/92 N/A N/A
4/14- 4/16/92 N/A N/A

,, , ,, ,,,. . , , ,, .,

Slug 4/14 - 4/16/92 N/A N/A
interference

,, ,,, ,,, , ........... ,

699-S22-E9A Slug test 1/1/92 N/A N/A
... ,,. , ,, ,,, ,,,,, ,,. ,, ,, ,.

699-$22-E9C Constant head 5/12/92 0.62- 1.2 254
, , , ,, ., ,.., , , ,,,,,, ,.

699-S27-E9T Step-drawdown 3/7/92 35, 78.8, 103.9 92, 89, 89
, ,..,, ... ,, ,,,,. ,,

(pumping
well) Constant 3/10/92 - 134.7 2,880

discharge 3/12/92
,, , ,r,,,,,,

Slug test 2/28/92 N/A N/A
3/23/92 N/A N/A

.,L ,,,. , ,, ,, ,.,,

699-S27-E9A Step-drawdown 1/14/92 1.96, 4.3, 7.5, 9.5 60, 60, 62, 62
,

Slug test 1/2/93 N/A N/A
i i ill i ,,,, , ,,,..

N/A- Not applicable
Source: Swanson 1992a

..........
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3.0 PHYSICAL CHARACTERISTICS

This chapter provides a description of the relevant physical and ecological
characteristics of the 300-FF-5 operable unit. Descriptions are presented of the waste source
characteristics, meteorology, surface hydrology, geology, soils, hydrogeology, and ecology.

3.1 SOURCE FACILITY CHARACTERISTICS

The 300-FF-5 operable unit (Figure 3-1) is located in the 300 Area within the
southeasternmost section of the Hanford Site in Benton County, Washington. The
Columbia River forms the eastern boundary of the operable unit and the northern,
western, and southern boundaries have been located to represent the potential extent of
groundwater contamination migrating from the three (300-FF-1, 300-FF-2, and 300-FF-3
source areas operable unit). The operable unit is within the pathway to the Columbia
River from other upgradient sources including the 300-IU-1 operable unit (located
approximately 4.9 km (3 mi) northwest of the 300 Area), Horn Rapids Landfill (part of
1100-EM-1 operable unit), 300-FF-4 operable unit (Fast Flux Test Facility), and some of the
mobile contamination emanating from the 200 East Area.

The 300-FF-5 operable unit is a groundwater operable unit beneath the 300-FF-1,
300-FF-2 and 300-FF-3 operable units. The operable unit was initially defined by "the
observed and assumed extent of uranium contamination in the groundwater" (WHC 1989).
Ultimately, the extent of the operable unit will include all contamination exceeding
applicable or relevant and appropriate requirements (ARARS) emanating from the 300-FF-1,
300-FF-2, and 300-FF-3 operable units detected in groundwater and sediments below the
water table.

This subsection presents a review of source facilities and the known and suspected
chemical processes and activities which may have impacted the 300-FF-5 operable unit,
either through disposal activities, or through unplanned releases. A description of most of
the waste generation activities which could potentially affect the 300-FF-5 operable unit was
presented previously in the 300-FF-1 Phase I RI (DOE-RL 1993a). Rather than duplicate the
information already presented, the 300-FF-1 Phase I RI is referenced as the primary source
for waste information associated with that operable unit. Facilities associated with the
other 300 Area operable units (300-FF-2 and 300. ,_F-3 operable units), as well as other
potential upgradient waste sources, are briefly discussed in this section. Source facility
characteristics descriptions are based on DOE-RL (1992a) and Gerber (1992).

3.1.1 300 Area Waste Generating Processes and Waste Management Units

Activities in the 300 Area have historically been related primarily to the fabrication of
nuclear fuel elements. In addition to the fuel manufacturing processes within the 300 Area,
many technical support, service support, and rezearch and development activities related to
fuel fabrication were, and are, carried out. As fuel fabrication activities have decreased

with the shut-down of the Hanford Site production reactors, research and development
activities in the 300 Area have increased. The newer buildings in the area house primarily
laboratory and large test facilities.
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The largest volume of waste generated in the 300 Area is from the fuel fabrication
operations. The majority of this waste was disposed of in the 300-FF-1 operable unit.
Details regarding waste disposal in the 300-FF-1 operable unit are presented in DOE-RL
(1993a). Some of this waste, however, was disposed of in the other 300 Area source
operable units.

In addition to the fuel fabrication activities, other waste generation activities in the
300 Area include support operations (e.g., convertible coal/oil powerhouse), research
operations, water treatment, and sanitary waste disposal (DOE-RL 1993a). Many of the
waste management units potentially affecting the 300-FF-5 operable unit received waste
from these activities.

Tables 3-1 and 3-2 list the individual waste management units, and summarize the
waste types, dates of operation, size, and approximate waste amounts for the 300-FF-2 and
300-FF-3 operable units, respectively. These units include liquid waste disposal units, solid
waste burial grounds, hazardous waste storage facilities, waste treatment facilities, and
unplanned releases. The locations of the individual waste management units assigned to
the 300-FF-2 and 300-FF-3 operable units are shown in DOE-RL (1992a).

The fuel fabrication operations generated both liquid and solid wastes. Most of the
liquid waste is disposed of in the 300-FF-1 waste management units. Solid wastes were
disposed of in solid waste burial grounds, most of which are located in the 300-FF-2
operable unit, although one is in the 300-FF-3 operable unit. These burial grounds were
open, unlined pits or trenches into which dry solids or drummed liquids were placed. The
solid waste burial grounds contain mixed waste of mostly unknown composition, but are
known to contain various fission products and isotopes of uranium and plutonium. When
filled, the burial grounds were backfilled to grade with local sediments.

The 300-FF-2 operable unit consists primarily of waste management units that
received solid waste and contaminated equipment from the fuel fabrication operations. A
few of the waste units in the 300-FF-2 operable unit were associated with wastes other than
solid waste. These waste units received treated wastes from 300 Area operations or

research and development activities.

The 300-FF-3 operable unit consists of a variety of miscellaneous waste management
units that received waste from many different operations and/or facilities. These units
include active waste staging areas, active and inactive waste storage and disposal facilities,
waste treatment facilities, fuel fabrication facilities, and sanitary waste and treatment
facilities. Several units located in this operable unit were associated with the retired
Plutonium Recycle Test Reactor.

In addition to these waste management units, a number of unplanned releases are
assigned to the 300-FF-2 and 300-FF-3 operable units (Tables 3-1 and 3-2). In general, the
substances released are related to the fuel fabrication operations (Stenner et al. 1988).

An unknown quantity of petroleum product was released by a leaking underground
storage facility at the fuel dispensing island at the 3709-A building (300 Area Fire Station).
The facility consisted of two 1,900 L (500 g) underground storage tanks (USTs), one
containing unleaded gasoline (300-FS-15) and the other diesel (300-FS-16), and
approximately 9 m (30 ft) of piping. The system was shut down due to a failed tightness
test that was conducted August 26, 1991. The tanks site assessment was performed per
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Chapter 173-360-390 Washington Administrative Code (WAC). The pump island was
excavated to the maximum depth of the backhoe, approximately 13 ft. Further
characterization showed significant drop in vapor concentrations between 17 and 20 ft.
Groundwater in this region is between 45 and 55 feet below grade. At least two
downgradient monitoring wells are planned to be installed and monitored by WHC in
accordance with the Department of Ecology guidance documents to determine the effect (if
any) of this discharge on the unconfined aquifer (DOE-RL 1992b).

An unknown amount of petroleum product was released from the 382-1
Underground Storage Tank (UST) located at the 300 Area, 382 pump house building. This
tank is one of three 540 L (145 g) unleaded gasoline tanks used to support emergency
water pumps for the 300 Area fire protection system. These tanks are located in the
courtyard of the 382 building. The 382-1 tank failed a tightness test on August 6, 1992, and
the tank system was physically removed, along with an unknown quantity of petroleum
contaminated soil for disposal on September 29, 1992 (DOE-RL 1992c).

The following waste management units previously assigned to the 300-FF-1 operable
unit were reassigned to the 300-FF-3 operable unit in June of 1992 (DOE-RL 1993a):

• 300 Area Retired RLWS System
• 300 Area RLWS System and 340 Complex
• 307 Retention Basins

• 316-3 Trenches (307 trenches)
° UN 3(_1
• UN 300-2
° UN 300-11
• UN 300-14
° UN 300-41.

3.1.2 Interactions with other Operable Units

Because the 300-FF-5 groundwater operable unit lies beneath the 300 Area, it is
potentially affected by inflowing groundwater migrating from several source areas in
addition to the 300-FF-1, 300-FF-2 and 300-FF-3 operable units (Figure 3-1). Potentially
impacted groundwater could be migrating into the 300-FF-5 operable unit from the
following areas (DOE-RL 1990a):

° The 300-IU-1 operable unit (located approximately 4.8 km [3 mi]
northwest of the 300 Area)

° The 300-FF-4 operable unit (the Fast Flux Test Facility (400 Area)

° The southern portion of the tritium contamination in groundwater which
is migrating from the 200 East Area (200-PO-2 operable unit)

° The 1100-EM-1 operable unit area associated with the Horn Rapids
Landfill.

The 300-IU-1 operable unit, located approximately 4.8 km (3 mi) northwest of the
300 Area, consists of various waste management units that received waste from fuel
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fabrication operations, and miscellaneous construction debris from various construction
sites (DOE-RL 1992a; Stenner et al. 1988). Due to the southeasterly flow of groundwater,
contaminants entering the groundwater beneath the 300-IU-1 operable unit could
potentially impact the 300-FF-5 operable unit. Table 3-3 lists the waste management units
in the 300-IU-1 operable unit. The locations of these waste management units are depicted
in DOE-RL (1992a).

The 300-FF-4 operable unit is composed of the waste management units located at
the Fast Flux Test Facility (also known as the 400 Area) (WHC 1989). This operable unit is
located approximately 10 km (6 mi) to the northwest of the 300 Area. Due to the
southeasterly flow of groundwater, contaminants entering the groundwater beneath the
300-FF-4 operable unit could potentially impact the 300-FF-5 operable unit. The location of
the 300-FF-4 operable unit and associated waste management units are depicted in DOE-RL
(1992a). Details of the waste management and waste disposal practices at this operable
unit are presented in WHC (1992c).

A tritium plume, believed to be associated with the 200-PO-2 operable unit
(WHC 1989), is present in an area primarily to the north of the 300 Area and is currently
migrating south and east, and is discharging to the Columbia River. This tritium plume is
very extensive, covering approximately 100 Kmz (38.6 mi2) and extends into the northern
portion of the 300-FF-5 operable unit. Figure 3-2 shows the trend of the tritium
concentrations in well 699-$19-E13, located just north of the 300 Area. In recent years, this
well has shown a steady increase in tritium concentrations, having reached a new
maximum of 9,110 pCi/L in December of 1991 (Woodruff and Hanf 1992). The current
extent of tritium contamination in groundwater of the 300-FF-5 operable unit is presented
in Section 4.3.

The Horn Rapids Landfill, a waste management unit assigned to the 1100-EM-1
operable unit, is located in the 600 Area approximately 1.6 km (1 mi) to the south and west
of the southern portion of the 300-FF-5 operable unit (WHC 1989). This landfill, roughly 20
ha (50 ac) in size, was used from the early 1950s to 1970 for the disposal of primarily office
and construction wastes. One of the landfill cells is marked as an asbestos disposal site,
one open trench contains old tires, and another area appears to have been used to dispose
of sludges. A burn cage that was used to destroy documents also exists at the landfill. The
disposal of drummed waste solvents has been alleged at the facility (DOE-RL 1990b). A
plume of trichloroethane, technetium-99, and nitrate emanates from the general vicinity of
the landfill and apparently is migrating to the northeast, towards the 300 Area (DOE-RL
1990b, 1992d). The source of the groundwater contamination at Horn Rapids Landfill is
uncertain; however, there is the possibility that it is related to activities at the adjacent
Siemens Nuclear facility (DOE-RL 1990b, 1992d). Siemens Nuclear (formerly Advanced
Nuclear Fuels Corp.) operates a nuclear fuel fabrication facility and supplies uranium fuel
rods for commercial power reactors.

3.2 METEOROLOGICAL CHARACTERISTICS

This section presents an interpretation of meteorological data compiled and
presented in Hulstrom (1992b). The regional meteorology is based primarily on data col-
lected at the Hanford Meteorological Station (HMS), which provides a long-term and
comprehensive base of information. The HMS is located between the 200 East and
200 West Areas of the Hanford Site, approximately 32 km (20 mi) to the northwest of the
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300 Area. The local meteorology evaluates wind data collected at the 300 Area and other
nearby monitoring stations.

3.2.1 Regional Meteorology

A large compilation and summary of HMS data, for the period from i946 to 1980,
was conducted by Stone et al. (1983). The regional meteorology, consisting of precipitation,
temperature, wind and evapotranspiration, is presented below.

The HMS is a large meteorology facility located on a plateau in the center of the
Hanford Site about 16 km (10 mi) to the west of the Columbia River. The HMS is located
at an elevation of 223 m (733 ft) above mean sea level (AMSL). Within 24 to 48 km
(15 to 30 mi) south, west and north of the HMS are mountain ridges which reach
elevations of 610 to 1,100 m (2,000 to 3,600 ft) AMSL.

3.2.1.1 Precipitation. The Cascade Range is located approximately 130 km (80 mi) west of !
the Hanford Site and has an average crest elevation of about 1,800 m (6,000 ft) AMSL. This
mountain range creates a rain shadow that limits total annual precipitation to about 16 cm
(6.3 in.) at the HMS. Rain is the usual form of precipitation at HMS, but snowfall regularly
occurs during winter, and hail storms, although unusual, may occur during the summer
thunderstorm season.

The largest volume of precipitation occurs in winter, January being the wettest
month with an average of 23 mm (0.92 in.), and July is the driest month with an average of
only 3.8 mm (0.15 in.). Precipitation intensity, shown on Figure 3-3, is greatest in the
summer months. This seasonal intensity peak coincides with the thunderstorm season.

The average annual snowfall is 33 cm (13 in.). Complete snowmelt generally occurs
within a month of a snowstorm. The thunderstorm season lasts from April to November,
however cold and warm fronts of a larger scale may cross the area during any month.

3.2.1.2 Temperature. The summer months at the Hanford Site are typically hot and dry,
and winters are moderately cold. July is the warmest month of the year with an average
temperature of 24.7"C(76.4"F),and January is the coolest month with an average
temperature of-1.5"C (29"F). Historical extreme temperature readings of 46"C (115"F)
and _29"C(-20"F) have been recorded. The diurnal temperature range is substantial, due
to low humidity. During summer months, when the average relative humidity is 30 to
40%, the diurnal temperature range is greatest, on the order of 15"C (27"F)(DOE-RL
1990a, Hulstrom 1992b). In winter, with relative humidity ranging from 60 to 80%, the
diurnal temperature range is reduced to about 8"C (14"F)(DOE-RL 1990a and
Hulstrom 1992b).

3.2.1.3 Wind. Wind directions from west-northwest to northwest predominate at the
HMS, averaging 10 to 12 km/h (6 to 7 mph) in winter and 13 to 17 _ (8 to 10 mph) in
summer. Elsewhere on the Hanford Site, the predominant wind direction may differ from
those at HMS, as shown on Figure 3-4. Mountain ridges and river valleys locally influence
wind direction, particularly along the Columbia River where predominant wind directions
parallel the river. There is also a strong diurnal effect observed from March through
August, when wind speed tends to increase 7 to 10 knv_ (4 to 6 mph) during the afternoon
and evening hours (DOE-RL 1990a).
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The strongest winds observed, with speeds up to 130 km/h (80 mph), generally are
southwesterly. Most hourly wind speeds >52 km/h (31 mph) are from the south.
southwest to west-southwest and occur at the highest frequency from March through May.
Greater than 90% of the southwesterly winds exceed 30 km/h (18 mph) (DOE-RL 1990a).

Wind-blown dust accompanies strong winds on the Hanford Site. Blowing dust
originating from the site itself has been observed at wind speeds >32 km/h (19 mph). Dust
entrained elsewhere and transported to the Hanford Site has been observed for lower wind

speeds of 7 _ (4 mph) (DOE-RL 1990a).
i

3.2.1.4 Evapotranspiration. Beginning in the late 1970s, a monitoring program was
conducted to study groundwater recharge at Hanford and measure parameters that affect
recharge rates. A monitoring site has been operated near the 300 Area since 1979.

Using measurements of changes in water storage, drainage, and precipitation during
the period from July 1988 to June 1989, evaporation and transpiration were measured to be
about 14.3 cm (5.6 in.) for a bare surface and 19.9 cm (7.9 in.) for a vegetated surface.
Precipitation during this period was about 18.0 cm (7.1 in.). Drainage was about 4.0 cm
(1.6 in.) from the bare surface and 1 cm (0.4 in.) from the vegetated surface. The excess of
evapotranspiration and drainage over precipitation was compensated for by a reduction in
soil moisture (Hulstrom 1992b).

Figure 3-5 presents a plot of monthly evapotranspiration totals for the bare and
vegetated weighing lysimeters at the buried waste •._stfacility during the period from
December 1987 through August 1990. This figure illustrates the large seasonal and annual
variations in evapotranspiration and the large differences that can occur as a result of
vegetation.

3.2.2 Local Meteorology

Local meteorology data for the 300-FF-5 operable unit were obtained from a
monitoring station at the 300 Area. The data collected at this station consist only of wind
velocities (i.e., wind speed and direction)_ Local precipitation conditions are likely similar to
HMS and the old Hanford townsite_ The 300 Area station is operated by PNL and is
equipped with an automated data logging system, which records average wind velocities
on an hourly basis each day of the year.

3.2.2.1 Wind Direction. Wind direction at the 300 Area varies over 360 degrees, with a
prevailing wind direction from the southwest (11% of the time); although winds from the
north, southeast, south-southwest, and north-northwest occur almost as frequently (>8%
of the time from each direction). At the 300 Area station, wind direction generally becomes
southerly from the fall to winter and northerly from the spring to summer (DOE-RL 1990a).
Prevailing wind directions at the Hanford Site are shown in Figure 3-4.

3.2.2.2 Wind Speed. Daily average wind speed at the 300 Area ranges from 8 to 16 km/h
(5 to 10 mph). The range of daily average wind speeds for the 300 Area station is calm to
40 km/h (25 mph). The wind speed cumulative probability for the 300 Area is shown on
Figure 3-6. Median daily average wind speed at the 300 Area is about 11 km/h (7 mph).
The upper, one-sided 95% confidence limit of the daily average is 23 km/h (14 mph) for the
300 Area (DOE-RL 1990a).
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3.3 SURFACE HYDROLOGICAL CHARACTERISTICS

3.3.1 Region_ Surface Hydrology

Surface water in the vicinity of the Hanford Site occurs in two major rivers,
ephemeral streams, a natural pond, and man-made ditches and ponds. The major water
bodies are shown in Figure 3-7. Physical aspects of these surface-water bodies are
discussed below.

3.3.1.1 Major Rivers. The major surface water body in the Pasco Basin is the Columbia
River which flows from the Canadian Rocky Mountains through Washington State, and
along the Washington/Oregon border to the Pacific Ocean. Enroute to the Pacific, the
Columbia River crosses the northern portion of the Hanford Site, then turns southward to
form the Hanford Site's eastern boundary.

The Snake River and Yakima River are the second and third largest rivers,
respectively, in the Pasco Basin and enter the Columbia River well downstream of the
Hanford Site. Flowing southeasterly in the southern portion of the Pasco Basin, and, at
one point, near the southern boundary of the Hanford Site, the Yakima River merges with
the Columbia River south of Richland. Both the Yakima and the Columbia rivers are

important sources of water for domestic agricultural, industrial, and recreational users in
the Pasco Basin (DOE 1987, Jaquish and Bryce 1990).

The Columbia River is the largest fiver in the Pacific Northwest and the fifth largest
fiver (by volume) in North America. Above Priest Rapids Dam, the Columbia River drains
an area of approximately 250,000 km2 (95,500 mi 2) in Washington, Idaho, Montana, and
British Columbia. The river's flow is regulated by 11 dams wi'_hinthe United States: 7
upstream and 4 downstream of the Hanford Site. A hydrograph of the Columbia River
stages for the year, March 1992 to March 1993, adjacent to the 300 Area is provided in
Figure 3-8. Priest Rapids Dam, located at approximate fiver mile 397, is the nearest im-
poundment upstream of the Hanford Site. McNary Dam is the nearest dam downstream,
at fiver mile 292. No perennial or ephemeral tributaries enter the Columbia River between
Priest Rapids Dam and the Yakima River confluence just south of the City of Richland.
Irrigation return flow does enter the Columbia River on the Franklin County side in the
form of distributed seeps and constructed wasteways.

The Hanford Reach of the Columbia River extends approximately 8.5 km (5.3 mi)
above the Hartford Site boundary, to the head of Lake Wallula (approximately at the
southeastern Hanford Site boundary). The Hanford Reach, which is approximately 100 km
(60 mi) in length, is the only substantial remaining stretch of the Columbia River within the
United States that is not impounded by a dam (Jaquish and Bryce 1990).

Along the Hanford Reach, the channel is 370 to 550 m (1,200 to 1,800 ft) wide and
3 to 12 m (10 to 40 ft) deep (ERDA 1975). The channel does not meander strongly, but
contains large longitudinal bars a few of which support tree growth. Channel sediments
predominantly consist of sand and gravel with cobbles up to 20 cm (8 in.) in diameter. Silt
and clay occur in areas of low-energy flow, such as pools and channel margins.

Volumetric flow rates in the Columbia River along the Hanford Reach vary widely
and erratically due to operations of the Priest Rapids Dam, which is operated by Public
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Utility District No. 2 of Grant County. Daily flow rates may range from 1,000 to 4,500 m3/s
(36,000 to 160,000 fta/s) and are accompanied by fluctuations in river stage of about 1.5 m
(5 ft) (ERDA 1975). The lower end of the instantaneous flow range quoted (1,000 m3/s
[36,000 fta/s]) is the minimum required discharge from Priest Rapids Dam under Federal
Energy Regulatory Commission license no. 2114 (DOE-RL 1990c). The flow velocity, which
also varies along the reach, may range from 1 to greater than 3 m/s (3 to > 11 ft/s).

The Yakima River, originating in the Cascade Range to the west, is one-fifth to
one-third the size of the Columbia River in width. East of the Cascade Range, the fiver
channel meanders within a flood plain valley. The valley is about I to 2 km (0.5 to I mi)
wide, with narrow gorge sections. The average fiver channel width is about 60 m (200 ft).
Volumetric flow rates in the Yakima River range from 37 to 600 m3/s (1,300 to 20,000 fta/s)
(ERDA 1975). The Yakima River dam situated nearest to the Hanford Site is the Horn
Rapids Dam. Located about 17 km (10 mi) northwest of Richland, the Horn Rapids Dam
provides irrigation water and is operated by the Columbia Irrigation District.

Regional flooding within the Columbia and Yakima rivers is controlled by hydro-
electric power dams and irrigation structures (Skaggs and Waiters 1981). The distribution
of flooded areas during the probable maximum flood is shown on Figure 3-9. As shown in
the figure the 300 Area would be unaffected by the probable maximum flood. Except for
extreme flooding scenarios, flooding in either fiver is not anticipated to inundate the 300
Area source operable units. One such scenario includes a 50% breach of Grand Coulee
Dam, located on the Columbia River approximately 300 km (180 mi) upstream from Priest
Rapids Dam. Under this flooding scenario, a flow of about 230,000 m3/s (8,000,000 ft3/s)
would occur at Richland, and the fiver would inundate the 3(30 Area, 3000 Area, 1100 Area,

City of Richland, and the Yakima River channel upstream to Horn Rapids Dam
(Skaggs and Waiters 1981).

3.3.1.2 Other Naturally-Occurring Surface Waters. The arid-to-semiarid climate of the
Pasco Basin does not suppo_ any perennial streams; however, a few ephemeral streams do
exist. Cold Creek and its main tributary, Dry Creek, are two major ephemeral streams
located along the southwestern boundary of the Hanford Site. The Cold Creek drainage
ultimately connects to the Yakima River about 2 km (1 mi) upstream from Horn Rapids
Dam. Actual flow in these creeks, which results from precipitation onto Rattlesnake Hills,
Umtanum Ridge, and Yakima Ridge, is not well documented; however, flow magnitudes in
Cold Creek, having recurrence intervals of 5 and 10 yr, were estimated to be 60 and
120 m3/s (2,100 and 4,400 ft3/s), respectively, in the creek's lower reaches (Skaggs and
Waiters 1981)o

West Lake, located about 3.2 km (2 mi) north of the 200 East Area, is a pond on the !
Hanford Site. The pond is shallow, with an average depth of about I m (3 ft), and has a
surface area of about 4 ha (10 ac) (Fuchs et al. 1985). The source of recharge to the pond is
groundwater, which is locally mounded due to infiltration resulting from 200 Area
operations (Graham 1983). The pond's size fluctuates with the height of the groundwater
mound.

3.3.1.3 Man-Made Ditches and Ponds. On the Hanford Site, waste water discharge into
ponds and ditches occurs in the 200 and 300 Areas. At these locations, several ponds,
ditches, and trenches exist to hold waste waters (i.e., 300 Area process trench and sanitary
leach trench), which eventually evaporate and/or infiltrate. Near the Hanford Site, man-
made ponds exist at the Siemans Nuclear faci!" / and at the City of Richland well field
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(USGS 1978a, b; CWC-HDR, Inc. 1988). The lined Siemans Nuclear ponds are used for
pretreatment of waste water, whereas those in the city well field are unlined and
specifically intended to recharge the groundwater with water obtained from the Columbia
River. Water filtered in this manner is then extracted to satisfy seasonal and peak
municipal demands.

3.3.2 Local Surface Hydrology

Two types of surface water exist on the 300-FF-5 operable unit: the Columbia River,
and groundwater seeps along the river bank. Major groundwater seeps along the west
bank of the Columbia River in the vicinity of the 300-FF-5 operable unit have been
identified, mapped, and sampled.

The only permanently flowing surface water at the 300-FF-5 operable unit is the
Columbia River. The 300-FF-5 operable unit lies between approximate river miles 345.5 and
343.0. No perennial or ephemeral tributaries enter the Columbia River between Priest
Rapids Dam and the Yakima River confluence just south of the City of Richland. The 300
Area lacks a defined surface water drainage feature as shown by the topography in Figure
3-10, which would be indicative of frequent overland flow. Irrigation return flow does
enter the Columbia River on the Franklin County side in the form of distributed seeps and
constructed wasteways.

The river in the vicinity of the 300-FF-5 operable unit is influenced by the operational
practices of the Priest Rapids Dam (upstream), and the McNary Dam (downstream), with
respect to flowrate volumes, velocity and depth. Flow through the Hanford Reach of the
fiver is relatively swift, with surface velocities of less than 0.9 m/s (3 ft/s) to greater than
3.4 m/s (11 ft/s), depending on the river flow rate (ERDA 1975). A minimum flow rate of
1,000 m3/s (36,000 f_/s) has been established at Priest Ral_ids Dam. Typical daily flows
during the summer, fall, and winter range from 1,000 m°/s (36,000 ft3/s) to 4,500 m3/s
(160,000 ft 3/s). Average monthly flow rates generally peak from April through June, and
the lowest monthly mean flows are observed during September and October.

The wetted width of the river near the 300-FF-5 operable unit ranges from
approximately 550 m (1,800 ft) to 920 m (3,000 ft). The range is due primarily to the
presence of islands that occur throughout the Hanford Reach. Through this reach, the
river is characterized by a narrow modern flood plain, one- to two-terrace levels, numerous
point bars, and extensive islands. Typical maximum river depths in the vicinity of the
300-FF-5 operable unit range from 3.1 m (10 ft) to 12 m (40 ft) at normal flow rates.

Flow around and between islands is complex and changes with changing flow rate.
In the vicinity of the 300 Area, the deepest part of the channel crosses from its position east
of Johnson Island to a location west of the unnamed islands adjacent to and downstream
of the area. Once south of those islands, the channel again cro. :_es over to the east and
remains in that position until about the location of the City of Richland, where it
establishes a more central course. Dye and contaminant dispersion studies indicate that
channelization of flow is strong at low discharges, but becomes more diffuse at higher
flOWS.

The pressure transducer data collected at the river stage recorder showed that the
operational practices of the Priest Rapids and McNary Dams resulted in daily river stage
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(elevation) changes of as much as 2.4 m/d (8 fVd), but more typically less than or equal to
0.8 m/d (2.5 ft/d) (Campbell et al. 1993). Groundwater elevation data collected by Campbell
et al. (1993) indicates that the river slope is not uniform along the 300-FF-5 operable unit
boundary due to the influence of the McNary pool, but is approximately 0.19 m/kin
(1 ft/mi) based on March 1992 data. Campbell et al. (1993) also contains detailed
hydrographs comparing river stage with groundwater elevations obtained from an
extensive transducer network in the 300 Area, and should be referred to for detailed
information concerning the influence exerted on groundwater flow by the Columbia river.

3.4 GEOLOGICAL CHARACTERISTICS

This section provides a description of the regional and local geologic characteristics of
the 300-FF-5 operable unit. Geologic information provided below includes geomorphology,
stratigraphy, lithology, and geologic structure. The information in this section has been
summarized from Gaylord and Poeter (1991), Delaney et al. (1991), and Swanson (1992a)
unless otherwise noted. These references may be consulted for additional details regarding
the geologic characteristics of the 300-FF-5 operable unit.

3.4.1 Geomorphology

The physiography of the Hanford Site is dominated by the low-relief plains of the
Central Plains physiographic region and anticlinal ridges of the Yakima Folds physio-
graphic region. The surface topography at the Hanford Site is the result of (1) uplift of
anticlinal ridges, (2) Pleistocene cataclysmic flooding, (3) Holocene eolian activity, and (4)
landsliding_ Uplift of the ridges began in the Miocene Epoch and continues to the present.
Cataclysmic flooding occurred when ice dams in western Montana and northern Idaho
were breached, allowing large volumes of water to spill across eastern and central
Washington. The last major flood occurred about 13,000 years ago during the late
Pleistocene Epoch. Anastomosing flood channels, giant current ripples, bergmounds, and
giant flood bars are among the landforms created by these major floods. Since the end of
the Pleistocene Epoch, winds have locally reworked the flood sediments, depositing dune
sands in the lower elevations and loess (windblown silt) around the margins of the Pasco
Basin. Generally, sand dunes have been stabilized by anchoring vegetation except where
vegetation is disturbed or absent.

The arid-to-semiarid climate of the Central Plains section is a controlling factor of
present-day geomorphic processes. Major drainages within the Pasco Basin include the
Columbia, Snake, and Yakima rivers. Fluvial aggradational and degradational processes are
most active within the channels and floodplains of these rivers. Eolian processes are also
currently active within the Central Plains section and are responsible for the maintenance
of large dune fields and for loess deposits that mantle portions of the terrain.

3.4.2 Regional Geology

A summary of the regional geological characteristics of the Pasco Basin and the
Hanford Site is presented below in terms of stratigraphy and geologic structure.
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3.4.2.1 Regional Stratigraphy. The Hanford Site is situated within the Pasco Basin, a
regional structural and topographic, sediment-filled basin within the Columbia Plateau.
The sediments within the Pasco Basin are underlain by the Miocene-age Columbia River

Basalt Group, a thick sequence of flood basalts that covers a large area in eastern
Washington, western Idaho, and northeastern Oregon. The Columbia River Basalts are
underlain by Early Neogene sediments and eventually crystalline bedrock. The sediments
overlying the basalts, from oldest to youngest, include: the Miocene-Pliocene Ringold
Formation, local alluvial deposits of possible latest Pliocene or probable early Pleistocene
age, local early "Palouse" soil of mostly eolian origin derived from either the reworked Plio-
Pleistocene unit or upper Ringold material, glaciofluvial deposits of the Pleistocene Hanford
formation, and surficial Holocene eolian and fluvial sediments. Figure 3-11 illustrates the
stratigraphy in the Pasco Basin. The stratigraphic units are discussed from oldest to
youngest, in the order of their formation.

3.4.2.1.1 Columbia River Basalt Group and Ellensburg Formation. The Columbia
River Basalt Group comprises an assemblage of tholeiitic, continental flood basalts of
Miocene age with accumulated thickness within the downwarped Pasco Basin in excess of
3,000 m (10,000 ft). These flows cover an area of more than 163,700 km z (63,000 mi z) in
Washington, Oregon, and Idaho. The majority of the flows were erupted 14.5 to 17 million
years ago (based on isotopic age determinations) from north to northwesterly trending
fissures or vents in northeastern Oregon, eastern Washington, and western Idaho
(DOE 1988).

The Columbia River Basalt Group is formally divided into five formations (from
oldest to youngest): Imnaha Basalt, Picture Gorge Basalt, Grande Ronde Basalt, Wanapum
Basalt, and Saddle Mountains Basalt. Of these, the Picture Gorge Basalt is not known to be
present in the Pasco Basin. The Saddle Mountains Basalt is divided (from youngest to
oldest) into the Ice Harbor, Elephant Mountain, Pomona, Esquatzel, Asotin, Wilbur Creek,
and Umatilla members (Figure 3-11) and forms the uppermost basalt unit throughout most
of the Pasco Basin (Reidel and Fecht 1981). The Elephant Mountain Member is the
uppermost unit beneath most of the Hanford Site, however, near the 300 Area, the Ice
Harbor Member is the uppermost basalt unit.

The Ellensburg Formation consists of all sedimentary units that occur between the
basalt flows of the Columbia River Basalt Group in the central Columbia Basin. The
Ellensburg Formation generally displays two main lithologies, volcaniclastics and
siliciclastics. The volcaniclastics consist mainly of primary pyroclastic air fall deposits and
reworked pyroclastics derived from volcanic terrains west of the Columbia Plateau.
Siliciclastic strata consist of clastic plutonic, and metamorphic detritus derived from the
Rocky Mountain terrain. A detailed discussion of the Ellensburg Formation near the
Hanford Site is provided by Reidel and Fecht (1981). The stratigraphic names for
individual units of the Ellensburg Formation applicable to the Hanford Site are detailed in
Figure 3-11.

3.4.2.1.2 Suprabasalt Sediments. The suprabasalt sedimentary sequence at the
Hanford Site is up to approximately 230 m (750 ft) thick in the west-central Cold Creek
syncline (Figure 3-12), while it pinches out against the anticlinal ridges that bound or are
present within the Pasco Basin. The suprabasalt sediments are subdivided into (in
ascending order) the Ringold Formation, Hanford formation, and unnamed alluvial and
eolian sediments. The suprabasalt sediments are dominated by laterally extensive deposits
of the Ringold Formation and Hanford formation. Locally occurring Post-Ringold Pre-
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Hanford strata include the informally defined Plio-Pleistocene unit, early "Palouse" soil, and
pre-Missoula gravels. Surficial Holocene eolian and fluvial sediments mantle the older
sediments.

3.4.2.1.3 Ringold Formation. Overlying the Columbia River Basalt Group is the late
Miocene to Pliocene-aged Ringold Formation which consists of interstratified deposits of
sand, silt, clay, and gravel. This formation is up to 185 m (600 ft) thick in the deepest part
of the Cold Creek syncline and pinches out against the anticlinal ridges that bound or are
present within the Pasco Basin.

The Ringold Formation consists of semi-indurated clay, silt, pedified mud, fine- to
coarse-grained sand, and granule to cobble gravel that usually are divided into the (1)
gravel, sand, and paleosols of the basal unit; (2) clay and silt of the lower unit; (3) gravel of
the middle unit; (4) mud and lesser sand of the upper unit; and (5) basaltic detritus of the
fanglomerate unit. However, recent studies of the Ringold Formation indicate that it is best
described and divided on the basis of sediment facies associations and their distribution.

Facies associations in the Ringold Formation (defined on the basis of lithology, petrology,
stratification, and pedogenic alteration) include fluvial gravel, fluvial sand, overbank
deposits, lacustrine deposits, and basaltic gravel. Lindsey and Gaylord (1989), Lindsey
(1991), and Delaney et al. (1991) provide additional details regarding the characteristics of
the facies associations.

The lower half of the Ringold Formation contains five separate stratigraphic intervals
dominated by fluvial gravels. These gravels, designated units A, B, C, D, and E are
separated by basin-wide intervals containing deposits typical of the overbank and
lacustrine facies associates CLindsey 1991). The lowermost of the fine-grained sequences,
overlying gravel unit A, is designated the lower mud sequence. The uppermost gravel
unit, unit E, grades upward into interbedded fluvial sand and overbank deposits that are
overlain by basin wide lacustrine-dominated strata.

Fluvial gravel units A and E correspond to the lower basal and middle Ringold units,
respectively, as defined by DOE (1988). Gravel units B, C, and D do not correlate to any
previously defined units (Lindsey 1991). The lower mud sequence corresponds to the
upper basal unit and lower unit as defined by DOE (1988)o The sequence of fluvial sands,
overbank deposits, and lacustrine sediments overlying Unit E corresponds to the upper

unit as originally defined by Newcomb (1958).

3.4.2.1.4 Post-Ringold Pre-Hanford Deposits. Thin alluvial deposits situated
stratigraphically between the Ringold Formation and Hanford formation are found within
the Pasco Basin, but not within the 300 Area. Therefore, they are only briefly discussed.
These deposits are referred to informally as: (1) Plio-Pleistocene unit, (2) pre-Missoula
gravels, and (3) early '_Palouse" soil.

Unconformably overlying the Ringold Formation in the western Cold Creek syncline
in the vicinity of the 200 West Area is the laterally discontinuous Plio-Pleistocene unit. The
unit is up to 25 m (82 ft) thick and is separated into two facies: (1) basaltic detritus
consisting of weathered and unweathered basaltic gravels and (2) pedogenic calcrete
(Stage III and Stage IV) consisting of carbonate-cemented silt, sand and gravel, and car-
bonate-poor silt and sand.
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The Pre-Missoula gravels underlie the Hanford formation in the east-central Cold
Creek syncline and at the east end of Gable Mountain anticline. The gravels are quartzose
to gneissic clast-supported pebble to cobble gravel with a quartzo-feldspathic sand matrix,
are up to 25 m (82 ft) thick, contain less basalt than Ringold Formation and Hanford
formation deposits, have a distinctive white or bleached color, and sharply truncate
underlying strata.

The early "Palouse" soil consists of up to 20 m (65 ft) of silt and fine-grained sand
that overlies the Plio-Pleistocene unit in the western Cold Creek syncline around 200 West
Area. Deposits comprising the early '_Palouse" soil are massive, brownish-yellow, loess-like,
and compact (DOE 1988).

3.4.2.1.5 Hanford Formation. The Hanford formation consists of unconsolidated,

glaciofluvial sediments that were deposited during several episodes of cataclysmic flooding
during the Pleistocene Epoch. The sediments are composed of pebble to boulder gravel,
fine-to coarse-grained sand and silt, and are divided into gravel-dominated deposits and
deposits dominated by sand and silt. The Hanford formation is commonly divided into
two informal members: the Pasco gravels and Touchet Beds (DOE 1988). The Pasco
gravels generally correspond to gravelly facies and the Touchet Beds correspond to the
sandy to silty facies. This document uses the facies descriptions for the Hartford subunits.
The Hanford formation is thickest in the Cold Creek bar in the vicinity of the 200 Areas
where it is up to 65 m (210 ft) thick, and is absent on ridges above approximately 360 m
(1,180 ft) AMSL.

3.4.2.1.6 Holocene Surficial Deposits. Holocene sufficial deposits consist of silt,
sand, and gravel that form a (<4.9 m [16 ft]) veneer across much of the Hanford Site.
These sediments were deposited by a mix of eolian and alluvial processes.

3.4.2.2 Regional Geologic Structure. The Hanford Site is situated in the Pasco Basin near
the eastern edge of the Yakima Fold Belt. The Yakima Fold Belt consists of a series of
segmented, narrow, asymmetric anticlines whose ridges are separated by broad synclines or
basins that, in many cases, contain thick accumulations of Neogene- to Quaternary-age
sediments.

The northern limbs of the generally east-west trending asymmetric anticlines of the
Yakima Fold Belt dip steeply to the north or are vertical. The southern limbs generally dip
at relatively shallow angles to the south. Thrust or high-angle reverse faults with fault
planes that strike parallel or almost parallel to the axial trends are principally found on the
north sides of the anticlines. The amount of vertical stratigraphic offset associated with
these faults varies but commonly exceeds hundreds of meters.

Deformation of the Yakima folds occurred under north-south compression and was
contemporaneous with the eruption of the basalt flows. The fold belt was enlarging during
the eruption of the Columbia River Basalt Group and continued to deform through the
Pliocene Epoch, into the Pleistocene Epoch, and perhaps to the present.

The Pasco Basin is bounded on the north by the Saddle Mountains anticline, on the
west by the Umtanum Ridge, Yakima Ridge, and Rattlesnake Hills anticlines, and on the
south by the Rattlesnake Mountain anticline (Figure 3-12). The Palouse slope, a west-
dipping monocline, bounds the Pasco Basin on the east. The Pasco Basin is divided into
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the Wahluke and Cold Creek synclines separated by the Gable Mountain anticline, the
eastern extension of the Umtanum Ridge anticline.

The Cold Creek syncline (Figure 3-12) lies between the Umtanum Ridge-Gable
Mountain uplift and the Yakima Ridge uplift, and is an asymmetric and relatively fiat-bot-
tomed structure. The bedrock of the northern limb dips gently (approximately 5 degrees)
to the south. The 300 Area lies at the southern end of the Cold Creek syncline where it
merges with the Pasco syncline.

3.4.3 Local Geology

The 300 Area is situated at the south end of the Cold Creek syncline. The geologic
units found in the 300 Area are, from the oldest to the youngest, (1) Saddle Mountains
Basalt, (2) Ringold Formation, (3) Hanford formation, and (4) Holocene surficial deposits.
The distribution ot these units are shown in Figures 3-13 to 3-21. The information in this
section has been summarized from Swanson (1992a), which may be consulted for additional
details regarding local geologic characteristics in the operable unit. Additional information
on the geologic variability within the 300-FF-5 operable unit and, in particular, information
on the Holocene soil horizon and the Hanford/Ringold contact is provided in Kunk et al.
(1993).

3.4.3.1 Local Stratigraphy

3.4.3.1.1 Saddle Mountains Basalt. The Ice Harbor Member of the Saddle

Mountains Basalt is the uppermost basalt unit in the 300 Area. The Ice Harbor Member
consists of three different flows, erupted from vents located near the present Ice Harbor
Dam east of Pasco, Washington (Helz 1978, Swanson et al. 1979, DOE 1988). The Ice
Harbor Member is of limited lateral extent, only being found in the eastern Pasco Basin.

3.4.3.1.2 Ringold Formation. As previously discussed Section 3.4.2.1.3, the Ringold
Formation consists of semi-indurated clay, silt, pedified mud, fine to coarse-grained sand,
and granule to cobble gravel. Characteristics typical of the three observed Ringold
Formation facies associations (defined on the basis of lithology, petrology, stratification and
pedogenic alteration) found in the 300 Area are as follows:

Fluvial gravel -- Clast-supported granule-to-cobble gravel with a
sandy matrix dominates the association. Intercalated lenses of
sand and mud are also found. Compaction and cementation are
highly variable with most cementation consisting of calcium
carbonate and iron oxides. The association was deposited in a
gravelly fluvial braidplain characterized by wide, shallow, shifting
channels.

Overbank deposits -- This association is dominated by laminated
to massive silt, silty fine-grained sand, and paleosols containing
variable amounts of pedogenic calcium carbonate. Overbank de-
posits occur as thin (<0.5 to 2 m [1.6 to 6.5 ft]) lenticular interbeds
in the fluvial gravel and fluvial sand associations and as thick (up
to 10 m [33 ft]) laterally continuous sequences. These sediments
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record deposition in proximal levee to more distal floodplain
conditions.

Lacustrine deposits -- Plane laminated to massive clay with thin
silt and silty sand interbeds displaying some soft-sediment
deformation dominate this association. Coarsening upwards
sequences less than 1 m (3.3 ft) to 10 m (33 ft) thick are common.
Strata comprising the association were deposited in a lake under
standing water to deltaic conditions.

This section, because it is based partially on a compilation of previous work, utilizes
the terminology of both the facies associations and the stratigraphic unit divisions of
DOE (1988).

Ringold strata in the 300 Area are generally divided into a lower, mud-dominated
sequence and an upper, gravelly sequence (Figures 3-14 through 3-16 and 3-21). The lower
mud sequence (Section 3 4.2.1.3), previously known as the M-3 mud unit (DOE-RL 1990a),
is correlated to the lower mud sequence that is found throughout the Pasco Basin near the
bottom of the Ringold Formation (Delaney et al. 1991, Lindsey 1991). All wells in the 300
Area drilled to the depth of the lower mud sequence have encountered it. Therefore, it
appears that erosional windows through the lower mud sequence are not present in the
vicinity of the 300-FF-5 operable unit. However, the rapid thinning of the unit observed to
the north and west (see Figure 3-21), suggests that the unit may be absent at locations
adjacent to the 300 Area. This stratigraphic interval, which ranges from 2.5 to 24 m (8 to 80
ft) in thickness, thins to the north and west and appears to thicken toward the south. The
lower mud sequence generally appears to be dominated by massive to crudely laminated
clay and silt (Swanson et al. 1992).

Throughout the 300 Area the lower mud sequence is overlain by deposits dominated
by the clast-supported gravels typical of the fluvial gravel facies association. The gravelly
strata overlying the lower mud sequence in the 300 Area can be correlated with the
Ringold gravel units B, C, and E (Delaney et ai. 1991, Lindsey 1991). Neither the fluvial
gravels" of units A and D, nor the fluvial sands and overbank deposits of the upper Ringoid
are found in the 300 Area (Swanson et al. 1992). These deposits are similar to sediments
designated Ringoid lithofacies G by Gaylord and Poeter (1991). Two mud-dominated
intervals are locally found in the upper gravel sequence in the 300 Area. The lowest of

these, designated mud A, is found only in the southern and western part of the area
(Figures 3-14 through 3-18 and Figure 3-21), where it is up to 4 m (13 ft) thick. The
uppermost mud-dominated interval consists of a series of laterally discontinuous muds that

lie at approximately the same stratigraphic horizon. These muds are designated B, C1, and
C2. Mud intervals B, C1, and C2 consist dominantly of paleosols such as those comprising
the overbank facies association (Lindsey 1991) and Gaylord and Poeter (1991) Ringold
iithofacies M and MS. Mud B is 0 to 11 m (0 to 37 ft) thick and forms a broad tract

through the west-central part of the 300 Area. Units C1 and C2 form thin lenses 0 to 6 m
(0 to 20 ft) (Figure 3-19) thick that are only found in the east-central part of the 300 Area.
Muds B, C1, and C2 roughly correspond to Gaylord and Poeter (1991) accessory No. 2
mud/silt hydrofacies (Swanson et ai. 1992).

There is evidence from borehole logs of erosion and channelization of the top of the
Ringold Formation throughout the 300 Area (Figure 3-18). This erosion has produced
several lows in the top of the Ringold Formation that generally extend from west to east
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across the area. Seismic refraction and reflection surveys were not conclusive for providing
additional knowledge about the "paleochannei." The contrast between Ringold and
Hanford Formation materials and the presence of the water table at their contact in the 300
Area prevented identification using the given equipment and procedures.

3.4.3.1.3 Hanford Formation. The Hanford formation in the 300 Area consists of two

of the three main facies discussed in Delaney et ai. (1991). It is dominated by pebble-to
boulder gravels typical of the gravel-dominated facies. Sandy horizons typical of the sand-
dominated facies are present locally. Slackwater fines or graded rhythmites (interbedded
silts and sands) are absent.

Typical characteristics of the two Hanford formation facies associations found in the
300 Area are as follows:

• The gravel-dominated facies generally consists of granule-to boulder
gravel with a dominantly sand matrix. These deposits typically display
massive bedding, planer to low-angle bedding, and large-scale scour cut-
and-fill structures and forest bedding in outcrops. The gravel-dominated
facies usually display an open-framework texture due to their lack of
matrix. Lenticular sand and silt beds are intercalated throughout the
facies. Gravel clasts in the facies generally are dominated by basalt (50 to
80%). The gravel-dominated facies was deposited by high-energy flood
waters in or immediately adjacent to the main cataclysmic flood
channelways.

• The sand-dominated facies is characterized by fine- to coarse-grained
sand and granular gravel displaying plane lamination and bedding and,
less commonly, plane bedding and channel-fill sequences in outcrop.
These sands may contain small pebbles and rip-up clasts in addition to
pebble-gravel interbeds and silty interbeds less than 1 m (3.3 ft) thick.

The silt content of these sands is variable, but where it is low, an open
framework texture is common. These sands typically are basaltic,
commonly being referred to as black, gray, or salt-and-pepper sands.
The laminated sand facies was deposited adjacent to main flood
channelways during the waning stages of flooding and as water spilled
out of channelways.

The gravel-dominated facies is divided into two sediment types, pebble-cobble gravel
which is the most common in the 300 Area, and boulder-rich gravel. The pebble-cobble
gravel generally consists of open-framework pebbie-to-cobble gravels that contain single
boulders up to 1 m (3.3 ft) in diameter. The matnx of these gravels is dominated by coarse-
grained sand and granules. Interbedded strata consisting of boulder-rich deposits and
sand-rich horizons are encountered locally. Mud is relatively rare in the matrix. The
boulder-rich grav,els are distinguished from the pebble-cobble gravels on the basis of
increased boulder content (greater than 25G boulder-sized material). The matrix of these
gravels is dominated by coarse-grained sand and granules. Except for elevated boulder

content, the boulder-rich gravels display textures and structures similar to the pebble-cobble
gravels. The thickest occurrence of boulder-rich gravels is found in the central eastern part
of the 300 Area, where up to 18 m (60 ft) ot such strata is encountered (Figures 3-14
through 3-16, Figure 3-18, Figure 3-20, and Figure 3-21).
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The sand-dominated facies consists largely of basaltic coarse-grained sand and
granules, although the pebble content can range from <5% to as much as 50%. Pore-filling
matrix is relatively rare, giving these sands an open-framework texture similar to that seen
in the gravel-dominated facies. The laminated sand facies consists of fine- to coarse-
grained sand that may contain small pebbles or pebble-gravel interbeds <20 cm (8 in.)
thick. Thick occurrences of the sand-dominated facies are relatively rare, although it can be
locally abundant.

3.4.3.1.4 Holocene deposits. Holocene surfical deposits in the 300 Area consist
dominantly of eolian silts and fine-grained sands. These deposits are found in thin
(0 to 2m [0 to 6.6 ft]) sheets and thicker (0 to 4.5 m [0 to 15 ft]) dunes north, west, and
south of the main developed part of the 300 Area. Inside the 300 Area fence and locally
elsewhere, the eolian deposits are absent largely as a result of human activity. Minor
occurrences of overbank silt and sand alluvial deposits may also be found in the area
immediately adjacent to the Columbia River (Swanson et al. 1992). Additional information
on the Holocene soil horizons is discussed in Kunk et al. (1993).

3.4.3.2 Local Structure. The 300 Area is situated at the north end of the Pasco syncline.
The Pasco syncline in this area is generally a northwest-southeast trending structure that is
essentially continuous with the Cold Creek syncline which underlies the south-central
Hanford Site. The amplitude of folding within the Pasco Syncline in the vicinity of the 300
Area is relatively small. The basalts and overlying suprabasalt sediments are essentially fiat
lying beneath the 300 Area. No evidence of faulting was observed in the basalts or
sediments beneath the 300 Area (Swanson et al. 1992).

3.5 SOIL CHARACTERISTICS

The term "soil" is used broadly as a synonym for regolith, and thus refers to all
unconsolidated materials overlying bedrock. Pertinent soil characteristics provided in this
section include soil classification, general engineering, and physical properties for the
regional and local scales.

3.5.1 Regional Soil Characteristics

In the earliest study of soils in Benton County, soils at the Hanford Site were
classified into four major groups (Kocher et al. 1921) based on their origin. In a later study,
soils in the Hanford Site area were characterized as largely immature soils formed on
unconsolidated upland materials and eolian sands with few clearly defined horizons
(Western States Land Grant Universities and Colleges and Soil Conservation Service 1964).
Hajek (1966) identified 13 major soil types on the basis of morphologic and genetic
characteristics. The major soil types identified within the 300 Area included the Rupert
sand, Ephrata sandy loam, and Burbank loamy sand. Rupert sand, the dominant soil type
in the area, was characterized as a moderately deep soil that developed in coarse, sandy
glaciofluvial deposits mantled by wind-blown sand. Relief is typically characterized by
hummocky terraces and dune-like ridges. Rupert sand may be correlated with Quincy
sand in other soil surveys. Ephrata sandy loam is a medium-textured soil underlain by
gravel. Relief is typically level. Burbank loamy sand consists of excessively drained, coarse-
textured soils underlain by gravel. These soils developed in gravelly and stony alluvial
deposits that are mantled with mixed alluvium and wind-blown sand.
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Hajek (1966) also classified the soils according to the unified soil classification system.
The surface and subsoil of the Rupert sand belong to Group SM (silty sand), which are
coarse-grained soils composed predominantly of sands with more than 12% fines that have
little or no plasticity. The surface of the Burbank loamy sand is Group SM (silty sand) and
the subsoil is Group GM (silty gravel) to GP (poorly graded gravel). Group GM (silty
gravel) is coarse-grained soils composed of gravels with >12% fines that have little or no
plasticity. Group GP (poorly graded gravel) contains coarse-grained soils that are
predominantly well-sorted gravels with <5% fines. The Ephrata sandy loam has a surface
that belongs to Group SM (silty sand) to ML (silt) and a subsoil that belongs to Group ML
(silt). Group ML (silt) is fine-grained soils composed of silts and clays with little or no
plasticity.

3.5.2 Local Soil Characteristics

Holocene surficial deposits in the 300 Area consist dominantly of eolian silts and fine-
grained sands. These deposits are found in thin (0 to 2 m [0 to 6.5 ft]) sheets and thicker
(0 to 4.5 m [0 to 14.8 ft]) dunes, north, west and south of the main developed part of the
300 Area. Inside the 300 Area and locally elsewhere, the eolian deposits are absent largely
as a result of human activity. Minor occurrences of overbank silt and sand may also be
found in the area immediately adjacent to the Columbia River (Swanson et al. 1992).

The results of physical property testing, including calcium carbonate concentration,
percent (%) moisture, compacted porosity, compacted specific gravity, and dry density for
samples obtained from six boreholes, in addition to sieve analysis data for samples from
seven additional boreholes are presented in Swanson (1992a).

3.6 HYDROGEOLOGICAL CHARACTERISTICS

This subsection presents the regional and local hydrogeology for the 300-FF-5
operable unit. The discussion on Regional hydrogeology summarizes groundwater
conditions in the Pasco Basin, detailing the primary aquifers, and providing the regional
context to understand the local hydrogeology. The local hydrogeology is focused at the
300-FF-5 operable unit scale and relies primarily on data presented in Gaylord and Poeter
(1991), Graham (1983) and Swanson (1992a).

The Hanford Site lies near the center of the Pasco Basin, which is a sub-basin of the

Columbia Basin (Figure 3-10). Groundwater at the Hanford Site occurs under both
unconfined and confined conditions. The unconfined aquifer consists of sedimentary

deposits of the Ringold and Hanford formations. The base of the unconfined aquifer is
defined either by the lower mud unit of the Ringold Formation or the top of the Columbia
River Basalts where the lower mud unit is absent.

3.6.1 Regional Hydrogeology

The hydrogeology of the Pasco Basin has been broadly characterized as consisting of
four primary hydrogeologic units (DOE 1988). These units correspond to the upper three
formations of the Columbia River Basalt Group (Grande Ronde Basalt, Wanapum Basalt,
and Saddle Mountains Basalt) and the sedimentary overburden. The basalt aquifer consist
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of the flood basalts of the Columbia River Basalt Group and relatively minor amounts of
intercalated fluvial and volcaniclastic sediments of the Ellensburg Formation. Confined
aquifers are present in the sedimentary interbeds and/or interfiow zones that occur
between dense basalt flows. The main water-bearing portions of the interflow zones are
networks of interconnecting vesicles and fractures of the basalt flow tops and flow bottoms
(DOE 1988). The suprabasalt sediment, or uppermost aquifer system, consists of fluvial, !
lacustrine, and glaciofluvial sediments. This aquifer is regionally unconfined and is
contained largely within the Ringold Formation and Hanford formation.

The uppermost aquifer is part of a flow system that is local to the Pasco Basin, as are
the uppermost basalt interbed aquifers (Gephart et al. 1979; DOE 1988). Groundwater in
these aquifer systems is probably recharged and discharged locally. Deeper in the basalt,
interbed aquifer systems are part of the regional, interbasin, flow system, which extends
outside the margins of the Pasco Basin (DOE 1988). Groundwater in the uppermost
aquifer system is regionally unconfined and mainly occurs within the glaciofluvial sands
and gravels of the Hanford formation and the fluvial/lacustrine sediments of the Ringold
Formation. Confined to semi-confined aquifers of more limited extent also occur in the
suprabasalt sediments of the Pasco Basin. These confined zones are generally located
within the local flow system, between the unconfined aquifer and the underlying basalt
surface. Further discussion of the aquifer system is provided below.

3.6.1.1 Unconfined Aquifer. The unconfined aquifer lies within the boundaries of the
Pasco Basin where it is contained within the Hanford formation sands and gravels and the
Ringold Formation sands, silts, and gravels. The aquifer is over 70 m (230 ft) thick in the
southern areas of the Hanford Site, and thins to zero thickness along the flanks of the
bordering anticlinal structures to the north and west. Some local basalt highs within the
basin protrude above the water table, the most notable of which are Gable Mountain and
Gable Butte on the Hanford Site (Graham 1983). The base of the unconfined aquifer is
generally defined as the top of the uppermost basalt flow. Fine-grained overbank and
lacustrine deposits of the Ringold Formation, however, locally form confining or semi-
confining layers for underlying Ringold Fluvial gravels. If the semiconfining mud layers
are present, the base of the unconfined aquifer would be defined as the top of the lower
mud unit of the Ringold Formation.

3.6.1.1.1 Recharge. Sources of natural recharge to the unconfined aquifer are rainfall
and ,'unoff from the bordering higher elevations, water infiltrating from small epherueral
streams, and river water along influent reaches of the Yakima and Columbia Rivers. The
principal source of recharge occurs around the periphery of the basin where precipitation
and runoff infiltrate to the water table. Small ephemeral streams draining the western
slopes, such as Cold Creek and Dry Creek, lose water to the ground as they spread out on
the valley plain. The Yakiwa River recharges the unconfined aquifer along its reach from
Horn Rapids Dam to Richland. During high stages of the Columbia River, river water is
transferred to bank storage as groundwater. Within the basin, upward leakage from the
lower basalt aquifers may enter the unconfined aquifer. Little, if any recharge to the
groundwater occurs from percolating rainfall on the broad areas of the desert terrain
because of the high rate of evapotranspiration. Studies have estimated that deep perco-
lation on the Hanford Site from precipitation is between 0 and 7.8 cm/yr (0 and 3.1 inJyr)
(lsaacson et al. 1974; Jones 1978; Gee and Heller 1985; Gee 1987, Gee et al. 1992).

Artificial recharge to the groundwater occurs in the basin from two sources, agri-
cultural irrigation and waste disposal operations at the Hanford Site. Agricultural irrigation
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in Cold Creek Valley to the west of the Hanford Site causes an undetermined amount of
recharge to the system. Possibly as much as 40 percent of this irrigation water reaches the
water table (Graham 1981). Recharge from Hanford waste disposal practices has occurred
at several locations over the site from effluent discharges to ponds, cribs, trenches, and
dryweUs. Recharge through ponds and cribs in the 200 Area is the largest single artificial
recharge source, beginning in the late 1940s and continuing to the present. Other artificial
recharge sources include infiltration ponds at Siemans Nuclear and infiltration ponds at
the City of Richland well field (DOE 1988). Artificial recharge has a major influence on
groundwater flow within the Hanford Site (particularly from B-pond), and flow patterns in
the unconfined aquifer have been altered by changes in effluent discharge practices at the
site (WHC 1988, PNL 1988).

3.6.1.1.2 Groundwater Movement. From the recharge areas, the groundwater flows
from topographic highs to the discharge areas, primarily the Columbia River. Before
operations at the Hanford Site began in 1944, regional groundwater flow was generally I
toward the east-northeast, although flow north of Gable Mountain was more to the north.
The regional groundwater flow for the Hanford Site now trends in a more northeasterly
direction. Currently at the Hanford Site south of Gable Mountain, flow is interrupted
locally by the groundwater mounds in the 200 Areas° Regional groundwater flow for the
Hanford Site is shown in Figure 3-22.

3.6.1.1.3 Discharge. Groundwater discharge from the unconfined aquifer under the
Hanford Site is almost exclusively to the Columbia River north of Richland, Washington.
Downward leakage to the lower confined aquifers may occur in the areas of groundwater
mounds as evidenced by the rise in the water table above the normal potentiometric level
of the confined aquifer (DOF/RL-1993).

West Lake (Figure 3-7) is hydraulically connected to the unconfined aquifer and
represents a topographic depression that intersects the water table. Because of high
surface water evaporation rates and low surface overland flow, even during storms, the
lake is expected to result in a net loss of groundwater, and thus, be a local discharge zone.

3.6.1.1o4 Hydraulic Properties. The geologic and hydraulic properties of the Pasco
Basin sediments are highly variable. The range of hydraulic conductivities can be several
orders of magnitude. There have been numerous aquifer tests performed in the Pasco
Basin, the majority of which were done on the Hanford Site. Results from more than 100
aquifer hydraulic tests are presented in Gephart et al (1979). More recent results on the
hydraulic properties of the suprabasalt sediments are presented in Swanson (1992a) and
Thorne and Newcomer (1992).

Generally, saturated hydraulic conductivity is greater in the Hanford formation,
where values from 10"1to 101 cm/s (102 to 104 ft/d) are typical, than in the Ringold
Formation where _ydraulic conductivities are generally from about 10.5 to 104cm/s
(10.2 to 102 ft/d). Table 3-4 summarizes the anticipated ranges of saturated hydraulic
conductivities for each stratigraphic interval of the unconfined aquifer.

3.6.2 Confined Aquifers

A multiple confined aquifer system occurs within the Columbia River Basalt Group
underlying the Pasco Basin (Deju and Fecht 1979; Gephart et al. 1979; DOE 1988). The
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confined aquifers consist primarily of interbeds within the basalt (DOE 1988). The i
interbeds occur between basalt flow tops of the older flows and basalt flow bottoms of the
younger flows (Graham 1983). Flow interiors, comprised primarily of dense basalts,
separate the interbeds forming confining aquitards.

The uppermost interbed aquifers are found in the Saddle Mountains Basalt and
include, from oldest to youngest, Mabton and Cold Creek interbeds, Selah, and the
Rattlesnake Ridge (Figure 3-11). Interbed aquifers of the Saddle Mountains Basalt range in
thickness from 6 to 35 m (20 to 100 ft) and are likely localized to the Pasco Basin by
geologic structures along the basin margin (Gephart et al. 1979; DOE 1988). Deeper
interbeds which occur in the underlying Wanapum and Grande Ronde Basalt formations,
may be hydraulically connected with the regional flow system outside the Pasco Basin
(DOE 1988).

Confined aquifers occur within the lower portion of the Ringold Formation, but are
generally more limited in areal extent than the unconfined aquifer. In the western portion
of the Pasco Basin, a confined-to-semi-confined aquifer is present within the basal unit of
the Ringold Formation (DOE 1988). A thick silt deposit (the lower unit of the Ringold
Formation as defined in DOE 1988) forms the aquitard between the unconfined and
confined zones. Other confined-to-semi-confined zones occur locally within the middle
and lower units of the Ringold Formation as a result of interfingering silt aquitards and
more permeable lenses of sand and gravel. These aquitards within the middle unit appear
to be laterally discontinuous.

3.6.2.1 Recharge. Recharge to the Saddle Mountains Basalt is primarily from infiltration
due to meteoric water and stream runoff. Recharge areas include the Rattlesnake Hills,
Yakima Ridge, Umatilla Ridge, and the Saddle Mountains where the basalt formations are
at or near ground level. Artificial recharge could be occurring from the unconfined aquifer
as evidenced by present day water levels that show the unconfined aquifer water table lies
above the potentiometric surface of the Rattlesnake Ridge interbed under major disposal
ponds, creating the potential for aquifer leakage from the unconfined to the confined
aquifers in these areas (Graham 1983).

3.6.2.2 Movement. The potentiometric surface is influenced by the areas of recharge and
discharge for the confined aquifer. In the southern portion of the Hanford Site, this
movement is assumed to generally conform closely with the regional dip of the basalts
along the axis of the Cold Creek syncline (southeast trending). However, in the northern

portion of the Hanford Site, flow is toward the Gable Mountain-Gable Butte area
(Graham 1983).

3.6.2.3 Discharge. The major discharge area for the southern portion of the Saddle
Mountains basalt aquifers is assumed to be to the unconfined aquifer and to the Columbia
River near Richland (Gephart et al. 1979; Delaney et al 1991). In this area, the
potentiometric surface lies above the mean stage of the river. The Saddle Mountaip basalt
may also discharge into the lower Snake and Yakima rivers. In much of the area of
discharge, the Saddle Mountain basalts discharges to the surface through the suprabasalt
sediments.

Between Gable Mountain and Gable Butte, the Elephant Mountain Member is
completely eroded. The Rattlesnake Ridge interbed aquifer is exposed to the overlying
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unconsolidated sediments. Discharge of the upper basalt interbed aquifers in this area is
believed to be to the unconfined aquifer.

3.6.2.4 Hydraulic Properties. Hydraulic conductivities within the basalt interbeds are
generally orders of magnitude lowers than those observed in the unconfined aquifer.
Hydraulic transmissivity values for the confined aquifers were obtained primarily from
aquifer tests conducted at wells within the Hanford Site (Graham 1983). Ranges of
hydraulic properties of the confined aquifers are presented in Table 3-5.

3.6.3 Local Hydrogeology

The hydrogeologic system underlying the 300-FF-5 operable unit is generally
congruent with the regional hydrogeologic model of the Hanford Site. The vadose zone
consists predominantly of sandy gravel, gravelly sand, and silty, sandy gravel of the
Hanford formation. The unconfined aquifer occurs within both the Hanford and Ringold
Formations and is contiguous with the regionally extensive unconfined aquifer observed
below most of the Hanford Site. The local hydrogeologic model discussed in this section
was developed from the data acquired by previous investigations, data collected during the
installation and monitoring of the observation wells, and data acquired by the aquifer tests.
Information on drilling procedures, monitoring well installation and hydraulic testing are
provided in Swanson (1992a). In general, the unconfined and confined aquifers consist of
relatively permeable, silty, sandy gravels of the Ringold formation, separated by
semiconfining mud units (except for the overlying unconfined aquifer). In addition to the
unconfined aquifer, at least three distinct geohydrologic units (semi-confined to confined
aquifers) separated by mud units of the Ringold Formation are present at well cluster sites
699-S22-E9X and 699-S27-E9X, above the confined aquifer (Figure 2-6 for well locations).
Figure 3-23 provides details of hydrogeologic units at well cluster sites 699-S22-E9X and
699-S27-E9X. The pre_ence of semiconfining conditions were determined from the lack of
drawdown response in the lower aquifers during the constant discharge test. In the deep
confined wells (C wells) at each well cluster, the potentiometric level rises to near ground
surface at well 699-$27-E9C and is aboveground at well 699-$22-E9Co There is an upward
hydraulic gradient in this area (which is the general case for the 300 Area), indicating that
this is a discharge region for the confined aquifers (Swanson et al. 1992).

3.6.3.1 Vadose Zone. The vadose zone is the region above the water table in which the
fluid pressures of the sediments are negative with respect to local atmospheric pressure. It
occurs between the ground surface and the water table, and is the zone through which
natural meteoric infiltration and man-made discharge effluent waters may flow to the
water table. The vadose zone consists predominantly of unsaturated interlayered sandy
gravel, gravelly sand, and silty sandy gravel of the Hanford formation. The thickness of
the vadose zone in the 300-FF-5 operable unit is from approximately 6 m (20 ft) at wellsite
4 to 12 m (40 ft) at wellsite 7 (both on the western boundary of the operable unit)
(Swanson et al. 1992) to a thickness of zero at the edge of the Columbia River.

3.6.3.2 Unconfined Aquifer. The unconfined aquifer in the 300-FF-5 operable unit occurs
between the water table and the lower mud (LM) unit of the Ringold Formation. This
aquifer is approximately 6 to 12 m (20 to 40 ft) below the surface at the western boundary
of the operable unit and zero to 0.5 m (0 to 1.5 ft) below the surface at the edge of the
Columbia River. The thickness of the unconfined aquifer is relatively constant at
approximately 12 m (40 ft) in the 300-FF-5 operable unit (Swanson et al. 1992).
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3.6.3.2.1 Recharge. Sources of recharge to the unconfined aquifer in the 300-FF-5
operable unit area are generally similar to those described previously for the regional
system, i.e., precipitation and infiltration of runoff to the water table, principally around the
periphery for the basin. As discussed in Section 3.2 (Meteorological Characteristics) little
natural recharge to the groundwater occurs in the study area because of the high rates of
evapotranspiration. Limited artificial recharge to the groundwater is occurring in the study
area due to discharges of wastewater effluent to the 300 Area process trenches and
sanitation trenches. An additional source of recharge is upward leakage from the lower
confined basalt aquifers to the semi-confined aquifer and unconfined aquifer. As described
below, the vertical gradient between the confined and semi-confined aquifers and between
the semi-confined and unconfined aquifers is generally upward beneath the 300-FF-5
operable unit. During high stages of the Columbia River temporary inflow of river water
occurs to the aquifer.

3.6.3.2.2 Groundwater Movement. As discussed in Section 3.6.1 (Regional
Hydrogeology), the regional direction of groundwater flow in the unconfined aquifer is
from the recharge areas generally on the western side of the Hanford Site to the Columbia
River on the Eastern side. The groundwater flow in the 300-FF-5 operable unit is generally
similar to that of the regional system flowing primarily from west to east. Figure 3-24
illustrates generic groundwater movement within the unconfined aquifer of the 300-FF-5
operable unit. Monthly water table potentiometric surface maps based on water level
measurements on 300-FF-5 operable unit monitoring wells for the period of October 1991
through September 1992 are provided in Appendix G. The 300-FF-5 operable unit is
uniqu% however, in that is an area where surrounding groundwater converges as it
discharges into the Columbia River. This generalized west to east flow path is the result of
a groundwater flow from the northwest to the southeast within the northern portion of
the operable unit due in part to localized mounding influence in the 200 Area and inflows
form Cold and Dry Creeks. Groundwater flow is from the southwest to the northeast
within the southern portion of the operable unit due to inflows from the higher surface
water elevations of the Yakima River. Groundwater movement is very dynamic close to
the Columbia River and is dependent on the transient stage of the river. Some reversal or
reduction of the water table gradient occurs in the unconfined aquifer near the river
during high river stages when inflow (bank storage) from the river into the unconfined
aquifer occurs (see Appendix G).

3.6.3.2.3 Vertical Gradients. Data from clustered monitoring well groups in the
300-FF-5 operable unit were evaluated to determine the presence, magnitude and direction
of vertical gradients between the basalt (confined) aquifer and the suprabasalt (semi-
confined and unconfined) aquifers (Campbell et al. 1993). Groundwater potentiometric
surface measurements for clustered monitoring wells is provided in Table 3-6. This table
shows a strong upward gradient between the confined and semi-confined aquifers in all
wells except 399-1-18 and the 399-1-16 clusters. These head differences averaged in excess
of 30 feet for the five clustered wells (699-$29-E16, 699-$22-E9, 399-8-5, 699-$27-E9, and
399-1-17). Clustered wells 399-1-18A, B, and C and 399-1-16A, B, and C do not conform to
the upward gradient pattern observed in the area (see Section 2.5 for description of A, B
and C designated wells). The 399-1-16 cluster's non-conformance with this pattern is most

i likely due to a well seal problem in the C well which has shown a declining head
differential with respect to the unconfined aquifer since it was constructed (see Appendix E
for well integrity evaluations). Recent observations of groundwater potentiometric surface,
a review of well construction records, and other calculations performed by WHC and
presented in Appendix E, support the conclusion that the annular seal around the well,
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and to a lesser extent possible casing joint leaks, have contributed to the failure of the seal
at well 399-1-16C. This well has undergone remediation on September 24, 1993. Initial
water level measurements to date indicate the remediation was successful in restoring the
water levels which are representative of the confined aquifer. The small head differences at
the 399-1-18 cluster have been attributed to the thinning of the confining unit (the Ringold
lower mud unit) to the north of the 300 Area, but is planned to be investigated for integrity
within the RCRA program.

An upward gradient also exists between the lower and upper portions of the
unconfined aquifer but was much less in magnitude. Head differences of approximately
0.97 m (3.18 ft) to 0.09 m (0.29 ft) exists between the clustered monitoring well groups
monitoring the upper and lower portions of the unconfined aquifer. Clustered well group
699-$29-E16 located in the southeastern portion of the operable unit near the Columbia
River had a slight downward gradient between the upper (A well) and the lower portions
(B well) of the unconfined aquifer (0.05 m (0.16 ft).

3.6.3.2.4 Discharge. Discharge of groundwater from the unconfined aquifer occurs
to the Columbia River with a total net flux of the groundwater over time to the river.
However, the Columbia River has a variable stage of several feet over a period of a day to
weeks and significantly affects the local water table in the area. At high river level stages,
the surface water from the Columbia River recharges the aquifer (bank storage) and
reduces water table gradients in the vicinity of the river. During low river level stages, the
groundwater discharges into the Columbia River with steeper water table gradients across
the site.

The elevation and depth of the Columbia River indicates that it is in direct hydraulic
connection with the unconfined aquifer, which also has upward hydraulic gradients with
depth. In addition, the unconfined aquifer to the east of the Columbia River has a higher
head than on the Hanford side. The ability for contaminants within the unconfined
aquifer to migrate under the river appears unlikely.

The time-sequence video of hourly groundwater and river water elevations in the
300-FF-5 operable unit (Campbell et al° 1993) shows that at high river stages river water
enters the unconfined aquifer and forms bank storage. This groundwater "wave" shows
the typical time-lag and attenuation affects that vary from well to well, depending upon
well location and the hydraulic conductivity of the aquifer materials. The inherent
heterogeneity of the subsurface geology results in higher conductivity zones that exhibit a
faster response than surrounding sediments to the variable river stages.

The groundwater elevation data indicated that groundwater flows toward the river
in the 300-FF-5 operable unit where it enters a zone of higher transmissivity, which
apparently runs parallel to the river. Lower transmissive zones exist; possibly remnant
protrusions of the upper Ringold Formation units (see Figure 3-18) along the river impede
groundwater discharge to the river (and bank storage to the aquifer). Groundwater flow
in the unconfined aquifer is dominantly directed around these lower transmissive
protrusions within the higher transmissive areas where it eventually discharges to the
Columbia River (Campbell et al. 1993).

3.6.3.2,5 Hydraulic Properties. The aquifer tests performed at cluster sites
699-S22-E9X and 699-S27-E9X (Test Sites 4 and 7, respectively) are summarized in Table 3-7.
Water-level trends and other externally induced fluctuations were evaluated and removed
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from the data, as applicable, prior to analyzing the constant rate discharge test. In
particular, the following phenomena were considered: long-term water-level trends,
barometrically induced fluctuations, and the effects of river stage changes (not observed at
this distance from the river). For detailed information on the aquifer testing performed
during this investigation refer to Swanson et al. (1992). A summary of aquifer test results
for 699-S22-E9X (Test Site 4) and 699-S27-E9X (Test Site 7) well clusters is presented in
Tables 3-8, 3-9, 3-10, and 3-11 respectively. Transmissivity estimates using specific capacity
are presented in Table 3-12. The hydraulic properties of the unconfined aquifer were
estimated from multiple-well analysis for constant discharge tests. Test results for pumping
wells 699-S22-E9T and 699-S27-E9T are summarized on Table 3-13. Estimated conductivities

for pumping wells 699-S27-E9T and 699-S22-E9T were 36.5 m/day (120 ft/day) and 49 m/day
(161 ft/day) for the horizontal direction. These hydraulic conductivity estimates are loweL"
than previous studies conducted in the 300 Area (Gaylord and Poeter 1991, Schalla et al.
1988, and Gephart et al. 1979). Table 3-13 summarizes the hydraulic conductivity for the
uppermost portion of the unconfined aquifer (A-type wells) from Schalla et al. (1988) and
Swanson et al. (1992). The differences in hydraulic conductivity from the two studies
reflect hydraulic heterogeneity representing geologic depositional differences along the
western margin of the 300-FF-5 operable unit from areas adjacent to the Columbia River

(see Figure 3-21). Consequently, the aquifer hydraulic conductivity can vary greatly
depending on where the measurement is collected, both aerially and vertically.

3.7 ECOLOGICAL CHARACTERISTICS

This section provides a description of the potential receptor populations that exist in
and around the 300-FF-5 operable unit.

3.7.1 Human Ecology

The description of the human ecology associated with the operable unit focuses on

issues pertaining to land use, water use, and cultural resources. Demography is addressed
within the land use discussions below.

3.7.1.1 Land Use.

3.7.1o1.1 Regional Land Use. The region consists of the incorporated cities of
Richland, West Richland, Kennewick, and Pasco and the surrounding communities within
Benton and Franklin Counties. Land use in the region is primarily agricultural, residential,
industrial, and recreational.

Most agricultural lands are located north and east of the Columbia River and south
of the Yakima River. The land is used primarily for dryland and irrigated crop production
and livestock grazing. Principa_ lgricultural products include hay, wheat, vegetables,
apples, grapes and other fruits, and hops. Prior to the establishment of the Hanford Site in
the mid-1940s, the majority of what is now the Hanford Site was used for agricultural
purposes, primarily livestock grazing, with some areas used for orchards and irrigated
crops.
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Residential land use is concentrated around the incorporated areas. Industrial lands
are concentrated east of Kennewick along the Columbia River. Most industrial activities in
the region are associated with either agriculture or energy production.

That portion of the Hanford Site located north of the Columbia River consists of two
wildlife reserves: the Wahluke Slope Wildlife Area, a Department of Wildlife management
area; and the Saddle Mountain National Wildlife Refuge, managed by the U.S. Fish and
Wildlife Service (Figure 3-25). The northeast slope of the Rattlesnake Hills, along the south-
western boundary of the Hanford Site, is designated as the Arid Lands Ecology Reserve. It
is used for ecological research, and is also designated a National Environmental Research
Park (DOE-RL 1990d).

The majority of private land located within a 1.6 km (1 mi) radius of the 300-FF-5
operable unit (across the Columbia River to the east) is zoned Agricultural Production (AG)
by the Franklin County Planning Department. Hay production, grapes and orchards
comprise the primary agricultural activities in this area. Other Franklin County zoning
designations present in the 300-FF-5 vicinity east of the Columbia River, include:

• Residential, single-family housing on minimum
1,161 m 2 (12,500 ft2) lots (R1)

• Commercial, rural service (C2)

• Suburban residential, single-family housing on
minimum 4,047 m2 (1 acre) lots (SUB1).

Except for one area, all of these other zoned areas are located > 1 km (>0.6 mi) from
the 300-FF-5 operable unit boundary. There is one area zoned R1, located to the east of the
300-FF-5 operable unit and immediately adjacent to the Columbia River, which is
approximately 0.75 km (0.44 mi) from the eastern b_Jundary of the operable unit.

Based on 1980 census data, 53,000 people live within 16 km (10 mi) of the 300 Area.
Approximately 10 residences are within a 1.6 km (1 mi) radius of the 300-FF-5 operable unit,
approximately 1.4 km (0.9 mi) east across the Columbia River. The nearest of these is
located along the east bank of the Columbia River, approximately 0.8 km (0.5 mi) east of
the 300-FF-5 operable unit. The City of Richland corporate boundary is about 0.5 km
(0.3 mi) to the south, and the nearest Richland residences are about 3.3 km (2 mi) from the
300-FF-5 operable unit (DOE-RL 1990d).

The estimated population of the region in 1991 was 153,400, with 114,800 in Benton
County and 38,600 in Franklin County. Population totals for both counties have been
relatively stable over the past several years and are slightly above the previous peak of
150,100 reached in 1981. Population projections for the region had forecast a total growth
of 0.09% from 1988 to 1993 (DOE-RL 1990d).

3.7.1.1.2 Local Land Use. For reasons of national security as well as to ensure public
health and safety, access to the entire Hanford Site is administratively controlled and is
expected to remain controlled for the foreseeable future. Access to most of the 300 Area is
restricted even further.
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Current land use activities associated with the 300 Area are all industrial in nature.

Some of the specific activities include active laboratories, project research, miscellaneous
operations related to the Hanford Site and waste facilities.

3.7.1.2 Water Use. The Columbia River is the most significant surface-water body in the
region. It is used as a source of drinking water, industrial process water, crop irrigation,
and for a variety of recreational activities, including fishing, hunting, boating, water skiing,
and swimming. Water intakes in the vicinity of the 300-FF-5 operable unit are shown in
Figure 3-26.

One water intake structure exists in the 300 Area just downstream of the 316-1 South
Process Pond. The city of Richland intake is approximately 3.25 km (2.75 mi) south of
300-FF-5. This intake supplies the municipal water-treatment plant and the ponds
associated with the city of Richland wellfield. Other intakes used for irrigation include one
operated by Washington State University, one operated by PNL, and an intake to supply
water to farmland west of the 1100-EM-1 operable unit.

The Hanford Reach of the Columbia River is a popular recreational sport fishing
area. Anadromous salmonoids represent the majority of the sport fish harvested. Other
significant sport catches include white sturgeon (Aciponser transmontanus), smallmouth bass
(Micropterus dolomieui), and walleye (Stizostedian vitreum) (DOE-RL 1990d).

Swimming and water skiing are popular recreational activities as well. In the region,
both of these activities are centered downstream in McNary Reservoir. However, a public
swimming area has been established at Leslie R. Groves Park, which is approximately
0.8 km (0.5 mi) downstream from the city water intake (DOE-RL 1990d).

3.7.1.3 Cultural Resources. The Hanford Site contains an extensive record of past human
and animal life, the latter beginning as much as 7 million years ago. The Ringold Forma-
tion, which underlies the White Bluffs east of the Columbia River, contains one of the most
extensive deposits of Pliocene vertebrate fossils in the State of Washington. Remains of
extinct camel, horse, rhinoceros, sloth, deer, sabertooth cat, and mastodon are found with
bones of still-common turtles and fishes in beds of conglomerate and river-deposited clay.
Mammoth bones are common in the late Pleistocene silts of the Hanford formation, which

cover most western portions of the Hanford Site, and small mammal remains are abundant
in Pleistocene and Holocene loess deposits (PNL 1989).

Human beings have lived in the region around Hanford for at least 11,000 yr, and by
10,000 years ago had established fiver-oriented adaptation that was to evolve into the
Indian cultures known today. Archaeological sites, some dating back at least 7,000 yr and
others that are potentially older, are numerous. There are over 250 recorded sites,
including the remains of villages with up to 60 houses, fishing camps, game traps,
cemeteries, and sites of religious observances. Due to the site access control, most sites
have been spared the degree of looting and vandalism that is common elsewhere in the
region, and many are in unusually good condition. Fifty-one sites are included in nine
properties listed on the National Register of Historic Places, but most of the remaining sites
have never been formally evaluated (PNL 1989).
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Late prehistoric material is prevalent throughout the 300 Area, especially within
100 m (328 ft) of the Columbia River. All procedures for excavation within 400 m (1,300 ft)
of the Columbia River are reviewed and monitored by the Hanford Cultural Resources
Laboratory, unless excavation is in a known backfill area.

3.7.2 Wildlife Ecology

Ecological resources important to the 300-FF-5 operable unit are associated with the
riparian zone and near-shore aquatic environments. The riparian zone is a narrow strip of
land adjacent to the fiver shore and is generally less than 15 m (49.2 ft) wide along the
Hanford Reach.

3.7.2.1 Terrestrial Vegetation. The shoreline (riparian) vegetation along the Columbia
River in the vicinity of the 300-FF-5 operable unit consists mostly of a narrow zone of
perennial herbs with a few scattered deciduous trees and shrubs. The dominant riparian
vegetation in the operable unit included white mulberry and peachleaf willow, reed canary

grass and bulbous bluegrass, and a large variety of forbs. Persistentsepal yellowcress was
the only protected species found during the riparian surveys. A total of 18 separate groups
of persistentsepal yeUowcress were discovered in the operable unit and vicinity.

The non-riparian plant communities in the vicinity of the operable unit have been
reviewed by Rickard et al. (1990) and Brandt and Rickard (1991). The climax vegetation in
this area is characterized as antelope bitterbrush/Sandberg's bluegrass. Forb diversity in
the non-riparian habitat is lower than in the riparian zone. No protected species were
found near the Columbia River in this region during the previous or present surveys.

3.7.2.2 Reptiles and Amphibians. Reptiles expected to occur within the 300-FF-5 operable
unit include the western yellow-bellied racer (Coluber constrictor), the gopher snake
(Pituophis melanoleucus), the side-blotched lizard (Uta stansburiana) and the sagebrush lizard
(Sceloporus graciosus) (Fitzner et al. 1979). The side-blotched lizard is most abundant in the
big sagebrush-cheatgrass habitat, while the sagebrush lizard may dominate the bitterbrush
habitats. The lizards feed primarily on insects, while the snakes consume both mice and
lizards (Fitzner et al. 1979). Amphibians occurring in the riparian zone of the Columbia
River are the Great Basin spadefoot (Spea intermontanus), the western toad (Bufo boreas),
Woodhouse toad (Bufo woodhouseiO, the bullfrog (Rana catesbeiana), and the Pacific treefrog
(Hyla regilla) (Cushing 1990, Fitzner et al. 1979). None of the amphibians are abundant in
the region. The occurrence within the 300-FF-5 operable unit of Woodhouse toads and
western toads was noted during the biological surveys of the operable unit.

3.7.2.3 Birds. Fifty-three species were documented on the summer and winter surveys
(Table 3-14). The most abundant birds during the summer surveys were ring-billed and
Califo_a gulls, which nest on Johnson Island (Island 17) and Island 18. These birds forage
primarily on fish and flying insects, but they are opportunistic feeders also consuming
garbage and roadkills. Ecological data for key birds of the 300-FF-5 operable unit is
summarized in Table 3-15. Bank swallows were the second most abundant bird noted.

They are insectivorous, and nest in shallow burrows excavated into the walls of the bluffs
along the Columbia River. Forstet's terns, the third-most common species, consume
primarily fish and nest on Islands 17 and 18. A number of ducks and Canada geese use
the operable unit habitat_ some as permanent nesting residents (e.g., the mallard and
Canada goose), others as over-winter migrants (e.g., buffiehead). Great Basin Canada geese
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nest on the islands, and their broods may utilize a range from 2.8 to 18.1 km (1.7 to 11.2 mi)
along the river (Rickard et al. 1982). Fish-eating waterfowl observed using the operable
unit habitat include the common merganser and the eared grebe. The dietary composition
of Hanford Site aquatic birds is summarized in Table 3-16.

Eighteen birds that occur on the Hanford Site are listed as endangered or threatened
by the _3tate of Washington or the federal government, or are candidates for such listing
(Table 3-17). All but the sandhill crane, American white pelican, northern goshawk,
western bluebird, and sage thrasher have been observed in the vicinity of the Columbia
River near the 300 Area (Fitzner et al. 1992). The sage grouse has not been observed in the
vicinity of the 300 Area in post-nuclear times (after 1944) (Fitzner et al. 1992).

Bald eagles do not currently nest on the Hanford Site. The wintering population of
bald eagles has been increasing in recent years (Fitzner and Hanson 1979). Bald eagles are
present on the Hanford Site from November through March. Overwintering eagles on the
Hanford Reach of the Columbia River primarily forage on Chinook salmon (Oncorhynchus
tschawytscha) and mallard ducks (Anas pIatyrhynchos) (41 and 39% of dietary biomass
respectively) (Fitzner and Hanson 1979). Other foods eaten include other waterfowl and
fish species associated with the river ecosystem (Fi_ner and Hanson 1979). The primary
foraging, perching, and roosting sites for these birds is between the Hanford townsite and
the 100 Areas (Fi_zner et al. 1992).

The peregrine falcon is an infrequent visitor to the Hanford Site. This species is not
resident, and peregrine falcons do not nest on the site. Peregrine falcons are occasionally
noted during the winter months during migration and may winter in the area, particularly
near the Yakima Delta. Peregrine falcons elsewhere are known to feed primarily on birds,
although their food habits on the Hanford Site are not known.

Approximately 50 pairs of ferruginous hawks nested in the state of Washington as of
1991 (Fitzner et al. 1992). Ten active ferruginous hawk nests were found on the Hanford
Site as of 1991, with eight located in high-tension electric transmission towers and two in
trees (Fitzner et al. 1992). These hawks feed primarily on small to medium-sized mammals
such as rabbits and ground squirrels (Howard and Wolfe 1976, Fitzner et al. 1981). Two
nests occur within 10 km (6.2 mi) of the 300-FF-5 operable unit (Fitzner et al. 1992).

Loggerhead shrikes are year-round residents on the Hanford Site, although they
occur at relatively low densities (Fitzner et al. 1981)). They nest from March through
August in undisturbed portions of the big sagebrush/Sandberg's bluegrass community,
where they average 3.5 pairs/kin 2 (0.38/m_) in the 200 Area plateau (Poole 1992). These
medium-sized passerines feed on insects, small mammals, and birds (Fitzner and
Rickard 1975). Nestlings are prey to gopher snakes (Pituophismelanoleucus), black-billed
magpies, common ravens, and coyotes (Canis latrans) (Poole 1992). A loggerhead shrike
was observed near the operable unit during the surveys of this area.

Approximately 15-20 pairs of Swainson's hawks nest on the Hanford Site (Fitzner et
al. 1981). The birds nest in trees on the Hanford Site from April to September. Swainson's
hawks feed primarily on snakes, medium-sized mammals, and insects, with yellow-bellied
racers being the most important prey (Fitzner 1980). The nearest nesting locations to the
operable unit are located just southwest of the 300 Area perimeter fence (0.5 km [0.31 mi]
distance). These nest have been in continuous use since at least 1975 (Fitzner et al. 1981).
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In 1977, approximately 60 pairs of long-billed curlews were estimated to have been
nesting in the 600 Area of the Hanford Site (Allen 1980). Curlews nest from April through
June in relatively fiat areas dominated by cheatgrass. They feed primarily on beetles and
subterranean insect larvae (Allen 1980). No systematic surveys of the site have been
conducted since Allen's study (Fitzner et al. 1992). Allen identified a high-use curlew
nesting area just west of the 300 Area (Allen 1980). Nestlings are prey primarily to ravens,
magpies, and coyotes (Allen 1980).

Burrowing owls are widely distributed on the Hanford Site. The nesting population
during the mid-1970s was estimated at 20-26 pairs (Fitzner et al. 1981). Most nest sites are
found in abandoned badger and coyote burrows. No systematic survey of the Hanford ¢
Site has been conducted to determine the nesting locations of these birds (Rickard and
Poole 1989). These small owls are primarily insect and small mammal predators. Insects
represent the majority of prey captures, but Great Basin pocket mice (Perognathus parvus)
form the major part of their diet in terms of biomass (Fitzner et al. 1981). A nest of owls
was found during the riparian surveys in the Columbia River bank just east of burial
ground 618-4.

Sage sparrows are a common summer resident of the Hanford Site (Fitzner and
Rickard 1975). These small passerines are restricted in their distribution almost entirely to
sagebrush stands (Schuler et al. 1988). Sage sparrow abundance on the 200 Area plateau
has been shown to be related to sagebrush density (Schuler et al. 1988), although abun-
dance may vary widely between years due to natural environmental variation

(Rotenberry 1980). Sage sparrows are the second most abundant bird in the undisturbed
areas of the 200 Area plateau, reaching densities of 7.5 birds/km 2 (0.38 mi z) (Schuler et al.
1988). They forage primarily on phytophagous (plant-eating) beetles and other arthropods,
with seeds composing less than 5% of their diet (Rotenberry 1980).

The sage thrasher is confined to areas of big sagebrush cover, where it consumes
primarily insects and spiders on the ground rather than in the canopy (Terres 1980). Sage
thrashers are resident on the Hanford Site from spring into the fall (Fitzner and Gray 199I),
although at very low densities (Schuler et al. 1988).

Other potentially sensitive or ecologically important bird species that were found in
the operable unit habitat include top predators such as the red-tailed hawk and abundant
insectivores such as the western meadowlark. Red-tailed hawks are the most common

hawks nesting on the Hanford Site. At least 20 nesting pairs occupy the site, including at
least one nest within 10 km (6.2 mi) of the 300-FF-5 Area (Fitzner et al. 1981). On the
Hanford Site, most nesting occurs in utility towers, on Gable Butte, and in larger trees
(Fitzner et al. 1981). Red-tailed hawks on the Hanford Site primarily feed on medium-sized
mammals such as black-tailed jackrabbits and Townsend's ground squirrels, and on snakes
(Fitzner et al. 1981).

The most abundant bird found in the shrub-steppe habitat is the western meadow-
lark (Brandt and Rickard 1992). Western meadowlarks are present on the Hanford Site
throughout the year (Fitzner and Rickard 1975). These passerines nest on the ground from
April through July (Brandt and Rickard 1992). Their diet is composed almost entirely of
phytophagous insects (Rotenberry 1980). Meadowlark abundance in sagebrush habitat on

2 2
the Hanford Site was estimated to be approximately 11 birds/km (0.38 mi ) (Schuler et al.
1988).
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3.7.2.4 Mammals. Approximately 40 species of mammals have been identified on the
Hanford Site, or are potential residents of the site. Mammals common to the riparian areas
of the Columbia River are listed in Table 3-18, along with an indication of whether the
species or its sign, were observed in the operable unit or the near vicinity. Ecological data
for key mammals of the 300-FF-5 operable unit is summarized in Table 3-18. The most
abundant small mammals captured in the operable unit were the house mouse and the
Great Basin pocket mouse. Captures of the pocket mouse were limited to the drier
portions of the habitat (Figure 5-2). Other small mammals captured in the operable unit
were deer mice, western harvest mice, and a grasshopper mouse.

Townsend's ground squirrels have been captured on the 300 Area burial grounds
(Fitzner et al. 1979, Thiede 1992). Medium-sized mammals observed on the burial grounds
during past investigations included black-tailed jackrabbits, Nuttall's cottontails, badgers,
porcupines, and coyotes (Fitzner et al. 1979, Rickard et al. 1990). Mule deer use bo_h the
burial grounds and the riparian zone.

The most abundant small mammal on the non-riparian portion of the 300 Area is the
Great Basin pocket mouse (Fitzner et al. 1979, Thiede 1992). Although primarily a
granivore, the pocket mouse also consumes insects early in the year before seed production
(Johnson 1978). Pocket mice constitute the principal prey items in the diets of burrowing
owls, great homed owls, long-eared owls, and barn owls foraging on the Hanford Site
(Fitzner et al. 1981). Densities may range between 20 and 75 mice/ha in April depending on
the habitat (Gano and Rickard 1982). Densities in cheatgrass habitat have been estimated
at 30/ha (Hedlund et al. 1975).

The second most abundant mammal on the Hanford Site is the deer mouse. They
were the second most abundant mammal found in the riparian zone in the present survey.
Deer mice are omnivorous, concentrating on green vegetation, especially tansy mustard
and cheatgrass (Hedlund and Rogers 1976). Although nocturnal, they are found as
occasional prey items in the diets of Swainson's hawks and red-tailed hawks nesting on the
Hartford Site. More frequently, they are consumed by great horned owls, long-eared owls,
burrowing owls, and barn owls (Fitzner et al. 1981).

House mice were the most abundant small mammal captured in the present survey.
The v generally are found in association with human habitations and construction and I
seldom on the shrub-steppe itself (Rickard et al. 1974). In consequence, house mice have
been found in the diets of owls or hawks that have been studied on the Hanford Site

(Fitzner et al. 1981), although they are a common constituent of barn owl diets
(Terres 1980).

The western harvest mouse was the fourth most abundant small mammal captured
in the study. It's distribution on the lowland portions of the Hanford Site is thought to be
limited to riparian vegetation (O'Farrell 1975). Harvest mice have been found in the pellets
of long-eared owls on the Hanford Site, though in relatively very small proportions (Fitzner
et al. 1981).

The northern grasshopper mouse occurs on the Hanford Site, but is apparently
sparsely distributed. Only one was captured during the present study. O'Farrell (1975)
suggested that the distribution of this insectivorous animal is tied to the distribution of
ground-dwelling beetles. The grasshopper mouse is a rare component of the diet of long-
eared owls on the Hanford Site (Fitzner et al. 1981).
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Although none were captured in the present study, Townsend's ground squirrels are
present in the 300 Area (Fitzner et al. 1979, Thiede 1992), and their home range is expected
to include the 300-FF-5 operable unit. Foraging preferences based on analyses of fecal
samples identified Sandberg's bluegrass and tumble mustard as preferred food items
(Johnson 1978, Rogers and Gano 1980). Townsend's ground squirrels are the principal food
item for red-tailed hawks and the second most important item in the diet of post-fledgling
Swainson's hawks fledged on the Hanford Site (Fitzner et al. 1981).

Vagrant shrews are thought to occur primarily in riparian portions of the Hanford
Site, such as near Rattlesnake Springs and the Columbia River (Rickard et al. 1974). Shrews
make up a small portion of the diets of long-eared owls, and burrowing owls nesting on
the Hanford Site (Fitzner et al. 1981).

Montane voles were not captured during the present study, however, they are
generally associated with dense, herbaceous vegetation of riparian areas along the
Columbia River (Rickard et al. 1974). Montane voles are occasionally taken by owls
hunting on the Hanford Site, and are thought to be a relatively scarce component of the
small mammal community (Fitzner et al. 1981).

Black-tailed jackrabbits are found in nearly all habitats in the shrub-steppe region
and are the most common lagomorph on the Hanford Site (Rickard et al. 1974). Black-
tailed jackrabbits in the big sagebrush/Sandberg's bluegrass communities feed most heavily
on needle-and-thread grass, yarrow, turpentine cymopterus, and tumble mustard (Uresk et
al. 1975). Black-tailed jackrabbits are the principal prey of golden eagles wintering on the
Hanford Site (Rickard et al. 1974) and are important constituents in the diets of great
homed owls, long-eared owls, barn owls, ferruginous hawks, Swainson's hawks, and red-
tailed hawks (Fitzner et aL 1981).

NuttaU's cottontails are expected to occur where badger burrows or other cover, such
as that found associated with human construction, are available (Rickard et al. 1974).

Cottontails are major constituents in the diets of great horned owls, long-eared owls, barn
owls, red-tailed hawks, Swainson's hawks, prairie falcons, and ferruginous hawks feeding
on the Hanford Site (Fitzner et al. 1981). There are no data describing the density of
NuttaU's cottontails on the Hanford Site.

Muskrats are associated with riparian areas on the Hanford Site, occurring in ponds
and ditches (Rogers and Rickard 1977), as well as the Columbia River and its backwaters
(Rickard et al. 1974). Their numbers and details of their distributions have not been
determined. They are occasionally taken by great horned owls and larger raptors, though
in apparently small numbers (Rickard et al. 1974; Fitzner et al. 1981).

Beaver are the largest members of the rodent family in North America. They are
semi-aquatic, spending most of their lives in the water. They are commonly associated
with the construction of beaver dams, however, animals on large rivers such as the
Columbia construct only lodges along the river banks. They consume the leaves, young
twigs, and cambium of willow and other riparian trees. Their primary predator is the
coyote (Rickard et al. 1974). An active beaver lodge was noted during the present study in
the Columbia River just north of the 316-2 North Process Pond.

Coyotes are the most abundant carnivores on the Hanford Site. They have not been
studied to any extent on the Hanford Site except on the Arid Lands Ecology Reserve (ALE).
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• i Their diet is diverse, reflecting the availability of prey. Where the Great Basin pocket
i' mouse is most abundant in the habitat, they have been found to be most abundant in the

coyote diet (Stoel 1976). Other prey include leporids, voles, pocket gophers, ground
• ! squirrels, mule deer fawns, birds, reptiles, beeries, and grasshoppers (Stoel 1976; Steigers
""z and FEnders 1980). Coyote density on ALE has been estimated at 1 coyotes/2.5 km z

• (0.96 miZ); Steigers and Flinders (1980) estimated coyote density near the Columbia River to
be I coyote/4 km z (1.5 miZ).

J" Raccoons are nocturnal carnivores that inhabit the riparian areas of the Columbia
• l River (Rickard et al. 1974). They feed on a variety of prey, including fish, crustaceans,
• insects, reptiles, amphibians, birds, and other mammals. No studies of this mammal have
, been conducted on the Hanford Site.

Long-tailed weasels are scarce inhabitants of the Hanford area. They have been
"f. reported on ALE and in riparian habitats along the Columbia River (Rickard et al. 1974).

• _ Their primary prey has not been determined.

- Badgers are an uncommon mammalian carnivore on the kianford Site. Badger

densities are unknown on the site. Estimates of badger densities in similar habitats of
south-central Idaho ranged from 2 to 7 badgers/km z (Messick and Hornocker 1981).

. Badger home range sizes range from approximately 0.2 to 4.0 km z (0.08 to 1.5 miz) (Messick
'I and Hornocker 1981). Badgers feed primarily on ground squirrels, small mammals, and

arthropods (Messick and Hornocker 1981).

Mule deer are common and widespread on the Hanford Site. Mule deer are usually
dispersed throughout favorable habitats of the Hanford Site in small groups or singly.
Mule deer of the Hanford Site are mainly forb and shrub consumers (Uresk and
Uresk 1980). Natural mortality of mule deer fawns on the Hanford Site is relatively high,

j mostly as a result of coyote predation (Steigers and Flinders 1980). Mule deer home ranges
• on the Site vary about a mean of approximately 40 kmz (15 mi z) (Eberhardt et al. 1982),

with densities near the Columbia River of approximately 1 deer/60 ha (148 ac) (Steigers and
• Flinders 1980).

3.7.2.5 Aquatic Biota. Phytoplankton species identified from the Hanford Reach include
c diatoms, golden or yellow-brown algae, green algae, blue-green algae, red algae, and
' dinoflagellates. Diatoms are the dominant algae in the Columbia River phytoplankton,

usually comprising more than 90% of the phytoplankton biomass. The main genera
: include Asterionella, Cyclotetla, Fragillaria, Melosira, Stephanodiscus, and Synedra (Neitzel et al.

1982). Many of these originate in upstream reservoirs. A number of algae found as free-
floating species in the Hanford Reach are derived from the periphyton; they are detached
and suspended by the current and frequent water-level fluctuations. The peak

• concentration of phytoplankton is observed in April and May, with a secondary peak in
late summer/early autumn (Cushing 1967). The spring pulse in phytoplankton density is

, probably related to increasing light and water temperature rather than to availability of
r nutrients because phosphates and nitrates are not limiting. Minimum numbers are present

in December and January. Green algae (Chlorophyta), and blue-green algae (Cyanophyta),
occur in the phytoplankton community during warmer months, but in substantially fewer
numbers than the diatoms. Diversity indices, carbon intake, and chlorophyll concentrations
for the phytoplankton at various times and places can be found in Wolf et al. (1976), Beak
(1980), and Neitzel et al. (1982).
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Communities of periphytic species (benthic microflora) develop on suitable solid
substrates wherever there is sufficient light for photosynthesis. Peaks of production occur
in spring and late summer (Cushing 1967). Dominant genera are the diatoms Achnanthes,
Asterionella, Cocconeis, Fragillaria, Gomphonema, Melosira, Nitzchia, Stephanodiscus, and Synedra
(Page and Neitzel 1978, Page et al. 1979, Beak 1980, Neitzel et al. 1982).

Macrophytes are sparse in the Columbia River because of its strong currents, rocky
bottom, and frequently fluctuating water levels. Rushes (Juncus spp.) and sedges
(Carex spp.) occur along the shorelines of the 300 Area. Macrophytes are present along
gently sloping shorelines that are subject to flooding during the spring freshet and daily
fluctuating fiver levels. Commonly found plants include duckweed (Lemna), pondweed
(Potamogeton), waterweed (Elodea), and watermilfoil (Myriophyllum). Where present,
macrophytes have considerable ecological value; they provide food and shelter for juvenile
fish and spawning areas for some species of warm-water game fish.

Macrophytes were sample,a at five locations within the 300-FF-5 operable unit. Plants
were abundant in backwater areas where the current slackens and sediments accumulate.

Watermilfoil was the most abundant species found and it occurred at all sites. A small
population of Potamogeton was found within the milfoil bed at one site.

The zooplankton populations in the Hanford Reach are generally sparse. In open-
water regions, crustacean zooplanktons are dominant_ Dominant genera are Bosmina,
Diaptomus, and Cyclops. Densities are lowest in winter and highest in summer. Summer
peaks are dominated by Bosmina and range up to 4,500 organisms/m 3 (127.4 organisms/ft3).
Winter densities are generally less than 50 organisms/m 3 (1.4 organism/ft3). Diaptomus and
Cyclops dominate in winter and spring, respectively (Neitze 1et al. 1982).

Benthic organisms are found either attached to or closely associated with the
substrate. All major fresh-water benthic taxa are represented in the Columbia River. Insect
larvae such as caddisflies (Trichoptera), midge flies (Chironomidae), and black flies
(Simuliidae) are dominant. Dominant caddisfly species are Hydropsyche cockereUi,
Cheumatopsyche campyla, and C. enonis0 Other benthic organisms include limpets, snails,
sponges, and crayfish. Peak larval insect densities are found in late fall and winter, and
the major emergence is in spring and summer (Wolf et al. 1976). Stomach contents of fish
collected in the Hanford Reach from June 1973 through March 1980 revealed that benthic
invertebrates are important food items for nearly all juvenile and adult fish. A close
relationship exists between food organisms in the stomach content and those in the benthic
and invertebrate drift communities. Two invertebrate candidates are for inclusion on the

threatened and endangered species list: the shortfaced lanx (Fi_herola nuttalh_
(Washington State list), and the Columbia pebble snail (Fulminacota columbiana) (Federal and
Washington State lists).

A total number of 44 fish species have been identified in the Hanford Reach
(Cushing 1991). Of these 44 species, the chinook salmon (Oncorhynchus tsawytscha), sc;ckeye
salmon (Oncorhynchus nerka), coho salmon (Oncorhynchus kisutch), and steelhead trout
(Oncorhynchus mykiss), use the fiver as a migration route to and from upstream spawning
areas and are of the greatest economic importance. The fall chinook salmon and steelhead
trout also spawn in the Hanford Reach. Since 1962, the Hanford Reach spawning A¢__
population has represented approximately 15% to 20% of the total fall chinook escapement
to the fiver. The destruction of other mainstream Columbia River spawning grounds by
dams has increased the relative spawning importance of the Hanford Reach (Watson .1070,
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1973). Although the Hanford Reach is used extensively as the spawning area by salmon,
the fiver adjacent to the 300-FF-5 operable unit is not used as a salmon spawning area.

The annual average Hanford Reach steelhead spawning population estimates for
1962 to 1971 were approximately 10,000 fish. The estimated annual sport catch for the
period 1963 to 1968 in the Hanford Reach, frorr, Ringold to the mouth of the Snake River,
was approximately 2,700 fish (Watson 1973).

The American shad Alosa sapidissima, another anadromous species, also may spawn
in the Hanford Reach. The upstream range of the shad has been increasing since 1956,
when less than 10 adult shad ascended McNary Dam. Since then, the number ascending
Priest Rapids Dam has risen to many thousands each year, and the young of the year have
been collected in the Hanford Reach. The shad is not dependent on specific current and
bottom conditions required by the salmonids for spawning, and has apparently found
favorable conditions for reproduction throughout much of the Columbia and Snake rivers.

Other fish important to sport fisherman are the whitefish (Coregonus clueaformis)
sturgeon (Acipenser transmontanus), smallmouth bass (Micropterus dolomieu O, crappie
(Pomoxis annularsis) and nigromaculatus), catfish (Ictalurus punctatus), walleye (Stizostedion

vitreum), and perch (Perca flavescens). Also, large populations of rough fish are present,
including carp (Cyprinus carpio), shiners (Richardsonius balteatus), suckers (Catostomus
macrocheilus), and squawfish (Ptychocheilus oregonensis).

3.7.3 Sensitive Environments

Sensitive environments in the operable un;f_ .and near vicinity include the Columbia
River, the riparian zone along the river shore _ terrestrial mature sagebrush and
bitter brush habitat of the north boundary of The sagebrush habitat constitutes
critical habitat for a number of rare and prote_ _ecies, including the loggerhead shrike
and sage sparrow. The Columbia River consists of critical habitat for rare waterfowl,
including the American white pelican and the common loon. The riparian zone includes
wetland habitat protected under the Clean Water Act, and includes in the operable unit,
populations of persistentsepal yellowcress (Rorripa cotumbiae), a candidate for federal
protection under the Endangered Species Act.
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Figure 3-22. Water-Table Elevations for the Hanford Site Unconfined Aquifer in 1990.
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Table 3-1. Waste Facilities Included in the ,300-FF-2 Operable Unit. (Sheet 1 of 2)

Facility Yearsof Approximate Waste Received/Volume
Description/Designation Service/Status Area

_., . ,., ,, .- , ,,,L , ,, .,

300 Area Vitrification Test Site 1983 -1986 14,000 m 2 Vitrification was performed at this site on wastes containing the
Test treatment or Support Inactive (150,650 ft2) following radionuclides: 241Am0.10095 C1;
facility z'_Pu, 0.0053 Ci; raePu, 0.0018 Ci;

l_C.s, 0.020 Ci; l°eRu, 0.021 Ci;
_Sr, 0.680 Ci; e°Co, 0.10 Ci.

The site was decontaminated to background radiation levels. All
contaminatedsoil and equipment havebeen removed from the
site. Field radiation surveyswere conducted to verify the
removal of contaminatedsoil to background levels.

, , , . , ,. ,, , . . ,, ,, .

618-1 Burial ground 1944- 1951 3,300m2 The site containsuranium (14.5tonnes[16 tons]),plutonium and
SolidWaste BurialGround Inactive (25,500 ft_) fissionproducts form the 300Area laboratoriesand fuel
No. 1 Depth fabricationfacilities,as well assomemetallic and nonmetallic

6 m (20 ft) materials.
L ,,,, , , . , , i , ,., ,, ,, . , ,,,t . _ , , ,

618-2 Burialground 1951- 1954 7,000m2 The burial ground was used for disposalof uranium-
SolidWaste BurialGround Inactive (75,250 ft_ contaminatedequipment and materials,plutonium, and fission
No. 2 Depth products. The uranium wastewastypically solidmetallic

4.6 m (15 ft) uranium oxidesin the form of metal cuttings from ReactorFuel

i Fabrication facilities in the 300 Area. The site was interimstabilized in 1989.
.... , , , ,

618-3 Burial ground 1954 - 1955 5,400 m2 The site was primarily used for the disposal of uranium waste in
Solid Waste Burial Ground Inactive (57,570 ft2) the form of contaminated buitding materials derived from the 313
No. 3 Depth buildings. The site was interim stabilized in I989.

4.6 m (15 ft)
.,,, ,. ,. , , t ,, , , , , . , ,, ,, . , ,, , ..

618-7 Burial ground 1960 - 1973 68,000 m2 The site contains low-level uranium and thorium-bearing
Solid WasteBurial Ground Inactive (728,000 ftz) materials from the 300Area Fuel FabricationFacilities. This unit
No. 7 Depth containsdrummed containersof solventwith moderate amounts

3.7m (12 ft) of uranium. This material was segregatedand disposedin this
site becauseof the pyrolitic and explosivehazard of the solvent.
Materials buried at this site were derived primarily form the 321
Building.

, ... , , ,., ,., t . ., , , . ... , , ,

618-8 Burial ground 1943 - 1944 5,000 ma The site was mainly used for the disposal of uranium-
Solid Waste Burial Ground Inactive (60,000 ft_5 contaminated solid waste derived from reactor fuel fabrication. A
No. 8 Depth parking lot was constructed over the majority of the site.

4.6 m (15 ft) Subsequently, the radiation monuments were cut down at grade.
,,,, . ,., ,, , , ,. ,. . ,. ,. , , . , .,, , ,

618-9 Burial ground 1950 - 1956 670 m2 The site contains a number of 207 L (55-gal) drums of uranium-
300 West Burial Ground Inactive (7,200 ft_5 contaminated organic solvent (tributyl phosphate 6,000 kg [13,100

Depth Ibs], kerosene 10,000 kg [22,000 ibs]), 19,000 L (5000 gad) from the
4.6 m (15 ft) 321 Building. It was removed from service, back,filled, identified

with markers, and stabilized. In 1991, the site was exhumed and
all waste removed under an Expedited Response Action.

, ., , ,, ,, , , ,

618-13 Burial ground 1951-1974 580 m2 This site received the top soil from the 303 building area, which
300 Area Contaminated Inactive (6,250 ft_) was removed in 1950, piled to a height of approximately 15 m (50
Soil Burial site ft), and covered with .6 m (2 ft) of clean soil. The site is located

approximately .8 to 1.2 km (1/2 to 3/4 mi) northwest of the 300
Area.

...................

3T-la

, ...................... ........._................



DOE/RL-93-21, Rev. 0

Table 3-1. Waste Facilities Included in the 300-FF-2 Operable Unit. (Sheet 2 of 2).

Facility Years of Approximate Waste Received/Volume
Description/Designation Service/Status Area. ,, , ,,,, , ,,,., , , , .

300 Area Solvent Evaporator 1975 - 1985 This unit received approximately
(TSD: T-3-1) Inactive 2,2,50 l_,/yr (600 gai/yr) of solvents and steam condensate. The

solvents consisted mainly of spent trichlorethylene,

perchioroethylene, 1,1,1-trichloroethmae, and an ethyl
ac_ate/bromine solution. Paint shop solvents that were
potentially treated include methyl ethyl ketone, methylene

chloride, and petroleum naphtha.
, ,, , ,,,, , , ..... .. ., ,,

Source: DOE-RL 1992a

TSD = Treatment, storage and disposal unit
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Table 3-2. Waste Facilities Included in the 300-FF-3 Operable Unit. (Sheet 1 of 8)

........... _

Facility Years of Approximate Waste Received/Volume
Description/Designation Service/Status Area

................... " ' ' " I" "

300 Area Interim filter January 1987 to a The unit received water and nonhazard-
backwash disposal - April 1987 ous alum from backwashing filters used

Neutralization unit Inactive to filter water for sanitary and process
use, approximately 2,450,000 L (650,000
gal).

,, , . , , , ,, ,, , ,,., ,,,

309-TW-1 Storage Tank 1960-1973 a A 19,000 L (5,000 gad) tank. The unit
Inactive received aqueous nonhazardous radioac-

tive wastes from the operation of the Plu-
tonium Recycle Test Reactor (PRTR).

,. , ,. ,,,. ,, ........ ,, ,.,, , ,,,_

309-TW-2 Storage Tank 1960-1973 A 19,000 L (5,000 gal) tank. The unit
Inactive received aqueous nonhazardous radioac-

tive wastes from the operation of the
PRTR.

, , .,,, .,, ,, ,,. ,,,,,, .,, ,

315 Retired Sanitary Drain Field 1950-1978 a The unit received unknown amounts of
Inactive sanitary wastes from office buildin, s.

.,,, . . , i.

323 Tank No. 1 1945-1968 length A 75,000 L (20,000 gad) tank. This unit re-
Inactive 14.7 m (48 ft) ceived uranium-contaminated water and

diameter acid solutions from reprocessing research

3 m (10 ft) and development. The volume of liquid
remaining is unknown.

,., .,.. , . , . , , ,,. i,. , ,,., ,.,, ,

323 Tank No. Z 1945-1968 length A 75,000 L (20,000 gad) tank. This unit re-
Inactive 14.7 m (48 ft) ceived uranium-contaminated water and

diameter acid solutions from reprocessing research
3 m (10 ft) and development. The volume of liquid

remaining is unknown.
i,., , , ,, ,, ,, .,,

323 Tank No. 3 1945-1968 length A 75,000 L (20,000 gal) tank. This unit re-
Inactive 14.7 m (48 ft) ceived uranium-contaminated water and

diameter acid solutions from reprocessing research
3 m (10 ft) and development. The volume of liquid

remaining is unknown.
........ , ,,, ,. . , ..

323 Tank No. 4 1945-1968 length A 75,000 L (Z0,000 gal) tank. This unit re-
Inactive 14.7 m (48 ft) ceived uranium-contaminated water and

diameter acid solutions from reprocessing research

3 m (10 ft) and development. The volume of liquid
remaining is unknown. _

331 LSL Drain Field 1970-1974 a This unit received approximately 2.25 L,/hr

Inactive (0.66 gal/hr) of sanitary waste
water.

,,,,, j, ,,,,, , , ,,, , . ,, .,, ,, , , ,,.

331 LSL Trench 1 1966-1974 a From 1966 to 1969, the unit received

Inactive approximately 34 L/h (9 gal/hr) of sanitary
waste water.

,,_

331 LSL Trench 2 1969-1974 a This unit received approximately 31 L/h
' Inactive (8.33 gal/hr) sanitary waste water.

, .........

335 and 336 Retired Sanitary 1973-1979 a This unit received unknown amounts of

Drain Field Inactive sanitary wastes from office buildings.
.,..... .,,, , ,,,. , ....

618-6 Burial ground 1944-1962 a This unit contained solid waste, and the

This unit no longer waste was exhumed in 1962, and moved
exists to the 618-10 Burial Ground.

..........
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Table 3-2. Waste Facilities Included in the 300-FF-3 Operable Unit. (Sheet 2 of 8).

Facility Years of Approximate Waste Received/Volume
Description/Designation Service/Status Area

,,,,,, ,,, , ,, ,, ,,,, ,
[

Unplanned Relea_ Discovered - 1977 a The release consisted of waste from the
UN-300-10 radioactive liquid waste sewer from the

325-B hot cells, including waste from

dissolution of highly radioactive samples
including irradiated reactor fuels.

,, _ ,.,,, | , ,.., , ,,. ,., ,. ,.,, ,, ,

Unplanned Release January 8, 1979 approximately Approximately 15,000 L (4,000 gal) of
UN-300-12 3.75 m 2 (40 ft2) radioactive rinse water overflowed. The

waste contained nitrate ions,

_47Promethium, fission product, and
transuranic nuclides.

.,. , , ,,, .,,,, ,... ,

Unplanned Release July 31, 1973 b The release consisted of spent process
UN-300-13 acid that included 2,000 kg (4,432 Ibs) of

NO3, 200 kg (447 Ib) Copper, and 1.3 kg (3
Ib) (0.005 Ci) Uranium.

, , .... .,, .,., ,,,, ,,

Unplanned Release September 2, 1979 b Rain caused uranium shavings in a gar-

UN-300-17 bage can to ignite. The can was inside a

plastic-lined wooden burial box, which
also caught on fire. Readings to 15,000
counts/rain at .6 m (2 ft) from the burial
box were measured.

, ,,,,,,, , ,,. , .,,

Unplanned Release August 27, 1962 b The release consisted of low-level cesium
UN-300-18 waste.

.m ,,

Unplanned Release 1954 b The release consisted of incoming caustic
UN-300-39 solution, containing 50% sodium hydrox-

ide.
,,,. ........ ,,,, ,,., ,,., - __ -

Unplanned Release 1945-1955 840 m 2 The release consisted of leaks from
UN-300-4 (10,000 ft2) equipment during the development of the

reduction-oxidation (REDOX) processes.
,, ..,, ,,, ,., ,,....

Unplanned Release 1961 b The release consisted of uranium bearing
UN-300-40 acid waste, containing nitric and sulfuric

acid with uranium in solution.
, , , ,, ,, , ,, ,, ,, ,.

Unplanned Release October 12, 1983 b The release consisted of 1135 L (300 gal)
UN-300-42 of No. 6 fuel oil.

,... , , ,.,. , ... ,.. --- __

Unplanned Release July 1986 b The release consisted of less than 208 L
UN-300-43 (55 gai) of solvent-refined coal (light

fraction), nonradioactive.
.m ,, ,.,,

Unplanned Release January 19t_5 b The release consisted of an unknown
UN-300-44 amount of uranium-bearing acid (nitric or

sulfuric acid with uranium in solution)
and waste-etch acid (nitric, hydrofluoric,

and chromic acids with uranium, copper,
and zirconium metals in solution). The
spill area was possibly contaminated with

byproduct waste material.
,..... , ......, _ , , , ,,,

Unplanned Release February 1985 b The release consisted of less than 38 L

UN-300-45 (10 gal) of uranium-bearing waste acid
identified as nitric and sulfuric with

uranium in solution.
............
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Table 3-2. Waste Facilities Included in the 300-FF-3 Operable Unit. (Sheet 3 of 8).

Facility Years of Approximate Waste Received/Volume
Description/Designation Service/Status Area

..... ,., , , . ,,, . , , , ,m J=,,, , , . , ,...... ,. , .........

Unplanned Release August 31, 1973 b The release consisted of low-level radio-
UN-300-5 actively contaminated water overflow

from a storage basin.

Unplanned Release Aug 7, 1972 b The release consisted of approximately
UN-300-7 2200 L (585 gad) of fuel oil overflow from

a full clay tank behind the 384 Building
when oil was transferred from the storage
bunker.

.., ..... . ,, , , , L ....

300 Area Powerhouse HWSA 1940's a This area no longer is used to stage

Staging area Active hazardous waste. The outside area typi-

cally contains nonregulated waste oils.
,,. , ,, ........

303-K Contaminated Waste Stor- January 1986 a The area is used for storage of containers

age (TSD: S-3-1) Active of small quantities of miscellaneous

Part A permit application and wastes (waste oils, cutting lubricants)
interim closure plan submitted potentially contaminated with uranium

and for the occasional storage of con-
centrated waste from the 304 facility, heat
treat salts, and solids from the 313

recovery operations. Approximately 50 to
100 drums (207 L [55 gad]) per year are
accumulated.

=, . ,.- . = . , . ..,,

303-M Storage Area May 1983 - Present a The area was used for storage of uranium

Inactive metal chips and fins (ignitable) awaiting
treatment in the 303-M oxidation facility.

Waste quantities are estimated at 28
tonnes/yr (31 tons/yr) [fiscal year (FY)
1986 generation rate].

303-M Uranium Oxide May 1983 a Oxidation process feed materials uranium
Facility Inactive containing Zircadoy-2 metal chips and

fines (ignitable). Approximately 28
tonnes/yr (31 tons/yr) (FY 1986 generation
rate) were converted to a nonignitable
oxide via incineration.

.,., . . .,. ,, ., , ,, , j

304 Concretion Facility January 1969 a Waste treatment consisted of scrap metal
(TSD: TS-3-2) Active (beryllium/zirconium alloy) lathe chips

and depleted uranium (2.1%) chips and
fines.

Li ,. , , .., ,, , ,,.

304 Storage Area January 1969 a Currently no wastes are in storage at this
304 Building Storage Area Inactive site. The area wa_ used for storage of

containers of miscellaneous potentially
(TSD: TS-3-2) contaminated wastes, primarily heat treat

Part A permit application and salts (sodium chloride, potassium chlo-
interim closure plan submitted ride, sodium nitrate, sodium nitrite, and

potassium nitrate), depleted uranium

chip6 and fines (ignitable), and beryl-

lium/zirconium chips and fines (ignitable

and carcinogenic). The chips and fines

were in storage, awaiting concretion. Ap-
proximately 50 to 100 drums (207 L [55

............. I gall)peryearareaccumulated...
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Table 3-2. Waste Facilities Included in the 300-FF-3 Operable Unit. (Sheet 4 of 8).

Facility Years of Approximate Waste Received/Volume

Description/Designation Service/Status Area

305-B Storage Facility January 1978 a The unit is a waste assembly area that
(TSD: S-3-2) Active services Research and Development
Part A permit application and operations as a 300 Area satellite storage

Part B permit application area. The storage design capacity is
submitted 114,000 L (30,000 gal). ]'he wastes consist

of listed wastes, wastes from nonspecific
sources,characteristic wastes, and state-

only wastes.
,.., ,,, i , ,,, H,, , ,,, ....... ,

311 Methanol Tank No. 1 1955-1971 a Prior to 1987, the tank contained approx-

311 Tank Farm Underground Inactive imately 38,000 L (10,000 gal) of a 4%
Methanol Tank No. 1 aqueous solution of methanol. The tank

was emptied in 1987, and removed Au-
gust 30, 1989.

311 Methanol Tank No. 2 1955-1971 a Prior to 1987, the tank contained approx-
311 Tank Farm Underground Inactive imately 38,000 L (10,000 gal) of a 4%
Methanol Tank No. 2 aqueous solution of methanol. The tank

was emptied in 1987 and removed August
30, 1989.

311 Neutralized Waste Tank 1973 a The unit receives 1,600,000 L/yr
No. I (TSD: TS-3-1) Active (420,000 gal/yr) of waste solutions,

consisting of neutralized liquid from the
nonrecoverable uranium stream and

filtrate from processing of the uranium-

bearing waste stream from the 313 Build-
ing recovery operations.

311 Neutralized Waste Tank 1973 a The unit receives 1,600,000 L/yr

No. 2 (TSD: TS-3-1) Active (420,000 gal/yr) of waste solutions,
consisting of neutralized liquid from the
nonrecoverable uranium stream and fil-

trate from processing of the uranium-
bearing waste stream from the 313 Build-
ing recovery operations.

313 Centrifuge Active .......

CTSD: TS-3-I)

Part A permit application and

interim closure plan submitted

313 Copper Remelt Operations Early 1970's a Copper-silicon alloy waste from the fuel
Inactive fabrication process was melted, cast, and

machined in preparation for reuse. The
unit processed 260 kg/day (600 Ib/day)
when in operation.

i
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Table 3-2. Waste Facilities Included in the 300-FF-3 Operable Unit. (Sheet 5 of 8).

Facility Years of Approximate Waste Received/Volume
Description/Designation Service/Status Area

,, ,, ,, , ,,. .,, , , ,. ,u. , ,

313 East Side Storage Pad Pre-1950 a This area is no longer used to stage
Inactive hazardous waste. The unit was used for

storage of byproduct waste materials from

the fuel fabrication process, including
neutralized solids (sodium fluoride, sodi-
um nitrate, sodium sulfate, metal

precipitates, including copper,uranium,
zirconium) from the 313 Building recovery
operations. Approximately I45,000 kg/yr
[320,000 Ib/year] (total for this waste
stream for the 313 Building inside and
outside storage and at the 303-K storage
pad) were accumulated.

...... , . , ,.,.,, .,,, ,,, ,

313 Filter Press April-1973 a ......
(TSD: TS-3-1) Part A permit Active

application and interim closure
plan submitted

, ,, , . , ,,, ,. , ,,,

313 Methanol Tank 1955-1971 a Prior to 1987, the tank contained approx-

313 Building Underground Inactive imately 2,250 L (600 gal) of a 0.7% aque-

Methanol Storage Tank ous solution of methanol. The tank was

emptied in 1987 and removed August 30,
1989.

313 Uranium Recovery Active a The unit receives approximately

Operations 1,000,000 L./yr (270,000 gal/yr) of waste
acids from the fuel fabrication process,
containing nonrecoverable and recover-
able uranium. Approximately 25.5
tonnes (28.4 tons) of uranium are re-
covered (FY 1986 generation rate).

u , ,,,, , ., , ,,,. , ,,F .... , ..,, ,, ,.,, .. ,|.

313 Waste Acid Neutralization April-1973 a This unit is part of the 300 Area Waste
(TSD: TS-3-1) Active Acid Treatment System.

Part A permit application and

interim closure plan submitted

324 Sodium Removal Pilot Plant 1979 a The unit is an RMW alkali metal treat-

(TSD: T-3-3) Active meat facility (no longer than 90 day

Part A permit application and storage). Treatment occurs in a steel tank

Part B permit application that is used to circulate nitrogen or argon

submitted with water vapor to react with the alkali
metal on the component being processed.

The Part A Permit Application will be
withdrawn.

,,, , , , .,, ,. .,,., ..,, , ,, ,

325 Waste Treatment Facility 1978 a Wastes handled in this facility include
(TSD: T-3-4) Active listed wastes, wastes from nonspecific
Part A Permit sources, characteristic wastes, and state-

only wastes.
, ,,,

331-C HWSA (Hazardous Waste Active a This area typically contains corrosives,

Staging Area) ignitable, and regulated empty containers.

Approximately 2,250 I_yr (600 gal/yr) total.....................
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Table 3-2. Waste Facilities Included in the 300-FF-3 Operable Unit. (Sheet 6 of 8).

Facility Years of Approximate Waste Received/Volume
Description/Designation Service/Status Area

H, , , H ,,

333 Chromium Treatment Tank 1983-1987 a This tank was used for storage and treat-
No. 1 inactive ment of mixed waste generated during
(TSD: TS-3-I) fuel fabrication activities, specifically for

reducing chromium VI to chromium III.
Up to 750 L/d (200 gab'd) were treated at
least twice per year.

, ,= ,,, ., ,,,. .,..,

333 Chromium Treatment Tank 1983-1987 a This tank was used for storage and treat-

No. 2 (TSD: T5-3-1) Inactive ment of mixed waste generated during
fuel fabrication activities, specifically for

reducing chromium VI to chromium [I[.
Up to 750 L/d (200 gal/d) were treated at
least twice per year.

, , .. .H .. ,, , . ,,

333 East Side Heat-Treat Salt 1964 a This area is no longer used to store
Storage Area Inactive hazardous material. The area was used

for storage of containers of solidified
waste heat treatment salts from the fuel

fabrication facility, consisting of sodium
chloride, potassium chloride, sodium
nitrate, sodium nitrite, and potassium
nitrate. Approximately 30 to 50 (207 L [55

gall) drums per yearwere accumulated. I,,. ., , , ] , , . ,, , :

333 East Side HWSA Active a .....
,, , .,. ... , ,, -- , ,q

333 Laydown HWSA 1971 a The area typically contains corrosives and
Active EP-toxic (Extraction Procedure) (for

chromium) wastes.
=,, . i., H . ,

333 West Side Waste Oil Tank Active a The unit is used for storage of waste oil
from the extrusion press sump. Waste oil

is verified to be non-PCB and nonignit-

able prior to removal for offsite shipment.
Approximately 1,900 to 3,800 L (500 to
1,000 gal) are accumulated., ,,

334 Tank Farm Waste Acid Inactive a The unit was used infrequently for stor-
Storage Tank age of waste acids from the fuel fabrica-

tion process, containing nonrecoverable
uranium. [t was removed in 1988.

i= , ,, ,. , .

334-AWaste Acid StorageTank April1973-1990 a The unitisnow empty. The unitreceived
No. B Inactive 800,000 [dyr (210,000 gal/yr) of waste acids

(TSD: TS-3-1) (primarily hydrofluoric, nitric, sulfuric,
Part A permit application and and chromic acids with copper,

interim closure plan submitted zirconium, and uranium in the solution)
from the fuel fabrication process, con-
raining nonrecoverable uranium.

,. L , ,

334-A Waste Acid Storage Tank April 1973-1990 a The unit receives 800,000 L/yr (210,000

No. 2 (TSD: TS-3-1) gal/yr) of waste acids (primarily hydro-
fluoric, nitric, sulfuric, and chromic acids

with copper, zirconium, and uranium in
the solution) from the fuel fabrication

process, containing nonrecoverable urani-
um.

.........
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Table 3-2. Waste Facilities Included in the 300-FF-3 Operable Unit. (Sheet 7 of 8).

Facility Years of Approximate Waste Received/Volume
Description/Designation Service/Status Area

350 HWSA Active a The area typically contains approximately
2._,500L/yr (600 gal/yr) of corrosives,
22,,500 ldyr (G0fl gal/yr) of used oils and
polychiorinated biphenyi contaminated
oil, and 40 nonregulated empty containers
per year.

3712 Uranium Scrap Storage Active a The building was used for storage of the
Area uranium scrap awaiting transportation for

recovery to the feed site (Fernaid, Ohio).

Waste quantities are estimated at 128
tonnes/yr (140 tons/yrj, FY 1986 genera-
tion rate. Previously, the area was used
to store concreted billets of ignitable

uranium chips and fines.

3713 Paint Shop Hazardous 1984-1987 a Hazardous materials are no longer accu-
Waste Satellite Area Inactive mulated at this facility. The area con-

rained miscellaneous small quantities (less
than 208 L [55 gall accumulated at any
one time) of waste solutions, including

solvent and paint solids from sign and
paint shop operations.

3718-F Alkali metal Treatment September 1968 a Hazardous materials are no longer accu-
Facility Inactive mulated at this facility. Wastes consisted
(TDS: TS-3-3) of sodium, lithium and sodium-potassium
Part A Permit application and alloys. Small quantities of reactive labo-

Part B Permit application ratory wastes were also capable of being
submitted treated at this facility.

3718-F Burn Shed September 1968 a Wastes consisted of sodium, lithium and
[nactive sodium-potassium alloys. Small quantities

of reactive laboratory wastes were also
capable of being treated at this facility.

3718-F Treatment Tank No. 1 September 1968 a Part of the 3718-F Alkali metal Treatment
(TSD: TS-3-3) Inactive Facility used for the treatment and

Part A Permit application and storage of materials contaminated with
Part B Permit application alkali metal wastes.
submitted

,,, ,, , , , ,,,,,,, , ,,, ,,, , , ,,,, ,, ,,,

3718-F Treatment Tank No. 2 September 1968 a Part of the 3718-F Alkali metal Treatment
(TSD: T5-3-3) Inactive Facility used for the treatment and

Part A Permit application and storage of materials contaminated with
Part B Permit application alkali metal wastes.
submitted

3746-D Silver Recovery Active a Corrosive silver, containing waste photo-
chemicals (5700 L/yr [1,530 gal/yr]), is

processed for reclamation of silver

(1,119.19 troy ozdyr).

Biological Treatment Test 1988 a Wastes include listed waste, waste from

Facilities Active nonspecific sources, characteristic wastes,

(TSD: T-X-I) and state-only wastes.
Part A Permit

................
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Table 3-2. Waste Facilities Included in the 300-FF-3 Operable Unit. (Sheet 8 of 8).

Facility Years of Approximate Waste Received/Volume
Description/Designation Service/Status Area

, , i ,, ,,,, ,.i ,, .,., ,L

Physical and Chemical January 1979 a Wastes include listed waste, waste from
Treatment Test Facilities Active nonspecific sources, characteristic wastes,
(TSD: T-X-Z) and state-only wastes.
Part A Permit

,, ,, ,, . , . . , ,, ,,.,

Thermal Treatment Test Facilities January 1978 a Wastes include listed waste, waste from
(TSD: T-X-3) Active nonspecific sources, characteristic wastes,
Part A Permit and state-only wastes.

,, ,, , , ,,, ..... _ , , ,,,, , , ,

Source: DOE-EL 1992a

a Size of waste management unit is not documented
b Size of contaminated area is unknown

HWSA Hazardous Waste Staging Area

TSD Treatment, Storage, and Disposal Unit
--- No information available

...........
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Table 3-3. Waste Facilities Included in the 300-IU-1 Operable Unit.

Facility Years of Approximate Waste Received/Volume
Description/Designation Service/Status Area

, ,, ,,. |, ,, -- _ ,,, ,.,. , ,,, _ ,, .,

316-4 Crib 1948-1956 5 m 2 (54 ft a) depth The site received hexone-bearing
3 m (10 ft) uranium wastes and limited

amounts of other uranium.

bearing wastes from the 321
Buildings. (1,000 kg [2,200 [b]

nitrate, 3,000 kg [6,600 Ib] methyl
isobutyl ketone, 2,000 kg [4,400 ib]
uranium).

,. , ,, ,.. ,, ,, ,,

618-10 Burial ground 1954-1963 23,000 m2 The site contains a broad
(247,.500 ft_ spectrum of low- to high-level

dry wastes, primarily fission
products and plutonium from the
300 Area. Low-level wastes are
buried in trenches, and

bet_Jgamma wastes are stored in
pipe facilities that are 51 cm (22,

in.) in diameter, 4.6 m (15 ft) long
pipes constructed by welding
together five 207 L (55 gal)

drums, buried vertically. They
are back.filled and topped with
concrete. Includes UPR-600-1, -2,
and -3.

, ,,. ,., ,, ._ ,, _

618-11 Burial ground 1962-1967 35,000 m 2 The site contains a broad
(376,600 ft 2) spectrum of low- to high-level

dry waste, primarily fission

products and plutonium. Low-
level wastes were buried in the

pile storage units and caissons.
Includes UPR-600..4, -5, -6, -7, -8, -
9, and -10.

-- -- ,,, ,,, ,,, , ,,,, - ,,m

J. A. Jones I Landfill 1975.1979 500 m 2 This site contains miscellaneous

(5,400 ft2) non-radioactive ,solid wastes from

various construction sites, includ-

ing wood scrap, concrete, and
miscellaneous construction
wastes. It has been backfilled

and covered to grade.

Unplanned Release May 29, 1980 size of contaminated A release of mixed waste
UN-600-11 area is unknown occurred when workers excavated

100 yd a of berm material and
buried it in a clean landfill (J. A.

Jones Construction Pit No. 1)

before beta/gamma contamination
was detected. The contamination

is believed to have originated
from di_arded asphalt blacktop
rubble at the south end ol the
herin.

, ,, ,, ,,, ,, , , ,, L , ,, , ,

Source: DOE-RL 1992a
. ............................
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Table 3-4. Representative Hydraulic Properties of the Hanford Site
Unconfined Aquifer.

Stratigraphic Interval Hydraulic Conductivity
(cm/s)

, | ,,

Hanford formation E-01 - TE +01 5E +02 - 2E +05
,, ,,, i , i i,, ,, ,,,

Undifferentiated Hanford and middle Ringold unit 3E-02 - 2E+00 1E+02 - 7E+03

Middle Ringold unit 7E-03- 2E-01 2E +01 -6E +02

Lower Ringold unit 3E-06 - 4E-03 1E-01 - 1E +01

Adapted from Gephart et al. (1979)
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Table 3-5. Representative Properties of the Hanford Site Confined Aquifer.

,., i, i, iJ i., , , , , ,, . , , i

Aquifer Transmissivity Thickness
mZ/d (ft2/d) m (ft)

Elephant Mountain Basalt" 568.6 (6,120) 0.9 (3)

Rattlesnake Ridge 0.7 to 28.5 (8 to 307) 15.2 to 25 (50 to 82)
Interbed a

Selah Interbed" .8 to 42.9 6.1 to 11

(9 to 462) (20 to 36)

Cold Creek Interbed a 13.1 to 773.5 14 to 28.7
(141 to 8,326) (46 to 94)

Umatilla Flow a 116.4 (1,253) 1.8 (6)

Mabton Interbed" 12.6 to 176.5 26.2 to 33.8 (86 to 111)
(136 to 1,900)

North Gable 371.6 to 2,322.6
Mountain/Gable Butte b (4,000 to 25,000)

Gable 3,716 to 55,742
Mountain/Gable (40,000 to 600,000)
Butte/paleochannels b

Other Hanford areas t' 185.8 to 3,716
(2,000to 40,000)

Upper confined aquifer b 0.0009 to 92.9
(0.01 to 1,000)

aGephart et al. (1979)
bDOE (1988) and Schalla et al. (1988)
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Table 3-6. 300-FF-5 Operable Unit Nested Monitoring Well Water Elevations.

.......................... , i u . u i

Jan-92 May-92 Sep-92
Well Number Elev. Screened 1/28/92 5/27/92 9/25/92

Interval
i ,.. ,,, ,,

AMSL Water Elevation Water Elevation Water Elevation
"L " "" "L ' '"' ' " '" ' ' "

Top Bottom m ft m ft m ft
ft ft

, , , ,,, ,. , . , ,,,,.

699-S29-E16A a 349 329 104.12 341.59 104.76 343.69 103.90 340.89
, ,,, , , • ,, ,, , ..... .,, , L ,,

699-S29-E16B ° 283 273 104.12 341.6l 104.76 343.70 103.99 341.18

699-$29-E16C' 211 201 114.35 375.16 114.79 376.60 114.88 376.91
, , i , ,, , , , !L L ' "'i_ _ _ ,:_',,,: r, "- ' , ,,, , i ,, , , ,,,,,

699-S22-E9A a 349 334 105.17 ! 345.03 not not avail 104.97 344.40
avail

,, , . _ i,, . ,,, , , ,.,..

699-S22-E9B' 234 223 105.36 345.68 105.45 345.95 105.13 344.90
,, , J ,., , ,. ,,., , , ,.,,.,

699-$22-E9C' 198 192 115.58 379.19 115.49 378.90 115.75 379.75
,, , ,, ,, ,,, , , , .,' ,.

399-8-5A" 348 328 104.62 343.25 104.93 344.24 104.3.25 342.03
' ' ,.- I , ,,

399-8-5B a 243 233 104.78 343.76 105.04 344.60 104.44 342.64
,. , ,, ,,

399-8-5C ' 208 192 113.12 371.II 113.27 371.63 113.53 372.48
L, i,' ' ,, , , , ,,I , " , ,', ,.',' ...... '_ ,,',"

699-S27-E9A_ 353 333 106.03 347.87 105.94 347.56 105.95 347.61
,, ,, ,,, , . , ,...,

699-S27-E9B' 223 212 106.51 349.44 106.49 349.38 106.35 348.92
, , ., ,

699-$27-E9C' 193 I88 106.32 348.81 117.10 384.19 116.95 383.69
i ,,,.. ,. r ,I_ , " , ' '" I, ' _ ,.. ,

399-1-17A b 352 337 104.31 342.23 104.80 343.82 104.06 341.40
., ,, , ,, ,,, , ,. , , ,

399-1-17B b 278 268 not avail not avail not not avail 104.11 341.55
avail

, ,., ,, . , , , .., ,

399-1-17C b 218 207 114.33 375.09 114.83 376.73 114.81 376.66
, ,., , ,,,, i , ,, ..,, ' .., , ',' : ," . ,., I' "7 J

399-1-18A t' 352 337 104.71 343.54 105.10 344.81 104.44 342.66
,, , i, |,,,,, ,, , ,, ,, ,

399-1-18B b 281 271 104.76 343.71 105.19 345.10 104.50 342.85
, ,,, ,,, , ,

399-1-18C b 258 248 104.93 344.27 105.33 345.55 104.63 343.28

399-1-16A b 349 334 104.23 341.96 104.81 343.85 104.04 341.35
' '" , i , , , ,,,

399-1-16B b 276 266 104.09 341.50 104.88 344.10 104.10 341.52
,, ,, ,, ,,

399-1-16C b 215 205 104.29 342.16 106.04 347.89 107.24 351.84
,,,

Elevation data from WHC Automated Dataloggers and Transducers
t, Elevation data from WHC HEIS Database using Steeltape Readings
Note: 1 meter = 3.28 ft.
...........
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Table 3-7. Aquifer Tests at Cluster Sites 699-S22,-E9X (Test Site 4) and
699-S27-E9X (Test Site 7) 300-FF-5 Operable Unit.

............... . .........

Well Name Test Type Test Date Flow Rate Test Duration

(gai/rnin) (min)
, ,,,,,, , , ,,,, , , ,, , ,, , ,,

4T Step-drawdown 3/ 18/92 20 96
39 94

Constant 3/20/92 27.5 540

discharge 1
t ,., , ,, ,,, , L ,, , ,, ,, ,

Constant 3/25 - 3/27/92 20.9 2,440

discharge 2
, t ,,, , ,,,, , , , _,, i. , , ,,. ,

Constant 3/30 - 4/I/92 24.5 2,880

discharge 3
, .,, ,,,, , ..

Slug test 3/13/92 N/A N/A
4/14 - 4/16/92 N/A N/A

. | ,

Slug interference 4/14/- 4/16/92 N/A N/A
, , , .,,,. . ,, , ,, , ,,. , ,

4A Slug test 1/1/92 N/A N/A
, ,, , ,. ,, , ,,., .. , , ,., , . . ,L

4C Constant head 5/12/92 0.62 - 1.2 254
, ,, ,,, ,,L , ,, , ,.

7T Step - drawdown 3/7/92 35, 78.8, 103.9 92, 89, 89
. ,,.,, , ,, ,, , , , ,,, ,

Constant 3/ 10/92 - 3/ 12/92 134.7 2,880

discharge
,. .,

Slug test 2/28/92 N/A N/A
3/23/92 N/A N/A

I ' '" '" ' ' ' '' ' " "'" ' " ..... '

7A Step - drawdown 1/14/92 1.96, 4.3, 7.5, 9.5 60, 60, 62, 62
, .. , , ,

Slug test 1/2/93 N/A N/A
ii i i ii i i ii

Source: Swanson et al. 1992
..................
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Table 3-8. Summary of Aquifer Test Results Well 699-S22-E9A (Test Site 4) - 300-FF-5 Operable Unit.

.....

Test type Single-well tests Multiple-well tests
i, ,,, ,, ,,, ,, ,, ,,, ,, , , ,

Slug Laboratory Constant Discharge Pulse
, , ,,, ,,,,, ,, , ,,,,, i ,,

Test date Jan 20 Feb 6 Mar 20 Mar 25 Mar 30 Apt 15
1992

, , ,, ,,, , , ,, ,

Analysis B&R" Permeameter' Cooper b Neuman _ Novakowski a
Method(s)

DD/REC DD/REC
, , i ,, ,,.,

K m/d fit/d) 9.1 (30) 39.6-174 [54.6] ([1791) [56.7] 49.6 (161) --
(130-570) (11861)

, ,, ,, , , , ,,, ,, ,,,

T mZ/d (ft2/d) 429.2/429.2 NA/445.2 [385.4] 1091.7 (8215)
(3230/3230) (NA/3350) ([2900l)

, , , , ,, , ,,. , , , , ,, , , ,, ,,

Kv m/d (ft/d) 5.5 (18)
..-- , ,, . .. ,

Sy 0.012 0.016 0.012
, , , , ..... ,_ , , ,,, ,,,, , ,,

S mZ/d 0.0006

(ft2/d) (0.0045)
.........

NOTES:

[ ] indicates a value that was derived, rather than directly calculated. Values were derived using

the equation T = bxK
a Bouwer and Rice (1976) analysis method
b Cooper and Jacob (1946) analysis method

Neuman (197'5) analysis method

d Novakowski (1989) analysis method
' Test material 20-40 mesh well filter sand

DD drawdown during pumping phase
K Hydraulic conductivity
Kv vertical hydraulic conductivity

REC Recovery after pumping ceased
Sy Specific Yield
T Transmissivity
b Saturated thickness of aquifer
S Storativity

Source: Swanson et al. 1992
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Table 3--9. Summary of Aquifer Test Results Well 699-S22-EgT (Test Site 4) - 300-FF-5 Operable Unit.

Test type Single-well tests Multiple-well tests
....................... ,,,. , , ,,,,, ,, , ,,

Slug Laboratory Constant Discharge
,,,.,,, , , ,,,, ,,,, ,,, ,,,,, ,,

Test Date Apr 14 " Apr 2,4 Mar 18 Mar 20 Mar 25 Mar 30
1992

Coopeff
Analysis B&R' Permeameter d Bierschenk b ............

Method(s) DD/REC DD/REC DD/REC

K m/d fit/d) 182.9- 0.15 110.4/58.51 [52.1d56.71 [56.1./45.41
243.9 0.49 ([67/1921) ([171/1861) ([184/149])

(a_o-8oo)

T m2/d (ft2/d) 159.5/459.9 408/445.2 368.9/357.5
(1200/3461) (3070/3350 (3320/2690

,.- , ,,, ,,,, ,,.,....... , u. , ,, ,

n 0.185
...................... ,

aBouwer and Rice (1976) analysis method
bAnalysis is based on Bierschenk (1964)
_Cooper and Jacob (1946) analysis method
dTest was for split-tube sample. Result for K is the vertical hydraulic conductivity (Kv)
DD drawdown during pumping phase
K Hydraulic conductivity
n porosity
REC Recovery after pumping ceased
T Transmissivity
Source: Swanson et al. 1992

..............
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Table 3..10. Summary of Aquifer Test Results Well 699-S27-E9A (Test Site 7) - 300-FF-5 Operable Unit.

Test type Single-well tests Multiple-well tests
. J. . ,i . , ,,, i ,, ,, ,,, ,,,

Slug Laboratory Step- Constant Discharge
drawdown

, , . , ,, , ,, , , ,

Test date Jan 2 Permeameter' Mar 7 Mar 20 Mar 25 Mar 30
1992

,,. ., ,,, ,,, , ,., ,. ,, .,,

Analysis B&R' Bierschenk b Cooper b Neuman '
Method(s)

DD/REC DD/REC
. ,,, , ,,,,., , . ., , ,. ,,. i ........... .

K rn/d 5.2 (17) 39.6- 51.8 [44.2] [27.7l [34.41 36.8
fit/d) (130- 170) ([145]) ([91l) ([1131) (121

, ,., ,, , ,,

T m2/d 455.2 (4900) 288.0 355.8 380.9

(ft2/d) (3100) (3830) (4100)
,,,,, , i .,, , , , ,., , ,,

Kv m/d 2.1

(ft/d) (7)
,,, ,,,, ,,

Sy 0.58 0.37
, ,., , , ,

S 0.012

(0.13)
, ,,

n
........... .. ,, ,, i , . ,.,

aBouwer and Rice (1976) analysis method
bAnalysis is based on Bierschenk (1964)

cCooper and Jacob (1946) analysis method
aTest was for split-tube sample. Result for K is the vertical hydraulic conductivity (Kv)

DD drawdown during pumping phase
K Hydraulic conductivity
n porosity
REC Recovery after pumping ceased
T Transmissivity
S Storativity
Source: Swanson et al. 1992
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Table 3-11. Summary of Aquifer Test Results Well 699-S27-E9T (Test Site 7) - 300-FF-5 Operable Unit.

Test type Single-well tests Multiple-well tests
, , H. , ..,

Slug Laboratory Step-drawdown Constant Discharge
,, , H , , ., , , ,i

Test date 1992 Mar 7
, ., ,.,., , .,H.,. ,, ,,, , ,, ,.

Analysis B&R' Permeameter ° BTterschenkb Cooper b
Method(s)

DD/REC DD/REC
, ,,,. . H. ,

K m/d (ft/d) 182.7- 243.6 0.20 [35.0] [35.6]
(600- 8OO) .065 (11151) ([117l)

H,.,, , , ,

T m2/d (ft2/d) N/A 361.4 367.0
(3890) (3950)

, ,, ,, i ,,,, , ,. ,

n 0.19
H.., ,,. , ,

NOTES:

[ ] indicates a value that was derived, rather than directly calculated. Values were
derived using the equation T = b x K

" Bouwer and Rice (1976) analysis method
b Analysis based on Bierschenk (1964)
c Cooper and Jacob (1946) analysis method
d Test was performed on a split-tube sample. K is a vertical hydraulic conductivity
DD drawdown during pumping phase
K Hydraulic conductivity
Kv vertical hydraulic conductivity
n porosity
REC Recovery after pumping ceased
T Transmissivity
b Saturated thickness of aquifer
Source: Swanson et al. ].992

.
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Table 3--12. Transmissivity Estimates Using Specific Capacity
Wells 699-S22-E9T (Test Site 4) and 699-S27-E9T (Test Site 7)

300-FF-5 Operable Unit.

Equation: Equation:

T = 2000 O Q/s - (12.57)(T)

7"48*s (2.3) log 2.25 1"t
*7.48 is a conversion for gal to rio;2000 is a , r2 S

mathematicalconstant Assumeswell efficieflcy - }0%

, ,, ,, ,, ,,,, ,, , ,,,,,, , , , ,, ,, ....

Time (min) 10 100 1000 10 100 1000
, ,, J ,,,,,, ,, ,,,, i, ,, ,,,

Well 4T test 2 255.5 249.0 228.5 84.5 120.8 143.1
Transmissivity (2750) (2680) (2460) (910) (1300) (1,540)
m_/d (fP/d)

,,,,. , ,, , , , i, ........

Well 4T test 3 612.2 261.1 183.0 239.7 127.3 112.4
Transmissivity (6590) (2810) (1970) (2580) (1370) (1210)

m2/d (fP/d)
i i , , , , ,.,, ,, i ,,..,

Well 7T 746.0 667.0 560.2 301.9 365.1 393.7
Transmissivity (8030) (7180) (6030) (3250) (3930) (4130)

m2/d (fla/d)
,,., ,.. , , ...........

NOTES:
Q discharge rate, g/rain
s drawdown, ft
T Transmissivity, ft2/d
r well radius, ft
S Storage coefficient

Source: Swanson et al. 1992
......
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Table 3-13. Hydraulic Property Estimates for Wells in the Uppermost Aquifer of the
300-FF-5 Area.

Well Name Transmissivity c Hydraulic Specific Yield

m?/day Conductivity ¢
(fff'/day) m/day

fit/day)
= ,, , , ,,, ,,,,, j, ,,, , , , ,, , ,, , ,, _ ; ,,, __,

699-S27-E9T a 430 36 0.37
(4,800) (120)

, r ,, , , , ,, ,, , ,, ,,, ,,i _ , .... , ,, , H. , , t ..

699-S22-E9T a 600 50 0.014

(6,400) (160)

399-1-13 b 10,000 3,000 -

(110,000) (11,000)
L ,, , ,,,,, ., ,,,,, ,.,, ,, , ,, ,., ,, , , ,,, ,, ,,.., ,,, , , , J, _ ,,

399-1-18A b 90,000 15,000 -
(1,000,000) (50,000)

, , , ,,, , ,,, ,H, | ' "" .,H, '"" ' ' "" | ' ' ' .............. ' , ,

399-1-14 b 18,000 3,000 c

(19o,o0o) (lO,OO0)c
....... _ ,=,, ,, , ,,, ,, ,. ,_ ...... ,, , , , ,, ,,,. . ,,., ,.

399-1-10 b 18,000 3,000 c

(200,000) (10,000) c
, , , ., ,,,., ,,., ,, , , - . . ,= ,

399-1-16A b 900 150

............ L,,, (10,000) , !500) ...........

aSource: Swanson et al., 1992.

bSource: Schalla et al., 1988.
CAssuming an effective aquifer thickness of 6 meters (20 feet).
Note: - = information not available.

........................
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Table 3-14. Birds Observed During Surveys of the 300-FF-5 Operable Unit
and Vicinity (Sheet 1 of 2).

............. Spring/summer' Winter Surveys
Surveys

Common Name Latin Name Period at No. Relative No. Relative
Hanford Surveys Abundance Surveys

Bird Seen' b Bird Seenc Abundance

Iou U +lou
................................ Riverine Spedes

I I It H I IIIIIl Ill I atilt I It III If, I I I IIlll ItIt Ill It I I I Ill It

Common loon _avia immer year-round 1 0 O.':_ 0 1 1 i 03
II I J IIII I IIIIII I III II Jill J I11 II I II 11 ---| I . Z + : ..... _-

Eared Grebe Podicepsnigrtcoliis winter-summer 0 0 0 0 0 1 0 l

Oou-bl'_resteci' cormorant _'halacfc_or_i'iuritus 'year-re'lad I 0 - 0.6 -+ 0 +- Z- Z 13 1
i ............ ,, i lu ,i, , ,,,, ,, ,, u ,, ,- , , , , -

C_.anvaeb.k _ythya valisineria fall-spring ] 0 0 0 '0 1 0 1+5 0
mu t,,, , ........ _ .........

[iuiaehead Bucephala albeola fall-spring 0 0 0 0 12...... 2 46 2.5
.,, ,,, , ,,,i u,I , ........ -- - - .

2amman goideneye Buclephahlclangula ....... i'alll'-spring 6 0 0 0 2 0 II 0
| , , ,,,, i , , , .,.,.,, ,, i., , .

Mallard .... Anasplalyrhynchos year-round 5 4 6[2 2.2 2 2 0.5 i7
..................... + ..................... _ ................. : ,, ,,,, .

Commonmerganser Mergu+ merganser year-round 1 1 0.2, 0.4 0 l 0 0.5
, , , , , ,, , ,, , • ,,t ' ' ' ' ' ' I "' '' , , =, ' ' ' ' " ] , "'

Osprey _andion haliaetus year-round 1 '0 0.2 0 0 0 0 0
l ,, ,, , ,,,,,, ,,,, 1, ,l, ,,,, •,, , , .............. , ,,J , •

Greatblue heron Ardea herodiaa year-round 5 3 4.6 i.2 'Z 2 5.5 3
,,

Gull Larus spp, year-round . 185.6 207 1 2 7.5 3.5
_ ''tHUL -- ' ''_ ' " " I' '" '+ ' " '" "

Forster'stern $1ernaforsleri spring-fall S S i7.2 4i 0 0 0 0
........... ,,, , J ,J , ,, ,,, . _ - + ..... 4 ,, , , - ,, ,

E_lteJ kingfisher cerYle _lcyon year-round 1 I 0.2 0.4" 0 0 0 0

........................... Ri'p_rianSpecies .........
iiiii III I I I IIII 11 1 I I III I II _ III _ IIIIII I III ii I

Canadagoose Branta canadensis year-round 3 3 8 4.J_...... 2, 1 6 26
I till I Ill, I II Ilia l L I "' ,, l l + "

C_ifornia qu_l .......... Cadlipeplaczflifornica year-round 3 5 7.2 3.6 0 l 0 0.5

Rin'g.n_ked pheasant >hasianuscolchlcu's'_ year'-'roun'd......... () 1 0 0.2 i ..... 0 03" 0
t, it . . ,,,, . ,, , ,,, ,, , ,i........... ,

Killdeer + 1Charadriusvociferus year-round 2 4 i 1.6 0 0 0 0

Common snipe Galiinago'gallinago summer,spring ....... 1 0 0,2 0 0 0 0 0
, , m ,, ., . ,, , , ,, ,,t i ,,.. ,,,,

_orthern flicker Colaetesauralus year-round 0 0 0 0 2 1 3.5 1
. , . ,, ,, , i ,

Easternkingbird Tyrannus tyrannus spHns-f_l 3 0 0.8 0 0 0 0 0

_ank swallow Ripariariparia spring-fall 5 5 66 43 0 0 0 0
, .r, ,, , , ,,+,,,,. , , i , , , i . , ,,,

_m'n swallow H]rundo rustica spring-fall I 3 616 1.4 0 0 (J 0
, , .,. ,,,, , ,,,,, ,,, t... ,., , , ,, .... ,

_iff swallow l-firundopyrrhonota spring-fall 0 3 0 8 0 0 0 0
,, _ ,,, ,, ,, ,, , ,, , , , ,, , , , ! , ,,, ,

_mertcanrobin Turdus migratorius year-round 0 4 0 '1.4 0 0 0 0
, 'L L "' " '" "'

ma.bi,edmawie Picap+ a ye.r-,ou,d S 6.8 Z 2  2.5
,, ,, ,,,,, ,, , , ,

Pqorthern oriole Ill [cirrus galbula :spring-fall 3 3 0"_ 0'6 0 0 0 oil'

Son8 sparrow Melospiza melodia year-round 2 2 1.6 1.4 0 1 0 2
, , i, , ,, ,,

Brewer'sblackbird Euphagus spring.f_ll 2 3 9.2 6.6 0 0 0 0
:yanoceph_dus
...............
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Table 3-14. Birds Observed During Surveys of the 300-FF-5 Operable Unit
and Vicinity (Sheet 2 of 2).

...................................... Spring/Summer ..........
Winter Surveys

Surveys

Common Name Latin Name Period at No. Relative No. Relative
Hanford Surveys Abundance Surveys

Bird Seen' b Bird Seen' Abundance

uR"ou'uR ou uR'bu .......ou
..... i l i I III I [11 III I I I II I I I .........

Rid-winged blackbird Agelaius phoenicceus spring-i_l 5 5 7..6.4 7.0 2 0 44 0
III I I I I I I I I I I II lille [ II Jl

Yellow.headed blackbird Xanthocephaius ,pring-f_dl Z 0 2.2 0 0 0 0 0

Darked'ey;d )unco lunco h yem_lts fail-sp;ing 0 0 0 0 2 2 5 30.5
_l I I I I I IlJ Ill II 1 ll I I I I II I I I 1I I I j

_e'_C__ _OJd_l_h C_do_li_ tristis year-round 0 0 0 0 2. 0 12 0
Ill I,I [ l l II Ill Ill Ill, ...... I l

Shrubsteppe species

Norfhern harrier I ' Circuscyaneus year-r0und 0 0 0 0 1 0 0.5 0
....... , ,u, i , ,,,, , ,, _= .... , .... , .... _

r Red-tailed hawk EButeojamaicensis year-round 0 0 0 0 0 1 0 0.5
. i J ,.,, ,, | i , ..... .

Rough'legged hawk _uteo lagopus fall-spring 0 0 0 0 l 0 0.5 0
i , ,,, ,,,,,, ,.i , , ...... ......

Mourning dove Zenaida macroura year-round 1 3 0.4 1 0 0 0 0
i. ,. , . L .., . i , 1..... ............ "r --

Burrowing owl _,thene cunicularia year-round 5 0 1.4 0 0 0 0 0
..

Gommonnighthawk ' Ch'ordeilesminor summer-fall 2. 3 o.6 1.2 0 o o o

.................................. . .......Western kin d ryrannus verticalis spring-fall 3 4 I 4.4 0 0 0 0
, __

American crow Corvus brachyrhynchos year-round 0 4 0 1.4 0 0 0 0
' |'"' ' ' '" ...."" ' " ' I"

Northern ,hrik_ ..... L_i"' "XC"_i'O' fa_-,pri._ 0 0 0 0 _ 0 0_ l0

i Jl i i . i ii m l . .., 1 .. , i,

Loggerhead shrike Lanius ludovicio_nus year-round 0 1 0 0.2. 0 0 0 0
II II I I I I I ...... -- .... --

Brown-headed cowbird Molothrus ater Ispring-fall 1 2 0.2 1 0 0 0 0

Sage sparrow ' _phispiza beili !sprinlg-faJi' 2 .... 0 044 0 .... 0 0 0 0 --

_Nhite..crownedsparrow Zonotrichia [eucophrys fall-spring [ I [,,i0 0 0 0 2 2 .I '47_ 11_

I ,. ,, i ,. , , , ,, i .. ,,,, ,, ,,,, .....

L-'hipping spin'row Spizella passerina fall-spring 0 0 ' 0 0 1 ' 0 05 0
,, =., i i ,.,

Western meadowlark Sturnella neglecta year-round 5 3 3.6 1.6 1 1 5.5 0.5
. i,i ,,.. i i . i i, i , .........

[ndustri_d/Residenti_l species
,.,,., , ,.. . i. ,,-. ,i. ., | i .,,,,

Rock dove Columba livia year-round 0 5 0 5.8 0 2 0 11.5
i __

Barn owl T_I0 alba year-round 4 0 1.2. 0 0 0 0' 0
1,, , ,, , ,

European starling Sturnus vulgaris year-round 0 4 0 24 0 I 0 9
, , , ,, ,, i , ,., .i

House finch Carpodacus mexicanus year-round I 4 0.2 II I 2 I0 7
, ,, , , , ,, , ,, , , ,, _

House sparrow Passer domesticus year-round 0 4 0 4.2 0 0 (1 0
/

,,,, ,, , , , ,,,,., , l ,.

maximum of five surveys
' total number of birds counted on period surveys divided by number of surveys
maximum of two surveys

......
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Table 3-15. Ecological Data for Key Birds of the 300-FF-5 Operable Unit.

, ...................................

Species Home range Mean body weight food intake !diet

(g/day)
.......... ,, , i , , ,, , , , ,,,, ,,,,,,, ,,,, ,,, ,, ,

Canada goose 8.8 km of river' 3.6-4.5 kg b 43(Y vegetation
, , i,, J,.,,i,,,,,i ,, • ,, ,,, , ,, ,, ,m, ,, ,,, i ,. ,,

Forster's tern 0.22 km of river' 115 gb 501 Table 3.16
,_ i ,, t,i, , ,,, ,, ,., _,, , , ,, ,,., , ,

ring-billed gull 1.1 km of river' 488 gb 140f Table 3,16
i,,, J! ,,, ,. ,, , , . ,,,, . , ,m , .,,

mallard 11 km2" 1.2 kg (male) b 170 f Table 3.16
1.1 kg (female) b

................ i , , i, ., , _ , , ,, ,,,,,.

merganser 16 km 2_ 1.7 kg (male) b _Off Table 3.16
1.2 kg (female) b

, , |,, ,,L . ..,., , ,,,., , J,,.

bald eagle 60 km z' 3.6-4.1 kg (male) b 680 j 41% salmon
4.5-6.4 kg (female) b 39% mallard h

,,, , ,,, , • ,. ...... , , ,.. ,,. , ,. ,

Swainson's hawk 7 km 2x 1.1 kg (female) b 2301 32% mammal
0.9 kg (male) b I00d 2% bird
988 gd 52% reptile

14% insect" (Items)
,, ,,,_ ,,. , ,,. ,,,

great blue heron 8 km:" 1.1 kg b 250 t fish
amphibians
reptiles
aquatic invertebrates

.,,, ,,, , , ,, ,_, ,,., , ,,,. , , , ,,,

northern harrier 2.9 km z" 340-400 g (male) b 140t ismall mammals
370--570 g (female) b 100`` birds``
521 g ``

l . ,, ,., ,,. , I_ , ,,,, ,,, ,,.. , , ,, ,. . , ,., , ,. ,,,,

burrowing owl 0.58 km 2' 160 g (male) b 67_ 69% small mammals
170 gd 26`` [9% lagomorph

!22% insect a (biomass)
,L . , , ,.,.. ,,,,, , ,,, • ,,, ,, .. ' '

loggerhead shrike 010 km u 40-54.5 g (male) b 28 t 17% mammals
40-47.4 g (female) b 68% insects

15% birds (summer) a
76% birds & mammals

_ t 24% insects (winter)", . ,..,., ,., ,,, .......

western meadowlark 0.2 krn "a' 87.5 gb 44' 95% arthropod
5% seedg

_ ,, , ,.,, ., ,,. _ , , , , , , ,

sage sparrow 0.01 km z' 16.4--20.2 g (male) b 151 80% arthropod
16.2-19.8 g (female) b 20% seedg

,, .,, , , .... ,,, ,,,., ,,

aEberhardt et al. 1989

_l'erres 1980
'Poole et al. 1988
dFitzner et al. 1981

'Carnivore HR scaled from Swainson's hawk by Mass (kg) 1'39,herbivore HR = 9.86 x Mas (kg) 0,70
(Schoener 1968)
rCalculated as Intake-Herbivore = 157 x Mas (kg)°'_; Carnivore = 234 x Mass (kg) 0,69(Calder 1984)

gRotenberry 1980
"Fitzner and Hanson 1979

..... ,,, , , , , ..
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Table 3-16. Dietary Composition of Hanford Site Aquatic Birds.

, • .......................

Type Percentage of Diet by Volume
..... , , ,, .......... .,

Algae Insects Fish Limpets Crayfish Plants Other
& Snails

, ............... i ,, _ | ,.,, ,,. , .,,, ,,,

Shorebirds - 70 10 20 - - -
............. _ , i, , ,, ,, ,, ,.,.-.

Swallows - I00 .....
_ ,,. , ,, , , ,J ,,. ,.,

Diving ducks 3 62 1 17 1 8 8........... ,,,, ,,, i, , ,, , ., , ,,.,. ....... , ,,.,

Puddle ducks 1 23 - 3 - 72 1
,,, . , ,,,, i , , , . , .J, ,,,, ,, , ,.. ,,, ,,, ,

Grebes 5 24 55 2 6 - 8

Terns - 30 70 ....

Gulls 1 18 60 5 - 1 16
........... | ,, , ,. ...... ., , , . , ,, , .,.,,,

Mergansers - 1 93 - 5 - 1
. , • t |

aHanson and Browning (1956)
......................
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Table 3-17. Threatened, Endangered, and Candidate Birds of the Hanford Site
That May Occur in the Vicinity of the 300-FF-5 Operable Unit. (Sheet 1 of 2)

..... . .........

Common Name I Habitat" Federal Status State Status
i i ii' • i i, ,,, ' ' i i " '" iiii, ,'-'i,i,iimulL ii', IL i

Aleuti ,an Canada goose = riperia_llwatland endangered endangered,, i , i m i i , ,, IN m I i ,lii I ,,i i i ,, , ,,

American white pelican riverine - endangered
, .,, =, , . =, . , L i ,,

arctic tern = riverine - monitor

aeh-throated flycatcher riparian - monitor
..... i , , .. i , ,, , ,. ,, , , ' ,,

bald eagle riverine threaten,,,! threatened

barred owl = riparian/shrubsteppe - monitor

black tern = riverina candidate monitor
i ii i i i iii i i rl i

black-crowned night heron riverina - monitor

black-necked stilt = riverine - monitor
i L I m ii i i i i i ii i i iii iiii ii i i ii i

burrowing owl" shrubsteppe - candidate
l i i i l mllm ii i, i ml iml m ,,, ,,, ,,,,,

Caspian tern riverine - monitor

Cle.-k's grebe = riverine - monitor
= H. , i, , , , .. ,. ,i ,, , i , ,

common loon °. riverine - candidate
i i , i L ,, , . , l .

ferruginoua hawk shrubsteppe " candidate threatened
i i i i i iii i i i im iiiiii i m i

flarnmulatad owP ehrubateppa - candidate
i i i i [ i il Ill I II INII I I II I

Forster's tern a riverine - monitor
iii ii i i i 1 i i i i i i i ii ii

golden eagle shru_toppe - candidate

grasshopper sparrow =hrubateppe - monitor
i ii ii i ii L I II Ilml ii i m

great blue heron ° riverine - monitor

great egret = riverine - monitor
,.= , ,, , i , i, ,i , , ,, ,

gyrfalcon b riparian/shrubstappe - monitor

horned grebe riverine - monitor

Lewis' woodpecker b riparian/shrubstappe - candidate
_ i)i i ,I i i i |i

loggerhead ehrike ° shrubsteppe candidate candidate
i ,,. ii ,i ,i , i

long-billed curlew shrubsteppe candidate monitor
• , i , , , ,, , , ,

merlin = riparian/shrubsteppe - monitor

northern goshawk shrubsteppe - candidate
........... ,,, . ,,
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Table 3-17. Threatened, Endangered, and Candidate Birds of the Hanford Site

That May Occur in the Vicinity of the 300-FF-5 Operable Unit. (Sheet 2 of 2)

Common Name Habitat" Federal Status State Status
...... . =;I ' , , ,,, ,.,, " ' '"" • , , ' " " ,',',' '"" • .... ,

osprey = riverine/riparian - monitor
. i, i1|, i • , i i i , ,i ,,.

peregrine falcon b riparian/shrubsteppe endangered endangered
iii i ,, ,,, , I,,L .|, ,, |, , ,'.,, ,

prairie falcon riparian/shrubsteppe - monitor
i H i| i i , . i, i .,. iii .,,,. ,= . .= , ,, ,,

red-necked grebeb riverine - monitor
i i i |||, i , ,. ,, ,,, i|i • i , i i., .

sage grouse shrubsteppe candidate candidate
i • HH, .1, I, .

sage sparrow = shrubsteppe - candidate
i i m , i i, i. i ,

sage thrasher shrubsteppe - candidate

sandhiil crane riparian/shrubsteppe - endangered

snowy owl ripariaun/shrubst eppe - monitor
, i , , , =. . ,, ,. , ,

Swainson's hawk shrubsteppe - candidate
,. , , ,,,I. ., , , ,, ,

Trumpeter swan b riverine candidate -

turkey vulture b ripariau'l/shrubsteppe - monitor
, ,, |. i , ., ,, , ,

western bluebird b riparian/shrubsteppe - candidate
iii iiii i iiiii i i i i i ii i ii i

western grebe riverine - monitor..........

a Habitat usage from FiLzner and Gray (1991)
b Rare migrant or accidental occurrence on Hanford Site (Fitzner and Gray, 1991,

Landeen et al. 1992)

c Species observed during 300-FF-5 surveys
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Table 3-18. Mammals of the Hanford Site Associated with the Riparian Zone
of the Columbia River _. (Sheet 1 of 2)

Family Common Name Latin Name Abundance Habitat Association
, ,_ . ,., , . , ,,, ,

Soricidae vagrant shrew Sorex vagrans uncommon riparian
, ,, ,,,. ,i., ,,. ,, ,, . , ,,. ,,, ,...,

Vespertilionidae pallid bat Antrozous paUidus common - buildings
summer

, , ,,,,,.,, ,, • , • ,, t ,,, . . , ,,

little brown myotis Myotis lucifugus common - buildings
summer

,, , ., , , , , , , ,,, ..,, , .,

Yuma myotis Myotis yumanensis common - buildings
summer

,, , . . ,,,,, ,, , , ,. , , .

Leporidae black-tailed Lepus caIifornicus common shrublands/
jackrabbit grasslands

, , .. . , ,,

Nuttall's cottontail Sylvilagus nuttallii common buildings
, .,., ,, ,, , . , ,,

Sciuridae Townsend ground Spermophilus townsendii common shrublands/
s__quirrel grasslands

, ,, ...... • • ,, , ,, ,., , ,,, L ,, , , ,, . ,

Geomyidae northern pocke t Thomomys talyoides common shrublands/
gopher grasslands

, , , •. , , , , ,, ,, . , ,,., , , , ,,

Heteromyidae Great Basin pocket Perognathus parvus common shrublands/
mouse grasslands

,, , , , . ,,, , , , . ,

Castoridae beaver Castor canadensis common river/riparian
, , ,m, ,, , ,., , , ,. , , , ,

Cricetidae western harvest Reithrodontomys megalotis rare shrublands/riparian
mouse

, , ...... , ,, , , , ,, |

deer mouse Peromyscus manicu[atus common entire site
, , ,,, ,,..... . , , ., , , ,,,, , .. , , ,,,

northern Onychomys leucogaster rare riparian
_rasshovver mouse_ _ -

. , ,,, ........ ,, , , ..

bushy-tailed wood Neotoma cinerea common entire site
rat

, ,. ,,. , ,,, ,, ,., , , ,., , .

montane vole Microtus montanus rare riparian
, , , ,, , ,1,, , ,1 ,,, , , , , ,,

muskrat Ondatra zibethica rare river/riparian
_ , ........ , , 1,, ,, .,, ,. . , , ,

Muridae Norway rat Rattus norvegicus common buildings
,. . L .m , . , ,,. . ,.. , , , , ,, ..

house mouse Mus musculus common buildings/riparian
, , , , , , . , ,

Erethizontidae porcupine Erithizon dorsatum uncommon entire sitem , , ,, ,, , ,, . , ,

Canidae coyote Canis latrans uncommon entire site
. , , ,, ,, ,

Procyonidae racoon Procyon lotor uncommon riparian
............
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Table 3-18. Mammals of the Hanford Site Associated with the Riparian Zone
of the Columbia River a. (Sheet 2 of 2)

Family Common Name Latin Name Abundance Habitat Association
, ,,. . , ,,, ,_ ..............

Mustelidae mink Mustela vison rare river/riparian

long-tailed weasel Mustela frenata uncommon riparian
....... ,., ,, , . ..

short-tailed weasel Mustela erminea rare riparian

otter Lutra canadensis rare river/riparian
. .,, , ,, , ,

bad_:er Taxidea tasus uncommon entire site
.,, ....... , , ., ,, . ,. .....

striped skunk Mephitis rnephitis uncommon riparian
i i Ul I ii iiiii i iii iii ii iiii ii ii i i

Felidae bobcat Lynx rufus rare entire site
.., . , ,,. ,,,. ,,,....

Cervidae mule deer Odocoileus hemionus common entire site
,. , ,. , ,, , . , ....... ., .. t ..... | .... , ,, . _

white-tailed deer Odocoileus virginianus rare riparian
II IIIII I I II II I i I1[ I I

aAnimal or sign observed during surveys of the operable unit and vicinity indicated by underline.....................
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Table 3-19. Ecological Data for Key Mammals of the 300-FF-5 Operable Unit.

.....

Species Home range a body weight intake/day diet
.,, , , .. . i

black-tailed 16.2 ha b 2.5t kg b 340 g/d g 75% forb
jackrabbit 12 ha a 25% shrub ¢

. ,H ,, , , . , ,. , , , ,

Nuttall's 0.9-2.0 ha a 1.0 kg h 160 g/dg sagebrush
cottontail 4.7 ha _ grass a

_, . .., , ,

GB pocket 0.10 ha a 23.5 gh 6.7 g/dg 88% vegetation
mouse 12% insects l

, , , , , , , , , . . ,..

beaver 115 ha a 23 kg (16-31.5) e 2.2 kg/d g Salix
Populus
forbs e

•. ., , , , .. , , , , . .L ,, , ,, .

coyote 18 km 2f 11.2 kg male 1.3 kg/dg rabbits
30 ha a 9.8 kg female f small mammals

14.5 km 2 birds
social members insects

54 km2 solitary m fruit f
,., . , m . , ..

racoon 40-100 ha n 3.6-9 kgn 0.9 kg/dg invertebrates
180 ha a seeds

rodents
birds n

mule deer 12.4 km 2 maleJ 118 kg male 8.6 kg/dg 55% forbs
61 km 2_ 57 kg female h 39% shrubs

5% grass k
, . . H ,, , , ......

house mouse 133 m2i 21 gi 3 g/d i omnivorous i
900 m2a 6 g/d g

, ,,, m ,, .. - ,

Walues calculated as: herbivoro (ha)=4.7 x Mass (kg) 1"°2,omnivore = 34 x Mass °'gz, carnivore =
13.2 x Mass 1"36(Calder 1984)
bDunn et al. 1982
CUresk 1978

dChapman et al. 1982
eHill 1982
fBekoff 1982

gvalues calculated as: herbivore (kg/d)=0.157 x Mass (kg) °'84,carnivore=0.234 x Mass °'72(Calder
1984)
hBurt and Grossenheider 1976

ijackson 1982
iMackie et al. 1982
kUresk and Uresk 1980

IJohnson 1975
mCrabtree 1989
nKaufman 1982
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4.0 NATURE AND EXTENT OF 300-FF-5 OPERABLE UNIT CONTAMINATION

4.1 INTRODUCTION

This chapter provides a-description of the nature and extent of contamination at the
300-FF-5 operable unit. The primary purpose of Chapter 4 is to define the chemical and
radiological compounds at the 300-FF-5 cperable unit which potentially pose risk to human
health and the environment. The compounds which are identified as such are termed the
contaminants of potential concern (CsOPC). The CsOPC are identified for each media (soil,
groundwater, sediment and surface water) which represent a potential contaminant
exposure route and are chosen through a step-wise screening process which considers
laboratory and field blank data, background concentrations, appropriate regulatory criteria,
and media-specific risk-based benchmark screening concentrations.

Section 4.2 consists of a data evaluation to identify the CsOPC for relevant media
within the 300-FF-5 operable unit. The approach used in this evaluation is based on

guidelines for defining risk presented in EPA (198%), Bleyler (1988a,b), WHC (1992a) and
DOE-RL (1993b), which narrows the list of the detected contaminants to those which

represent actual contamination, pose potential risk and/or exceed regulatory criteria. The
media-specific CsOPC which result from this screening process are carried forward for
consideration in the fate and transport analysis of Chapter 5, and the quantitative baseline
risk assessment conducted in Chapter 6. The screening is performed only for soils,
groundwater, sediments, and surface water. As described more fully in Section 4.2.1, the
screening for soils was performed only for future predicted groundwater concentrations
which are estimated to result from infiltration through the 300-FF-1 operable unit soils.

Section 4.3 describes the distribution throughout the operable unit of the various
media-specific CsOPC identified in Section 4.2. Based on this discussion, some CsOPC are
eliminated from further evaluation due to low frequency of detection and/or limited extent.
For groundwater, plume maps are presented (Appendix K) to indicate the location and
extent of the contaminant plumes throughout the 300-FF-5 operable unit.

The nature and extent of contamination in biota is addressed in Section 4.4.

4.2 300-FF-5 OPERABLE UNIT CONTAMINATION

4.2.1 Approach

This subsection describes the general approach utilized in the screening process
which is aimed at identifying the contaminants of potential concern (CsOPC) for the
relevant 300-FF-5 operable unit media. Figures 4-1 to 4-5 illustrate the general approach
used in the screening for each media. These figures are referred to in the discussions
below.

As the 300-FF-5 operable unit is a groundwater operable unit, an evaluation of the

nature and extent of contamination in this RI is aimed primarily at the groundwater
medium, with consideration also of contamination within the associated Columbia River
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sediments and surface water. These media may also have become impacted by the
migration of contaminants present in the groundwater.

Evaluation of potential future risks to groundwater due to contamination in the
overlying vadose zone soils is also necessary, however, because this evaluation was
deferred to the 300-FF-5 RI in the 300-FF-1 Phase I RI (DOE-RL 1993a). Vadose zone

contaminant data are currently available_ however, only for soils of the 300-FF-1 operable
unit (and at some limited areas in the 300-FF-3 operable unit). For soils in the other 300
Area source operable units (300-FF-2 and 300-FF-3 operable unit soils), limited data is
currently available, as these Rls have yet to be initiated. Source characterization of 300-FF-2
and 300-FF-3 operable units is not scheduled for the immediate future. An evaluation of

groundwater impacts from vadose zone contaminants can therefore be performed, at this
time, only for the 300-FF-1 operable unit soils. Evaluation of groundwater impacts from the

300-FF-2 and 300-FF-3 operable units will need to be performed within the context of each
operable unit's respective RI/FS process. Measures to control such impacts, if they are
found to be necessary at the 300-FF-2 and 300-FF-3 operable units, will then need to be
incorporated into each operable unit's remedial action objectives. Therefore, an evaluation
of the nature and extent of contamination in vadose zone soils at the 300-FF-5 operable unit
will be performed in order to estimate impacts to groundwater; however, this evaluation
will consider 300-FF-1 operable unit soils only.

It is important to note that boundary changes and deferrals of work scope from one
operable unit to another are done so by authority and agreement of the Tri-Party
Agreement Unit Managers for the operable units and are part of the official documentation
associated with the monthly unit managers meetings that have been held to discuss
progress of the work.

Because of a change in the 300-FF-1 boundary which occurred during the 300-FF-1

operable unit Phase I RI, some limited investigative work was conducted in the 300-FF-3
operable unit. This work was conducted at the 307 Trenches and the 307 Retention Basins.
The 307 Trenches and 307 Retention Basins are now within the 300-FF-3 operable unit
because of the boundary change. Because soil data were collected at these waste
management units, their potential impacts to groundwater quality will be evaluated in this
RI with the 300-FF-1 waste management units.

As such, the discussion of the nature and extent of 300-FF-5 operable unit
contamination will be focused on the following media:

• soils of the 300-FF-1 operable unit (along with soils of the 307 Trenches
and 307 Retention Basins);

• groundwater;
• river sediment; and
• surface water.

The nature and extent of contamination in biota is evaluated using a separate
approach and utilizing different procedures than those used to address soils, groundwater,
sediments and surface water. The nature and extent of contamination in biota is addressed
in Section 4.4.
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The data evaluation performed in this chapter consists of a step-wise screening
process, based on guidelines presented in EPA (1989a), Bleyler (i988a,b), WHC (1992a) and
DOE-RL (1993b), which narrows the list of the detected constituents to those which

represent actual contamination, pose potential risk and/or exceed regulatory criteria. The
overall screening process is depicted in general terms in Figure 4-1. The basic steps of the
contaminant screening include the following:

• data validation and verification;

• blank adjustments;

• background screening; and
• risk-based and regulatory screening.

Data validation and verification is a quality assurance-related task which validates the
overall correctness and accuracy of the analytical data. The result of data validation and !
verification is a database of analytical results which have been checked and confirmed, and
which can then be used in the contaminant screening steps which follow.

Blank adjustments remove detect bias which results from laboratory, field or
equipment contamination. Sample detects which fall below blank adjustment factors are
adjusted to non-detects. Blank adjustment factors are determined from detects observed in
blank samples. The blank adjustment portion of the screening process is described in
Section 4.2.2.

Background screening eliminates those compounds which are present below
established background values for the various relevant media. Background values are
obtained from a combination of literature sources, Hanford Site and operable unit-specific
data. Compounds which remain after the background screening are intended to be
representative of actual contamination. Background screening is presented in Section 4.2.3.

The final step in the screening process is the risk-based and regulatory screening. This
identifies, of the compounds which exceed background, those which pose a potential risk
to human health and/or exceed regulatory criteria. Risk-based screening concentrations are
calculated to represent a specific hazard quotient (HQ) of 0.1 or a lifetime incremental
cancer risk (LICR) of 1E-07 using defined exposure assumptions, as specified in the
HSBRAM (DOE-RL 1993b). Compounds which exceed the risk-based values or regulatory
criteria are termed the contaminants of potential concern (CsOPC). These compounds are
retained for further consideration in their fate and transport (Chapter 5) and in the human

risk assessment (Chapter 6). The risk-based and regulatory screening is performed in
Section 4.2.4.

It is important to note that, because the risk-based screening values are based on 10-7
LICR for carcinogens and 0.1 HQ for non-carcinogens, screening concentrations are lower
than sample quantitation limits (SQLs), background UTLs, and blank adjustment factors in
the case of some compounds. With respect to the SQLs, this is primarily due to an
inability in the current level of standard laboratory methodology to _ttain detection limits
as low as the screening concentrations. In addition, the conservative benchmark screening
levels did not exist during the development of data quality objectives for the work plan. It
is therefore acknowledged that the risk-based screening is less conservative than 10-7 LICR
for carcinogens and 0.1 HQ for non-carcinogens for some compounds.
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Regarding exceedance of risk-based screening concentrations by blank adjustment
factors and background values, a very important objective of any RI is to define what is
contamination and whether the contamination poses a significant risk. If a detected
compound cannot be confidently distinguished from laboratory error/artifacts or
area/regional background, the detected compound should not be included in a CERCLA
risk assessment or be considered for remediation. Risk assessments and remedial actions at

CERCLA sites should only be conducted for site contamination.

For the purposes of this RI, the term "detect" is defined as a sample result which
represents the actual presence of a compound, as measured by laboratory equipment, after
any QA-related adjustments have been made. The term "non-detect" represents a sample
result which falls below the instrument detection limit, or which was adjusted as such

based on detects in laboratory or field blank samples.

4.2.2 Blank Adjustments

The results of the sampling and analysis tasks performed under the 300-FF-5 and 300-
FF-1 Rls were compiled into respective operable unit analytical databases. Prior to entry
into the databases, the sample results were subjected to a quality assurance review process

which validated and verified the quality and correctness of the data. Data validation
which was performed for the 300-FF-1 operable unit data is described in DOE-RL (1993a).
Data validation of 300-FF-5 operable unit data is described in Section 2.8 and summarized
in Appendix F (Data Quality Evaluation). In accordance with acceptable procedures,
approximately 20% of the 300-FF-5 operable unit analytical data were validated.

The first step of the screening process, which occurred once compilation of a

validated and verified database was complete, was a series of blank adjustments. Blank
adjustments were performed to eliminate sample detects attributable to laboratory and/or
field contamination. As part of the screening process, two types of blank adjustments were
performed:

• laboratory blank adjustments
• case blank adjustments.

The laboratory blank adjustments were performed only for organics and only on the

remaining 80% of the 300-FF-5 database which had not been validated. For the portion of
the database that was validated, laboratory blank adjustments were performed as a part of
the formal data validation process.

The purpose of the laboratory blank adjustments was to eliminate sample detects
which may have resulted from laboratory contamination. Laboratory blank adjustments
were performed only for organics. Compounds detected in laboratory blank samples
within a Sample Delivery Group (SDG) were multiplied by a factor of 5 or 10, as specified
in WHC (1992a). The resulting blank adjustment factors were then compared to the
analytical results associated with the SDG. Any det,_cts which were less in magnitude than
the blank adjustment factors were converted to non-detects.

Compounds detected in the 300-FF-5 laboratory blanks, the resulting laboratory blank
adjustment factors and the sample (HEIS) numbers associated with each lab blank are
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summarized in Table 4-1. It is important to note that the blank adjustment factors for some
compounds exceeded chemical-specific ARARs. For laboratory blank adjustments, these
included methylene chloride, bis (2-ethylhexyi)phthalate, di-n-butylphthalate, and 1,1-DCE
during the first rotmd; methylene chloride and chloroform during the second round;
methylene chloride and benzene during the third and fourth rounds; and methylene
chloride and benzene for spring and surface water samples. This information is provided
for general informational purposes oniy. It does not matter if a blank adjustment factor is
above or below an ARAR as the blank adjustment procedure is performed to identify the
constituents that are considered laboratory artifacts. The only compounds that was blank
adjusted to a value over the MCL for every quarterly groundwater monitoring period was
methylene chloride, a common laboratory contaminant. A toxicity based screening is
performed only after the actual contaminants have been identified.

Case blankadjustments were performed following the laboratory blank adjustment

process. The purpose of the case blank adjustments was to remove systematic detect bias
for media analysis conducted by a given laboratory during a sampling event, or case
(Bleyler 1988a, b). Ideally, a case would be defined by a group of samples which all share
identical sampling attributes and characteristics, i.e., the same sampling personnel,
procedures, bottles, reagents, shipment containers, equipment, etc. Compounds detected in
blank samples from such a case would effectively identify any detect bias associated with
the samples. For the large sampling effort conducted herein involving a large number of
samples, such an ideal case would be impractical. For this RI, therefore, a case was
defined, for groundwater, as all samples delivered to a particular laboratory for each
quarterly sampling round. Seepage, surface water and selected groundwater samples (all
associated with the spring sampling events) were considered a single case, and sediment
samples were considered a single case.

The case blank adjustment procedure was performed similarly to the laboratory

blank adjustments described above. Within each case, compounds detected in the field or
trip blank samples were multiplied by a factor of 5, as specified in Bieyler (1988a) (for
radionuclides) and WHC (1992a) (all other constituents). The resulting blank adjustment

factors were then compared to the analytical results associated with the case. Any detects
which were less than the blank adjustment factors were converted to non-detects. Filtered

blanks were used to adjust filtered samples, and unfiltered blanks were used to adjust
unfiltered samples.

Case blank adjustments were performed for all media and for all parameters
analyzed. Case blank adjustments were not performed for those cases where no field or
trip blank data were obtained. In these instances, all detected compounds remaining after
the laboratory blank adjustments were carried forward to the next step in the screening
process (background comparisons). Compounds detected in 300-FF-5 case blanks and the
resulting blank adjustment factors are summarized in Table 4-2. Compounds with case
blank adjustment factors exceeding ARARs are indicated in the table by shading.

The validated and blank adjusted data, as well as all QC data, are presented in
Appendices A, B and C for spring, soil and groundwater analyses, respectively. All blank

adjustments for 300-FF-1 soils are presented in the 300-FF-1 RI (DOE-RL 1993a).
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4.2.3 Background Screening

4.2.3.1 Approach. Following the blank adjustments, background screening was performed
to identify the sample detects which were elevated over naturally-occurring chemical
concentrations. Potential contamination of each media was evaluated by comparing the
detected and blank adjusted parameter concentrations with calculated background values.
Background concentrations were calculated by means of the one-sided, upper tolerance
limit (UTL) for the 95th percentile (alpha=0.05) for the distribution of each parameter. A
normal distribution was conservatively assumed, as data were of insufficient quantity to
assume otherwise. Site-specific background UTLs were calculated for each media and were
used in the background screening. The method for calculation of the background UTLs is
presented in EPA (1989c). For selected media, Hanford Site background values were also
used. The specific manner in which the background screening was performed in each
media is discussed below in Sections 4.2.3.2 (300-FF-1 soils), 4.2.3.3 (groundwater), 4.2.3.4
(sediment), and 4.2.3.5 (surface water).

For each compound detected, the maximum detect was compared to the compound's
UTL. Exceedance of the UTLs constituted evidence of potential contamination, and tile
compound was therefore retained. All compounds which remained after the blank
adjustments and were above background were carried forward into the risk-based and
regulatory screening of Section 4.2.4. Compounds which were not detected in any sample
at reported concentrations above the backgrotlnd UTLs were dropped from further
consideration in this RI.

As a general note, all soiVsediment inorganic and organic concentrations in this RI
are reported in terms of mg/kg (parts per million), while radionuclide concentrations in soil
and sediment are reported in pCi/g (picocuries per gram). All groundwater/surface water

inorganic, organic and total uranium concentrations are reported in terms of _g/L (parts
per billion) while radionuclide concentrations (other than total uranium) in groundwater
and surface water are reported in pCi/L (picocuries per liter). These are the units reported
by the analytical laboratories. If a parameter was not detected in a given background
sample, one-half the sample quantitation limit (SQL) was used as a surrogate value in the
statistical calculation. If a given parameter was never detected in a respective set of
background samples, the maximum reported SQL for the parameter was substituted as a
surrogate for the UTL.

Except where specified below, background UTLs were calculated only for the TAL
metals, inorganic anions and the naturally-occurring radioisotopes that are normally
detectable (total uranium, Th-228, Ra-226 and K-40). Any detect for any other compound
(TCL organic compound or radionuclide other than total uranium, Th-2228, Ra-226 and K-

40) was considered evidence of contamination, as most of these compounds are not

naturally occurring. This approach is conservative because general anthropogenic sources
of organics and fission product radionuclides not attributable to Hanford operations were
not included as background. Atmospheric fission product fallout from anthropogenic
sources not attributable to Hanford operations probably has occurred and continties to

occur on the Hanford Site. These sources are anticipated to be minor, but have not been
included as background.

Metals analyses were performed on both filtered and unfiltered samples of
groundwater, surface water and riverbank seeps. With respect to groundwater samples,
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the EPA guidance (EPA 1986a) suggests an upper limit on turbidity of 5 turbidity units
(NTUs) for representative samples when analysis is sensitive to turbidity. Turbidity is
important for the metals analyses because metals are contained within and sorbed onto the
suspended solids. Field analysis of turbidity in the 300-FF-5 operable unit groundwater
samples indicated that turbidity was variable, and several samples were characterized by
turbidity levels in excess of 5 NTU. As such, the groundwater screening and risk
assessment evaluations performed herein for metals are based on the use of filtered data.

Filtering ensures a consistent level of turbidity among samples, and therefore better
comparability. Samples for all other groundwater analytes (e.g. radionuclides) were not
filtered, and, as such, all groundwater screening for non-metals is based on unfiltered data.

With respect to surface water samples, however, the screening is performed using
unfiltered data as this provides a more representative assessment of actual contaminant
transport in the river and exposure.

For the calculation of background UTLs in groundwater, filtered background samples
were used for metals. Unfiltered background samples were used for all other groundwater
analytes, and for all surface water analytes.

4.2.3.2 300-FF-1 Operable Unit Soils. The waste management units which are evaluated
for potential future soil contaminant impacts to groundwater include the following:

• 316-5 Process Trenches prior to the Expedited Response Action (Process
Trenches [pre-ERA])

• 316-5 Process Trenches after the Expedited Response Action (Process
Trenches [post-ERA])

• 316-2 North Process Pond
• 316-1 South Process Pond

• sanitary trenches
• fly ash pits
• filter backwash pond
• Burial Ground No. 4 (618-4)
• Burial Ground No. 5 (618-5)
• 307 Trenches

• 307 Retention Basins

These are most of the waste management units listed in Table 3-1 of the 300-FF-1

operable unit Phase I R[ (DOE-RL 1993a). Waste management units not considered herein
consist of those that were not sampled during the 300-FF-1 operable unit RI. These include
the process sewer system, the retired filter backwash pond, the north process pond
scraping disposal area, and the 332 hazardous waste staging area. The process sewer
system delivers liquid waste to the 316-5 process trenches. Contamination present in soils
of the process sewer system would therefore be expected to be similar to those identified at
the 316-5 process trenches. The retired filter backwash pond consists of the east basin of
the 316-1 south process pond. Contaminants would be expected to be similar to those
detected in the 316-1 south process pond. The north process pond scraping disposal area
consists of material which was scraped from the 316-2 north process pond. Currently the
area is covered with a layer of gravel, and is used for storage of a retired breeder reactor,
thereby rendering sampling impractical at the site. Contamination present in the north

process pond scraping disposal area soils would be expected, however, to be similar to that
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which was identified at the 316-2 north process pond. No sampling was performed at the
332 hazardous waste staging area because no leaks have been known to occur at the
facility. As such, the waste management unit is not expected to act as a source of
groundwater contamination (DOE-RL 1993a).

Two of the waste management units which are evaluated are not currently a part of !
the 300-FF-1 operable unit. The 307 trenches and the 307 retention basins were removed
from the 300-FF-1 operable unit and placed in the 300-FF-3 operable unit because of an
operable unit boundary change which occurred during preparation of the 300-FF-1
operable unit RI report (DOE-RL 1993a). Investigative work was conducted at the waste
management units before implementation of the boundary change. Because data are
available for these units, their potential water quality impacts will be evaluated herein with
the 300-FF-1 operable unit waste management units.

The process trenches (316-5) prior to the Expedited Response Action (pre-ERA) are
evaluated because the soils which were scraped during the ERA are still present at the site,
and may therefore continue to act as a source of groundwater contamination. The more

radioactive sediments (approximately >2,000 counts/rain) were transported and deposited
in a fenced depression located northwest of the west trench. Less contaminated sediment
(approximately <2,000 counts/rain) was relocated to the north end of the trenches. A
detailed description of the ERA is provided in Expedited Response Action Assessment for the
316-5 Process Trenches (DOE-RL 1992e).

Background UTLs for the 300-FF-1 operable unit soils were based on approximately
30 samples collected from 6 borings in the 300-FF-5 operable unit. The borings include
699-$28-E12, 699-S29-E16B, 699-$19-E14, 699-S22-E9B, 399-8-5B, and 699-S27-E9B (Figure 2-6).

UTLs were calculated for TAL parameters and K-40. The approach used in the 300-FF-1
operable unit soils screening is depicted in Figure 4-2.

Background screening was performed at each waste management unit for soils below
4.6 m (15 ft), and for soils above 4.6 m (15 f-t). Upper 95% confidence limit values (UCLs)
were calculated for each of the compounds detected above background. Details regarding

the background screening, and presentation of UTLs and UCLs are included in the
300-FF-1 operable unit Phase I RI (DOE-RL 1993a). Compounds above background along
with their associated UCLs are listed in Tables I-5 to 1-10 in Appendix I. In Appendix I, the
UCLs are used in a series of calculations aimed at determining the potential future

groundwater quality impacts due to the observed soil contamination. The results of these
calculations are carried forward for use in the risk-based and regulatory screening

performed below in Section 4.2.4.

4.2.3.3 Groundwater. The local unconfined and confined groundwater aquifers were

sampled under Task 4 of the 300-FF-5 operable unit Phase I RI (DOE-RL 1990a). Samples
were collected quarterly beginning in December 1991 from previously existing and recently
installed monitoring wells. A total of four quarters of data has been collected. Evaluation
of groundwater data herein is based on four quarters of data.

During rounds 1, 2 and 3, sampling was performed at a total of from 60 to 63
monitoring wells. During round 4, 27 wells were sampled. RCRA sampling which was
being performed as part of the 316-5 process trench RCRA monitoring activities was
incorporated into the third quarter sampling activity. In addition, analytical results
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obtained for groundwater samples and riverbank seep samples, which were collected
under the spring sampling activity, were evaluated herein with the quarterly monitoring
well data since they represent discharging groundwater. A total of seven groundwater and
seep samples were collected under the spring sampling activity.

Analyses conducted on groundwater samples included TCL organics, TAL metals,
anions, total coliform, and selected radioisotopes. All groundwater analytical data are

summarized in Appendix C.

Background UTLs for groundwater were calculated separately for the unconfined
and the confined aquifers. For the unconfined aquifer, data from wells 699-S22-E9A, -E9B,
699-S27-E9A, and -E9B were used. For the confined aquifer, data from wells 699-$22-E9C,
699-$27-E9C, 399-8-5C, and 399-1-18C were used. The locations of these wells are shown in

Figure 2-6. These wells were chosen because they are located hydraulically upgradient of
the 300-FF-1,300-FF-2 and 300-FF-3 waste sources, as shown in water table maps included

in Appendix G, and as discussed in Section 3.6.3.2.2. In addition, contaminant sources or
plumes emanating from other Hanford operable units do not appear to be hydraulically
upgradient of these selected background wells. Additional wells were considered for use as
background wells; however, they were eliminated due to the presence of potential

upgradient waste sources or by observed constituent detects which could be indicative of
possible groundwater impacts at the well locations from Hanford Site operation. With
three rounds of sampling at each of the chosen four background wells, a total of 12
samples was generally available for the UTL calculation. Round 4 sampling was not
conducted at the background wells. UTLs calculated for the confined and unconfined

aquifers, along with the Hanford Site Background Values (D©E-RL 1992f) for comparison,
are presented in Table 4-3.

Hanford Site-wide and 300-FF-5 operable unit background concentrations in

groundwater are provided in Table 4-3 for total uranium. Equivalent background
concentrations for the three uranium isotopes can be calculated using relative abundances
observed in the 300-FF-5 background wells. 300-FF-5 relative abundances, however, are not
consistent with EPA's mass to activity conversion ratio of 1.3. Conversion of total uranium

background concentrations from mass to isotope-specific activities should utilize the 300-FF-
5 relative abundances. These abundances and the resulting background concentrations for

each isotope are shown in Table 4-4. A detailed description of how these abundances and
background concentrations were calculated is presented in a project memorandum
included in Appendix E. These isotope-specific values are used in the 300-FF-5 feasibility
study to define MTCA Level B cleanup standards. It should be emphasized, however, that
for the screening, uranium isotope background values were assumed to equal zero, as
specified in the HSBRAM (DOE-RL 1993b).

Three scenarios of background screening were performed for groundwater, as shown
in Figure 4-3. These scenarios include the following:

• screening all 300-FF-5 operable unit groundwater data against the
established background values

° screening the analytical data from the on-site industrial process well only
(well 399-4-12)
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• screening data collected from wells which are considered representative
of a tritium plume which is migrating onto the 300-FF-5 operable unit
from the north.

The first scenario provides a comprehensive list of compounds above background
throughout all of the 300-FF-5 operable unit regardless of contaminant source or location.
The second screening scenario is aimed at determining contaminants of potential concern
in the industrial process well (399-4-12), which represents the only current groundwater
exposure pathway at the 300-FF-5 operable unit. The well, which is 70 ft in depth,
produces from the shallow portion (A-zone) of the unconfined aquifer, based on
information provided in Ledgerwood (1991). The third screening scenario is performed to
separately assess contamination associated with the tritium plume, which is derived from
sources in the 200 Areas. Wells 699-$19-E14, 399-1-18A and 399-1-188 (Figure 2-6) were

assumed to be representative of the plume as it crosses the operable unit's northern
boundary. Screening at these wells will facilitate the evaluation of risk associated with the
tritium plume apart from that posed by the 300 Area-derived groundwater contamination.

In addition to the tritium plume, another non-300 Area-derived contaminant plume is
associated with the 300-FF-5 operable unit. Nitrate, TCE and Tc-99 are migrating in
groundwater from the vicinity of the Horn Rapids Landfill, located approximately 1.6 km
(1 mi) south of the southwestern portion of the 300-FF-5 operable unit (DOE-RL 1990b,
1992d). A separate screening scenario will not be performed for this plume, however,
because risks posed by the contaminated groundwater have already been evaluated in the
1100-EM-1 RI/FS process. The incremental increase in 300-FF-5 operable unit risk which is
posed by the 1100-EM-1 groundwater plume is evaluated and presented in DOE-RL (1990b,
1992d). It is important to note, however, that the risk in groundwater which is posed by

this plume is included in this risk assessment.

The results of the background screening for the three groundwater screening

scenarios are summarized in Tables 4-5 to 4-8. The compounds which were detected at
levels above the background UTLs and all detected organics and fission product
radionuclides will be carried forward into the risk-based and regulatory screening
performed in Section 4.2.4.

4.2.3.4 Sediment. Sediment samples were collected as part of Task 5, Spring Sampling
(DOE-RL 1990a). Under the spring sampling activity, a total of 14 sampling sites
(Figure 2-1) were designated. At each location, sampling included the simultaneous
collection of groundwater, seepage, sediment and surface water samples. Collection of the
samples was coordinated with Grant Co. PUD to attain low discharge levels at Priest
Rapids Dam and lowering of the Columbia River. Sampling occurred at a total of five of
the spring sites (SP6, SP7, SP9, SP11 and SP12). Of these, sediment samples were collected

at four of the sites (SP6, SP7, SP9 and SP12). Details regarding the spring sampling activity
are presented in Hulstrom (1992a), WHC (1993), and are summarized in Section 2.2.2.

Analyses performed on the sediment samples included metals, anions, volatile
organics and selected radionuclides. Analytical results for the sediment samples are
presented in Appendix A.

Of the four sites where sediment sampling took place, only one could be considered
a potential background site (SP6). A single sample, however, is not adequate for the
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calculation of meaningful background UTLs. Therefore, no operable unit-specific
background can be calculated for sediment. Hartford Site background UTLs were
calculated, however, using sediment data reported in Weiss (1993) for 4 samples collected
upstream of the Hanford Site near Vernita Bridge. Background UTLs were calculated
using these data for the TAL metals, and the naturally-occurring radioisotopes. Maximum
concentrations of compounds detected at the 4 sediment sampling sites were compared to
the UTLs. The calculated UTLs, maximum detected 300-FF-5 concentrations, and the results

of the background screening are presented in Table 4-9. The approach used in the
sediment screening is depicted in Figure 4-4.

4.2.3.5 Surface Water. Surface water samples were collected in the Columbia River at
spring sampling locations SP6, SP9, and SP11 (Figure 2-1) as part of the spring sampling
task. The collection of the samples was coordinated with a reduction in flow of the
Columbia River, and the simultaneous collection of sediment and groundwater samples, as
described above. Lowering of the river stage occurred for a period of approximately 24
hours, and the flow in the river was reduced to less than 50,000 cfs. Average annual flow in
the river is approximately 120,000 cfs. Sampling was conducted during the minimum river
flow to provide the greatest probability of obtaining the highest concentrations of
contaminants. Details regarding the collection of surface water samples are presented in
Hulstrom (1992a), WHC (1993), and are summarized in Section 2.2.2.

Three samples were coliected at each sampling location: samples from 1, 3, and 6 m
(3, 10, and 20 ft) from the riverbank. The samples were analyzed for volatile organics,
anions, metals, coliform bacteria and selected radioisotopes. Ana!ytical results for the
surface water samples are summarized in Appendix A.

Two surface water screening scenarios are considered in this RI: screening against a
Hanford Site background, and screening against an operable unit-specific background, as
depicted in Figure 4-5. Hanford Site background values were compiled from existing data

published in the literature. The data were obtained from Stordeur (1992) and Bisping and
Woodruff (1992) and represent values for Priest Rapids Dam and Vernita Bridge.
Concentrations are not in the form of UTLs but consist of data ranges for results collected

over a multi-year period, or of mead values. For inorganics, the data represent the range
of values obtained for the period 1980 - 89 from an annual USGS program of river water
monitoring performed at Vemita Bridge. Radioisotope data is from Priest Rapids Dam for
1991 and were collected in the on-going Hanford environmental monitoring program.

The operable unit-specific background UTLs were calculated using the three samples
obtained from spring/river sampling location SP6 (Figure 2-1). This location was chosen
because it is upstream of the current zone along the riverbank where contaminated
groundwater associated with the 300 Area discharges to the river. As such, it is
representative of surface water quality just upstream of the 300 Area impacts. The purpose
of considering operable unit-specific background concentrations is to allow an evaluation of
the relative magnitude of risk posed by 300 Area-related river contamination vs the total
risk associated with the river at the 300 Area. As such, background UTLs were calculated
for all compounds detected in the downstream river sampling locations (as well as fur the
TAL metals, anions, and naturally-occurring radionuclides). The calculated operable unit-
specific UTLs as well as the Hanford Site background values are presented in Table 4-10.
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Background screening for surface water data was performed somewhat differently
than for the other media. As shown in Table 4-10, background UTLs for a number of
compounds are based on the highest reported sample quantitation limit. There are
instances where sample detects are less than these UTLs. An example is Tc-99 where all
the background samples were below detection. The UTL was based on a maximum SQL of
6.2 pCi/L. Tc-99 was detected, however, in a downstream sample at a concentration of 5.4
pCi/L. Normally the Tc-99 would be screened out. Rather than eliminating the Tc-99,
however, such sample detects are considered evidence of contamination and are carried
forward to the risk-based and regulatory screening performed in Section 4.2.4. This
situation occurs with cobalt and vanadium for the Hanford Site background screening
scenario, and for Tc-99 and TCE in the operable unit-specific scenario. This modification of
the background screening process from that performed for the other media is considered

appropriate because of the small number of surface water background samples involved.
The results of the background screening for the two sets of surface water background
screening values are presented in Table 4-11.

4.2.4 Risk-Based and Regulatory Screening

4.2.4.1 Approach. All compounds which remain after the blank adjustments and

background screening are carried forward into the next step, which is the risk-based and
regulatory screening. This step focuses the list of contaminants exceeding background to
those with the greatest likelihood of dominating the overall risk at the 300-FF-5 operable
unit. The risk-based screening process is conducted as discussed in the Hanford Site Baseline
Risk Assessment Methodology (HSBRAM) (DOE-RL 1993b). The procedure involves the
calculation of risk-based benchmark screening concentrations against which the maximum
detected concentration of a contaminant is compared. Risk-based benchmark
concentrations are media-specific (sediment, groundwater or surface water) concentrations
that correspond to a specific hazard quotient (HQ) or lifetime incremental cancer risk
(LICR) using defined exposure assumptions, as discussed below. As recommended in the
HSBRAM (DOE-RL 1993b), risk-based benchmark concentrations are calculated for media
concentrations that would be equivalent to exposures at an HQ of 0.1 for contaminants
with noncarcinogenic effects. A concentration equivalent to an LICR of 1E-07 is used for
contaminants with carcinogenic effects. If the maximum concentration detected for a
contaminant does not exceed any of the risk-based benchmark concentrations for that
contaminant, it may be eliminated from further consideration in the risk assessment. The

screening process provides a high degree of confidence that the eliminated contaminants
pose only an insignificant risk to human health or the environment.

It is important to note that for some compounds analyzed, the SQL exceeds the risk-
based screening value, as discussed in Section 4.2.1 (Approach). This is due to an inability
in the current level of standard laboratory methodology to attain detection limits as low as
the screening concentrations. It is acknowledged, therefore, that tl_-- screening for
compounds which were never detected is based on the SQL which may be less
conservative, for some compounds, than 10-7 LICR for carcinogens and 0.l HQ for non-
carcinogens.

Exceedance of a conservative risk-based benchmark concentration does not

necessarily establish the existence of a significant risk. At this point in the overall analysis,
it simply indicates the need to retain the contaminant for further evaluation in the risk
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assessment. As a supplement to the risk-based screening, potential contaminant-specific
cleanup regulations (ARARs) are also compared to the maximum detected concentrations.
Any contaminants exceeding potentia! regulatory cleanup guidelines are also retained for
further evaluation in the risk assessment. Chemical-specific ARARs relevant to the 300-FF-5
operable unit are presented in Appendix H. For the purposes of the screening, the
maximum contaminant levels (MCLs) are reduced by a factor of 10 to account for the
possible additive effects from the presence of multiple contaminants and multiple sources.

Contaminants of potential concern are, therefore, defined as those compounds that
are higher in concentration than the most stringent risk-based benchmark concentration or
regulatory concentration criter_:l for each respective medium.

The approach taken in the risk-based and regulatory screening is slightly different for
each media. The primary difference involves the manner in which 300-FF-1 operable unit
soil contamination is addressed. The approach used for each media is described below,
and is depicted in Figures 4-2 to 4-5.

4.2.4.1.1 300-FF-1 Operable Unit Soils. As discussed earlier, 300-FF-1 operable unit
soils need to be addressed herein because an evaluation of their potential future impacts to
the 300-FF-5 media (groundwater, sediment and surface water) was deferred to the
300-FF-5 operable unit RI process. The task in this RI, therefore, is to evaluate the potential
impact to groundwater, or to the other media, from the 300-FF-1 operable unit soils and the
risk associated with these impacts, if any. Risks due to actual exposures to the soil (i.e., soil
ingestion, inhalation, and dermal exposures) are considered in the 300-FF-1 operable unit
RI. In this chapter, the results of a series of calculations are presented which represent
estimates of future groundwater concentrations which could result from migration of the
observed contaminants in the 300-FF-1 operable uni,_ unsaturated zone soils to the water
table. The calculations are performed for all of the compounds detected above background
from the 300-FF-1 operable unit Phase I RI. Source concentrations of the contaminants are
based on the 95% upper confidence level (UCL) of the mean concentration obtained from
the 300-FF-1 operable unit Phase I RI (DOE-RL 1993a). The resulting estimated
groundwater concentrations are then compared to risk-based screening concentrations for

groundwater and surface water, as well as to groundwater and surface water ARARs. If
the estimated groundwater concentrations exceed any of these values, the compound is
retained as a soil contaminant of potential concern for the 300-FF-1 operable unit. In
addition, estimates of sediment concentrations which could occur in equilibrium with the

calculated groundwater concentrations are compared to sediment risk-based screening
criteria and ARARs. If the estimated groundwater concentrations could potentially result in
a sediment concentration which exceeds a sediment risk-based screening concentration or
ARAR, the compound is retained as a soil contaminant of potential concern for the 300-FF-1
operable unit. This screening process is performed at the waste management units listed in
Section 4.2.3.1. At each waste management unit, the process is performed separately for
soils above 4.6 m (15 ft) and for soils below 4.6 m (15 ft).

The calculations performed in support of the 300-FF-1 operable unit soil screening
_ consist essentially of a fate and transport analysis for each of the compounds detected

above background. This analysis is presented in this chapter instead of Chapter 5 because
the ultimate purpose is to screen and identify soil contaminants that may pose a problem

to groundwater. The fate and transport of the contaminants were evaluated using a
simple, yet conservatively-based approach which is based on a vadose zone screening
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methodology presented in DOE-RL (1991). As a part of this fate and transport analysis, the
travel times of each contaminant to the water table are also calculated. As an additional

screening criteria, a persistence factor of 1,000 years is assumed for organic compounds.
This screening criteria is used to eliminate all organic compounds with travel times which
are estimated to exceed 1,000 years. This is an assumption to focus the evaluation of risk
on those compounds which are expected to constitute contaminants of potential concern.
This approach is consistent with regulations (40 CFR 192, proposed 10 CFR 834, and DOE
Order 5400.5) which limit the time over which groundwater must be protected from low-
level mixed radioactive waste disposal units to 1,000 years.

The approach used in the contaminant migration estimates and the details of the
calculations, with summaries of all of the parameters and assumptions, is presented in
Appendix I. The 300-FF-1 operable unit soil data, consisting of UCLs at each waste
management unit, are taken directly from the 300-FF-1 Phase I RI (DOE-RL 1993a). All data
validation, blank adjustments and background screening for the 300-FF-1 data are discussed
in DOE-RL (1993a).

4.2.4.1.2 Groundwater. As depicted in Figure 4-3, the groundwater risk-based and
regulatory screening is performed separately for the three screening scenarios described
above: for all groundwater data, for data collected only from the on-site industrial process
well (399-4-12) and for data representative of the tritium plume migrating into the 300-FF-5
operable unit from the north. Maximum concentrations of the detected, blank adjusted
compounds above background within each of these three screening scenarios are compared

to risk-based screening concentrations and ARARs for groundwater and surface water. If
the observed groundwater concentrations exceed any of these values, the compound is
retained as a groundwater contaminant of potential concern for the 300-FF-5 operable unit.
In addition, estimates of sediment concentrations which could occur in equilibrium with
the observed maximum groundwater concentrations are compared to sediment risk-based
screening criteria and ARARs. If the measured groundwater concentration could
potentially result in a sediment concentration which exceeds risk-based screening
concentrations or ARARs, the compound is retained as a groundwater contaminant of
potential concern for the 300-FF-5 operable unit.

4.2.4.1.3 Sediment. Maximum concentrations of the detected, blank adjusted
compounds above background for sediment are compared to sediment risk-based screening
concentrations and ARARs. If the observed sediment concentrations exceed any of these

values, the compound is retained as a sediment contaminant of poential concern for the
300-FF-5 operable unit. Compounds detected above background for _ediment are listed in
Table 4-9. The screening process for sediments is depicted graphically in Figure 4-4.

4.2.4.1.4 Surface Water. Surface water screening is performed for two screening
scenarios: a scenario based on a Hanford Site set of background values, and a scenario
based on an operable unit specific-set of background values. For each of these screening
scenarios, maximum concentrations of the detected compounds above background are
compared to surface water risk-based screening concentrations and ARARs. If the observed
surface water concentrations exceed any of these values, the compound is retained as a

surface water contaminant of potential concern for the 300-FF-5 operable unit. As with
groundwater, one-tenth of the MCL is assumed in the screening. The screening process for
surface water is depicted graphically in Figure 4-5.

4-14



DOE/R[.-93-21, Rev. 0

4.2.4.2 Assumptions. For the purposes of the risk-based screening, several general
assumptions are used with respect to the detected compounds:

All polychlorinated biphenyls (PCBs) are combined and evaluated as total PCBs.
Therefore, the values for PCBs in subsequent tables, unless indicated otherwise, are the
sums of the concentrations provided for the individual Aroclors (e.g., Aroclor 1248, 1254, or
1260). Calculation of risk-based screening values, however, assumes that all of the PCBs
present are in the form of Aroclor-1260, as this is the only PCB Aroclor with published
toxicity factors.

The geochemical conditions which characterize the soils and groundwater of the 300
Area make it probable that the chromium which is present is in the chromium (III) valence
state (Belden 1992). However, for conservatism, all chromium is assumed to be
chromium(VI), which is the most toxic valence state of chromium. This assumption

provides a conservative evaluation of the potential toxicity associated with chromium
present in the various 300-FF-5 operable unit media.

Toxicity values for radionuclides are isotope specific. As such, toxicity values for U-
238 are used as surrogates for total uranium. This assumption provides a conservative
evaluation of the potential toxici.Vy associated with total uranium.

Radionuclide testing included analysis of gross alpha and gross beta concentrations
within soil, sediment, groundwater and surface water. These measurements indicate the
presence and overall magnitude of radionuclide concentrations within the soils. However,
toxicity information for radionuclides is isotope specific, therefore measurements of gross
alpha and gross beta cannot be evaluated in this risk assessment. Gross alpha and gross
beta concentrations are included only as general indicators of contamination.

4.2.4.3 Risk-based Screening Calculations. As recommended in the HSBRAM (DOE-RL

1993b), all preliminary risk-based benchmark concentrations are calculated using on-site
residential exposure assumptions. Contaminants that may represent a significant risk
(concentrations above risk-based benchmark concentrations) are retained for further

evaluation in the baseline risk assessment. On-site residential exposure assumptions are
utilized for preliminary screening because they include the most conservative exposure
assumptions. In Chapter 6 of this RI report, other exposure scenarios (industrial,
recreational and agricultural) are used to estimate the actual risk posed by the
contaminants identified in the preliminary risk-based screening.

For preliminary risk-based screening, the HSBRAM (DOE-RL 1993b) specifies the
exposure routes which will be evaluated, given the media of exposure. For the 300-FF-5
operable unit RI, media to be evaluated, as discussed previously in Section 4.2.1
(Approach), include 300-FF-1 operable unit soils, groundwater, sediment and surface water.
The 300-FF-1 operable unit soils actually constitute a groundwater exposure pathway since
the soils are evaluated for their potential impact to groundwater. Therefore, the exposure
media consist of: groundwater, surface water and sediment. Exposure routes that are to

be evaluated in the preliminary risk-based screening for these media include (HSBRAM
(DOE-RL 1993b)):

• Groundwater- Ingestion and Inhalation of Volatiles
° Surface Water - Ingestion and Inhalation of Volatiles
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• Sediment- Ingestion.

Benchmark concentrations for groundwater and surface water ingestion are

calculated using identical equations, as are concentrations for groundwater and surface
inhalation. As such, there are three sets of exposure calculations to be performed to
calculate the risk-based benchmark concentrations: groundwater/surface water ingestion,
groundwater/surface water inhalation of volatiles, and sediment ingestion.

The calculation of the preliminary risk-based benchmark concentrations considers

both noncarcinogenic effects (i.e., systemic toxicity) and carcinogenic effects. As discussed
in Section 4.2.4.1, risk-based benchmark concentrations are calculated for media

concentrations that would be equivalent to exposures at an HQ of 0.1 for contaminants
with noncarcinogenic effects. A concentration equivalent to an LICR of 1E-07 is used for
contarninants with carcinogenic effects. Equations for calculating risk-based benchmark
concentrations are based on standard EPA intake equations. Parameters for the exposure
routes listed above are provided in Table 4-12 and are discussed more extensively in

Appendix A of the HSBRAM (DOE-RL 1993b).

The risk-based screening calculations are presented in the following sub-sections for
the three exposure scenarios listed above: groundwater/surface water ingestion,

groundwater/surface water inhalation of volatiles, and sediment ingestion. All of the risk-
based benchmark screening concentrations calculated in this section for the three exposure
routes are summarized in Table 4-13. The source of equations 4-1 to 4-8 below is HSBRAM
(DOE-RL 1993b).

4.2.4.3.1 Groundwater/Surface Water Ingestion. The risk-based screening calculations

are presented below for the groundwater and surface water ingestion pathway. Example
calculations are provided in Appendix ].

For carcinogens, the exposure assumptions are based on adult exposure. The adult
exposure factors are a body weight of 70 kg (154 Ib), a daily intake rate of 2 Ud (0.5 gl/d),
an exposure frequency of 365 ct/yr, and an exposure duration of 30 yrs. For water
ingestion of contaminants with noncarcinogenic effects, the exposure assumptions are
based only on exposures for a child. The exposure factors, therefore, are a body weight of
16 kg (35 lb), a water ingestion contact rate of 1 Ud (0.3 gl/d), an exposure frequency of 365
d/yr, and an exposure duration of 6 yrs.

For carcinogenic non-radioactive contaminants, the screening equation is:

C = TR x BW x AT 4-1
SF x IR x EF x ED

where,

C = risk-based concentration (rag/L)
TR = target excess individual lifetime cancer risk (1E-07)
BW = body weight (70 kg)
AT = averaging time (365 d/yr x 70 yr)

SF = chemical-specific slope factor (mg/kg-d) "1
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IR = intake rate (2 L/d)
EF = exposure frequency (365 d/yr)
ED = exposure duration (30 yr)

For carcinogenic radioactive contaminants, the screening equation is:

C = TR 4-2
SF x IR x EF x ED

where,

C = risk-based concentration (pCi/L)
TR = target excess individual lifetime cancer risk (1E-07)
SF = chemical-specific slope factor (pCi) "l
IR = intake rate (2 L/d)
EF = exposure frequency (365 d/yr)

ED = exposure duration (30 yr)

For non-carcinogenic contaminants, the screening equation is:

C = THQ x RfD x BW x AT 4-3
IR x EF x ED

where:

C = risk-based benchmark concentration (rag/L)
THQ = target hazard quotient (0.1)
RfD = contaminant-specific chronic reference dose (mg,/kg-d)
BW = body weight (16 kg)
AT = averaging time (365 d/yr x 6 yr)
IR = intake rate (1 L/d)

EF = exposure frequency (365 d/yr)
ED = exposure duration (6 yr)

4.2.4.3.2 Groundwater/Surface Water Inhalation of Volatiles. In this risk

assessment, the air pathway involves the potential inhalation of volatile contaminants. As
this operable unit is associated primarily with water media, fugitive dust inhalation is not a
relevant exposure pathway. The assumptions and equations used to calculate risk-based
benchmark concentrations for the volatile inhalation pathway are provided below.

Risk-based benchmark concentrations are calculated only for those compounds which
are volatile (and only for those compounds with inhalation toxicity factors). For screening

purposes, a compound was considered volatile if the vapor pressure is >10 .6 mm Hg, the
molecular weight is <200 and the Henry s constant is >10 -4 atm-m3/mol. These chemical

specific data are presented in Table 4-14 for all volatile compounds with inhalation toxicity
factors. Preliminary risk-based screening is performed only for the compounds listed in
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Table 4-14 as volatile, based on the definition provided above. Risk-based screening is not
performed for radioactive gases, as none were analyzed for in groundwater samples.

The risk-based benchmark concentration for effects by the volatile inhalation

pathway is calculated assuming the following intake assumptions: a body weight of 70 kg
(154 lb), an inhalation intake rate of 15 m3/d (530 ft3/d), an exposure duration of 30 years,

and an exposure frequency of 365 d/yr. A volatilization factor is assumed of 0.5 L/m 3
(.004 gl/ft j) for non-radioactive carcinogens and non-carcinogens.

For carcinogenic non-radioactive contaminants, the screening equation is:

C = TR x BW x AT x VF 4-4
SF x IR x EF x ED

where:

C = risk-based benchmark concentration (mg/L)
TR = target excess individual lifetime cancer risk (1E-07)
BW = body weight (70 kg)
AT = averaging time (365 d/yr x 70 yr)
VF = volatilization factor (0.5 L/m 3)

SF = chemical-specific slope factor (mg/kg-d) "1
IR = intake rate (20 m3/d)

EF = exposure frequency (365 d/yr)
ED = exposure duration (30 yr)

For noncarcinogenic effects, the equation is:

C = THQ x RfDx BW x AT x VF 4-5
IR x EF x ED

where:

C = risk-based benchmark concentration (rag/L)
THQ -- target hazard quotient (0.1)
RfD = contaminant-specific chronic reference dose (mg/kg-d)
BW --: body weight (70 kg)
AT = averaging time (365 d/yr x 30 yr)
VF = volatilization factor (0.5 L/m 3)
IR = intake rate (15 m3/d)

EF - exposure frequency (365 d/yr)
ED = exposure duration (30 yr)

4.2.4.3.3 Sediment Ingestion. For carcinogens, the exposure assumptions are based
on a child and an adult exposure. The child exposure factors are a body weight of 16 kg
(35 lbs), a daily sediment ingestion rate of 200 rag/d, an exposure frequency of 7 d/yr, and

an exposure duration of 6 yrs. The adult exposure factors are a body weight of 70 kg (154
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Ib), a daily sediment ingestion rate of 100 rag/d, an exposure frequency of 7 ci/yr, and an
exposure duration of 24 yrs. For oral sediment ingestion of contaminants with
noncarcinogenic effects, the exposure assumptions are based only on exposures for a child.
A conversion factor of 1E+06 mg/kg is used.

For carcinogenic non-radioactive contaminants, the screening equation is:

C = TR x BW x AT x CF 4-6
SF x IR x EF x ED

where:

C = risk-based benchmark concentration (mg/kg)
TR = target excess individual lifetime cancer risk (1E-07)
BW = body weight (adult: 70 kg; child: 16 kg)
AT = averaging time (365 d/yr x 70 yr)
CF = conversion factor (1E+06 mg/kg)
SF = contaminant-specific slope factor (mg/kg-d) "I
IR = intake rate (adult: 100 rag/d; child: 200 rag/d)
EF = exposure frequency (7 d/yr)
ED = exposure duration (adult: 24 yr; child: 6 yr)

For carcinogenic radioactive contaminants, the general equation to calculate risk-
based benchmark concentrations is:

C = TR x CF 4-7
SF x IR x EF x ED

where:

C = risk-based benchmark concentration (pCi/g)

TR = target excess individual lifetime cancer risk (1E-07)
CF = conversion factor (1E+03 rag/g)
SF = radionuclide-specific slope factor [(pCi) "1]
IR = intake rate (adult: 100 rag/d; child: 200 rag/d)
EF = exposure frequency (7 d/yr)
ED = exposure duration (adult: 24 yr; child: 6 yr)

For noncarcinogenic effects, the equation is"

C = THQ x RfD x BW x AT xCF 4-8
IR x EF x ED

where:

C = risk-based benchmark concentration (mg/kg)
THQ = target hazard quotient (0.1)
RfD = contaminant-specific chronic reference dose (mg/kg-d)
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BW : body weight (16 kg)
AT : averaging time (365 d/yr x 6 yr)
CF - conversion factor (1E+06 mg/kg)
IR - intake rate (200 rag/d)
EF = exposure frequency (7 d/yr)
ED = exposure duration (6 yr)

4.2.4.4 Risk-Based and Regulatory Screening Results. The compounds detected above
background in Section 4.2.3 are carried forward to this section for comparison to the risk-
based benchmark concentrations and regulatory criteria determined above. All risk-based
benchmark screening concentrations calculated above are summarized in Table 4-13.
ARARs are presented in Appendix H. The following sub-sections summarize the results of
the risk-based and regulatory screening and present the CsOPC. As described earlier, a
compound is designated a CsOPC if the maximum detect exceeds any of the compound-
specific benchmark screening values or regulatory criteria. One-tenth of the MCL is
assumed in the screening. In Section 4.3 (Extent of Contamination) some of the CsOPC
identified herein are eliminated due to low frequency of detection or limited extent.

4.2.4.4.1 300-FF-1 Operable Unit Soils. Contaminants identified above background in
the 300-FF-1 operable unit RI (DOE-RL 1993a) have been carried forward to the risk-based
and regulatory screening performed in this sub-section. These contaminants are listed in
Tables 4-15 and 4-16 for soils above 4.6 m (15 ft) and for soils below 4.6 m (15 ft),

respectively. Several of the contaminants which exceeded the 300-FF-1 operable-unit-
specific soil background concentration were eliminated from this risk assessment using
procedures recommended in Risk Assessment Guidance for Superfl_nd (RAGS) (EPA 1989a), the
EPA Region 10 (EPA-10) Supplemental Risk Assessment Guidance for Superfund (EPA-10 1991),
and the HSBRAM (DOE-RL 1993b). These contaminants are calcium, magnesium,
potassium and sodium. These compounds have a low potential for toxicity under
environmental conditions and are essential human nutrients. Phosphate is also eliminated

from further consideration as it is generally not considered harmful to human health
through the potential exposures that would occur at this operable unit. Toxicity values are
not provided by EPA, and there are no regulato D' criteria specific to these compounds.

Potassium-40 is also eliminated from further consideration in this RI. Potassium-40 is

a naturally-occurring, primordial radionuclide which is present in all soils (Eisenbud 1987).
It is not produced in fission reactors, nor is it a daughter product of any radionuclide
which is produced in fission reactors. Therefore, any measurements of potassium-40 in any
medium can be attributed to natural potassium, and are not indicative of environmental
contamination.

The 300-FF-1 operable unit RI (DOE-RL 1993a) identified arsenic as a contaminant

which is present at levels above background in the soils of every 300-FF-I waste
management unit except for the sanitary trenches. An examination of the arsenic results
reported in the 300-FF-1 operable unit RI, however, the assumed background UTL, as well
as other related information pertaining to reported arsenic background levels in soils, has
led to the determination that arsenic should be eliminated as a contaminant of potential
concern for the 300-FF-1 operable unit soils. This conclusion is based on the following
items:
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• Except for two sample detects (23.3 and 12.5 rng/kg, at the 316-1 south
process pond and filter backwash pond, respectively), all arsenic detects
(there were a total of 59) fell within the relatively narrow range of from
approximately 2 to 8 mg/kg. All but six of these sample results are
within the range of 2 to 5 mg/kg. This relatively low and uniform
distribution of arsenic observed throughout the soils of the 300-FF-1
operable unit, regardless of depth or waste management unit, implies
that, rather than showing evidence of contamination, the data is merely

representing the background. For comparison, the mean arsenic content
in soils of the U.S. is reported to be 6.7 mg/kg (Kabata-Pendias and
Pendias 1984).

• The UTL for arsenic presented in Hartford Site Background: Part I, Soil

Background.for Nonradioactive Analyte_ (DOE-RL 1993c) is 8.9 mg/kg (based
on a lognormal distribution). This value is based on 117 samples which
were collected from surface locations and exposures throughout the
Hanford Site. The mean value was 4.2 mg/kg with a maximum value of
11.4 mg/kg. The standard deviation of the sample results was 1.66. Of

the 117 samples collected, arsenic was detected in 103 of the samples
(detection limit of 3 mg/kg).

• The background UTL for arsenic which was used in the screening of the
300-FF-1 operable unit soil samples is 2.2 mg/kg (DOE-RL 1993a). This
background value, which is based on operable unit specific samples,
appears to be low as compared to the results presented in DOE-RL
(1993c). Of the 32 samples which were used to define the site-specific
UTL, arsenic was detected in only 2 of the samples, yet arsenic was
shown to be ubiquitous throughout the soils of the Hanford Site in the
data of DOE-RL (1993c). This apparent discrepancy casts some doubt on

the validity of the background sample representation.

° The 300-FF-1 operable unit RI does not identify arsenic as a component
of any of the waste streams disposed of in the 300-FF-1 operable unit. As

such, arsenic was not an anticipated contaminant of potential concern in
the 300-FF-1 waste management units.

The UTL provided for arsenic in DOE-RL (1993c) appears to be the most suitablet

value given the size of the sample poFulations, and comparison with national average
values. Using a UTL of 8.9 ragtag, only two detects for arsenic exceed background. Thus,
fewer than 5% of the total detects exceed the UTL, and arsenic is eliminated as a

contaminant of potential concern. Arsenic will therefore not be evaluated further in this
risk assessment for the 300-FF-1 operable unit soils.

A similar situation occurs for the case of beryllium, and, as such, beryllium is
eliminated from further consideration in this RI for 300-FF-I operable unit soils. Bel'yllium
was detected at concentrations above background at five waste management units, all for
the case of soils above 4.6 m (15 it). Beryllium is eliminated based on the following:

• There were a total of 16 detects above the background UTL out of some
300 to 400 total sample analyses. At three of these five waste
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management units, there was only a single detect above the UTL. Values
varied over the relatively narrow range of from 0.45 "J" m_kg to 3.2
mg/kg. For comparison, typical beryllium concentrations in soils of the
United States are reported to range from 0 to 7 mg/kg with a mean
content of 1 mg/kg (Kabata-Pendias and Pendias 1984).As with arsenic,
this observed occurrence of beryllium is not suggestive of contamination.

• The UTL used in the 300-FF-1 operable unit RI was 0.42 mg/kg. This

value, which was based entirely on non-detect values, appears low as
compared to the national values and the UTL reported in DOE-RL
(1993c) (1.8 mg/kg based on 117 samples). If the background UTL of 1.8
mg/kg reported in DOE-RL (1993c) is assumed, only 4 samples exceed
background. Thus, fewer than 5% of the total samples exceed the UTL.

Tables 4-15 and 4-16 present the results of the groundwater calculations for the
300-FF-1 operable unit soils and summarize the risk-based and regulatory screening for soils
above 4.6 m (15 ft) and for soils below 4.6 m (15 f-t), respectively. Compounds are
designated as CsOPC if the estimated groundwater concentration exceeds any of the
compound-specific risk-based benchmark concentrations or ARARs. In addition to the
regulatory and risk-based screening, and as discussed in Section 4.2.4.1, organic compounds
are also screened based on the estimated travel time. Travel times are listed in the

screening tables. Any compound whose estimated travel time exceeds 1000 years is
eliminated. Organic compounds, even persistent ones, have a half-life in the environment.
This is an assumption to focus the evaluation of risk on those compounds that are expected

to constitute contaminants of potential concern. This approach is based upon regulations
(40 CFR 192, proposed 10 CFR 834, and DOE Order 5400.5) which limit the time period
over which groundwater must be protected from low-level mixed radioactive waste
disposal units to 1,000 years. The contaminants that are considered CsOPC for the 300-FF-1
operable unit soils are indicated by shading in Tables 4-15 and 4-16.

Lead and sulfate do not have toxicity values (RfDs or SFs) with which to calculate a

risk-based screening concentration. These compounds, however, are retained as CsOPC
because the estimated groundwater concentrations do exceed regulatory criteria at some
waste management units.

As discussed in Section 4.2.3.1, the process trenches (316-5) prior to the Expedited
Response Action (ERA) are evaluated because the soils which were scraped during the ERA
are still present at the site, and may therefore continue to act as a source of groundwater
contamination. If these soils are stored temporarily in their present location and are
ultimately removed to a permanent disposal site, consideration of the process trench (pre-
ERA) may no longer be necessary in this risk assessment.

4.2.4.4.2 Groundwater. Groundwater contaminants above background identified in

Section 4.2.3.3 have been carried forward to the risk-based and regulatory screening. These
contaminants are listed in Tables 4-17, 4-18 and 4-19 for the three groundwater screening
scenarios. Calcium, magnesium, potassium and sodium, which exceeded groundwater
background concentrations, have been eliminated from further evaluation in this risk
assessment as discussed in Section 4.2.4.4.1.
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The results of the risk-based and regulatory screening for 300-FF-5 groundwater are
summarized in Tables 4-17, 4-18 and 4-19. Compounds are designated as CsOPC if the
maximum detected groundwater concentration exceeds any of the compound-specific risk-
based benchmark concentrations or ARARs. The contaminants that are considered CsOPC

for the 300-FF-5 operable unit groundwater are indicated by shading.

Iron and lead do not have toxicity values (RfDs or SFs) with which to calculate a risk-
based screening concentration. These compounds, however, are retained as C",OPC for the
all wells screening scenario (unconfined) because the estimated groundwater concentrations
do exceed groundwater regulatory criteria, albeit iron has a secondary drinking water
standard that is not health based.

Total coliform also does not have toxicity values with which to calculate risk-based

screening concentrations. Total coliform has been retained, however, because of regulatory
criteria. It is important to note that total coliform compliance criteria are not based on

- concentrations. Total coliform compliance is based on the number of samples collected
from a drinking water supply and the percentage of these which are total coliform positive.
Since compliance is based on samples collected from a drinking supply system, the results
obtained from the 300-FF-5 RI are not necessarily applicable in determining compliance. In
order to be conservative, the approach taken in the screening with respect to total colifon'n

has been to retain the parameter as a contaminant of potential concern if it is detected
above background.

4.2.4.4.3 Sediment. Compounds detected above background in sediment (Section
4.2.2.4) have been carried forward to the risk-based and regulatory screening. The results

of the risk-based and regulatory screening for 300-FF-5 sediments are summarized in Table
4-20. Compounds are designate, t as CsOPC if the maximum detected sediment
concentration exceeds any of the compound-specific risk-based benchmark concentrations
or ARARs. As seen in Table 4-20, no compounds are designated a CsOPC in sediment.

4.2.4.4.4 Surface Water. Surface water contaminants above background identified in
Section 4.2.3.3 have been carried forward to the risk-based and regulatory screening. These
contaminants are listed in Table 4-21 for the two surface water screening scenarios.

The results of the risk-based and regulatory screening for 300-FF-5 surface water are
summarized in Table 4-21. Compounds are designated as CsOPC if the maximum detected
surface water concentration exceeds any of the compound-specific risk-based benchmark
concentrations or ARARs. The contaminants that are considered CsOPC for the 300-FF-5

operable unit surface water are indicated by shading.

4.3 EXTENT OF CONTAMINATION

The intent of tiais section is to examine the spatial distribution of the contaminants of
potential concern identified above in Section 4.2 for groundwater, surface water and
sediment of the300-FF-5 operable unit. For each of the media discussed, a qualitative
analysis of contaminant frequency, distribution and chemical activity is performed, where
appropriate, to eliminate a few contaminants of potential concern from further evaluation
in the risk assessment (Section 6). This step is a final, qualitative screening process to focus

4-23



DOE/RL-93-21, Rev. 0

the list of contaminants of potential concern on the contaminants which drive the risk for
the 300..FF-5 operable unit.

4.3.1 300-FF-1 Operable Unit Soils

This discussion describes the extent of contamination associated with the 300-FF-1

operable unit soils. As the 300-FF-1 operable unit soils were examined in this RI for their
potential risk through the groundwater pathway, the discussion below will focus on the
calculated groundwater concentration estimates and the results of screening. The risk-
based and regulatory screening for 300-FF-1 operable unit soils is performed in Section
4.2.4.4.1, and is summarized in Tables 4-15 and 4-16. The distribution of the 300-FF-1

operable unit soil contaminants in the vadose zone materials has been presented previously
in the 300-FF-1 operable unit Phase I RI (D©E-RL 1993a).

The results of the 300-FF-1 operable unit soils risk-based and regulatory screening are
presented in Table 4-22 where the compounds which are retained for use later in the risk
assessment, and their estimated future groundwater concentrations, are summarized.
Compounds retained in soils above 4.6 m (15 if), and below 4.6 m (15 if) are listed
separately.

Compounds retained include inorganics, organics and radionuclides. Inorganic
compounds which were retained as CsOPC include the following:

• ammonia, cadmium, chromium, cobalt, copper, fluoride, lead, mercury,
silver, suffate, and zinc.

Of these, the most consistently retained compounds include chromium (8 waste
management units), copper (8 waste management units), lead (8 waste management units),
and mercury (8 waste management units).

Organic compounds retained include:

• tetrachloroethylene (PCE), trichloroethylene (TCE), vinyl chloride,
butylbenzylphthalate, chloroform, and diethylphthalate.

TCE and PCE each constituted the most frequently identified organic compound.
Each was retained at three waste management units (316-5 process trenches [pre-ERA], 316-
5 process trenches [post-ERA], and 618-4 burial ground no. 4). Of the remaining

compounds, butylbenzylphthalate was retained at two waste management units, and the
others at one waste management unit each.

Radionuclides which were identified include:

• Co-60, Ra-226, the uranium isotopes (U-234, U-235, U-238), and total
uranium.

Uranium, in at least one form, was the most consistently retained radionuclide,
occurring at 8 of the 11 waste management units. Co-60 was identified at two waste
management units, and Ra-226 at one waste management unit.
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Waste management units where the most compounds were retained include the 316-
2 north process pond, 316-1 south process pond, 316-5 process trenches (pre-ERA), 316-5
process trenches (post-ERA), 618-4 burial ground no. 4, 618-5 burial ground no. 5, and the
307 trenches. Only two compounds were identified at the 307 retention basins, and only
one was identified at the filter backwash pond. No radionuclides were retained at the
sanitary trenches, filter backwash pond, or fly ash ponds. Generally speaking, more
compounds were retained at each waste management unit in the upper 4.6 m (15 ft) than
below 4.6 m (15 f-t).

It should be pointed out that the compounds retained were chosen in a screening
process which is inherently conservative. Uncertainty associated with the choice of Ka, for
example, in the groundwater calculations, lead to the use of the minimum Ka value of
those identified in the literature search. Use of higher Kd values might result in the
elimination of some of the compounds identified above.

4.3.2 Groundwater

This section describes the current extent of contamination in the 300-FF-5 operable
unit groundwater, based on data collected during the Phase I RI. Data is presented below
for the contaminants of potential concern identified above in Section 4.2.4.4. The discussion
is presented in terms of the three screening scenarios which were considered for
groundwater: all wells, the on-site industrial process well (399-4-12), and the wells
representative of the tritium plume migrating from the 200 Area.

For the case of all data, a series of plume maps have been prepared for the
contaminants of potential coacern which display well-defined groundwater plumes, i.e., for
those compounds whick were consistently detected throughout the operable unit. The
plume maps are included in Appendix K. All groundwater analytical data are summarized
in Appendix C.

4.3.2.1 All Data Screening Scenario

4.3.2.1.1 Qualitative Analysis of Contaminant Frequency and Distribution. A
number of CsOPC defined in Section 4.2.4.4 and presented in Table 4-17 were detected only
in several samples at low concentrations. For the unconfined aquifer, these contaminants
include the following:

• bis(2-ethylhexyl) phthalate
• carbon tetrachloride

• 1,1,2,2-tetrachloroethane
• tetrachloroethene
• lead

• cyanide
• cobalt-60
• ruthenium-106
• radium-226
• total radium
• thorium-228 and 232.
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Bis(2,-ethylhexyl)phthalate was detected once in 26 samples from the unconfined
aquifer at a concentration of 160 "B" ug/L. The "B" qualifier indicates that the compound
was detected in a blank. Carbon tetrachloride was detected once out of a total of 185

samples from the unconfined aquifer, at a concentration of 2 "J" _g/L. The "J" qualifier
indicates an estimated concentration, l,l,2,2,-tetrachloroethane was detected twice out of a

total of 162 samples, at a maximum concentration of 3 "J" i_g/L. Tetrachloroethene was
detected twice out of a total of 185 samples, at a maximum concentration of 4 "J" l_g/L. Out
of 154 samples, lead was detected once. The concentration of lead in the one sample was
5.6 I_g/L. Cyanide was detected once out of 26 samples. The concentration of cyanide in
the one sample was 21.1 t_g/L. Cobalt-60 was detected once out of 138 samples, at a
concentration of 3.49 pCi/L. Ruthenium-106 was detected twice out of 63 samples, at a
maximum concentration of 34.4 pCi/L. Table 4-23 summarizes the number of detects and
the total number of samples associated with these compounds in the unconfined aquifer.

Radium-226, thorium-228 and thorium-232 had only two or three detected values in
135 samples analyzed. One groundwater sample (HEIS number BO62S2) from well 399-1-
17B had high values of radium-226, thorium-228 and thorium-232 at 95 pCi/L, 160 pCi/L
and 120 pCi/L, respectively, during the second sampling period. Groundwater samples
from this well from the first sampling period (third period was not analyzed for these
isotopes) did not contain detectable concentrations of these isotopes. In addition, the gross
alpha measurements obtained on this sample (HEIS number B062S2) was less than 0.14
pCi/L which was not consistent with measurements obtained for these alpha emitting
isotopes. These data indicate a quality control problem with this sample (please note that a
high concentration of K-40 at 1,800 pCi/L was also reported for this sample).

For the compounds discussed above, all of the organic compounds detected (except
for bis(2-ethylhexyl)phthalate) were close to the method detection limits and were below
the method quantitation limits. The inorganic detects were all near the method
quantitation limit. Therefore, for these reasons, and because each compound was detected
very infrequently, these compounds will not be considered further in this RI for the
unconfined aquifer.

In addition to these compounds, a number of other constituents were also
characterized by limited extent in the unconfined aquifer. These compounds were
generally detected in a larger total number of samples than the group of compounds
discussed above, but were not frequently detected at levels above background UTLs or
screening values. These compounds include the following:

aluminum silver
ammonia vanadium
arsenic zinc

beryllium
fluoride
iron

manganese

The frequency of detection of these compounds is examined herein in order to

evaluate whether the compounds should be carried forward to the baseline risk assessment
of Chapter 6. The criterion used to evaluate these compounds consists of an examination
of the frequency with which the background UTL was exceeded. The number of total
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detects above the UTL is compared to the total number of samples. As the UTL represents
the upper 95% tolerance limit, 5% of the samples from a sample population group would
be expected to exceed the UTL under normal background conditions. Exceedance of the
UTL by 5% or less of the samples does therefore not necessarily indicate the presence of
contamination above background. This criterion was used to narrow the list of CsOPC to

those which actually represent probable contamination in the groundwater. If less than 5%
of the total number of samples collected exceeded the UTL, the compound was eliminated
from further consideration in this RI.

Table 4-23 summarizes the total number of detects, total number of samples and the
percentage of samples which exceeded the UTL. As seen in the table, all of the compounds
listed above exceeded the UTL fewer than 5% of the time with sample populations that
were generally greater than about 130.

Potassium-40 is also eliminated from further consideration in this RI, as discussed in
Section 4.2.4.4.1.

Chromium is also eliminated because it was detected inconsistently from round to

round. Chromium analyses were performed during rounds 1, 2 and 3. The maximum
values occurred in round 1 where concentrations as high as 10.2 I_g/L were detected. The
background UTL for chromium is 2.4 _g/L (Table 4-3), and the minimum risk-based
screening value is 8 I_g/L (Table 4-13). The minimum ARAR used in the screening is 10
IaDFL(Appendix H). The maximum values occurred at wells 399-8-5A (10.1 i_g/L), 399-1-14A
(10.1 I_g/L), 399-3-2 (9.9 I_g/L), 399-3-12 (9.5 i_g/C), and 399-3-7 (10.2 _g/C). During rounds 2
and 3, however, only one detect occurred at these wells (2.80 Dg/L at well 399-8-5A) with
detection limits of 2 or 3 I_g/L. Maximum concentrations in round 2 occurred at wells 399-
1-5 (5.00 I_g,/C), 399-1-6 (5.40 I_g/L), and 399-1-11 (4.60 _g/L). During round 3 only five
detects occurred. The maximum values occurred at wells 699-$28-E12 (5.70 I_g/L), 699-$19-

E14 (5.00 I_D/L), and 399-1-5 (4.60 "B" i_g/L). Because no detects exceeded risk-based or
regulatory screening values in rounds 2 or 3, chromium is eliminated from further
consideration. It is considered possible that remobilization by a fluctuating water table
during round 1 may explain the observed variation in chromium concentrations among the

sampling rounds.

For the confined aquifer, contaminants detected infrequently include the following:

° chloroform

• 1,2-dichloroethene (total)
• benzene
• trichloroethene
• arsenic
• strontium90
• uranium-234
• uranium 235
• uranium-238.

Chloroform was detected once out of a total of 13 samples from the confined aquifer,
at a concentration of 6 "B" I_g/L. The detect occurred at well 399-1-16C during round 1.
The "B" qualifier indicates that the compound was also detected in a blank sample. 1,2-
dichloroethene (total) was detected once out of 13 samples, at a concentration of 55 l_g/L.
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The detect occurred during round 1 at well 399-1-16C. Benzene was detected once out of
13 samples, at a concentration of 2 "J" _g/L. The detect occurred during round 1 at well
399-1-9. Trichloroethene was detected twice out of 13 samples, at a maximum
concentration of 16 I_g/L. The maximum detect occurred at well 399-1-16C dunng round 1.
Arsenic was detected once out of 12 samples, at a maximum concentration of 5.8 I_g/L. The
detect occurred at well 699-$29-E16C during round 2. The background UTL for arsenic is
<3.2 I_g/L. Out of 12 samples, uranium-234, -235, and -238 were detected once each at
concentrations of 24.4, 2.61 and 19.6 pCi/L, respectively. At the location where it was
detected, uranium-234 was not detected in the other two sampling rounds at detection
limits of 0.17 and 0.044 pCi/L. Uranium-235 was not detected in the other two sampling
rounds at detection limits of 0.008 and 0.035 pCi/L. Uranium-238 was not detected in the
other two sampling rounds at detection limits of 0.12 and 0.13 pCi/L. The uranium detects
occurred at well 399-1-16C during round l. St-90 was detected in two of twelve samples at
concentrations of 0.41 and 0.29 pCi/L in groundwater from wells 399-1-17C and 399-1-16C,
respectively, during the first sampling period. Sr-90 was below detection in groundwater
samples obtained from these wells during subsequent second and third sampling periods.

As presented in the paragraphabove, many of the contaminants detected in the
confined aquifer are detected only at well 399-1-16C. As previously discussed in Section
3.6.3.2.3, this may be due to problems at well 399-1-16C with poor well construction (i.e.
casing joint leaks, leakage along the well's annular seal, and/or poor seal at well 399-1-16D).
As part of Task 4d-Aquifer Intercommunication, hydraulic head monitoring was performed
at the 399-1-16 well cluster to assess the likelihood that these factors may have contributed
to the observed contamination in the confined aquifer. The results of this monitoring
(presented in an item of personal correspondence included in Appendix E) indicate that
there is very little difference in the measured hydraulic heads at the A, B and C wells. This

is contrary to the more typical head profile which generally indicates upward gradients
from the confined to the unconfined aquifers in the 300 Area. The evaluation of the

hydrologic data at the well cluster concluded that leaks from both the casing and annular
seals at well 399-1-16C are contributing to the observed head levels and that remedial
actions should be undertaken to address the well construction deficiencies.

Of the four confined aquifer detects which occurred at wells other than 399-1-16C,
three of these (benzene and TCE at 399-1-9 and Sr-90 at 399-1-17C) occurred at wells close

to 399-1-16C. This implies the possibility that contaminant seepage at the well may have
spread in the confined aquifer. The possibility is considered low, however, because the
confined wells have very low, inconsistent, and/or non-detected concentrations of
contaminants. The detects which were observed at well 399-1-16C therefore are not felt to

be representative of widespread aquifer contamination in the confined aquifer but of
leakage which is occurring at the 399-1-16C well cluster from the unconfined aquifer to the
confined aquifer through the well's faulty annular seal. This leakage is probably
accelerated during purging which induces the downward movement of contaminated
groundwater from the unconfined aquifer.

Although a number of compounds were detected above background in the confined
aquifer, these compounds were detected infrequently, inconsistently from round to round,
at concentrations only marginally above background, and/or due to potential problems
with a faulty well seal. For these reasons, these compounds will not be considered further

in this RI. There are therefore no compounds remaining in the confined aquifer to be
considered further in the risk assessment.
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The final list of groundwater CsOPC from the all data screening scenario is presented
below and in Table 4-24. This list of 14 compounds, all of which are present only in the
unconfined aquifer, will be carried forward to Chapters 5 and 6 for use in the human
health risk assessment:

total coliform U-234
chloroform U-235

1,2-Dichloroethene (trans- and total) U-238
trichloroethene nitrate
Sr-90 nickel

Tc-99 copper
tritium
Total U

4.3.2.1.2 Plume Maps. The current extent of groundwater contamination is presented
in a series of plume maps which have been prepared for selected CsOPC. Compounds
have been mapped which display a well-defined plume area, i.e. which were consistently
detected throughout the operable unit. The plume maps are presented in Appendix K.

The plume maps have been prepared for the following compounds. A separate map
was prepared for each of the four sampling rounds for which data was collected. In some
cases, analyses were not performed for all four sampling events. All maps are for the
unconfined aquifer:

gross alpha U-235
gross beta U-238
Sr-90 chloroform
Tc-99 trichloroethene
total U nickel

tritium copper
U-234

The maps are based on data from the unconfined aquifer. At some unconfined
aquifer well locations, multiple wells have been installed, A and B wells, which screen
upper and lower portions of the aquifer, respectively. In general, the plume maps have
been contoured with the A-well data only as the highest concentrations of contaminants
generally occurred at the A-wells. For TCE, however, where the highest values occured in

the B-wells, A-well plume maps and B-well plume maps have been created. For the
purposes of contouring, non-detects have been assigned a value of one-tenth the reported
sample detection limit.

The remaining CsOPC (total coliform, nitrate, and 1,2-DCE) consist of those
compounds which were detected more infrequently or at only a few wells. Rather than
create plume maps, the extent of contamination for these compounds is presented in
tabular form (Table 4-25). The table lists all sample detects (above background UTLs) for
each compound (for all wells and sampling events). Each compound in the table is
characterized by 16 or fewer samples. The extent of contamination of these compounds is
described below.
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Nitrate. Nitrate levels in excess of the risk-based screening values and/or regulatory

criteria were found primarily in the southern portion of the 300-FF-5 operable unit. The
maximum nitrate concentration occurred in well 699-$28-E12 (15.6 rag/L). The background
UTL for nitrate is 13.42 m_q_.. The minimum screening concentration is 2.56 rag/L, and the
minimum ARAR is 4.4 m_'L (10% of the MCL). Other wells where screening criteria were
exceeded include 399-5-1,399-4-1,399-4-11 and 399-8-2. All of these wells, except for 399-8-2,

are located south of the 300-FF-1 operable unit. The distribution of nitrate observed is
consistent with data reported in DOE-RL (1990b, 1993) and suggests that the source of the I
nitrate is associated with the ll00-EM-1 operable unit. i

1,2,-DCE. Trans-l,2-DCE and 1,2-DCE (total) are confined to two wells within the

300-FF-5 operable unit: 399-1-16B and 399-1-17B both of which are located at the southern
end of the 316-5 process trenches. The maximum concentrations observed for the two
compounds were 150 and 130 _g/L for total and trans-DCE, respectively. Both values
occurred in well 399-1-16B. The presence of the DCE in the B wells, without any
corresponding detects in the A wells, suggests that the source of the DCE is a DNAPL
present at depth in the unconfined aquifer. In Section 4.3.2.1.3 below, a DNAPL source for
DCE is evaluated in a presentation of historical DCE trends at the 399-1-16 well cluster.

Total coliform. Total coliform bacteria were detected in well and seep samples

collected throughout the 300-FF-5 operable unit. Maximum concentrations occurred in the
seep samples which were usually in excess of 20 colonies/100 mL. The maximum value
observed was 280 colonies/100 mL at spring sampling location SP7 which is located in the

northern portion of the 300-FF-1 operable unit (and upriver of the sanitary trenches). The
background UTL for total coliform is <2.2 colonies/100 mL. The sample collected at SP9,
which is closest to the sanitary trenches, was measured at _ colonies/100 mL. Wells
located in the vicinity of the sanitary trenches (399-2-1, 399-2-2, 399-2-3, and 399-1-16A) were
characterized by levels less than about 8 colonies/100 mL. No clear and obvious source of
total coliform is therefore evident, however, the source likely consists of the sanitary

trenches, and the Columbia River, as most of the detects generally occurred at seeps and in
wells located along the river bank. Total coliform was also detected away from these
sources, however, as at wells 399-3-2 (16 colonies/100 mE), 399-5-1 (2.2 colonies/100 mL)and
399-8-4 (2.6 colonies/100 mL).

The plume maps are presented below. Plume maps have been prepared for gross
alpha and gross beta as general indicators of contamination. Gross alpha and gross beta
are not contaminants of potential concern. All groundwater analytical data are
summarized in Appendix C. Background UTLs are presented in Table 4-3. Well locations
in the 300-FF-5 operable unit are shown in Figure 2-6.

Gross Alpha. Gross alpha measurements were made during sampling rounds l, 2, 3

and 4, and the contoured gross alpha concentrations in groundwater are shown in Figures
K-l, -2, -3 and -4. As seen in the figures, a gross alpha plume is present in the unconfined
aquifer at levels which generally vary from about 10 to 100 pCi/L. The plume is located
primarily within the 300-FF-1 operable unit with maximum values occurring in the vicinity

of the 316-2 north process pond. The maximum concentration detected was 130 pC't/L at
well 399-2-2. This value occurred during the second sampling round. For comparison, the
background UTL for gross alpha is 4.3 pCi/L. It is expected that the primary source of

gross alpha at the 300-FF-5 operable unit is uranium. The plumes for gross alpha and
uranium correspond closely. An examination of groundwater radionuclide data (Appendix IP'

4-30



DOE/RL-93-21, Rev. 0

C-1) confirms that the gross alpha are in reasonable agreement with the alpha emissions of
U-238 and U-234 and their daughters.

Gross Beta. Gross beta analyses were conducted during sampling rounds 1, 2, 3

and 4. The contoured concentrations for gross beta in groundwater are shown in Figures
K-5, -6, -7, and -8. As seen in the figures, there are apparently two areas of gross beta

contamination at the 300-FF-5 operable unit. The first area is associated primarily with the
300-FF-1 operable unit. Concentrations are generally in the 10 to 100 pCi/L range with a
maximum value of 110 pCi/L which occurred at well 399-1-5 in round 2. For comparison,

the background UTL for gross beta is 9.3 pCi/L. The source of the beta in the 300-FF-1 area
is likely related to daughter products of uranium. An examination of groundwater

radionuclide data (Appendix C-1) confirms that the gross beta levels are in reasonable
agreement with the beta emitting U-238 and U-234 daughters. Another area of elevated
beta activity is associated with the southwest portion of the 300-FF-5 operable unit. This

plume is characterized by levels up to about 64.90 pCi/L and is defined by wells 399-5-1 and
699-$28-E12. This contamination is likely associated with the Tc-99 plume which is

emanating from the 1100-EM-1 operable unit vicinity and is also present in groundwater
from these wells.

St-90. Sr-90 measurements were made during sampling rounds 1, 2 and 3. The
contoured concentrations are shown in Figures K-9,-10, and -11. As seen in the figures, Sr-
90 is present, albeit sporadically, in an area which corresponds approximately with the
300-FF-1 operable unit boundaries. Detects ranged up to a high of 4.57 pCi/L. This value
occurred at well 399-3-3. Other localized maxima occurred at well 399-1-12 (1.60 pCi/L-

round 2), 399-1-5 (1.30 pCi/L-round 2), 399-3-11 (3.3 pCi/L - round 2), and 399-1-11 (1.96
pCi/L - round 1).

Tc-99. Tc-99 measurements were made during sampling rounds 1 and 2. The
contoured Tc-99 concentrations are shown in Figures K-12 and -13. As seen in the figures,
Tc-99 is present over a relatively large area in the southern portion of the 300-FF-5 operable
unit. Levels range up to 65 pCi/L (well 399-5-1). The observed distribution of Tc-99 is
consistent with the known occurrence of Tc-99 in groundwater at the 1100-EM-1 operable
unit (DOE-RL 1992d). In addition, the occurrence of the Tc-99 is closely related to the
observed distribution of nitrate, another relatively mobile contaminant and one which is
known to be associated with groundwater in the 1100-EM-1 area. Nitrate is observed at
levels above background (Table 4-25) at wells 699-$28-E12 and 399-5-1 only, the two wells

which displayed the highest Tc-99 concentrations. As such, the distribution of the two
compounds in the 300-FF-5 operable unit likely defines the downgradient extent of the
plume which is derived from the 1100-EM-1 operable unit area.

Another more localized occurrence of Tc-99 was observed within the 300-FF-1

operable unit. At well 399-1-5 during round 2, Tc-99 was detected at a concentration of 15
pCi/L. I_ is not clear whether this occurrence of Tc-99 is related to the 1100-EM-1 plume or
is derived from a 300 Area source.

Tritium. Tritium measurements were made during sampling rounds 1 and 3. The

contoured concentrations for tritium in groundwater are shown in Figures K-14 and -15.
As seen in the figures, tritium is present throughout much of the eastern portion of the
300-FF-5 operable unit. Maximum values occur in the northernmost portion of the
operable unit, where concentrations exceed 10,000 pCi/L. Levels generally decrease to the
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south to approximately 1,000 pCi/L at the southern end of the 300-FF-1 operable unit. The
maximum tritium value measured was 11,770 pCi/L. This value occurred at well 699-S19-
E14. The source of the tritium is an really extensive ('100 km z) tritium plume present to
the north of the 300 Area which is associated with activities at the 200 Areas. The

distribution of tritium depicted is indicative of migration of this plume into the 300-FF-5
operable unit. No 300 Area sources of tritium are believed to occur, based on the observed
tritium distribution.

Uranium. Uranium measurements were made in rounds 1, 2, 3 and 4.

Measurements were made of total uranium (rounds 2, 3 and 4), U-234 (rounds 1, 2 and 3),
U-235 (rounds 1, 2 and 3), and U-238 (rounds 1, 2, and 3). Plume maps for these analyses

and sampling rounds are shown in Figures K-16 to K-27. As seen in the figures, uranium is
present in a well-defined area centered in the central portion of the 300-FF-1 operable unit
and which extends to the south beyond the southern boundary of the 300-FF-1 operable
unit. The extent of the uranium plume is similar to that observed for gross alpha (Figures
K-l, -2, -3, and -4). The maximum detected concentrations consistently occurred in well
399-1-5 (total uranium of 270 _g/L) which is immediately adjacent to the 316-5 process
trenches. A localized high may be present in the vicinity of well 399-4-9 where total
uranium levels of 50 lsg/L were detected in round 2. Levels above background for total
uranium (12.9 _g/L) were detected as far south as well 399-4-12 (25 _g/L) which is
approximately 400 m (1300 f-t) south of the 300-FF-1 operable unit.

As seen in the figures, the extent of U-234, -235, and -238 contamination is similar to
that of total uranium. The maximum values are centered in the vicinity of the 316-5
process trenches. The maximum detect for each isotope occurred at well 399-1-5. As with
total U, a localized maximum appears to be present in the vicinity of wells 399-3-11, 399-4-9
and 399-4-10. The source of this second area of contamination is not clear but may be

associated with the 300-FF-3 operable unit.

Chloroform. Chloroform analyses were performed on samples collected during
rounds 1, 2, 3, and 4. The results of the chloroform analyses are depicted in Figures K-28,
-29, -30, and -31. As seen in the figures, chloroform is present in a rather poorly defined
area that seems to be centered in the vicinity of the 316-5 process trenches at well 399-1-17A
and extends away to the south and east. Values at 399-1-17A were 15, 12U and 16 I_g/L for
rounds 1, 2, and 3, respectively. The maximum value of 18 i_g/L occurred at well 399-3-3

during round 1. During round 2, there was only one detect for chloroform. Discharge of
chloroform is known to be currently occurring to the 300 Area process trenches at a mean
concentration approximately 13 _tg/L (Stordeur 1992b).

TCE. Trichloroethene analyses were performed on samples collected during rounds
1, 2, 3, and 4. The results of the TCE analyses for A-wells are depicted in Figures K-32, -33,
-34, and -35. Results for B-wells are shown in Figures K-42, -43, -44 and -45. Maximum
values for TCE occurred in B-wells. TCE is present primarily south and east of the 316-5
process trenches. The maximum value for TCE was 14 lig/L. This value was observed at
well 399-1-16B during round 2. This well consistently displayed the highest value amongst
the four rounds. A secondary maxima (present in the A-zone) is located to the southwest
of the 300-FF-1 in the vicinity of wells 399-3-2, 399-4-1 and 399-4-12. These wells were
consistently in the 4 to 9 i_g/L, range. While these values may be related to the TCE
contamination which is emanating from the ll00-EM-1 operable unit, non-detects observed
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at wells 399-5-1 and 699-$28-E12, which are located between the 1100-EM-1 and the three

wells, suggests that the observed TCE contamination is likely related to a 300 Area source.

As with DCE discussed above, the source of the TCE is believed to be related to the

presence of a DNAPL in the lower portions of the unconfined aquifer, as the highest
concentrations generally occur in the B wells. This hypothesis is developed further in
Section 4.3.2.1.3 below where historical TCE data are presented for the 399-1-10 well cluster.

Copper. Copper analyses were performed during rounds 1, 2 and 3. The results of
the copper analyses are depicted in Figures K-36, -37 and -38. As seen in the figures, a
definite copper plume is indicated in round 1, but in rounds 2 and 3 very few detects
were observed. [n round 1, copper is present in a somewhat poorly-defined area that
extends through the central and southern portion of the 300-FF-1 operable unit. Detected

concentrations ranged up to a maximum value of 11.6 lag/L. Detects were typically from
about 3 to 10 lag/L. The background UTL for copper is <2.7 I.tg/L. The maximum value
occurred at well 399-3-10. During round 2, however, there were only 3 detects. All of the
wells where detects were observed in round 1 were sampled in round 2. In round 3,

copper was detected at only one well (399-2-3). The concentration at the well was 5 lag/L,
as compared to 4.2 lag&, in round 1, and non-detect (<9.1 lag/L) in round 2. The presence
and distribution of copper in the unconfined aquifer is therefore somewhat unclear. While
the possibility was not investigated, it is considered possible that remobilization by a
fluctuating water table during round 1 may explain the observed variation in copper
concentration amongst sampling rounds. The compound was retained as a CsOPC because
a definite plume was observed in round 1, and at least one value was detected above
background in rounds 2 and 3 within one of the round 1 wells.

Nickel. Nickel analyses were performed during rounds 1, 2 and 3. The results of
the nickel analyses are depicted in Figures K-39, -40 and -41. As seen in the figures, nickel
is present in a well-defined but rather limited area centered primarily to the southeast of
the 316-2 north process pond. Detected concentrations ranged up to a maximum value of
118 I_L. This concentration occurred at well 399-1-16A. This well consistently
demonstrated the maximum detect during each round. The background UTL for nickel is
4.5 i_g/L. There also appears to be a secondary maxima which is associated with well 399-1-
12. Concentrations at this well ranged as high as 49 t_g/L. The source of the nickel in the

well is likely related to past discharges to the 316-5 process trenches. The well is located on
the west side of the 316-5 process trench and may reflect past trench impacts to
groundwater quality from mounding. The well is, at times, located downgradient of the
process trenches due to periodic reversals of the groundwater flow direction from
Columbia River stages.

4.3.2.1.3 Historic Data. Selected historic data for the 300-FF-1 operable unit
groundwater plume are presented below to demonstrate general data trends. It should be
emphasized that these data are unvalidated and therefore of uncertain accuracy and
precision. Use of the data in this instance to demonstrate general trends, however, is
considered appropriate.

Data presented in Honey (1957) indicate that the average uranium concentrations
measured in 3 wells adjacent to the river (399-1-1, -2-1, and -3-1) for the period March 1956
to April 1957 ranged from about 500 to 1000 pCi/L. Well sampling and analysis conducted
in January 1977 (Lindberg and Bond, 1979) showed a well-defined uranium plume beneath
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the 300 Area extending from the 316-5 process trenches south beyond the 316-1 south
process pond, and east to the river. Maximum total uranium concentrations (40-50 pCi/L)
occurred along the river near wells 399-2-3, 399-3-1- and 399-4-7, among others. More
recent data, obtained from an available Hanford Site groundwater analytical database, are
shown in Figure 4-6. Total uranium levels since 1988 are plotted in the figure for selected
300-FF-5 operable unit wells. Figure 4-6 and the data presented in Haney (1957) and
Lindberg and Bond (1979) show that uranium has been present in groundwater at levels
above regulatory and screening criteria since at least the middle 1950's.

Historic data for DCE and TCE are shown in Figure 4-6 where levels have been

plotted for the 399-1-16A and 399-1-16B well cluster. As seen in Figure 4-6, the highest
levels of DCE and TCE have consistently occurred in the B well, at depth in the unconfined

aquifer. Levels in the A well for both compounds have typically been at or near the
detection limit. Concentrations have been consistent and relatively constant over the 6 to

7-year period plotted (1,2-DCE may be increasing with time). Vertical gradients are
generally upward in the unconfined aquifer (Section 3.6.3.2.3). As such, the source of the
contaminants must be located at depth. Since TCE and DCE are denser than water in their
pure phase, the source of long term dissolved constituents in the groundwater presumably
consists of a DNAPL which has migrated downward through the aquifer and now is
present at depth. The DNAPL may exist in the form of a saturated pool or as isolated
pockets at residual saturation. The original source and location of the DNAPL are not
known, but are likely associated with the waste disposal trenches (316-5) and ponds (316-1
and 316-2) of the 300-FF-1 operable unit. 300 Area laboratories did use TCE and may have
discharged TCE to the 316-1 and 2 process ponds. A tetrachloroethene accidental discharge
occurred to the 316-5 Process Trenches (DOE-RL 1990a)which may be one of the potential
sources of TCE and DCE through degradation.

4.3.2.2 On-Site Industrial Process Well Screening Scenario (Well 399-4-12). Since this
screening scenario involves only one well, the number of samples collected is considered
inadequate to perform the type of qualitative analysis of contaminant frequency and
distribution which was performed above for the case of all groundwater data. All
compounds which were designated CsOPC in Section 4.2.4.4 for this groundwater
screening scenario will therefore be retained and carried forward to the risk assessment
performed in Chapter 6. These compounds and their maximum detects are summarized in
Table 4-24. It is important to note that, based on information presented in Ledgerwood
(1991), the well is an A-zone well. Total depth of the well is 70 ft. The well is perforated
trom 49 to 69 ft and the depth to water is approximately 50 ft. The well was installed in
1980. The extent of contamination at the 3994-12 well is discussed qualitatively below.

CsOPC for the on-site industrial process well include the following compounds:

• chloroform
• trichloroethene
• tritium
• uranium 234
• uranium-235
• uranium 238

• total uranium.
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Chloroform was detected in 2 out of 4 samples from the well at a maximum
concentration of 8 "B" }_g/L. The other 2 sample results were 9 "UJ" and 6 "JU" .g/L.
Trichloroethene was detected in 4 of 4 samples, with a maximum concentration of 7 _g/L.
Tritium was detected in 1 of 1 sample with a concentration of 1,890 pCi/L. Uranium-234
and uranium-238 were detected in 2 of 3 samples, with maximum concentrations of 8.1
and 8.4 pCi/L., respectively. Uranium-235 was detected in 1 of 3 samples at a concentration
of 0.51 pCi/L. Total uranium was detected in 2 of 2 samples, with a maximum value of
2s. .

4.3.2.3 Tritium Plume Screening Scenario. This screening scenario involves data from
three wells (699-$19-E14, 399-1-18A, and 399-1-18B) which are considered representative of
the tritium plume as it migrates onto the 300-FF-5 operable unit from the north. CsOPC for
the tritium plume screening scenario identified in Section 4.2.4.4 and summarized in ]'able
4-18 include the following compounds:

• 1,1,2,2-tetrachloroethene
• fluoride
• vanadium
• technetium-99

• total radium
• tritium
• uranium-234
• uranium-238.

1,1,2,2-tetrachloroethene was detected in i of 8 samples from the three wells, at a
maximum concentra0on of 3"J" _g/L. The one detect occurred at well 399-I-18B. The other
samples were non-detects at detection limits of either 5 or 10 _g/l... Fluoride was detected
in 3 of 6 samples, with a maximum concentration of 1,300 _g/L. The background UTL for
fluoride is 1,114 _g/L. The maximum value occurred at well 399-I-18B. The other three
samples were rejected by the data validation process. Vanadium was detected in 4 of 9
samples with a maximum detection of 16.6 _zL. The maximum value occurred at well 699-
$19-E14. The remaining values were non-detects at detection limits up to 30 pg/L. The
background UTL for vanadium is 14.9 pg/L. Technetium-99 was detected in one of two
samples with a maximum value of II "J"pCi/L. The one detect was at well 699-S19-E14.
The other value was 6.55 "UJ" pCi/L. Total radium was detected in 2 of 2 samples from
we[[ 399-.I-18A at concentrations of 0.04 and 0.02 pCi/L. Tritium was detected in 2 of 2

samples, with a maximum concentration of 11,800 pCi/L. The maximum concentration
occurred at well 699-$19-E14. Uranium-234 and uranium-238 were each detected in 2 of 8

samples, with maximum concentrations of 2.3 and 1.8 pCi/L, respectively. The maximum
concentrations each occurred at well 699-S19-E14. The remaining uranium values were
non-detects with detection limits up to 4.53 pCi/L.

Of these CsOPC, tritium is the one compound which is consistently present at
concentrations markedly in excess of the screening values. Other compounds are present
infrequently (as with l,l,2,2-tetrach[oroethene and fluoride) or at concentrations only
marginally above background or the risk-based and regulatory screening values (as with
vanadium, fluoride and technetium-99). The maximum value for fluoride (at well 399-I-

1815) may represent upwelling groundwater from the basa[ts which are known to naturally
produce relatively high fluoride concentrations (DOE 1988). The observed levels of U-234

and U-238 are probably close to the regional background concentrations for the two
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compounds and may not represent actual contamination (background UTLs were
calculated for the individual uranium isotopes in Table 4-4, but were not used in the
screening). Similarly, the values for total radium appear to represent background as the
maximum detect of 0.08 pCi/L is much lower than the two reported background values for
Ra-226 of <34.4 and 0.23 pCFL (Table 4-3). Therefore, tritium will be the only compound
carried forward to Chapter 6 for the risk assessment, as indicated in Table 4-24.

4.3.2.4 Summary of 300-FF-5 Operable Unit Groundwater Contamination. As described in
Sections 4.3.2.1, 4.3.2.2 and 4.3.2.3, groundwater contamination at the 300-FF-5 operable unit
generally occurs in three primary areas, all of which are associated with the unconfined
aquifer. The principle plume, and the only one of the three which is derived from 300
Area sources and operations, is centered in the 300-FF-1 operable unit area. Compounds
associated with this plume include total coliform, TCE, chloroform, 1,2-DCE, nickel, copper,
Sr-90 and the uranium isotopes. While the distribution of each of these contaminants
varies somewhat due to differing transport properties and sources, maximum
concentrations occur primarily in the vicinity of the 316-5 process trenches, and the north
and south (316-1 and 316-2) process ponds. These waste management units, and possibly
others within the 300-FF-1 operable unit, represent the major sources for this plume. The
source of a localized uranium high at the south end of the 300-FF-1 operable unit is not
clear, but there is the possibility that it is associated with the 300-FF-3 operable unit. It is
also postulated that this perhaps may be part of the initial 316-5 process trench plume that
occasionally becomes resuspended or redirected toward the south as the river levels
fluctuate.

A second plume, consisting of tritium contamination, is present throughout most of
the northern and eastern portion of the 300-FF-5 operable unit. This plume is derived from
operations in the 2130Area, and migrates onto the 300-FF-5 operable unit from the north.
Tritium concentrations are highest in the northern portions of the operable unit
(approximately 12,000 pCi/L) and decline to the south. The minimum detected
concentrations (approximately 1000 pCi/L) occur some 400 m (1,300 ft) south of the 300-FF-1
operable unit.

The third plume is comprised of Tc-99 and nitrate contamination which is migrating
from the vicinity of the ll00-EM-1 operable unit, located approximately 1.6 km (1 mi) to the
west of the southern portion of the 300-FF-5 operable unit. This plume is centered in the

southern half of the 300-FF-5 operable unit. Trichloroethene is also known to be present in
groundwater at the 1100-EM-1 operable unit (DOE-RL 1990b, 1993); however, TCE

contamination was not detected with the Tc-99 and nitrate during this RI. Because TCE is
not as mobile or as persistent as nitrate or Tc-99, it may not yet have migrated onto the
300-FF-5 operable unit. Wells 699-$29-Ell and -El2, however, which are located in the

extreme southwestern corner of the 300-FF-5 operable unit, were not sampled as part of the
300-FF-5 quarterly sampling.

4.3.3 Sediment

No compounds exhibited concentrations in the sediment in excess of any human
risk-based benchmark screening concentrations or ARARs (Table 4-20). Thus, there are no
CsOPC for sediment to carry forward to the risk assessment. The sediment exposure
pathway will not be evaluated further for human exposures.
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4.3.4 Surface Water

The surface water screening scenarios are based on a total of six samples (three
samples each from two surface water sampling locations - SP9 and SPll [Figure 2-1).

CsOPC for the two surface water screening scenarios (Table 4-21) include the following
compounds:

Hanford Site Background

• arsenic
• aluminum
• iron

• manganese
° antimony
° selenium
• trichloroethene
° radium-226
• technetium-99
• tritium
• uranium-234
• uranium-235
• uranium-238

Operable Unit-Specific Background

• aluminum

• manganese
• iron
• trichloroethene
° technetium-99
• radium-226
• uranium-234
• uranium-235
• uranium-238

The extent of contamination in the river based on the 300-FF-5 operable unit
sampling activity is summarized in Table 4-26, and is discussed qualitatively below. All
surface water data are presented in Appendix A. Background values for surface water are
summarized in Table 4-10.

Arsenic was detected in two of six samples, with a maximum concentration of 3.4
}_g/L. The detect values occurred at SPll WAT20 and SPll WAT3. These locations

correspond to the sample points 6 and 1 m (20 and 3 ft) from the riverbank, respectively, at
sample location SPI1. All other sample results for arsenic were non-detects less than 2.2
 g/L.

Aluminum was detected in one of six samples at a concentration of 275 "J" I_g/L. All

other values were non-detects at detection limits of 66 12g/L or less.

4-37



DOE/T_L-93-21, Rev. 0

Iron was detected in one of six samples at a concentration of 463 _g/L. All other
samples were non-detects at detection limits of 174 I_g/L or less.

Manganese was detected in four of six samples at a maximum concentration of 22.8
i_g/L. The other three detects were 8.2 "B", 6.6 "B", and 6.1 "B" _g/L. The background
values for manganese are 11.3 and 0-20 _g/L for the operable unit-specific and Hanford Cite
background, respectively.

Antimony was detected in one of six samples at a concen*ration of 17 "B" i_g/L. All
other samples were non-detects at detection limits of 14.8 I_g/L. No background value was
available for the Hanford Site background screening scenario. For the operable unit
background, however, a UTL of 49.7 _g/L was calculated.

Selenium was detected in one of six samples at a concentration of 6.1 "J" I_g/L. All
other samples were non-detects at detection limits of 3.6 _g/L or less. No background
value was available for the Hanford Site background screening scenario. For the operable
unit background, however, a UTL of 10.7 lag/L was calculated.

Trichloroethene was detected in three of six samples, with a maximum concentration
of 2 "J" I_g/L. The maximum concentration occurred at SP11 WAT3. Concentrations of 1 "J"
i_g/L were observed at SP9 WAT3 and SP9 WAT 10. All other sample results were below
detection at a detection limit of 10 _g/L.

Radium-226 was detected in one of six samples, at a concentration of 37 pCi/L. This
detect occurred at SP9 WAT3. All other values were non-detects less than 37 pCi/L. The
background UTL for Ra-226 is <26 pCi/L.

Technetium-99 was detected in one of 6 sa a concentration of 5.4 "J" pCi/L.
This detect occurred at SP11 WAT3. All other san_ k _ults were non-detects at less than
5 pCVL.

Tritium was detected in all six samples at concentrations which ranged from 3100 to
430 pCi/L. The maximum value occurred at SP11 WAT3, and the minimum value was
measured at SP11 ,VAT20.

Uranium-234 was detected in all six samples, at concentrations which ranged from 18
to 1.2 pCi/L. The maximum value was noted at SP11 WAT3, and the minimum value
occurred at SP9 WAT20.

Uranium-235 was detected in five of the six samples, at concentrations which ranged
from 1.1 "J" to non-detect at 0.12 pCi/L. The maximum value was noted at SP11 WAT3, and
the minimum value occurred at SP9 WAT20.

Uranium-238 was detected in all six samples, at concentrations which ranged from 19
to i.2 pCi/L. The maxilnum value was noted at SFI1 WAT3, and the minimum value
occurred at SP9 WAT20.

Based on the surface water data obtainod, arsenic, aluminum, iron, manganese,
antimony, selenium and radium-226 will be eliminated from further consideration in this
RI. The maximum arsenic concentration (3.4 i_g/L) is within the range of the Hanford Site
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background of 1 to 4 _g/L. Neither aluminum or iron exceeded any risk-based screening
values. The compounds were selected as CsOPC only because they exceeded a non-health
based secondary MCL. The maximum manganese detect (22.8 _g/L) only marginally
exceeded the range of the Hanford Site background of 0 to 20 pg/L. Although no Hanford
Site background value is available for antimony, the operable-unit specific background has
a mean of 10.4 _g/L and a standard deviation of 5.1_g/L. Therefore, the maximum
antimony concentration (17 _g/L) is considered to be within the operable unit specific
background range. The only selenium detect (6.1 _g;/L) does not exceed the risk-based
concentration (8 _g,/L) and only marginally exceeds 10% of the most stringent ARAR (10%
of 50 pg/L). The single radium-226 detect was not validated under the RI's formal data
validation procedures. The presence of radium -226 in the surface water is therefore
unconfirmed and considered questionable.

Based on the surface water data presented above, the following general qualitative

observations can be made regarding surface water quality: River water contaminant
concentrations generally appear to be highest close in to the riverbank and lowest away
from the riverbank. With regards to CsOPC that will be carried forward to the risk
assessment, maximum values were all associated with the WAT3 sample locations, and
minimum values were all observed at the WAT20 locations. It also appears that

concentrations are generally higher at the downstream end of the 300 Area than at the
upstream or mid-portion. The maximum values for the uranium isotopes, tritium, TCE and
Tc-99 all occurred at sample location SP11 WAT3. This location is the farthest downstream
location sampled and is therefore subject to the accumulated upstream groundwater
discharges.

4.4 ABIOTIC AND BIOTIC CONTAMINATION

This section describes the extent of contamination in biota. Biotic uptake assessment
was performed to determine if constituents of concern could be transported from
contaminated groundwater and soil into the foodchain.

4.4.1 Identification of Surface Water CsOPC for Ecological Risk Evaluation

Groundwater CsOPC were developed from an evaluation of constituents screened
against background in the unconfined aquifer (Table 4-5). Constituents comparable to, or
below background were eliminated from further consideration as is discussed in
Section 4.3.2. Those constituents above background were then evaluated for frequency of
detection. No radionuciides were eliminated from the evaluation. On the basis of

frequency of detection as discussed in Section 4.3.2 the final list of compounds used in the
ecological risk evaluation as river source terms are the compounds determined to be
present above background in groundwater.

4.4.2 Identification Sediment CsOPC for Ecological Risk Evaluation

Constituents reported in sediments above background are identified in Table 4-9.
Since ammonia is an essential aquatic nutrient it is not considered in the risk assessment.

Beryllium and silver have not been identified as contaminants in the operable unit
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groundwater. In addition, analytical uncertainty associated with silver showed poor
reproducibility on split samples. Because of these factors silver is not carried into the risk
assessment. Beryllium concentration in sediments is low and although not directly
comparable is below the average soil concentrations of the United States (Kabata-Pendias
and Pendias 1984).

The radionuclides were screened to determine if they are a potential source of
contamination based upon Baker and Soldat (1992). This procedure uses sediment
radionuclide concentrations and converts concentrations directly into an external dose rate
by multiplying the sediment concentrations by the conversion factor. These factors are
shown in Table 4-27. The total dose rate from sediments is 0.00004 tad/day which is well
below any significant dose rate. Sediments are not considered a significant contribution to
aquatic receptor dose rate and are not carried into the risk assessment.

4.4.3 Riparian Zone Vegetation

The only major study for biotic contamination of the 300-FF-5 operable unit in
conjunction with RI/FS was conducted by Brandt et al. (1993). The study measured the
concentrations of contaminants of concern in terrestrial and aquatic vegetation and small
mammals occurring in the 300-FF-5 operable unit (i.e., terrestrial riparian habitats and the
Columbia River) and similar habitat immediately upriver.

Results showed concentrations of antimony, beryllium, and silver were generally
below detection limits in all riparian vegetation samples. Among samples of mulberry
tissue, uranium was the only metal found with statistically significantly higher mean
concentrations in operable unit samples versus samples from upriver. Chromium was
significantly higher in upriver samples of mulberry tissue than from samples within the

operable unit (Table 4-27). For reed canarygrass, copper, iron, manganese, nickel, and
uranium were statistically significantly higher in samples from the operable unit than from
upriver. Aluminum showed the same trend, but the difference was marginally significant,
statistically (0.1 > P > 0.05). Maximum detected concentrations were found in the operable
unit samples for aluminum, chromium, copper, iron, manganese, and zinc although
concentrations were generally low (Table 4-28).

Uranium was the only radioactive metal detected in all vegetation samples. Cs-137
was not detected in any sample. Sr-90 was detected in a number of samples of mulberry;
11% of samples from upriver and 15% of samples from the operable unit (Table 4-29). It
was detected in 4% of samples of reed canarygrass from the upriver group and in 7% of
samples from the operable unit.

Reed canarygrass showed slightly elevated mean concentrations of Sr-90 and Co-60 in
samples from the operable unit than in upriver samples. Maximum concentrations were
also found in operable unit samples (Table 4-30).
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4.4.4 Small Mammals

Brandt et al. (1993) analyzed carcass and skin homogenates of house mice and Great
Basin pocket mice obtained from an upriver control site and from within the 300-FF-5
operable unit for aluminum, antimony, barium, cadmium, chromium, copper, iron, lead,
manganese, mercury, nickel, silver, and zinc. Beryllium, antimony, mercury, and St-90
were detected in only one subsample of homogenate. Silver was not detected in any
sample. Generally, there were no large differences in mean tissue concentrations between
sites for any analyte except manganese in the tissue of Great Basin pocket mice (Tables 4-31
and 4-32). St-90 and total uranium were also analyzed in both species, with the only
statistically significant difference between control and operable unit samples found in
uranium in Great Basin pocket mice tissue (higher in operable unit than upriver). No
significant differences between control and operable unit samples were found for PCB.

4.4.5 Aquatic Vegetation

Brandt et al. (1993) also analyzed contaminants in periphyton communities from
stations above and within the operable unit. The results showed that, although the
highest concentration for most contaminants were found at the farthest downstream
station, there was no strong trend toward a downstream increase in concentration for
study contaminants.

4.4.6 Aquatic Organisms

Fish samples have been collected routinely from the Columbia River for decades and
reported yearly in the Hanford Site Environmental Report (PNL). Analyses have been for a
variety of species and is generally limited to radionuclides. A summary of historical data

for aquatic organisms is given in Table 4-33, since no fish were specifically collected in the
300 Area. Fish collected in the 100-D Area in 1987 had tissue concentration of 0.011, 0.001,

and 0.022 pCi/g (wet weight) for Co-60, St-90 and Cs-137 respectively, in whitefish muscle.
Only Sr-90 was detected in the carcass with a concentration of 0.024 pCi/g (wet weight).
Bass muscle concentrations were generally comparable to the whitefish. In 1989 whitefish,
bass and salmon were collected from the river above the Hartford Site and in the vicinity of
the 100 Area (Jaquish and Bryce 1990). Cobalt-60, Sr-90, and Cs-137 were detected in a few
whitefish muscle tissue samples along the Hanford Reach near the 100-D Area as well as
upstream of the Site, just below Priest Rapids Dam. However, there were no apparent
differences between samples from the two locations.

4.4.7 Columbia River

Radionuclide contamination of the Columbia River during 1989 is reported by Jaquish
and Bryce (1990). Water samples were collected from Priest Rapids Dam and the Richland
PumpHouse. Annual average tritium concentrations were 63 and 129 pCi/L, respectively at
Priest Rapids Dam and the Richland Pumphouse. Average stronti_lm concentrations were
0.08 and 0.07 pCi/L, and uranium concentrations were less than 1 pCi/L for both stations.
Co-60, St-90, 1-131 and Cs-137 were not detected in the river during 1989.
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Figure 4-1. General ScreePJng Approach Utilized
in the Soils, Groundwater, Seaiment and Surface
Water Screening.
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Figure 4-2. 300-FF-1 Soils Screening.
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Figure 4-3. Groundwater Screening.
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Figure 4-4. Sediment Screening.
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Table 4-1. Laboratory Blank _ Lstment Summary. (Sheet 1 of 15)

-- ] i Result Q_ Lab'blank adjust" Ass°ciated sample HEIS #File Name I Lab.blank ID C.A.S. #b ANALYTE (in ug/L) value (in ug/L)"

First Quarter Blank Samples __ -'-----_ 210 B01DM0

01028S.O 1A SBLK111C1 117-81-7 Bis(2-ethylhexyl)phthalate 21 B01F33

01028V.O1A VBLK0113 591-78-6 2-Hexanone 6 J 30 B01DM0
67-64-1 Acetone 20 200 B01F33
67-66-3 Chloroform .9 J 4.5 B01FN6

75-09-2 Methylene Chloride 5 50

VBLK0115 67-64-1 Acetone 18 180
75-09-2 Methylene Chloride 5 50

01039V.O1A VBLK0115 67-64-1 Acetone 18 180 B01DZ5
75-09-2 Methylene Chloride 5 _.------ 50 B01DY2 O

VBLK0117B 67-64-1 Acetone 22 220 B01F74
75-09-2 Methylene Chloride 20 200 B01FN7 _b

4_

,"] 01045S.O1A SBLK0114C 117-81-7 Bis(2-ethy lhexyl)phthalate 4 J 40 B01DJ6 ¢0B01DM3 .""
laa ........ _1

01045V.O1A VBLK011fA 67-64-1 Acetone 18 180 B01DJ6
75-09-2 Methylene Chloride 19 190 B01DM3 oB01FN8

01062S.O1A SBLK0120C 117-81-7 Bis(2-ethylhexyl)phthalate 4 J 40 B01DW7B01F30

01062V.O1A VBLK0117D 75-09-2 Methylene Chloride 14 140 B01DW7

VBLK0120B 75-09-2 Methylene Chloride 14 140 B01DZ7B01F30
B01FN9

01081S.O1A SBLK0123C 117-81-7 Bis(2-ethylhexyl)phthalate 8 J 80 B01DL4B01DN2

01081V.O1A VBLK0123B 75-09-2 Methylene Chloride 12 __-.-- 120 B01DL4

VBLK0127 75-09-2 Methylene Chloride 23 . 230 B01DN2

VBLK0129 75-09-2 Methylene Chloride 19 _ 190 B01FN4B01FP0

L_.___



Table 4-1. Laboratory Blank Adjustment Summary. (Sheet 2 of 15)

File Name Lab.blank ID C.A.S. #b ANALYTE Result Qual Lab.blank adjust. Associated sample HEIS #
(ill ug/L) value (in ug/L)*

12015S.O1A SBLK1210C 117-81-7 Bis(Z-ethylhexyl)phthalate 310 3100 B01DH7B01D]0
a01DJ3
B01DL7

B01DN8

12015V.O1A VBL1210A 75-09-2 Methylene Chloride 2 J 20 B01DH7B01DJ0
B01DJ3
B01DL7
B01DN8
B01DY5

B01DY7
B01DY9 C)
B01DZI
BO1F60
BO1F61

I

12020V.O1A VBL1211A 75-09-2 Methylene Chloride 7 70 B01DM6 .-"
B01DP1 _o
B01DP4

B01DS8 o
B01DZ3

B01F62

12026S.O1A SBLK1212C 117-81-7 Bis(2-ethylhexyl)phthalate 19 190 B01DT4B01DX3
B01DZ9

12026V.O1A VBL1213 591-78-6 2-Hexanone 6 J 30 B01DTI
75-09-2 Methylene Chloride 6 60 B01DT4B01DX3

B01DZ9
B01F63

12034V.O1A VBL1217 108-10-1 4-Methyl-2-Pentanone fi j 25 B01DK8
591-78-6 2-Hexanone 9 J 45 B01F01

75-09-2 Methylene Chloride 3 J 30 B01F03

VBL1218 75-09-2 Methylene Chloride 7 70 BO1F64



Table 6-1. Laboratory Blank A ,tment Summary. (Sheet 3 of 15)

File Name Lab.blank ID C.A.S. #b ANALYTE Result Quai Lab.blank adjust. Associated sample HEIS #
(in ug/L) value (in ug/L)"

12043S.O1A SBLK1216C 117-81-7 Bis(2-ethylhexyl)phthalate 29 290 B01DL1

SBLK20101C 84-74-2 Di-n-butylphthalate 11 55 B01DL1REB01DM9
B01DM9RE

B01DN5
B01DN5RE

12043V.O1A VBL103A 67-64-1 Acetone 24 240 B01DL1
67-66-3 Chloroform .8 J 4 B01DLIRE

75-09-2 Methylene Chloride 6 _---- 60 B01DM9

VBL1220A 67-64-1 Acetone 12 120 B01DM9RE
75-09-2 Methylene Chloride 13 130 B01DN5----------- O

VBL1221 75-09-2 Methylene Chloride 22 9.220 B01DN5RE _

L_

VBL1223 67-64-1 Acetone 30 300 B01F07 ,b, 75-09-2 Methylene Chloride 24 240 B01F07RE do

22 220 B01F65
VBLK0117B 67-64-1 Acetone

75-09-2 Methylene Chloride 20 200 B01F65RE o

120485.O1A SBLK1217C 117-81-7 Bis(2-ethylhexyl)phthalate 43 430 B01DT7 oB01DW6
B01DX0
B01DX9
B01DX9RE

12048V.O1A VBL1221 75-09-2 Methylene Chloride 13 130 B01DT7

VBLK0113 591-78-6 2-Hexanone 6 J 30 B01DW6
67-64-1 Acetone 20 200 B01DX0
67-66-3 Chloroform .9 ] 4.5 1301DX9

: 75-09-2 Methylene Chloride 5 50 I301DX9RE
220 B01FI5

VBLK0117B 67-64-1 Acetone 22 i 200 B01F66
75-09-2 Methylene Chloride 20
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Table 4-1. Laboratory Blank Adjustment Summary. (Sheet 4 of 15)

File Name Lab,blank ID C.A.S. #b ANALYTE Result Qual Lab, blank adjust, Assodated sample HEIS #

(in ug/L) value (in ug/L) _
..... , .....

12061V.O1A VBL103A 67-64-1 Acetone 24 240 B01DK2
67-66-3 Chloroform .8 J 4 B01DK2RE

75-09-2 Methylene Chloride 6 60 B01DK5
. .. , ......

VBL1221 75-09-2 Methylene Chloride 9_2 220 B01DK5RE
, ,

VBL1223 67-64-1 Acetone 30 300 B01F09

75-09-2 Methylene Chloride 24 240 B01F09RE
B01F17
B01F17RE

B01F45
BO1F45RE
BO1F67

B01F67RE _3

B01FM7 O

. B01FM7RE.............. , ...... , ....

12064V.O1A VBL102A 67-64-1 Acetone 10 100 B01F13RE _'_
-- 75-09-2 Methylene Chloride 5 50 B01F54 da

VBL1223B 67-64-1 Acetone 16 160 B01F54RE "7_
75-09-2 Methylene Chloride 16 160 B01F68

....... ,..........

VBLK0129 75-09-2 Methylene Chloride 19 190 B01F68RE o.... , ,,..............

12076V.O1A VBL1224A 67-64-1 Acetone 10 100 B01DX6

75-09-2 Methylene Chloride 18 180 B01FI9
B01F21
B01F48

B01F69
...., ,

12081V.O1A VBL1227B 67-64-1 Acetone 21 210 B01DQI
67-66-3 Chloroform 1 J 5 B01DQ4

75-09-2 Methylene Chloride 19 190 B01DQ4RE
75-25-2 Bromoform 1 J fi B01DQ7

,,

VBL1227C 67-64-1 Acetone 27 270 B01DR0

75-09-2 Methylene Chloride 23 230 B01DRORE
,,

VBL1230 67-64-1 Acetone 21 210 B01F70

75-09-2 Methylene Chloride 16 160 B01FM8 , ,.....



I
Table 4-1. Laboratory Blank Adjustment Summary. (Sheet 5 of 15) l

.......

File Name Lab.blank ID C.A.S. #b ANALYTE Result Qual Lab.blank adjust. Associated sample HEIS #
(in ug/L) value (in ug/L)"

............ , ,,

12081V.O1A VBLK0205 67-64-1 Acetone 8 J 80 B01FM9

75-09-2 Methylene Chloride 12 120 B01FM9RE
...................

12088V.O1A VBL1230 67-64-1 Acetone 21 210 B01DR6

75-09-2 Methylene Chloride 16 160 B01DS5
B01F51
B01F51RE
B01F57
B01F71

............... , ,, , ,,

WEST744A.EDD V BLK 67-64-1 Acetone 10 100 B01F36

75-09-2 Methylene Chloride 1 J 10

_' ' '...... O

WEST782.EDD VBLK 67-64-1 Acetone 8 J 80 B01F39

75-09-2 Methylene Chloride 1 J 10
75-35-4 1,1-Dichloroethene 2 J 10 ,_................. ,,,,

.....

_ Second Quarter Blank Samples t_

04064V.O1A VBLK0429B 71-55-6 1,1,1-Trichloroethane 1 J 5 B062H9
75-09-2 Methylene Chloride 6 J 60 B062K4

B062K7 o
BO62L9
BO62M2
B06327
B06328
806329

B06330
B06331

.... , .......

04070V.O1A VBLK0501B 108-10-1 4-Methyl-2-pentanone 2 J 10 B062F2
67-66-3 Chloroform .90 J 4.5 B062G1

75-09-2 Methylene Chloride 3 ] 30 B062G4
B062M5
B062Z3
B06332
B06333
B06334

B06335
..........



Table 4-1. Laboratory Blank Adjustment Summary. (Sheet 6 of 15)

File Name Gab.blank ID C.A.S. #b ANALYTE Result Qual Gab.blank adjust. Associated sample HEIS #
(in ug,/L) value (in ug/l_.)" , ,

04077V.O1A VBLK0f01B1 75-09-2 Methylene Chloride 10 100 B062D9
B062J2
B062]5
B062J8
B062L6
B06339
B06340

B06341
B06342
B06343

04083V.O1A VBLK0504B 75-09-2 Methylene Chloride 4 J 40 B062B8
B062C1
B062C4 0

t'rlB062M8 ---
7_

B06344 t"
B06345 _b

B06346
I

B06347 ""
.....

05003V.O1A VBLK0505B 75-09-2 Methylene Chloride 3 J 30 B062N1
B06302 o
B06349
B06350

05007V.O1A VBLK0506R1 75-09-2 Methylene Chloride 10 100 B062S9B062T2
B062T5
B06305

VBLK0507R 75-09-2 Methylene Chloride 3 J 30 B06351
B06352
B06353

l,
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Table ,t-1. Laboratory Blank Lstment Summary. (Sheet 7 of 15)

File Name Lab.blank ID C.A.S. #b ANALYTE Result Qual Lab.blank adjust. Associated sample HEIS #

(in ug/L) value (in ug/L)"
........... , .........

05017V.O1A VBLK0511B 67-66-3 Chloroform 1 J 5 B062L0

75-09-2 Methylene Chloride 29 290 B062L3.....

VBLK0fl2B 591-78-6 2-Hexanone 5 J 25 B062N4
67-64-1 Acetone 16 160 B062P6

67-66-3 Chloroform 2 J 10 B062P9

75-09-2 Methylene Chloride 9 J 90 B062Q2
B062Q5
BO62Z4

B06308
B06348
B06354

B06355
B06356 0
B06357 rn

B06358
-_ B06359 ,,b

cr_ 05025V.O1A VBLK0511B 67-66-3 Chloroform 1 J 5 B062Z0 ,...

75-09-2 Methylene Chloride 29 290 B06360
............. _,_

05032V.O1A VBLK0513B 75-09-2 Methylene Chloride 14 140 B06361 <
B06363 o
B063M5
B063M6
B063M7
B062W 1

B062W 1RE
B062X1
B062XI RE
B062X8
BO62XSRE
B062Y4

B062Y4RE
B062Y7

B062Y7RE
B06311

i B06311 RE
! .......
i



Table 4-1. Laboratory Blank Adjustment Summary. (Sheet 8 of 15)

File Name Lab.blank ID C.A.S. #b ANALYTE Result Qual Lab.blank adjust. Associated sample HEIS #
(in ug/L) value (in ug/Ly

05043V.O1A VBLK0518B1 108-88-3 Toluene 5 ] 50 B062Q8
67-64-1 Acetone 16 160 B062R1

67-66-3 Chloroform 2 J 10 B062R9
71-55-6 1,1,1-Trichloroethane 2 J 10 B062S6

75-09-2 Methylene Chloride 14 140 B06314
B063M8

B063M9
B063N0
B063N1
B063N2

05049V.OIA VBLK0519B 67-66-3 Chloroform 7 J 35 B062D3

71-55-6 1,1,1-Trichioroethane 2 J 10 B062F5

75-09-2 Methylene Chloride 4 J 40 B062P0

VBLK0521B 67-64-1 Acetone 19 J 190 B062R5

._ 67-66-3 Chloroform 2 J 10 B062V2
,7] 71-55-6 1,1,1-Trichloroethane 2 J 10 B062V6

75-09-2 Methylene Chloride 7 70 B062W4
B062W8
B062X4
B062Z5
B06317

B06362
B063N3
B063N4
B063N5
B063N6
B063N7
B063N8

B063N9
B063P0
B063P2



Table 4-1. Laboratory Blank A_ stment Summary. (Sheet 9 of 15)

File Name Lab.blank ID C.A.S. #b ANALYTE Result _ Lab.blank adjust. Associated sample HEIS #

(in ug/L) value (in ug/L) _

05072V.O1A VBLK0527B 67-66-3 Chloroform 2 10 B062134
71-55-6 1,1,1-Trichloroethane 3 j 15 B062P3

7_-09-2 Methylene Chloride 45 450 B062S2_- B06320
! B063P3i

B063P4
B063Pfi
B063P6

06039V.O1A VBLK0623B 108-88-3 Toluene 1 J 10 B062D6
67-66-3 Chloroform 1 J 5 B063P9
71-55-6 1,1,1-Trichloroethane 2 J 10

75-09-2 Methylene Chloride 3 J 30------- ©

WEST071.EDD VBLK 67-64-1 Acetone 7 I 70 B062Z6
75-09-2 Methylene Chloride 3 J 30 B062Z9--'-'-"-- ,b

WEST304.EDD VBLK 67-64-1 Acetone fi j 50 B062R3, 10 100 B062R7
--". WEST332.EDD VBLK 67-64-1 Acetone

75-09-2 Methylene Chloride 4 J 40 B062V4B062V8

WEST406.EDD VBLK 67-64-1 Acetone 4 J 40 B062B5 o
75-09-2 Methylene Chloride 5 50

Third Quarter Blank Samples

09008V.O1A VBLK0909B 75-09-2 Methylene Chloride 4 40 B07633B07635
B07637
B07639
B07641



Table 4-1. Laboratory Blank Adjustment Summary. (Sheet 10 of 15)

File Name Gab.blank ID C.A.S. #b ANALYTE Result Qual Lab.blank adjust. Associated sample HEIS #
(in ug/L) value (in ug/Ly

09030V.O1A VBLK0915B 75-09-2 Methylene Chloride 5 J 50 B075W3

VBLK0915B1 75-0%2 Methylene Chloride 4 J 40 B075W5B075W7
B075W9

BO75Z5
BO75Z7
B07603
B07605

B07607
B07609

B07611 _3
B07613 0

pr_
B07643
B07645
B07691 ,b

B07693 d3
_. B07695 -"¢.,,,_.

, B07697

B07841 <
B07843 o

.....i



Table 4-1. Laboratory Blank Ac :ment Summary. (Sheet 11 of 15)

---Z--Z-, Lab.blank adjust. Associated sample HEIS #

File Name Lab.blank ID C.A.S. #b ANALYTE Result _uai
(in ug/L) value (in ug/L) _

09034V.O1A VBLK0918B 108-10-1 4-Methyl-2-pentanone 2
10 B075X9

B075YI
B075Y3

B075Y5
B075Z1
BO75Z3
B07615
307617

B07619
B07621
B07659

B07661
B07679 GJO
B076812 m
B07683 t-"
B07685 ,b

._ B07687
,"] B07689

09045V.O1A VBLK0922 75-09-2 Methylene Chloride 8 80 B075TfB075T3 <rD

B075V1 o
B075V3
B07623
B07625
B076B3
B076B5
B07837

B07839
B07853
B07854



Table 4-1. Laboratory Blank Adjustment Summary. (Sheet 12 of 15)

File Name Lab.blank ID C.A.S. #b ANALYTE Result Qual Lab.blank adjust. Associated sample HEIS #

(in ug/L) value (ill ug/L) _
...... 1¢

090filV.O1A VBLK0924 1330-20-7 Xylenes (total) 2 J 10 B075T9
B07fiY7

B075Y9
B07655
B07657
B07699
B076B1

B07845
B07847
B07849
B07851

..
, , ......

10037V.O1A VBLK1014A 71-43-2 Benzene 4 J 20 B075V5 U7
B075V7 O

........ , , ! ...... _r_

WEST845.VOA VBLK 75-09-2 Methylene Chloride 9 J 90 B076C1
B076C3 t-"

,...]
Fourth Quarter Blank Samples t_

l1036V.O1A VBLKII13R 67-64-1 Acetone 7 J 70 B07PBI "7_
<

O
,,, , , , , ....

VBLKlll6R 67-64-1 Acetone 8 J 80 B07PB8

75-09-2 Methylene Chloride 1 J 10 B07PB9
B07PC0
B07PC1

...............

l1042V.O1A VBLKlll9 75-09-2 Methylene Chloride 2 20 B07P72RE

VBLKlll9R 67-64-1 Acetone 8 J 80 B07P73

75-09-2 Methylene Chloride 2 J 20 B07P74
,, ,.......

VBLK1119R1 67-64-1 Acetone 7 J 20 B07P74

75-09-2 Methylene Chloride 2 J 70 B07P75
........... ---



Table 4-1. Laboratory Blank Adjustment Summary. (Sheet 13 of 15)

File Name Lab.blank ID C.A.S. #b ANALYTE Result Qual Lab.blank adjust. Associated sample HEIS #
(in ug/L) value (in ug/L) a

l1042V.O1A V BLKll20R 67-64-1 Acetone 8 J 80 B07P77
75-09-2 Methylene Chloride 1 J 10 B07PS0B07P81

B07P92
B07P93
B07PB2
B07PB3

B07PC6
B07PC7
B07PD2
B07PD3

B07PD4 t_
B07PD5 0

------

l1049V.O1A VBLKII20 75-09-2 Methylene Chloride 4 J 40 B07P66
12081V.O1A 12081V.

O1A _a

2 J 10 BO7P67
VBLKl123 7143-2 Benzene

75-09-2 Methylene Chloride 5 J 50 B07P78B07P79 <
B07P82 o
BO7P83
BO7P84
BO7P85

BO7P86
BO7P87
BO7P88
BO7P89

BO7P94
BO7P95
BO7P98

BO7P99
I BO7PB4

_._ B07PB5



Table 4-1. Laboratory Blank Adiustment Summary. (Sheet 14 of 15)

File Name Lab.blank ID C.A.S. #b ANALYTE Result Qual Lab.blank adjust. Associated sample HEIS #
(in ug/L) value (in ug/L) _

l1049V.O1A B07PB6
B07PB7

B07PC2
B07PC3
B07PC4
B07PC5
B07PD6
B07PD7

B07PD8
B07PD9

B07PF0
B07PF1

12024V.O1A VBLK1211R 67-64-1 Acetone 7 l 70 B07P90B07P91

._ WEST663.VOA VBLK 67-64-1 Acetone 8 J 80 B07PC8 ,b
'-] 75-09-2 Methylene Chloride 10 100 B07PC9

WEST717.VOA VBLK 67-64-1 Acetone 8 J 80 B07PD0

75-09-2 Methylene Chloride 10 100 B07PDI r,

Sediments, Springs and Surface Water ............ o

09046V.01A VBLK0922R 67-64-1 Acetone 10 100 B076D5
B076F9
B01311

B01313
B01318

09047V.01A VBLK0923 71-55-6 l,l,l-Trichloethane 2 J 10 B076F0

75-09-2 Methylene Chloride 7 J 70 B076FI
B01321
B01323

B076G0
B076G 1

B076D6
B076F8

....

09073V.01A VBLK0929 108-10-1 4-Methyl-2-pentanone 3 J 15 B01381
71-43-2 Benzene 2 J 10 B076Q8

...........



Table 4-1. Laboratory Blank A_ tment Summary. (Sheet 15 of 15)

Result Qual Lab.blank adjust. Associated sample HEIS #

File Name Lab.blank ID C.A.S. #b ANALYTE (in ug/L) value (in ug/L) _

09071V.01A VBLK1002A 75-09-2 Methylene Chloride 11 110 B01374B01324
B01325
B01371

B01372
B01373
B076P5
B076R3
B076K3
B076K5
B0761-12
B076H4
B076H6 O
B076H8 rrl

BO76JO
B076J2 ,.b
BO76P9 t_

!

aRepresents the product of the maximum detect in a blank and the blank adjustment multiplier. Multiplier based on guidelines presented in WHC
099Za).
bCAS # = American Chemical Society's Chemical Abstracts Services identifier, o
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Table 4-2. Case Blank Adjustment Summary. (Sheet 1 of 6)

........................

Lab Sampling Parameter Maximum Units Multiplier a Case Blank
Round Detect Adjustment

Factor b
,,.,, ,,,., .......

TMA 1 Acetone 8 /_g/L 5 40
, , , , ...... ,

TMA 1 Alkalinity 3 mg/L 5 i5..,

TMA 1 Aluminum Filtered 66.8 #g/L 5 334

Unfiltered
, ,, ,. , i , ,,,., , i ,,,,, , , , • , ,.

TMA 1 Ammonia (as Nitrogen) .06 mg/L 5 .3
,,,, ...... ,,,,, , ,..... , ,,. ,. ,, , .,,,.

TMA 1 Antimony Filtered 13.9 _g/L 5 69.5b, ,,. .., , ,,

Unfiltered -
, , , , ,. ,, ,.. , ........ ,, ,.

TMA 1 Benzene 1 _g/L 5 5
,, • , , • ,,., ,, . .

TMA 1 Bis(2-ethylhexyl) ph thalate 25 _g/L 5 125
., , i, i., ,, , , . ,,

TMA 1 Cadmium Filtered 1 _g/L 5 5
, , ,, , ,

Unfiltered -
, ,i ,,, ,, [. , , ,,,

FMA 1 Ca lcium Filtered 225 #g/L 5 1,125
, ,,,,

Unfiltered
,.., , , ......... .i , ,

TMA 1 Chloroform 1 _gfl, 5 5
....... ,, . ,. , •_ ,, ,,,,L , , . .

TMA I Chromium Filtered - #g/I.. 5
,., ,, ,,

Unfiltered 2.5 12.5
,, _ , ,. , ,

TMA 1 Dissolved oxygen 44 mg/L 5 220
,, . , ,, ,

TMA 1 Gross alpha scan -.36 pCI/L 5 N/A
, . ,, ,,. , ,, , . ,. ., ,., ,,

TMA 1 Gross beta scan -.66 pCi/L 5 N/A
,. ,,., i ,, • ,• ,,.,

TMA 1 Iodine-129 1 pCi/L 5 5
i .,, ,,, , L ,. ,

TMA 1 Lead ..... Filtered 2.4 /_g/L 5 12
• " ':' "'::" ' i ' '1 ' : "

Unfiltered 2.2 11
,., ... ,.

TMA 1 Magnesium Filtered 57.9 _g/L 5 289.5

Unfiltered -
, , ,, , .,. , ,, ,,

TMA 1 Manganese Filtered 8 #g/L 5 40
. .,.

Unfiltered 1.6 8
, ,. ,,,.L ,.. ,, ,., , • ,,,, ,, ,, .,.

TMA 1 Plutonium-238 0 pCi/L 5 0
, , , ,. .L

TMA 1 Plutonium-239 .01 pCi/L 5 .05

TMA 1 Plutonium-241 -1.44 pCi/L 5 N/A
.......

4T-2a
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Table 4-2. Case Blank Adjustment Summary. (Sheet 2 of 6)

........

Lab Sampling Parameter Maximum Units Multiplier a Case Blank
Round Detect Adjustment

Factor b
. ........... i

TMA 1 Sodium Filtered 157 _g/L 5 785 .,.,

Unfiltered 53.5 267.5
,,. ,..,

TMA 1 Strontium-90 .057 pCi/L 5 .285
, ,, .... , , , , .,.,,

TMA 1 Technetium-99 1.98 pCi/L 5 9.9
,,, ,,,,

TMA 1 Toluene 1 #g/L 5 5

TMA 1 Total dissolved solids 57 mg/L 5 285
, , , ,, , ,,,,

TMA 1 Total organic halides 36 _g/L 5 180
,, ,, ,

TMA 1 Tritium 201.3 pCVL 5 1,006.5
, , ,,,. , ,, , ,J , ,,., ,,,

TMA 1 Uranium-234 1.23 pCVL 5 6.15
.. ,,, ,,,, ,..

TMA 1 Uranium-235 .15 pCi/L 5 .75
,, ,.. , ,. ........

TMA 1 Uranium-238 .84 pCi/L 5 4.2
, ,,, , ,, , , , . ,,,, ..... ., ,,, ,.

TMA 1 Vanadium Filtered 2.7 pg/L 5 13.5
,,,

Unfiltered
J ....., , ,. .,

TMA 1 Vinyl acetate 13 _g/L 5 65
L ,.,

TMA 1 Zinc Filtered 12.5 pg/L 5 62.5
,,,,,

Unfiltered -

TMA 2 4-methyl-2-pentanone 5 pg/L 5 25
, . ,.

TMA 2 Acetone 22 _g/L 5 110
• ,.. , L ,,,,,.

TMA 2 Ammonia (as nitrogen) .09 rag4% 5 .45
,.. ,, ,,,, ,., .,

TMA 2 Arsenic Filtered 1 pg/L 5 5
.,

Unfiltered 2.1 10.5
,, , ,,,,, ,

TMA 2 Calcium Filtered pg/L 5 -
,•, .,

Unfiltered 158 790
,,, ..

TMA 2 Carbon disulfide 2 #g/L 5 10

TMA 2 Chloroform 5 _g/L 5 25
, . ,

TMA 2 Copper Filtered - #g_ 5

Unfiltered 2 10
,.•

TMA 2 Lead Filtered 1.5 pg/L 5 7.5
. ,,, ,., , , , . ,,,

Unfiltered 2.8 14
...............

4T-2b
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Table 4-2. Case Blank Adjustment Summary. (Sheet 3 of 6)

.............

Lab Sampling Parameter Maximum Units Multiplier a Case Blank
Round Detect Adjustment

Factor bt , , . L ....

TMA 2 Manganese Filtered 1 /_g/L 5 5
I' L.,

Unfiltered
J, ...... , , . , ,, . .... L ,

TMA 2 Methylene chloride 8 /_g/L 5 40

TMA 2 Nickel Filtered _g/L 5
.........

Unfiltered 12.2 61

TMA 2 Stron tiurn-90 .011 pCVL 5 .055
.... . ,, , , ,,,. , ,, , ,,

TMA 2 Thallium Filtered /_g/L 5 -

Unfiltered 1.1 5.5
.... , , ,

TMA 2 Toluene 1 _g/L 5 5
,, . ,, , , ,,

TMA 2 Uranium-234 .15 pCVL 5 .75
.... .. ....... m , , .......... , ,.

TMA 2 Uranium-238 .I2 pCi/L 5 .6

TMA 2 Zinc Filtered #g/L 5 -
,.,

Unfiltered 11.7 58.5
,, . ,,

DATACH 3 (RCRA) Iron 22 _g/L 5 110

ITASRL 3 (RCRA) Cesium-I37 5.42 pCi/L 5 27.1
,,,. ,, ,, .... ,. ,. J ,.. , • ,, ,i •

ITASRL 3 (RCRA) Tritium 291 pCi/L 5 1,455
, , , .... ,, ,, , , , , , , ,

TMA 3 1,1,1- trichlo roe thane 2 _g_ 5 10
(CERCLA)

.... ,. ,., ..... ,.. , L ., , ..... , , , , . , ,

TMA 3 2-butanone 14 _g/L 5 70
(CERCLA)

,....... , ,,, , ,

TMA 3 Acetone 16 #g/L 5 80
(CERCLA)

., t ,., , , , ,. , I , , H, .... . ,, ,, ,,

Weston 3 Acetone 2 _g/L 5 10
(CERCLA)

TMA 3 Aluminum Filtered - _g/L 5
(CERCLA) .....

Unfiltered 26.2 131

TMA 3 Antimony Filtered 15.7 >g/L 5 78.5
(CERCLA) .....

.... Unfiltered -

TIVlA 3 Barium Filtered 0.7l #g/L 5 3.55
(CERCLA) '"

Unfiltered 1.1 5.5
. ,.........

4T-2c
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Table 4-2. Case Blank Adjustment Summary. (Sheet 4 of 6)

Lab Sampling Parameter Maximum Units Multiplier a Case Blank
Round Detect Adjustment

Factor b

TMA 3 Calcium Filtered 23 #g/L 5 115 ,,.,

(CERCLA)
Unfiltered 23 115

TMA 3 Chlorobenzene 1 /_g/L 5 5

(CERCLA)

TMA 3 Chloroform 3 #g/L 5 15

(CERCLA) .......
, ,

Weston 3 Chloroform 3 _g,,% 5 15
(CERLCA)

,,,.

TMA 3 Cobalt Filtered 1.9 t_g/L 5 9.5
(CERCLA) '

Unfiltered 1.6 8

TMA 3 Iron Filtered 4 _g/L 5 20

(CERCLA)
Unfiltered 16.3 81.5

TMA 3 Lead Filtered 2.2 /_g/L 5 11

(CERCLA) '
Unfiltered 4 20

TMA 3 Magnesium Filtered _g/L 5 -
(CERCLA)

Unfiltered 23.2 116 _

TMA 3 Manganese Filtered 2.1 t_g/L 5 10.5
(CERCLA)

Unfiltered 1.5 7.5
,,,.

TMA 3 Methylene chloride 7 _g/L 5 35
(CERCLA)

Weston 3 Methylene chloride 2 /_g/L 5 10
(CERCLA)

TMA 3 Potassium Filtered 243 /_g/L 5 1,215
(CERCLA)

Unfiltered 179 845

TMA 3 Radium-226 42 pCVL 5 210
(CERCLA)

....

TMA 3 Sodium Filtered 176 _g/L 5 880
(CERCLA)

Unfiltered 88.8 444

TMA 3 Tetrachlo roethene 3 /_g/L 5 15
(CERCLA) ,,,,,,,,,, o,

TMA 3 Toluene 43 _.g/L 5 215
(CERCLA)

4T-2d
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Table 4-2. Case Blank Adjustment Summary. (Sheet 5 of 6)

................

Lab Sampling Parameter Maximum Units Multiplier a Case Blank
Round Detect Adjustment

{ Factor b
...... , ............

TM A 3 Ura ni u m-234 .39 pCi/L 5 1.95
(CERCLA)

...........

TMA 3 Uranium-238 .36 pCVL 5 1.8
(CERCLA)

% ............... ,

TMA 3 Zinc Filtered - #g/L 5 -
(CERCLA) ......

Unfilterd 9.1 45.5
,, ,¶ ................

TMA 4 Chloroform 1 #g,/L 5 5
i ........... ,. , I ,,, , .....

TMA 4 Methylene Chloride 6 #g/L 5 30
,, , ,, , i ,, ,, .... i , ., , , . .......

TMA 4 Gross alpha 0.14 pCi/L 5 0.7
............................ ,, , • , . , ,. .

TMA 4 Gross beta 0.66 pCi/L 5 3.3
. , ....... j .... ,......

TMA Spring 2-butanone 9 #g/L 5 45
............. . .........

TMA Spring Acetone 150 #g/L 5 750
...... , .......... L_ , ,.

TMA Spring Aluminum Filtered 1,700 #g/L 5 8,500
........

Unfiltered 34.4 172
, , ,. ,. . .... . ,. . i. , , , ,J .....

TMA Spring Ammonia (as nitrogen) .17 mg/L 5 .85
, ,, , ....... ,.,. , ., ,.,

TMA Spring Antimony Filtered 15.1 #g/L 5 75.5
,,,, , .. , ,

Unfiltered
- , . , L ,.

TMA Spring Barium Filtered 9.6 #g/L 5 48
.... ,.........

Unfiltered 0.7 3.5
,, ...... , , ,, ......... ., ,

TMA Spring Calcium Filtered 3,500 #g/L 5 17,500
........

Unfiltered 49.4 247
...... , ......

TMA Spring Chloroform 2 #g/L 5 10, , ,. ,, .......... , .... , , .... ,, ,,,

TMA Spring Chromium Filtered 4.7 #g,/L 5 23.5
• I ....

Unfiltered
, , ....... ,

TMA Spring Iron Filtered 115 #_L 5 575
,, q , ,.....

Unfiltered 73.8 369
............. • ............ _ ........... _ ..................

TMA Spring Lead Filtered 4.2 #g/L 5 21....

Unfiltered 6 30
, ,, , , ..........................

TMA Spring Magnesium Filtered 300 #g/L 5 1,500

4T-2e
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Table 4-2. Case Blank Adjustment Summary. (Sheet 6 of 6)

...........

Lab Sampling Parameter Maximum Units Multiplier a Case Blank
Round Detect Adjustment

Factor b
,........ ,..... , ........ i ........... , ,,,

TMA Spring Magnesium Unfiltered -
,, . , ,, _ , . , ,, ,, , ,, , ,,. , ,

TMA Spring Manganese Filtered 102 _g/L 5 510
,, .,,, , , ,. , ,,,

Unfiltered
,,,,, ,,L ,,t. ., . , .. .J ,, . , , ,..

TMA Spring Mercury Filtered .13 _g/L 5 .65
.,i ,. . ,=

Unfiltered .13 .65
,, ,t ,,, ,,, ,,...... .,, ,., , ,, . ..

TMA Spring Sodium Filtered 825 _g./L 5 4,125
,, ,,, ,., ,

Unfiltered 83.7 418.5
........... ., ,.. ,,

TMA Spring Toluene 2 _g/L 5 10
, • ..... , ,,,

TMA Spring Zinc Filtered 20.9 _g/L 5 104.5

Unfiltered 11.5 57.5
,,, .... , ............ ,,,, i , •

TMA Spring Methylene chloride 6 _g/L 5 30
,.,, , ,, , .... • ,,,

WESTON Surface Methylene chloride 7 _g/L 5 35
Water

.,,

WESTON Spring Total organic carbon .53 mg/L 5 2.65
, L , i , ,, , , ,., ,, , , , , ,.,., , .

WESTON Spring Total organic halides 12.2 _g/L 5 61
• ., , ,, .. ., , ,,

aMultiplier based on guidelines presented in Bleyler (1988a) (for radionuclides) and WHC (1_,'-)2a)(for all
other constituents).

bRepresents the product of the maximum detect in a blank, and the blank adjustment multiplier.
TMA - Thermal Analytical Inc.
DATACH- Data Chem Laboratories

ITASRL - International Technologies, Inc.
WESTON - Roy F. Weston Inc.

Shading indicates that the case blank adjustment factor exceeds the minimum chemical-specific ARAIL
ARARs are presented in Appendix H. For inorganics, only filtered sample results were compared to the
ARARs.

................

4T-2f
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Table 4-3. Background UTLs for Groundwater a. (Sheet 1 of 2)
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Table 4-3. Background UTLs for Groundwater a. (Sheet 2 of 2)

Parameter Unconfined Aquifer I Confined Aquifer s ,, ....
__ ,,,,,

Hartford Site X s n UTU' X s n UTLb

Background c
,, , i

, , ,, , {" , , ,, ,,

Phosphate <1/300 .... 4 <400" .... 3 <400",, ,,,,,

Sulfate 90,5OO.00 21,680 17,013 8 75,910 .... 7 < 1,000",,, , ,
,,,, ,

Total coliform .... 8 <2.2 ..... 9 <2.2"

(c./100 ml) .....
, , ,,i

Fecal coliform ...... 8 <2.2 ..... 9 <2.2"

(c/100 ml) ,,

Naturally-Occurring (pCI/L) (pCi/L) (pCdL) (pC'eL) (pCdL)
Radionuclides , ,,,,...... ,,,,

Gross Alpha 5.79L 63H 0.7 1.3 12 4.3 0.2 ' 'l I 1 12 3, ,

Gross Beta 12.62 L354" 4.3 1.8 12 9,3 5.3 2.7 12 12.7,,,

Potassium-40 .. 102 44k2 12 234 .... 12 <2,_",, , ......
, ,,

Radium-22.6 0.230 .... 12 <34.4" 12.4 6.6 12 30.5
,,,, , ,, ,, = ,

Thorium-2,28 ...... 12 <26.4 ..... 12 <33",,,,

Total Uranium _g/L) 2.64 1.7 2.2 4 12.9 0.01 0.009 3

' Background values are presented for TAL parameters, anions, and K-40, Ra-226, Th-228 and total uranium.
Background values for all other analytes are assumed to be 0. TAL parameter UTLs are based on filtered samples. All
other UTLs are based on unfiltered samples.

b Values calculated from operable unit specific background.
Values from Hanford Site Groundwater Background (DOE-RL 1992f).

,t Represents value for radium.
' Parameter was never detected in the respective background samples; therefore the highest reported background

sample quantitation limit is substituted as a surrogate UTL.
' Based on data from wells 699-S22-E9A, -E9B, 699-S27-E9A, -E9B.
g Based on data from wells 399-1-18C, 699-$22-E9C, 699-$27-E9C, 399-8-5C.

X = mean

s = standard deviation

n = number of samples
NA = not available or not applicable

UTL = upper 95 percentile tolerance limit
L -. lOW

H= high
M= medium
n Based on unfiltered data - no filtered data available.

4T-3b
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Table 4-4. Conversion Factors, Relative Abundances, and Background Concentrations

for Total Uranium and the Uranium Isotopes.

Parameter Conversion Relative Site-Specific Hanford Site
Factor Abundance" Background Background

,.... ,, ..... ,

(PCi//ag)a (jag/L)t, (pCVL) _ (/ag/L) b (pCVL) _
,,,, , ,,, .,, , ..,, .L ,, L ,, . ,, ,, ,,,,,,,. ,., • , ,,,

U-234 6,240 6.5E "_ 8.4E 4 5.2 1.7E4 1.07
L • u,,,,,, , ,,,L

U-235 2.16 7.4E "_ 9.5E "z 0.21 2E"2 .04
, ,,, , ,, , , ............

U-238 0.335 0.99 12.8 4.3 2.6l .875
, , ,,,, ,, ,,,,

Total U 0.7 12.9 9.7 2.64 1.99
, , , ,, , .... ,, ,, , ,,,,,

a Based on observed 300-FF-5 background samples.
b Isotope background concentrations are calculated from the total uranium UTL concentration

using 300-FF-5 relative abundances.
Calculated from the mass concentration using the conversion factors shown in the table.

a Obtained from Shleien (1992).
....................
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Table 4-5. Results of Background Screening for the Unconfined Aquifer. (Sheet 2 of 3)

(All Wells Screening Scenario)

Unconfined Aquifer
,., =,. !,, , , ,., , ,,-,

Below Background Above Background
,,,. ,,,, , .... ,,,, , ,

Parameter Maximum Background b Parameter Maximum Background b
Concentration Concentration

p,, ,..,., , , ,,t ,, - -- .. ,,.

Cyanide _ 21.1 < 10
,, .,,

Fluoride 1,300 1,114
i......... ,,,,L _ , , ,, , ,,,, ,,,

Iron 560 420.7
, ....... t , ,.,.

Lead 5.6 <5.2
- .,, ,, .,, , ., ,o,

Magnesium 14,200 12,912
,. ,0 ,,, ,,..... ,.,,

Manganese 224 199
L ,.,,,, ,,, .,.

Nickel 118 5.3
, ..............

Nitrate 15,600 13,420
- -- .m .,,,,,,,,,, , ,,, ,

Potassium 6,880 6,443
,, - , ,,. ,,,, .,.,

Silver 10 <5
,-A mh,

_ . Sodium ..... 64,3OO 44,738 qp

Vanadium 16.6 14.9
,, ,, ...

Zinc 85.6 21
,,, , ,

Radionuclides (pCi/L) (pCi/L)
., ,, , . ,

Cobalt-60 3.49
, ,, ,., , , ,.,,,

Gross Alpha 130 4.3
,,, .,. ,

Gross Beta 110 9.3
. ,, ,...... ,,

Potassium-40 1,800 234
,,,, , J ,,

Plutonium-238 0.01
, , , , __

Radium-226 95 <34.4
............. , ......

Radium (Total) 0.08

Ruthenium-106 34.4
.......................

Strontium-90 4.57
,, ,,,,m, ,,. .

Technetium-99 65 -
........ ,,,, ,,. ,,

Thorium-228 160 <26.4

Thorium-232 120 ID
............ I
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Table 4-5. Results of Background Screening for the Unconfined Aquifer. (Sheet 3 of 3)

(All Wells Screening Scenario)

Unconfined Aquifer
.., , .... , ., _ .,,, ,, ,,,. ,L , ,, • ,,

Below Background Above Background
........ q , -- __ ,,m ,, .......... ,,.. ,, , ,

Parameter Maximum Backgroundb Parameter Maximum Background _
Concentration Concentration

,, , . •., ,.,, , ,., ,,. ,, ....... , ,.

Tritium 11,770

Uranium-234 120

Uranium-235 17
....... m, . - , ,=. ,.. • .......

Uranium-238 93
, .... ,,. | ......... ,,, , . .......

Total Uranium (_g/L) 270 12.9
.............

_ Based on unfiltered data. No filtered data available.

b Background UTLs from Table 4-3.
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Table 4-6. Results of Background Screening for the Confined Aquifer.

(All Wells Screening Scenario).

Confined Aquifer

Below Background Above Background
, , ,,,,,,,

Parameter Maximum Background" Parameter Maximum Background a
Concentration Concentration

, , ,,,, ,,,, , ,,,,

In o rg anics b (/ag/L) (_ g/L) Org ani cs (_ g/L ) 0ag/L ),

Aluminum 29.2 184.3 Chloroform 6
, ,, ,,,, , , ,

Ammonia (As N) 110 292 1,2-Dichloroethene 55
(Total)

,,,, ,, ,, , ..... ,,

Barium 115 279 Toluene 2
,,, , ,,,,

Calcium 30,300 32,393 Benzene 2
,,,, , ,,, ,,

Chloride 10,900 12,560 Trichloroethene 16
,, ,, , , ,, ,, ,

Fluo ri de 1,500 3,440 Ino rg ani cs (wg/L) (wg/L)
,,,= ,, ,, ,

Iron 206 459 Arsenic 5.8 <3.2
, , ,, , , ,,,

Magnesium 7,360 12,466 Chromium 3.1 2.8
,,,,, . q ,,, ,, ,,,,,

Manganese 102 115.1 Nickel 7.2 < 5.4

|Sodium 65,100 77,012 Nitrate 2,000 <200
, ,, ,, ,, ,,,,

Zinc 12.4 23 Potassium 10,200 6,926

Radionuclides (pCi/L) (pCi/L) Radionuclides (pCi/L) (pCi/L)
,,

Potassium-40 130 <248 Gross Alpha 40.8 3, ,,,,

Gross Beta 31.3 12.7
,,, , , ,,, ,,,,, ,,,,

Strontium-90 0.41

Uranium-234 24.37
,,,

Uranium-235 2.61
" ' ' ' "' F ' ' '" "'

Uranium-238 19.61 -
,,,, ,, m ,,

aBackground UTLs from Table 4-3.
bFiltered data were used for inorganics.

,,
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Table 4-9. Background UTLs and Screening for Sediments. (Sheet 1 of 2)

........................

X 5 n UTL 300-FF5 Sediments
Maximum concentration

, ..... . , , ,., ....... , ,

Inorganics (in mg/kg)
,, .................... , ,, ,., . ,i

Aluminum 5822.50 1213.90 4 12068.03 6750.00
,. L .......... ,

Antimony - 4 4.2*
......... , • , , , ,

Arsenic 4.88 3.48 4 22.77 7.50
, , ,,, , i ..... ., , . , , ..... ,, , j,

Barium 53.00 15.67 4 133.61 67.30
, • ,=L , ' ' " " " ' ' " " ' .' L

Beryllium - 4 0.1 * 0.45
.,, , , ,,

Cadmium 0.42 0.2,5 4 1.71
L . • , L ,, ,,,

Ca lciu m 3295.0(3 382.75 4 5264.27 4460.00
,........... , . ,

Chromium 13.55 1.76 4 22.6l
•...... , , ,, ,,

Cobalt 6.55 0.44 4 8.79 8.30
, , . ,,

Copper 18.90 6.32 4 51.41 16.10
,.,. . . ........... , ,., , ,

Iron 14025.00 1337.60 4 20906.94 17000.00
, ,, , i ,, , ,, . ........... • ,,,

Lead 26.45 22.57 4 142.55 17.40
, ........... ,. , , ,

Magnesium 3832.50 577.55 4 6803.97 4020.00
. , ,,, ,

Manganese 193.00 48.63 4 443.19 327.00
, , ,.. . ,, , .... ,,,,, ,, . ,, ,, ,. ,,,, , • ,

Mercury - 4 0.06*
,, • ..... ,, ! , .,

Nickel 13.03 1.93 4 22.96 13.30
, , , ........ ,

Potassium 790.00 235.23 4 2000.27 1100.00
, , , , , , .., ,. _ ,

Selenium - 4 0.72*
. , • , ,, , _ .

Silver 4 0.63* 1.20
,, ,, ,,, . .... , . ., ,,

Sodium 165.25 54.32 4 444.71 134.00
,,, . , , ,, ,. ,, . . , ., . , i

Thallium 0.31 0.19 4 1.28
, . , ,• ,

Vanadium 30.15 7.10 4 66.70 44.40
.... , ,. ........ , ....... . ,.

Zinc 156.43 81.52 4 575.85 118.00
. , ,.... , ......... ,.... .,,,

Ammonia (as N) 12.00
....

Radionuclides (in pCi/g)
..............

Gross alpha 7.58 1.06 4 13.04 13.00
.......... , ,

Gross beta 15.25 0.96 4 20.18 23.130
...... , ,,,

Uranium-233/234 - - - 3;90
..........
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Table 4-9. Background UTLs and Screening for Sediments. (Sheet 2 of 2)

.... .

X S n UTL 300-FF5 Sediments
Maximum concentration

,,,,, , ,,, ,,, , , ,, , ,

Uranium-235 - - 0.23
,,, , , .... ,, , ..........

Uranium-2.,38 - - 3.20

Potassium-40 14.25 1.71 4 23.04 15.00
,,, ]

Cobalt-60 - - 0.78

Cesium-137 - 0.23

Europium-152 - 0.17,,, ,,, ,,,, , ,, , , ,,,, , ,,,,,

Radium-226 0.80 0.28 4 2.22 0.71
,,, ,,,

Thorium-228 1.55 0.64 4 4.84 1.40

Thorium-232 - - 1.10

a - UTLs calculated from data presented in Weiss (1993) for sediment samples collected at Vernita
Bridge.

b - UTLs calculated for TAL metals and the naturally occurring radionuclides (total uranium,
radium-226, thorium-228 and potassium-40). No total uranium data were available for sediments.
* - Parameter was never detected in the respective background samples, therefore the highest
reported background sample quantitation limit is substituted as a surrogate UTL.

Shaded area indicate exceedance of background screening criteria.
X = mean
S = standard deviation

n = number of samples

UTL = upper 95% tolerance limit
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Table 4-10. Background UTLs for Surface Water s. (Sheet 1 of 3)

.............. . ......

Operable Unit Specific Background 6 Hanford Site
Pa rameter Background

, , ,,,, ,. , . ,,

X s n UTL
....... , , ..........

Inorganics g (_.g/L) (Itg/L) (i_g/L)
, , ,,,.., , , ,,, ........ , , ,. ,,. , ,. ,,

Aluminum .... 3 <36.1 e 20-130 e
, , , , ...... .,, ,,,,,,, ,. ,

Antimony 10.4 5.1 3 49.7 _ --
, , , .......... , ,. ,

Arsenic 2.95 1.98 3 18.1 1-4c
_ ,L ,, , , ,. . ,, ,.... i , ,. ,, ,, ,,,

Barium 38.5 8.15 3 101 0-200 c
,,, , ,. , , , . ,........ ,, , ,,,, ....... ,

Beryllium .... 3 <0.3 e NR c
, ,, , , , ,

Cadmium .... 3 <1.5 _ <1 - 2c
t , ,,, , ,, ,, , • ,..,, , ,, ,..,

Calcium 28,700 7,006 3 82,330 16,000 - 21,000 c
, , , | , ,,, ,,,, , ,,

Chromium 2.4 1.8 3 16.5 < 10-20c
_ , , .... , , , ......

Cobalt .... 3 < 1.3e 0-18 c
. ,, .,, ,, , ,

Copper .... 3 < 1.9e 0-180 c
, ,,, ,L , , ,,,,,. ,, , , ,, , .......... , ,,,

Iron .... 3 57.5 e 40-520 c
.... , , .,. ,,.. ,,, ,,, ,, ...... ,,, ,

Lead .... 3 <2.5 e 1-61c
,,, .,, , ,,. ,., ..... .

Magnesium 7,530 2,190 3 2,4,270 3,400-5,400 c
, , ,,.,

Manganese 4.4 0.9 3 11.3 0-20 c
.,. , ,,.... ,,

Mercury .... 3 <0.1 e <0.1-0.8 c
,, ,,, , , ...... . ,,....

Nickel 1.9 1 3 9.4 1-5c
, , , ,, ........ , ,

Potassium 2,447 1,287 3 12,300 600-1,100 c*
- " " ' ' " ' ' ' I ,, i .... ,,

Selenium 2.1 1.1 3 10.7 0¢
, . ,,. ,,,

Silver .... 3 <3.6 e 0-1 ¢
, ,,, ,, ....... . ,,., ,, ,, ,,. ,, . ,. ,

Sodium 8,570 4,760 3 45,050 1,600-3,000 c*
.... ,.

Thallium .... 3 < 1.3_ --
, .... . ...... , ...... , , ,

Vanadium 5.6 4.3 3 38.3 NR c
,,., , , ,, , ,,

Zinc .... 3 < 15.3e 10-90c
........

TDS 153,300 65,000 3 651,200 58,000-109,000
..... L, ,.... , ....t ,,., .,,., ,, .

Ammonia- N .... 3 < 120* < 10-240 _
, .... , ,, , , , ,,, . ..... ,....... ,

Chloride Not Analyzed 700 - 6,000*
.......
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Table 4-10. Background UTLs for Surface Water '_. (Sheet 2 of 3)

Operable Unit Specific Background b Hanford Site
Parameter Background

, ,, , t ...... ,, ,,,,,

X s n UTL
, __ ,,,, , , , ,, i, ,,, ,, ,,, l , ,,

Fluoride Not Analyzed < 100-300 c

Nitrate (as N) Not Analyzed 20-160 c
...... , ,, ,, ,, ,, ,,,,,

Nitrite Not Analyzed < 10-20 c
,,, ,,

Phosphate .... 3 <400" --
,, ..,. ,, , ,., , .................... . , , , ,

Sulfate Not Analyzed 5,000-17,000 c*
, ...........

Organics (i_g/L) (_ g/L)
,, , ,

Trichloroethene .... 3 < 10_
,.... ,, ..... , , , ,, ,

Fecal coliform (c/100 ml) 3.33 1.15 3 12.2 <144 c
, ,, , , .........

Total Coliform (c/100 mi) 133 97.1 3 877 68_
......

N aturally-Occurring (pCi/L) (pC i/L) (pCi/L)
Radionuclides

, .... , , ,, , , ,,

Gross Alpha .... 3 <1.2 e 0.51 +- 0.26 a
,., ..... ,. ..... , , , ,

Gross Beta 2.63 0.35 3 5.32 1.42 +- 1.13 d
,,,, L

Potassium-40 .... 3 < 250e
,, , ,. ,

Radium-226 .... 3 <26 e
.... , ....

Thorium-228 .... 3 <23 _ -
..... i .... , .... ,

Total Uranium Not Analyzed 0.438 +- 0.035 d
,,, ............

Non-naturally-Occurring (pCi/L) (pCi/L) (pCi/L)
Radionuclides

.,.. , ,,,.

Tritium 4,167 2,173 3 20,803 44.8 +-2.35 d
1 , , ,. ,, • ,,, ,,.

Tc-99 .... 3 < 6.2 _
,.

U-234 1.2 0.52 3 5.2 0.2.36+-0.02 d
• ................ ,

U-235 -- 0.075 3 <0.16 _ 0.01 +-0.004 d
...............
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Table 4-10. Background UTLs for Surface Water a. (Sheet 3 of 3)

Operable Unit Specific Background b Hanford Site
Parameter Background

X s n UTL
....... ! - , ,, ,,, ,,

U-238 0.89 0.36 3 3.60 0.19+-0.016 d
,, , , ,,,, , ,, , ,, ,.... ,,, ,, -- ,, ,,

aBackground values are presented for TAL parameters, anions, K-40, Ra-226, Th-228, and total
uranium as well as for non-naturally occurring radionuclides detected adjacent to the 300 Area.

bBased on data collected at SP6. (Samples B01371, B01325, and B01324).
CStordeur (1992a). Data consists of USGS Water Resources Data for Washington; Water Years

1980 to 1989. Data collected at Vernita Bridge. Unfiltered Data. c* - filtered data.
dBisping and Woodruff (1992). Data from Priest Rapids or Vernita Bridge. Values are averages
for 1991 +- the indicated error (2 std. dev.).

eparameter was never detected in the respective background samples; therefore the highest
reported background sample quantitation limit is substituted as a surrogate UTL.

fStordeur (1992a) data consists of USGS Water Resources Data for Washington; data collected at
Vernita Bridge in September 1991.

gUnfiltered inorganic data were used.
X = mean
S = standard deviation

N = number of samples
UTL = upper 95% tolerance limit
NR = not reported

............
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Table 4-12. Residential Scenario Exposure Factors (Page 1 of 2)

Pathway Exposure Par_meter_ _ Summary

Media Route Kate Frequency Duration (kg) lime Factor_
(d/yr) 0 tr) (yr x cUyr) +

Non Carcinogens

_ 6.3E-02

Ground inge_tion 11 365 -- 6 -- 16 6 x 305 -- --

Water 70 30 x 365 -- 0.5 I./m3h I.IE-OI
Inhalation 15m 3g 305 30 -

1)ermal O 17 hr i,e 365 30e 70e 30 x 365 IVI_I0 cm 3 20,000 cm2_ % x 4.9E-O?-

._ 6.3E-02

Surface Ingestion l l 365 6 16 6 x 365 -- _J

Water 70 30 x 365 -- 0.5 Ijm 3h I.IE411 0
Inhalation 15m 3g 365 _ 30

- Dermal 017 hr i,e 365 30e 70e 30 x 365 1Ltl000 cm 3 20,_ cm 2i x 4 9E-O_ t'"
x 1.4E-02k2..6 hr _ L_

_ _ 2.4E417 to
7d 6 16 o x 365 IE-Oo kg/mg -

I_t° Sediment Ingestion 200 mg _:I

t)crmal U2 mg/cm a'b 7d b(L_e 10(C) 30 x 365 1E-0o kg,/mg 2,500 cm2(C)7 c ABS x 3.4E-O7 r0
- Z4(Aje 70(A) 5'000p_j3n_(A)TC <

Carcinogenn Non-Radio_-tive
_ 12E-02

Ground Ingestion 21 365 30 70 70 x 305 _ --

Water 70 70 x 365 - 0.5 lira 3h 4.6E-02
Inhalation 15m 3g 365 30

Dermal 0.17 hr e,i 365 30e 70 e 7_2x 365 lbl000 cm 3 20,000 cm21 Kp x 2.1E-02

._ 12E-02

Surface Ingestion 21 365 30 70 70 x 365 --

Water 30 70 70 x 365 -- 0.5 I/m 3h 4.6E-02
Inhalation 15m3g 365 ,..

I _ermal 0.17 hre,i 365 30e 70e 70 x 305 11/1000 cm 3 20,1100KLcm2j Kp_%xX6.2"11"Z-0211E-03k
2.6 hr k 7e

Sediment Ingestion 200 mg(C) 7d 6(C) 10(C') 70 x 365 IE-06 kg/mg -- 3.0E4t8
100 rag(A) 24(A) 70(A) L._



Table 4-12. Residential Scenario Exposure Factors (Page 2 of 2)

Pathway Exposure Parameter_ Summary

Daily Intake Exposure Expo:,ure Body Weight Averaging Conversion Other Factors Intake F_'tor
Media Route Rate Frequency Duration (kg) "l_me Factor_

(d/yr) (yr) (yr x d/yr)

l)ermal 0.2 mg/cm a,b 7 d 6(C) e 16(C_ 70 x 305 IE-O6 kg/mg 2,_r-_lcm2(C) c A_BS x 1.5E-O7
24(A) e 70(A) 5,000 cm2(A) c

ABS /

Carcinogens- Radioactive

Ground Ingestion 21 365 30 ._ - 2..2E+04
Water

Inhalation lSm3g 365 30 -- O.l !/m 3h 1.6E+04

-- 22E+04
Sur face Inge_tion 21 365 30 -- O

Water Inhalation 15m3g 365 30 -- 0.1 I/m 3h 1.6E + 04
t""

a_ Sed:.ment Ingestion 200 mg(C) 7 d 6(C) IE-03 g/rag -- ZSE+01 ,_O
100 rag(A) 24(A) " t'O

1"O "

O" "-
Source: DC)E-R[. 1993b _;_

a/)ermal Exposure A_:,e_ment: Principle_ and Applicationn (EPA 1992.a)
bAdherence rate/event

CSkin Surface area: Z-500 cm 2 (child); 5,000 cm 2 (adult) O

dSite specific parameter
eEPA-10 1991

fChemical-_pecific ab_nption t'actor
glndoor inhalation rate

h.0005 x 1,000 ljm 3 (non-rad_); .0_KI1x 1000 i_]mz (radn) (Andeiman 1990)
il.)efault value |or _howering
JSkin :surface area (adult)
kDefault value ior _wimming

IChemical-_pecific permeability ctmfficient
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Table 4-13. Risk Based Screening Concentrations. (Page 1 of 8)
............

GroundwaterjSurface Water Ingestion Groundwater/Surface Water Inhalation Sediment lnge_ion.............................

Parameter
Oral KID Value Oral SF Value Inhalation Value Inhalation Value Oral KID Value O_ral5F Value

KID SF
, : ' ' • .i ,...... ",' ......... , ,, ' "" ,. ,

INORGANIC.S/ANIONS (mg/kg-d) (rag/1.) (mg/kg-d) (rag/L) (mD_g-d) (rag/L) (mg/kg-d) (,ng/L) (mg/ki_-d) (mg/kg) (mDtks-d) (mg/kg)...............

Aluminum l.OE+00 1.6E+00 1.0E+00 4.17E+05
.......... = ......

,Antimony 4.0E-04a 6.40E-04 4.0E-04 1.67E+02,, ..............

Arsenic 3.0E-04 a 4LSOE-04 1.7E.00 a,e 4193E-O6 5 0E+01 b,e NA f 30E-04 125E+OZ 17E+00 1.96E+00
, ,.......... , ..... . .........

Barium 7.0E-02 a 1.12E-01 1.0E-04b NA | 7.0E-02 Zg"_,E+04.....
.......

Beryllium 5.0E-03 a 8.00E-03 43E+ 00 1.90E-06 8.4 E+ 00a NA f 5.0E-03 Z09E . 03 4.31-._00 7.77E-01
..............

Boron 9.0E-02 a 1.44E-01 9.0E-02 3.75E+ 04 ,-,0
......... - ' I.lJ

Cadmium 1.0E-03a 1.60E-03 6.3E+00 a NA f 1 0E-03 4.17E .(f2
.........

"] Chromium ill 1.0E+00 a 1.6E+00 1.0E+00 4,17E+05

03 Chromium VI 5.0E-03 a 8.00E-03 4.1E.01 a NA f S.(iE413 Z.09E+ 03 Ix-)

Cobalt 6.0E-02c 9.60E-02 6.0E-02 2.50E+04
....

Copper 4.0E-02c 6.40E-02 4.0E-02 1.67E+04 <........ " '' " O

Lead ND No Data ND No Data ND ND ND No Data NI) No Data........... , ....

M_m.gane_e ....... 5.0E'03a 8.0E-03 ....... 1.IE-04 a . ..........NA I 1.4E-01 5.1_1E+ L_t

Mercury 3.0E-04b 4.80E-04 8.6E.115b NA ! 3.0E-04 1.25E402 ......... , ....

Molybdelmm 5.0E-03b 8.00E-03 5.0E-03 Z09E+03 ,.,,............

Nickel 2.UE-02a 3.20E-02 15.4E-01b NA l 2.0E4.R 8.34E+03
...., . , , ..,

Selenium 5.0EJJ3a 8.00E-03 5.0E-U3 2.09E+03......................

Silver 5.0E-03 a 8.00E-03 5.UE-03 2.09E.03
, , ,

Strontium 6,0E-01a 9.00E-01 6.UE-01 2_50E+ L_5 ...... .,, , ,........

Thallium Oxide 7.0E-05b 1.12E-04 7.0E415 2,921£+01
. ..



Table 4-13. Risk Based Screening Concentrations. (Page 2 of 8)

....

Groundwater/Surface Water Ingestion Groundwater/_3urface Water Inhalation bedimen! Inge'3tlon
, ,....

Parameter
Oral Rfl) Va]ue Oral SF Value Inhalation Value Inhalation Value Oral RID Value Oral 5F Value

RID SF
• . , ,, ,,,,,,,, ....

Vanadium 7.0E-03b 1.12E-D2 7.0E-03 2.92E+03, i ,

White Phosphorou_ 2.0E-05a 3.2I)E-05 2.0E415 8.34E.00 ......
........ -l,

Zinc 3.0E-OIb 4.8E-01 30E-OI 12.5E+ 05
...... ,.... , •

Tin o.OE-OIb 9.60E-01 t_+OE-OI 2_50E+05 '
,. , , ,,

Total Cyanide 2.0E-02a 32,0E-02 ZOE-O2 8.34E+ 03. _,,,,

Free Cyanide ZOE-02a 3.20E-02 2.0E-02 8.34E+03

Ammonia Z9E-02a L70E-02 3.4E+01 1A2E+07 0
....... ,,

Fluoride 6.0E-02a 9.60E-02 6.0E-02 2.50E+04
.......... ' ...... I "' t't

,--'] Nitrate 1.6E+00 a 2.56E+00 1.6E+00 6.67E+t15 _O

L_ Nitrite 1.0E-01a 1.60E-01 i.0E-OI 4.17E+04 tOo" ......... -'"
7:J

I'ho_phate ...... t¢
• ' ,I_

ORGANICS 0.0
.... (_

Acenaphthene 6.0t:-02 a 9.60E-02 6.0E-02 2_50E+t14.... ,............

Acetone 1.0k-01 a 1.60E-01 1.0E-01 4.17E+04

Alflrin 3.0E-0Sa 4.80E-05 1.7E+01 a 4.1¢JE-07 1.7E+01 a NA t 3.0E-05 1.25E+01 1.7E+01 1.96E-01, ...
..... ,- ,,

Anthracene 3 0[--01c 4.80E-01 3.0E-01 1.25E+t15

Arocior-12b0 7.7E+00 a 1.06E-06 7.7E+00 4_34E-01

benzene 2.9E-02a 2B2E-04 2.9E-02 a 7.ODE-05 2 9E-02 1.1fiE+02
....... ,,,, _,, ,

benzoic acid 4.0E,-00 a 6.40E +00 4.0E +00 1.67E+06....
._ . ..... ...

benzo(a)anrhracene 7.30E+00 k 1.12E-06 7.30E.00 k 4.58E-01............... • ._

benzo(b)fluoran/hene 7.30E+00 k 1.12E416 7.30E+00 k 4.58E-01.,,

benzo(k) fluorant hene 7.30E+00 k 1.12E-06 7 3_lE+t_ k 4.58E-O1....



Table 4-13. Risk Based Screening Concentrations. (Page 3 of 8)

Groundwater/Surface Water Ingestion Groundwater/Surface Water inhalation Sediment Ingestion

parameter Oral RiD Value Oral SF Value Inhalation Value Inhalation Value Oral R/D Value C_ral SF Value
KfD 5F

7.3E+O3 4_58E-01

benzo(a)pyrene 7.3E+00 a 1.12E-06
3.01:-02 1.25E+U4

benzo(g,h,i,)perylene 3.0E.02a,g 4.80E-02

bis(2-ethylhexyl)phihalate 2.0E-02 a 3.20E-02 1.4E-02 a 5.83E-04 2.0E-02 8.34E+03 1.4E-02 2.39E+02

2-butanone 5.0E-02 b 8.00E-02 3.0E.01b NAt 5.0E-02 2.09E+04
2.UE-01 tt.34E+04

Butylbenzyiphthalate 2.0E-01 a 3.20E-01

Carbon Disulfide 1.0E.01 a 1.60E-01 2.9E-O3 a 2.70E-03 " 1.0E-O1 4.17E+04

Carbon Tetrachloride 7.0E-04 a 1.12E-03 1.3E-01 a 6.28E-05 5.3E-02 a 4.2_;E-05 7.0E-04 2.92E+ 02 1.3E-O! 2.57E+ 01 C)

t-r1

Chlordane 6 0E-05 a 9.60E-05 1 3E+00 a 6.28E-06 1.3E+ 00a NA f o.01:.-05 2_50E +01 1.3E_ 00 2..57E-_ O0
r--

4 0E-03 1.67E4 03 '_: _,o

4-chloroaniline 4.0F.-03 6.40E-0Z ito

5.0E-03 a 4.70E-03 2.0E-02 8.34E+03
L_ Chlorobenzene 2.01-412 a 3.20E-02

¢5

Chloroform 1.0E.02 a 1.60E-02 6.1E-03 a 1.34E-03 8.0E-02 a ZSOE-05 1.0E-02 4.17E.03 0.IE-03 5.48E+02 _0
8.0E-02 3.34E+04 O

Chioronapthalene (beta) 8.01-2-1}2a 1.28E-01
5 0k-03 2.09E +03

Chloropheno| 5.0E.03 a 8.00E-03 7.30E+00 k 4.S_E-O1

Chrysene 7.30E-t00 k 1.12E-06

DDT 5.0E.O4 a 8.00E-O4 3.4E-O1 a 2.4OE-05 3.4E.01 a NA | 5.0E-04 ZOgE+02 3 4E-O1 9.82E4003 4E-01 9.82E _rtNj

DDE 3.4E-01 a 2.40E-05
7 30E+t_ 'k 4_58E-01

Dibenz_ a,h)anthracene 7.30E4 IX)k 1.12E-O6

Dibenz_furan

1,2-Dibromomeihane 8.5E+01 a 9.61E-08 7.6E-01 b 2.90E-06 83E+tll 3.93E4Y2-
2bE-01 8.34E+04

Dichlorodifl uorometh ane 2.0E-01 a 320E-01

1,4-Dichlotobenzene

Dichloromethane(Meth Ch0ar) 6.0e-02 a 9.60E-02 7.5E-03 a 1.09E-03 1.6E-03 a 1.40E-03 6.0E-02 _,.50E+ 04 7_5E-03 4.45E+ 02



Table 4-13. Risk Based Screening Concentrations. (Page 4 of 8)

Groundwater/Surface Water Ingestion Groundwater/Surface Water lnl_alation ! Sediment Ingestion

Parameter Value Oral RID Value Oral SF Value
Oral RID Value Oral SF Value Inhalation Value inhalation

RID SF _

9.UE-02 3.75E + 04

1,2-dichlorobenzene 9.0E-02a 1.44E-01 .

l,l-dichloroethene 9.0E-03a 1.44E-02 6.0E-01a 1.36E-05 1.BE-01a 1.20E-05 9.0E-03 3.75E+03 6.0E-01 5_57E+00
1.0E-02 4.17E + 03

1,2-dichloroethene (ci_) 1.0E-02b 1.60E-02
2.0E-02 8ME+03

1,2-dichloroelhene (tran_) 2.0E-0Za 3.2,0E-02

1,2-dichloropropane 1.0E.O3a 9.30E-04
5.0E-05 2.09E+01

Endosulfin 11 5.0E-05a 8.00E-(L5 I[_
3.0E-04 1.25E+02 0

Endrin 3.0E-04a 4.80E-04 D'1

Dieldrin 5.0e-05 a 8.00E-05 1.6E+01 a 5.10E-07 5.0E-05 2.09E+01 1.6E+01 2.09E-01 "_
t--"

8.0E-01 3.ME+05 ,_OLo
,--] Diethylphthalate 8.0E-01a 1.2,8E+00 to

1.0E-01 4.17E+04 }...a
t,_ Di-n-butyiphthalate 1.0E-01a 1.60E-01 "

2.0E-02 8.34E+03 1.4E-02 2.39E+02

Di(2-ethylhexyl)phthalate 2.0E-02a 3.20E-02 1.4E-02a 5.83E-04
(DEHP) O

Di-n-odyphthalate 2.0E-02b 3.20E-02 2.0E-02 8.34E+03
?..0E-02 8.34E+03

2,4-dimethylphenol 2.0E-02 a 3.20E-02

Ethylbenzene 1.0E-01a 1.60E-01 2.9E-01a 2.70E-01 1.0E-01 4.17E+04

Ethyl chloride 2.9E+00 a 2.70E+ 00
2.0E+00 8.ME+05

Ethylene glycol 2.0Et00 a 3.20E+ 00
4.0E-02 1.67E+04

Fiuoranthene 4.0E-02a 6.40E-02
4.0E-02 1.67E+04

Fluorene 4.0E-02a 6.40E-02

Heptachlor 5.0E-04a 8.00E-04 43E+00 a 1.81E-06 4.5E+00 a NA f 5.0E-04 2.09E+02 4.5E+00 7.42E-01

Hexachlorobenzene 1.8E+00 a 4.54E-06 1.9E+00 a NA f 1.BE+00 1.86E+00

2-hexanone 5.0E_tp.a,h 8.00E-02 3.0E.01 a,h NA f 5.0E-02 2.09E+04 1



Table 4-13. Risk Based Screening Concentrations. (Page 5 of 8)

.....................

Groundwater]SurIace Water Ingestion Groundwater/Surface 1,rater lnhMation Sediment Ingestion
.... , .....

Parameter
Oral RID Value Oral SF Value Inhalation Value Inhalation Value Oral RID Value Oral SF V,,lue

RID SF

lndeno(l,2,3-cd)pyrene 7.30E+00 k 1.12E-06 7.30E+00 k 4_58E-01
, , . .........

lsophorone 2.0E-01a 3.20E-01 9-5E-04a 8.60E-03 ZOE-01 8.34E+04 9,5E-04 3.52E+03........

MIBK 5.0E-02b 8.00E-02 2.3E-02b 2.10F.-02 5.0E-02 2.09E+04
....... ,........

Z-methylphenol 5.0E-02.a 8.00E4YL 5.0E-02 2.09E+04..........

3-melhyIphenol 5.0E-0Za 8.00E-02 5.0E-02 2.09E+04 , .

4-methylphenol (_• ..... , ., •..........

Metolachlor I.SE-01a 2.40E-01 1.SE-01 6.26E.04 0
• , , , ' • • ['r'J

Metribuzin 2.5E-02a 4.00E-02 2.5E4,_2 1.04E+04

2-Methylnaphthalene 4.0E4)3c,i 6.40E-03 4.0E4)3 1.67E+03

_'_ Mixed xylene_ 2.0E+00 a 3.20E+00 2.0E+00 8.ME+05 to

N-Nitro_odiphen ylmnine

Naphlhalene 4.0E-03c 6.40E-03 4,0E-03 1.67E+03 <,, , - .............. _)

Penlachlorophenol 3.BE-02a 4.80E-02 1.2E-01a 6.81E-05 3.0E-02 1.25E+04 1.2E-01 2.78E+01......... ,,

Phenanlhrene 3 0E4}2a,g 4.80E-(r2, 3 0E-02 1.25E-t 04 _

Phenol 6.0E-01a 9.60E-01 6.OE-OI 2_50E+05
.,,

Phosphoric Acid Tributyl esier 5.0E-03c 8.0fiE-03 5.0E-03 2.09E+03
, , ,

Pyrene 3.0E-02a 4.80E-02 3.0E-02 1.2.5E+ 04, , , ,d

2.0E.01 3.20E-01 2.9E-01a 2.70E-01 2.0E-01 8.34E+04
Styrene I .........

Total xylenes ZOE+00a 3.20E+00 2.0E+00 8.34E+05.....

1,1,2,2,-Tetrachloroethan e 2.0E-01a 4.08E-05 2.0E-01a 1.10E-05 2.0E-01 1.67E+01
......... , ...... --. r .......

Tettachioroethene (PCE) 1.0E-02a 1.60E-02 5.2E-02c 1.57E-04 2.0E-03c 1.10E-03 1.0E-02 4.17E+03 5.2E-02 6.42E.01
• "1 ...... ' "

Toluene 2.0E-01a 3.ZOE-01 1.0E-01b 9.30E-02 ZOE-01 8.34E+04
• ,,



Table 4-13. Risk Based Screening Concentrations. (Page 6 of 8)

Groundwater/Surface Waler Ingestion Groundwater/Surface Water Inhalation Sediment Ingestion
Parameter Value

Oral RID Value Oral SF Value Inhalation Value Inhalation Value Oral RID Value Oral 5F
RID SF

1,1,1 Trichloroethane 9.0E-02a 1A4E-01 3.0E-01b 2.80E-01 9.0E-02, 3.75E+04

1,1,2 Trichloroethane 4.0E-03a 6AOE-03 4.0E-03 1.67E+03

1,2,4.-Trichlorobe n zene 1.0E-02a 1.60E-02 1.0E-02 4.17E+03

Trichloroethene 1.1E-02c 7.42F-04 6.0E-03c 3.70E-04 1.1E--02 3.04E+02

Trichlorofloromethdne 3.0E-01a 4LSOE-01 3.0E-01 125E+05 ..... I

Vinyl Chloride 1.9E+00 b 4.30E-06 3.0E-01b 7.30E-06 1.9E ¢-00 1.76E+00 _

' RADIONUCLIDES (1/pCi) (pC'I/L) (l/pCi) (pCffL) (i/pCi) (pC-t/g) O
2.4E-10 i.65E+01

Americium-241 2.4E-10b 1.90E-02
,,.

,4_ Barium-N0 2.7E-12b 1.69E+00 2.7E-12 1.47E+03 '_O,-]
_-_ 3.0E-14b 1.52E+02 3.0E-14 1.32E+05LO Beryllium-7
"_ 2.0E-12 1.98E+03

Calcium-47 2.0E-12b 2.28E+00 e0<2

C_rbon-14 9.0E-13b 5.07E+00 9.0E-13 4.41E+03

Ce_ium-134 4.1E-II b 1.11E-OI 4.1E-11 9.68E+01

Cesium-137 2.8E-! Ib 1.63E-01 2.8E-11 1.42E+02

Cerium-141 8.3E-13b 5_50E+00 8.3E-13 4.78E+03

Cerium-144 6.1E-12b 7.49E-01 6.1E-12 6.51E+02.

Chlorine-36 1.8E-12b 2.54E+00 1.8E-12 2.20E+03

Chromium-51 4.3E-14b 1.06E+02 4.3E-14 9.23E+04

Cobalt-f8 1.6E-12b 2.85E+00 1.6E-12 2.48E+ 03

C_alt-60 13E-I1 b 3.OAE-01 l_SE-11 2.65E+02
,,

Europium-152 2.1E-12b 2.17E+00 2.1E-12 I.B9E+03

Europium-154 3.0E-12b 1.52E+00 3.0E-12 1.32E+03



Table 4-13. Risk Based Screening Concentrations. (Page 7 of 8)

.................

Groundwater_urface Water Ingestion Groundwater/Surface Water Inhalation Sediment Ingestion, . ,= , .......

Parameter
Oral RID Value Oral SF Value Inhalation Value Inhalation Value Oral RfD Value Oral SF Value

RID SF
• . H, ,•, , ,. . ,. ,

Europium-155 4.5E-13b 1.01E+01 43E-13 8.82E+03......... ,.....

GrossAlpha ....

Gross Beta

Iodine-131 3,6E-11b 1.27E-01 t...... 3.6E-11 1.10E+02.....=,,

Iron-59 2,8E-12b 1.63E+00 2.8E-12 1.42E+03
..... _ ....

Lanthanum-140 ....... _ 2.3E-12b 1.99E+00 2.3E-12 1.73E+03.... I_1

Manganese-54 1.1E-12b 1.15E+00 i.IE-IZ 3.61E+03 C)
,,

Nickel-63 2.4E-13b 1.90E+01 2.4E-13 1.65E+04
• , ,- ,' I [.--4

_q Nickel-59 _ 9.1E-14b 5.02E+01 .... 9-1E-!4 4.36E+04 O_

O_ Niobium-94 2.1E-12b 2.17E+00 2.1E-1Z 1.89E+03 to

Molybdenum-99 1_5E-12b 3.04E+00 1.5E-12.. 2.65E+ 03 c0
........ I <
Plutonium-238 2.ZE-10b Z.08E-02 2.ZE-10 1.80E+01

, . , ......... C_

Plutonium-239 2.3E-10b 1.99E-02 2.3E-10 1.73E+01, ..

Plulonium-240 2.3E-10b 1.99E-02 2.3E-10 1.73E+01 ....

Plutonium 239/210 23E-10 b 1.99E-02 2.3E-10 1.73E+01, .

Radium-226 1.2E-10b 3.8IE-02 1.2E-10 3.31E+01 _
....... 1 .... '.....

Radium-22,8 1.0E-10b 4.57E-02 .... ,, .......1.0E-10 3.97E+01=,

Radon-220 1.2E-13 5.i0E+01
.... , .......

Radon-222 1.7E-12 2.70E+00 7.7E-12 7.90E-01 1.7E-12 2.30E+03

Ruthenium-103 9.0E-13b 5.07E+00 9.0E-13 4.41E+03

Ruthenium-106 9.5E-12b 4.81E-01 93E-12 4.18E+02

Potassium-40 1.1E-I1b 4.15E-01 1.1E-11 3.61E+02, . ,..



Table 4-13. Risk Based Screening Concentrations. (Page 8 of 8)

Groundwater/Surface Water Ingestion Groundwater/Surface Water Inhalation Sediment Ingestion

Parameter Value Oral SF Value
Oral RID Value Oral SF Value Inhalation Value Inhalation Value Oral R/D I

RID SF ii
,

Silver-108 8.SE-1fib 5.37E+02 8-_E-15 4.67E+05

Sodium-22 6.8E-12 b 6.72E-01 6.8E-12 5.84E+02

Strontium-90 3.6E-11b 127E-01 3.6E-11 1.10E+02

Technetium-99 1.3E-12b 351E+00 1.3E-1Z 3.05E+03

Thorium-99_g 5__E-Ii b 8.30E-02 55E-11 7.22E+01

Thorium-2.32 1.2E-11b 3.81E-01 I.ZE-I! 3.31E+02 (_1
L 4.0E-1Z 9.92E+02 0

"Ihorium-234 4.0E-12b 1.14E+00

Tritium (H-3) 5.4E-14b 8.46E+01 5.4E-14 7.35E+ 04 7Zl
d_. 1.6E-11 2ABE+02 ,_D
_-] Uranium 233/2.34 1.6Ifi-11b 2.85E-01

tO
_.a 1.6E-11 2.48E+02
t_ 1.6E-I1 b 2.85E-01 -
_, Uranium-234

Uranium-235 1.6E-11b 2.85E-01 1.6E-11 2.48E +02 _t_<

Uranium-238 2.8E-11b 1.63E-01 2.8E-11 1.42E+02 O

Zinc-65 8.5E-12b 5.37E-01 8.5E-12 4.67E+02

Z.irconium-95 9.9E-13b 4.61E+00 9.9E-13 4.01E+03

Total U 2.SE-IlJ 1.63E-01 2.8E-11 1.42E+02

alntegrated Risk Information System (IRIS, EPA 1992b)
bHealth Effects A_ea_ment Summary Tables (HEAST, EPA 1991a and 1992c)

CSuperfund Technical Support Center (STSC, EPA 1989a, 1991b, 1992d, e)
dBa'sed on propoaed ar:,enic unit ot riak ol 5E-05 ttg/L (IRIS EPA 1992b)
eBa_ed on 30% absorption of inhaled arsenic

fNot applicable or contaminaJd is not considered volatile

gSurrogate orP_lRID based on Pyrene
hSurrogate oral RID ba_ed on 2-Butanone

I.Surrogate oral RfD based on Naphthalene
JSurrogate oral SF ba_ed on U-238
kSurrol_ate oral SF baaed on Benzo(aJpyrene
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Table 4-14. Chemical Constants Used to Define VolatiLity. (Sheet 1 of 2)

................. =..............

Parameter" Source Vapor Temperature Molecular Henry's Volatile b
Pressure (°C) Weight Constant
(ram Hg) (atm-ma/mol)

, ,, ...... _ ...... , .... ,,

Aldrin c 6.0E-06 365 1.6E-05 NO
, ,, ,,, , ,.....

Ammonia ¢ 7.6E + 03 I7 3.2E-04 YES
, ,,, .,,, ,,., ,,, ,,, , ,,, ,,, , .... ,

Benzene c 9.5E + I)l 78 5.6 E-03 YES
..,L ,, ,,. , ,, , L , , , , ,. ,,

2-Beutanone (MEK) c 7.8E+01 72 2.7Eq_5 NO
,,,,,, ,.... .,,, , , _ ,, ,,. , .......... ,,,,

Carbon Disulfide c 3.6E+0Z 76 1.2E-02 YES
,, ,,,. , .. , ,, , , , ,

Carbon Tetrachloride d 1.1E+02 25 154 3.0E-03 YES
.,, L ,, L , 4 ..... , '" '

Chlordane c 1.0E-05 410 9.6E-06 NO
,. • ,,, ,, , ,, , ,, ,. ., ,

Chlorobenzene c 1.2E+01 113 3.7E-03 YES
, , , .... ., . ,,, , , , ,, .

Chloroform c 1.5E+02 119 Z.9E-03 YES
_, , ,,,, , , ,. ,, ...... , ,, , ,

DDT c 1.9E-06 8.0E-06 NO
, ,,, , ,......... ,,.. , , ., ,

DDE c 6.8E-06 6.8E-05 NO
. ,, ,, ,, , . .........

1,2-dibromomelhane e 1.2E+01 188 6.7E-04 YES
..............

1,1-dichloroethane c 6.0E +1)2. 99 3.4E-02 YES
............................... , . , ,,.....

1,2-dichioropropane c 4.2E+01 113 2.3E-03 YES
, , ...........

Dichioromethane c 3.6E+02 85 2.0E-03 YES

(Methylene Chloride)
,, ,, ...... ,,

Ethylbenzene d 9.5E + 00 25 106 8.4E-03 YES
,, , ,...... - , m ...... ,,

Ethylbenzene c 7.0E+00 106 6.4E-03 YES
, ,, ,, , ....

Ethyl Chloride d 7.7E+02 12.5 65 8.5E-03 YES
................ , ., , ,, i .............

Heptachlor c 3.0E-04 373 8.2.E-04 YES
' '" ' ' ..... I .... "' '..... ' ...........

Hexachlorobenzene c l.l E-05 2,84 6.8E-05 NO
, ,,, ,,, ,., l .... , .... -

Z-Hexanone c E.0E + 10 100 1.6 E-04 NO
. , , .......

4-Methyi-2-pentanone c E.0E + 01 104 Z.1E-03 NO
(MIBK)

_ ,. , ,, , ,.., ,i ,,

Styrene c E.SE+0O 168 3.8E-04 YES
,, ,., . ,, ,,., ,

1,l,2,2-tetrachioroet h ane c 5.0E+00 166 Z.6E-03 YES
, ,, , =,,,,

Tetrachloroethene c E.SE+01 92, 6.4E-03 YES
, , ....

Toluene c E.SE + 01 133 1.4 E-02 YES
,, ................ J

l,l,l-trichloroet h ane c E.2E+02 131 1.0E-02. YES
...............

Trichloroethene d E.9[_+I}I 2.5 03 8,2E-IJ2 YES
..........

4T-14a
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Table 4-14. Chemical Constants Used to Define Volatility. (Sheet 2 of 2)

Parameter" Source Vapor Temperature Molecular Henry's Volatile b
Pressure (°C) Weight Constant

........ (mm Hg) ..... I, (atm'm3/m°i) L

Vinyl Chloride c 2.7E+03 YES., , ,.,,, ,,,, ,,,. ,

'Only for those compounds with inhalation toxicity factors.
bCompound is volatile if vapor pressure exceeds 10-6 mm Hg, molecular weight is less than 200, and the Henry's Constant
exceeds 10-4 atm-m3/mol.
=EPA 1990.
OHoward 1990a,b.
"EPA 1986b.

...........

4T-14b



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 ft]). (Sheet 1 of 18)

Estimated Half-life Decayed Minimum Minimum [ Travel 1 Estimated Minimum Minimum

Parameter a Groundwater Or) Groundwater Groundwater/ Groundwater/ Time f, Re:_ultant Sediment Sediment
Concentration b Concentration c Surface Water Surface Water _r) Sediment Screening ARARi

(for radioisotopes) Screening Values d ARARe Concentrationg Value h

ORTH PROCESS POND (316-2)

inorganics (mg/L) Crag/L) (rag/L) (mg/kg) (mg/kg) (mg/kg)

uminum 2.94E-03 1.60E+00 5.00E-03 300,013 4.41E+00 4.17E+05

2.13E-04 6.40E-04 6.00E-04 9,013 9.57E-03 1.67E+02

_arium 2.94E-03 1.12E-01 2.00E-01 10,013 1.47E-01 ZS?.E+04

4.70E+ 00 8.00E-03 1.00E-02 13 0.00 2.09E + 03

__voalt 7.35E-02 9.60E-02 43 1.10E-02 2_50E+ 04

Copper 7.35E-02 6AOE-02 7.00E-03 3,013 1.10E+00 1.67E+04
a:_ 3.00E-02 ! 4,013 5.88E-02
"] 194E-03
,._ Iron tO
Ln 1.20E-03 6,013 5.69E-lE No Data

Lead 1.90E-03
<

Manganese 2.94E-03 8.00E-03 _ 5.00E-03 4,013 5.88E-02 5.84E+04 t_

Mercury Z.94E-03 4.80E-04 12.0E-05 13 0.00! 12_5E+02 O

Nickel 2.94E-03 3.20E-02 1.00E-021 3,013 4.41E-02 8.34E+03

Selenium Z94E-03 8.00E-03 5.00E-03 13 0.00 Z09E+03

Silver 2.94E-03 8.00E-03 9.60E-04 4,013 5.86E-0"Z Z09E+03

w _n_,4_.... 1.86E-04 1.12E-02 1.00E-01 200,013 1.86E-01 2.92E_-03

1.07E-02 4.80E-01 6.30E-02 3,013 1.60E-01 1.25E+05

:louride 7.35E-02 9.60E-02 9.60E-02. 13 0.00 ZSOE+04

ullate 1.44E+01 2_50E+01 13 0.00 6.67E +05



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 riD- (Sheet 2 of 18)

IEstimated Half-life Decayed Minimum Minimum Travel Estimated Minimum Minimum

Parameter a Groundwater (yr) Groundwater Groundwater/ Groundwater/ "lime f Resultant Sediment Sediment
Concentration b Concentration c Surface Water Surface Water (yr) Sediment Screening ARAR i

(for radioisotopes) Screening Value_ d A RARe Concentrationg Value h

llcs

3.24E-05 1.06E-06 1.14E-05 52,613 852E-03 4.34E-01

onuclides (pC_L) (pC't/L) (pC_.) (pC_'L) (pO/g) (pfi/g)

.... um-137 2.64E-01 30 0.00 1.63E-01 I.t_)E+O0 10,013 0.00 1.42E+02

Cobalt-60 8.30E+001 5.27 4.BOE-02 _ 3.OtE-01 3.10E+00 43 7.2.0E-06 2.65E+02

Gross Alpha _ 6.44E+03 N/A I_50E+00 13 0.00 O

_ross Beta' 7.08E + 03 N/A .4mren_/r 13 0.00 t"'

_t_ 2.71E-02 3.81E-02 3.00E-01 4,013 5.4ZE-04 331E+01 _D
_-q Radium-226 1.32E-01 1620
_-_ 1,513 i 1.19E-18 1.10E+02 to
o"1 _trontium-90 1.55E-01 28 1..59E-16 127E-01 8.t_OE-01 .,.

fD
[horium-ZZ8 7.04E-02 1.91 0.00 8.30E-02 8.40E-01 10,013 0.00 722E+01

Thorium-232 6.46E-02 1.40E+ 10 6.46E-02 3.81E-O1 1-r-'OE+ rIO 10,013 3.23E-03 3.31E+02 0

Uranium-234 1.71E+O1 2.50E+05 1.69E+01 2.85E-01 2.90E+00 5,013 423E-01 Z48E+t12

Llranium-235 1.64E+00 7.10E+08 1.64E+00 2.85E-01 Z_IE+O0 5,013 4.10E-02 2.4_E+02 _

_,_-,n;.... 9"tR 1.85E+01 4_50E+09 1.85E+01 1.63E-01 1.60E+i._J! 5,013 i 4.62E-01 1.42E+02

inc-65 3.32E-01 0.67 0.00 5.37E-01 5.40E+00 3,013 0.00 4.07E4 02

)UTH PROCESS POND 316-1)

]norganics (rag/L) (rag/L) (mgcq.) (mg/kg) {mg/kg) (mg/kg)

[norganics

[uminum 2.81E-03 1.60E+00 5.00E-03 300,013 421E+00 4.17E+U5

3.36E-04 6.40E-04 6.00E-04 9,013 1_51E-02 1.67E+02

2./$1E-03 1.12E-OI 2.OOE-OI 10,013 1.40E-O1 2_9_+04



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 tt]). (Sheet 3 of 18)

E_timated Half-life Decayed Minimum Minimum Travel Entimated Minimum MLtaimum

parnmeter a Groundwater (yr) Groundwater Groundwater/ Groundwater/ Tim el, Resultant Sediment Sediment
C.oncentration b Concentration c Surface Water Surface Water 0tr) Sediment Screening ARA Ri

(for radioi:_otope:_) Screening Value:_ d ARARe Concentrationg Valu e'_

i 1.60E'03 5.00E-04 1,3 !3 5.17E413 4.17E + 02
7.gt_E-IM

k.c._Ul i |lU|| |
, ,,

8.00E-03 1.00E-U2 13 0.00 ZOgE+ 03
Chromium 4.67E + 00

Cobalt 7.02E-02 9.60E-02 43 1.05E-02 2.50t- + 114

Copper 7.02E-02 0.40E-02 7.00E'03 _ 3,013 1.0rE+00 1.67E¢04

ron 2.ttI E-03 3.tilE-02 4,013, 5.01E-02

Lead 2._1E-03 120E-03 6,013 8.42E J,_ No l)ata (_

8.00E-03 5.00E-03 4,013 5blE-02 5.154E+ 04
Manganese 2 81E-03 _------------- r ["

4.80E-04 1.20E-05 13 0.00 1.ZSE. 02
Mercury 281 E-03 L. _._I------_ to

Nlickel 2.811--03 320E-02 1.00E-02 3,013 4.21E-02 8.34E+03 ,..a

Silver 281E-O3 15.00E-03 9.00E-tM 4,013 5.61E4P- 2.0")E+ 03
<

1.12E-02 1.C_E-O1 200,013 2.05E-01 2.')21:._ 03 0
Vanadium 2 o5 E-O-I

LnI.ZqE +ttS,
¢a 480E-O 1 0.30F:t¿2 3,013 322E-01

Zinc 2 351--02

_n monia 15.46E-01 2.70E-02 2.91E-0Z 13 0.130 1.42E + U7

p . ._, 9.61|E-02 9.t,OE-02 13 0.00 2._JE+04Flouride 7,t _1:-0.

2 50E+O1 13 0.00
2.4oE+00 ,.ate

1.00E430 1.14E-0"3 52,013 6.45E-03 4.34E-Ol
'CB 2.4_51--05

:lides (p('i/L) (PCt/L) (PCt/L) (PCi/L) (p,Cdg) (I_ "t_g) (p('i/g2

-137 I.IIE-02 30 0.00i 1.03E-01 l.oOF+O0 10,013 O.OU 1 42E.02

t-60 1.60E+02 527 5.98E-01 3.04E-01 3.10E+00 43 8.97E-tt5 2.65E-t 02



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 ft]). (Sheet 4 ot 18)

Estimated Half-life Decayed Minimum Minimum Travel E_timated Minimum Minimum

Parameter a Groundwater (yr) Groundwater Groundwater/ Groundwater/ Time f Re_u|tant Sediment Sediment
Concentration b Concentration c Surface Water Surface Water (yr) Sediment Screening ARAR i

(for radioisotopes) Screening V_ues d ARAR e Concentrationg Value h.......
..... _ ,,, ,

_,ro_ Alpha j 1.14E+O4 N/A l_5OE+O0_ 13 O.00
_ , ....... , •.; :- , ....• ....

Gro_ Beta' 9.34E + 03 N/A .4mrezrJyr 13 0.00
............ ,,

Lanthanum-140 1.11E-02 0.0046 0.00 1.99E+00 6.00E+0U 130,013 000 1.73E+03.....

Radium-22,6 4.20E-02 1620 7.54E-03 3.81E-02 3.00E-OI 4,013 1.51E-04 3.31E+01
............

_trontium-90 2.49E-01 28 1.37E-17 1.27E-01 8.00E-01 1,513 1.03E-19 1.10E+02
..... ,............

1.91 0.00 8.30E-02 _.40E-01 10,013 0.00 7.22E_01Fhorium-22B 3.54E-02
...... , k.d

)_horium-Z32 3.67E-02 1.40E+10 3.67E-02 3.81E-01 1.50E+00 10,013 1.83E-03 3.31E.02
I ............ ["
Uranium-234 1.86E+01 2.50E+05 1._3E+01 285E-01 2.90E+00 5,013 4_5_E-01 2.4_E*02 '

....

Uranium-2.35 1.!9E+O0 7.10E+08 1.19E+O0 2.85E-01 2._3E+00 5,013 2.97E-02 2_4_E+02 to

d:_ Uranium-238 3.45E+01 4.50E+09 3.45E+01 1.63E-01 1.60E+O0 5,013 8.63E-01 1.42E+02
...... ¢I)

,_.] ............. <

'_ [JROCESS TRENCtlES (Prior to the Expedited Response Action)LII ,,.

lnorganic_ (m_L) (mg/l.) (m_,/L) (mg/kg) (mg,4,_ (mg/kg).......

Mum|hum 443E-03 1.60E+00 5.00E-03 300,013 0.6-1E+00 4.17J'+05

_a ....... ''rium 4.43E-03 1.12E-O1 2.00E-Of 10,013 221E-01 2..92E-_04
.....

,,.

admium 6.54E-04 1.60E-03 5.00E-04 1,313 425E-03 4.17E +02"' t ...............

Chromium 5.00E +00 8.00E-03 1.OOE-02 13 0.00 2.09E +03
_. -- ,, ,......

_oball 9.60E-02 43 1.66E-02 LfOE + 041.11E-O1
........ _ , .............. ,,,

Zopper 1.11E-O1 6.40E-02 7.0JE-03 3,013 1.66E+00 1.67E-+ 04
......... '" t .....

Iron 4.43E-03 3.00E-02 4,013 8.85 E4)2
,.

Lead 4.43E-03 !.20E-03 6,013 1331:-01 No l)ata
... , ,, , ,.,

Manganese 4.43E-03 8.00E-03 5.00E-03 4,013 8.85E412 5.541:+04
............



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 ft]). (Sheet 5 of 18)

Estimated Half-life Decayed Minimum Minimum Travel Eslimaled Minimum Minimum

Parameter a Groundwater (yr) Groundwater Groundwater/ Groundwater/ "l_me f Resultant Sediment Sediment
Concentration b Concentration c Surface Water Surface Water (yr) Sediment Screening ARAR i

(for radioi_,otope_) Screening Value_ d ARARe Concentrationg Value h

Mercury 4.43E-03 4.80E-04 L20E-05 13 0.00 1.2.5E+02....... , .

Xlickel 4.43E-03 3.20F-02 1.00E-02 3,013 6.64E-02 8.ME+03
....... ,_ , ,

_elenium 4.43E-03 8.00E-03 5.00E-03 13 0.001 2_09E+03
.,, , ......... , .....

Silver 4.43E-03 8.00E-03 ! 9.60E-04 4,013 tL85E-02 2.09E+03........................

Vanadium 3.t_gE-04 1.12E-02 1.00E-01 200,013 3.159E-01 2.92t!+03

7.t_5E-02 4.80E-0l 6_30E-02 3,013 1.11$E+00 1.?.5E+05Zinc
........... i ....... k.3.....

Org anics ..............................
t'-'

_cenaphthene 1.54E-02 9.60E-02 5.2E-01 49 2.76E-03 2_501:+tgl ,_
..... ,. i_

_,nthracene 1.52E-04 4._¢dE-Ol 4.8E-01 32,013 2.43E-02 1.25E+05 txJ
......

d:_ PCB 1.85E-04 1.06E-06 1.14E-05 52,613] 4.87E-02 4.34E-01...... p ...... ¢_

_enzoic acid 1.8-4E+00 6.40E +00 6.40E+01 13 0.00 1.t_7E+ 06
t..,n ........ ...............
¢0

_enzo(a) anthracene 1.73E-06 I. 12E-06 1.51E-O_" 2,760,013 2.39E-02 4 5tiE-01
....

_enzo(b) fluor an th ene 4.43 E-06 1.12E-06 1.51E-05 1,099,013 2.43 E-02 4.58 E-O1

E)enzo(k)fluoranthene 5.68E-07 1.12E-06 1.51E-05 8,730,013 2.48E-02 4.58E-01 ....
...... . ..........

menzo(a)pyrene 6.67E-06 1.12E-06 1-51E-05 796,013 L66E-02 4.5_E-01..............,,.

menzo(g, h,i,)perylene 3.19E-07 4.80E-02 4.8E-0_ 15,520,013 2.4tlEaO2 1.25E+04 ,,.........-

_is(2-ethylhexyl)pht halate 4.27E-04 5.83E-04 i 6.00E-04 11,613 2.4t_E-02 2.39E+02
, ,...... : .... ,.......

Butyibenzylphthalate 1.19E-02 3.ZOE-01 3.00E-03 149! 8.13E-03 8.34E+04..... , ............. . ..........

Carbon Disulfide 1.21E-04 2.70E-03 8.00E-0I 139 7.65E-05 4.17E +04
............... • .......... q , ,....

Chloroform 1.06E-03 2.80E-05 7.00E-0"- 13 0.00 5.48E+02
.... , ...... -- ........... i.

Chrysene 6.64E-06 1.12E-06 1.51E-05 490,013 1.63E-02 4.5_E-OI



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 ft]). (Sheet 6 of 18)

E_timated Half-life Decayed Minimum Minimum [ravel Estimated Minimum Minimum

Parameter a Groundwater (,yr) Groundwater Groundwater/ Groundwater/ ]_me f Resultant Sediment Sediment
Concentration b Concentration c Surface Water Surlace Water (,yr) Sediment Screening ARAR i

(for radioi_,otope_) Screening Values d ARAR e Concentrationg Value h

Dibenz(a,h)anthr acene 1.47E-06 1.12E-0e 1.51 E-05 3,320,013 2.43E4P- 4--_'tE-Oi

Dibenzofuran 2.99E-04 ] -- 16,273 2.43E-02

1,2-dichioroethene (ci-_) 2.00E-03 1.60E-02 7.00E-03 111 9.81E-04 4.17E+03

Diethylphthalate 3.29E-02 128E+00 3.00E-03 151 2_27E-02 3.34E+05

[Di-n-butylphthalate 2.33E-04 1.60E-01 3.00E-03 Z2,013 2_57E-02 4.17E+04

[:luoranthene 594E-05 6.40E-02 6.4E-01 83,393 2.48E-02 1.67E+04 _)

Fluorene 4 B5E-04 6.40E-02 6.4 E-01 10,033 : Z43E-02 1.67E + 04
t"'
a

Indeno(1,2,3-cd) pyrene 7.88E-08 1.12E-0e l_51E-05 61,800,013 2.43E-02 4.58E-01 _

Z-Methylnaphthalene 2.29E414 6.40E-03 3._.1:-0, 17,013 1.95E4P, ! 1.67E+03 to

_, q-Nit rosodiphenvlamine_ 4.11 E-03 1.80E-01 1,163 Z.36E-02 __ _,¢
,--]

Napthalene 4.4oE-03 6.40E-03 3.2E-02 1,113 2.45E-tP, 1.67E+03 ¢_Gn

"_ ?entachlorophenol 1.28E-02 6.81E-05 _ 1.00E-04 1,795 1.14E-01 L7tlE+01

Phenanthrene 4.63E-04 4.80E412 4.8E-01 10,513 2.43E-02 1.2.5E+ 04

Pyrene 2.90E-05 4.80E-02 5E-04 91,413 1.33E412 125E+04

l'elrachloroethene (PCE) 1.00E-03 1.57E-04 5.00E-04 213 1.00E-03 0.42E +01

Frichloroethene 8.43E-04 3.70E-04 5.00E-04 27 6.24E-05 ' 3.04E+02

Vinyl Chloride 8.65E-041 4.30E-06 Z.30E-05 13 3.46E-06 1.76E+00 !

Radionuclides (pCb'L) (pC't/L) (pC_'L) (pCi/L) (pCt./gO (pCt/g) (pCt/g

Ce_ium-137 8.96E-0Z 30 0.00 1.63E-01 1.60E+00 10,013 0.00 1.42E+02

Cobalt-60 1.53E _-01 5.27 5.72E-02 3.04E-01 3.10E+00 43 t__56E-06 Z.05E +tP-

Gro_s Alpha; 1,12E+ 05 N/A 1.50E+00 13! 0.00



Table 4-15. 300-FF-I Soils Screening (upper 4.6 m [15 ft]). (Sheet 7 of 18)

E_timated Half-life Decayed Minimum Minimum Travel E_timated Minimum Minimum

Parameter a Groundwater (yr) Groundwater Groundwater/ Groundwater/ "l_me f Resultant Sediment Sediment
Concentration b Concentration c Surface Water Surface Water (yr) Sediment Screening /KR/MRi

(for radioi:,otopes) Screening Values d ARAR e Concentrationg V_lue h ,,............

Gross Beta i 2.53E+05 N/A Aanren',/yr 13 0.il), ,.

............ ?T:' .....

Radium-226 1.75E+00 ::: 1620 3.14E-01 3.81E-02 3.00E-0! 4,013 6.28E-03 3.31E+01.......................... ....

Strontium-90 3,34E+00 Z8 1.84E-16 _ 1.Z7E-01 8.00E-01 1,513 1.38E-18 1.10E+02
.... , , =...., =

I'horium-228 4.35E-01 1.91 0.00: 8.30E-02 8.4(}E-01 10,013 0.00 7.22E+01
..........................

[horium-232 9.11E-02 1.40E+10 9.11E-02 3.81E-01 1.50E+00 10,013 4.55E-03 3.31E+02
....................

Uranium-235 3.73E+02 7.10E+08 3.73E+02 2.85E-01 2.90E+00 5,013 9.31E+00 2.48E+0Z i_l
_ '.......... O

Uranium-2._ 5.32E+03 4.50E+09 5.32E+03 1.63E-01 1.60E+00 5,013 1.33E+02 1.42E+UZ...........................

[...,
Fotal U 1.44E+02 4.50E+ 09 1.44E+02 1.63E-01 1.60E4 00 5,G13 3.60E+00 1.42E+02 ,2O

PROCESS TRENCHES (After the Expedited Response Action) I_

/

........... i .... ,.

Inorganic, (rag/L) (,ng/l.) (mg/l.) (mg/kg) (mg/kg) (mg/kg)....

Muminum 4.43E-03 1.60E+O0 5.00E-03 300,013 6.64E+00 4.17E+O5
U! ........................... C_

Oq
Barium 4.43E-03 1.12E-O1 Z.OOE-O1 10,013 2.21E-01 Z.92E+04

, , i , ,, ''

Cobalt 1.11E-01 9.60E-02 43 1.66E-02 2.50E+04
............

Copper , , 2.03E-02 6.40E-02 7.00E-03 3,013 3.05E-01 1.67E+04.................... • ..... , .....

Iron 4.43E-03 3.00E-02 4,013 B.85E-02
...........

Lead 5.98E-IM 1.20E-03 6,013 1.79E-02 No i)ata
, . , ........,

Manganese 4.43E-03 8.00E-03 5.00E-03 4,013 8.85E-02 5.841-2+04.................

Mercury 4.43E-03 4.80E-04 1.20E-05 13 0.00 1.25E+02.......... , ........ ,- ,.....

Nickel 4.43E-03 320E-02 1.00E-02 3,013 6.64E-02 8.ME+03
...... ,,.

Silver 3.0'/E-03 8.00E-03 9.60E-04 4,013 6.18E-02 2.09E+03
.......... , ...... ., ,,, . ,

Vanadium 2.16E-04 1.12E-02 1.00E-01 200,013 2.16E-01 Z92E+03



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 ft]). (Sheet 8 of 18)

Estimated Half-life Decayed Minimum Minimum Travel Estimated Minimum Minimum

Parameter a Groundwater (yr) Groundwater Groundwater/ Groundwater/ Time [ , Resultant Sediment Sediment
Concentration b Concentration c Surface Water Surface Water (yr) Sediment Screening ARAR i

(for radioisotopes) Screening Values d ARAR e Concentrationg Value h
,, .........

Zinc 2.16E-02 4.80E-01 6.30E-02 3,013 3.24E-01 1.25E+05
_-. ,. . -.: , _ • .:+ . , ....

Flouride 1.11E-01 !:i:i 9.60E-02 9.60E-0_ 13 0.00 2.50E+04
"" ' ....... I

Nitrate 4.06E-01 2=56E+00 4.40E+00 ' 13 0.00 6.67E+05 I
.....

Sul(ate 1.36E+00 2.50E+01 13 0.00
....,

Organics ...... ,.

PCB 6.39E-06 1.06E-06 1.14E-05 52,613 1.68E-03 4.34E-01 [[_
.... O

3.44E-09 ' 1.12E-0_ 1.51E-05 61,800,013 1.06E-03 45tiE-0]lndeno(1,2,3-cd)pyrene

Fetrach|oroethene (I'CE) 2.67E-04 1:57E-04 5.00E-04 213: t 2.67E-04 6.42E+01 ,_
...... :'" :_" I

l'richloroethene 1.98E-03 :i: 3.70E-04 5.00E-04 27 1.46E-04 3.04E+02 ] t_
.... I"

Radionuclides (pCi/L) (pC't/L) (pC't/L) (pCl/g) (pCi/g) (pCi/g) _1
<

Cesium-137 1.00E-01 30 0.00 L63E-01 1.60E+00 10,013 900 1.42E+02
::3" ' _!_ ........

Cobalt-60 1:52E+02 :: 5.27 5.69E-01 3.04E-01 3.10E+00 43 8_53E-05 2.65E+02
.............

Gross Alpha _ 7.27E+03 N/A 130E+00 13 0.00
ii:!

Gross Beta i 5.29E+03 :!:i N/A Amrem/yr I3 0.00
, , , , ,

Radium-226 l_St_E-01 1620 2.84E-02 3.81E-02 3.00E-01 4,013 5.69E-04 3.31E+01
..... • ....

Strontium-90 2.02E-01 28 1.12E-17 1.27E-01 &00E-01 1,513 8.39E-20 1.10E+02

I'horium-228 5.10E-02 1.91 0.00 8.30E-02 8.40E-01 10,013 0.00 7.22E+01
.............., =

l'horium-232 5A6E-02 1.40E+10 5.56E-02 3.81E-01 1.50E+001 10,013 2.78E-03 3.31E+02

BURIAL GROUND #4
,0

[norganics (rag/L) I (rag/L) (rag/L) (mg/kg) (mg/kg) (mg/kg)
......................

_fluminum 2.11E-03 1.60E+O0 5.00E-03 300,013 3.16E+flO 4.17E+05
,,,



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 ft]). (Sheet 9 of 18)

Estimated Half-life Decayed Minimum Minimum Travel Estimated Minimum Minimum

Parameter a Groundwater 0'r) Groundwater Groundwater/ Groundwater/ Time f, Resultant Sediment Sediment
Concentration b Concentration c Surface Water Surface Water (yr) Sediment Screening AItMR i

(for radioisotopes) Screening Values d A RARe Concentrationg Value h

Barium 2.11E-03 1.12E-01 2.00E-01 10,013 1.0fiE-01 2.92E+04

Chromium 1.46E+01 8.00E-03 1.00E-02 13 0.00 2.09E+03

Cobalt 5.27E-02 9.60E-02 43 7.91E-03 2.50E+04

Copper 1.96E-02 6.40E-02 7.00E-03 3,013 2.94E-01 1.67E+04

iron 2.11E-03 3.00E-02 4,013 4.22E-02 tD

Lead 2.11E-03 1.20E-03 6,013 6.33E-02 No Data O

Mangane.-,e 2.11E-03 8.00E-03 5.00E-03 4,013 4.22E-02 5.84E+04-- t"
I

Mercury 2.11E-03 4.80E-04 1.20E-05 13 0.00 1.25E+0Z

,ickel 2.11E-03 3.20E-02 1.00E-02 3,1113 3.16E-02 8.34E+03

Silver 2.11E-03 8.00E-03 9.60E-04 4,013 4.22E-02 2.09E+03. <:

'--'1 1.12E-02 1.00E-01 200,1113 1.16E-01 2.92E+03 O
_.a Vanadium 1.16E-04

4.80E-01 6.30E-02 3,013 3.15E-01 1.15E+05
Zinc 2.10E-02

Fiouride 5.27E-02 9.60E-02 9.6E-02 13 0.00 2.5tlE+04

_litrate 1.62E+00 2.56E+ 00 4.40E+00 13 0.00 6.67E+05

Z30E+01 13 0.00
Sulfate 6.23E + 00

Organics i

PCB 3.37E-05 1.06E-06 1.14E-03 52,613 8.86E-03 4.34E-01 __

Telrachloroethene (PCE) _ Z38E-04 1.57E-04 5.00E-04 213 2.38E-04 6.42E+01

i 4.fi2E-05 9.30E-02 1.00E-01 243 520E-05 8.34E+04
i Foluene

i -- 3.70E-04 5.00E-04 27 1.83E-04 _ 3.04E+02
I l'richloroethene 147E-03



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 ft]). (Sheet 10 of 18)

Estimated Half-life Decayed Minimum Minimum Travel Estimated Minimum Minimum

Parameter a Groundwater 0tr) Groundwater Groundwater/ Groundwater/ Time f Resultant Sediment Sediment
Concentration b Concentration c Surface Water Surface Water (yr) Sediment Screening ARAR i

(for radioisotopes) Screening Values d ARARe Concentrationg Val ueh

dionucnde_ (pCi/L) (pCi/L) (peeL) (pO/L) (pO/g) (pCt/g)

um-137 2.92E-02 30 0.00 1.63E-01 1.60E+00 10,013 0.00 1.42E+02

Alphal 1.17E.04 N/A 1.50E+00 13 0.00

_.... .4mrem/yr 13
oss Beta _ " 2.39E+04 i.ii: N/A

ium-226 4.69E-02 1620 8.43E-03 3.81E-02 3.00E-01 4,013 1.69E-04 3.31E+01

.ontium-90 5.65E-01 28 3.12E-17 1.27E-01 8.00E-O1 1,513 2.34E-19 I.IOE+02

,orium-228 4.90E-02 1.91 0.00 8.30E-02 8.40E-01 10,013 0.00 7.22E+01 t"'

aorium-232 4.49E-02 1.40E+lO 4.49E-02 3.81E-01 1.50E+O0 10,013 2.25E-03 3.31E+02 ,,_

-234 8.53E+01 2_50E+05 8.41E+01 2.85E-0l 2.90E+00 5,013 2.10E+00 2.48E+02

t_

ium-?-_ 1.63E+00 7.10E+08 1.63E+00 2.85E-01 2.90E+00 5,013 4.07E-02 2.48E+02
<

>: 1.60E+O0 5,013 2.33E+00 1.42E+02
_-_ -anium-238 9.32E+01 :: 4.50E+09 9.32E+01 1.63E-01 0
LI'I_.--.o

_URIAL GROUND #5

tnorganic..s (mr,/L) (mr,/t.) (rag/L) (mg/kg) (mg/kg) (mg/kg)

luminum 1.13E-03 1.60E+O0 5.00E-03 300,013 1.70E+O0 4.17E+05

"urn 1.13E-03 1.12E-O1 2.00E-O1 10,013 5.67E-02 2.92E+04

dmium 2.77E-04 I.OOE-03 5.00E-04 1,313 1.80E-03 4.17E+02i

.... 0.00 2.09E+03

omlum 4.81E-01 8.00E-03 I.OOE-02 13

2.84E-02 9.60E-02 43 4.25E-03 2.50E+04

)er 1.96E-02 6.40E-02 7.00E-03 3,013 2.94E-01 1.67E+04

run 1.13E-03 3.00E-02 4,013 2.27E-02

1.13E-03 1.20E-03 6,013 3.40E-02 No Data

i



I
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Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 ft]). (Sheet 11 of 18)

Estimated Half-life Decayed Minimum Minimum Travel Estimated Minimum Minimum

Parameter a Groundwater (yr) Groundwater Groundwater/ Groundwater/ Time f Resultant Sediment Sediment

Concentration b Concentration c Surface Water Surface Water 0,r) Sediment Screening ARAR i

(for radioisotopes) Screening Values d ARARe Concentrationg Value h
............

Manganese 1.13E-03 8,00E-03 5.00E-031 4,013 2.27E-02 5.84E+04
....... .., ....

Mercury 1.13E-03 : 4.80E-04 1.20E-05 13 0.00 1.25E+02
, ..............

Nickel 1.13E-03 320E-02 1.OOE-O2 3,013 1.70E-02 : 8.34E+03
................... - .......

Vanadium 6.15E-05 1.12E-02 1.00E-OI 200,013 6.15E-02 2.92E+03 !
,. , .........

Zinc 2.1ZE-02 4.80E-01 6.30E-02 3,013 3.19E-01 1.25E+0 ;1

Nitrate 358E-01 2.56E+00 ' 4.40E+00 13 0.00 6.67E+05
, , O

2.13E+01 2.50E+01 13 0.00 1_Sulfate
.........

,t7
Organics ,,0

iO_
PCB 2.20E-06 1.06E-06 1.14E-05 52,613 5.78E-04 4.34E-01 to

.............

Fetrachloroethene (I'CE) _._6E-06 1.57E-04 5.00E-04 213 8.86E-06 6.42E+01
.......

' . <
Foluene 3.37E-06 9.30E-02 l.OOE-O1 243 3.87E-06 8.34E+04LI] ........... 0

Frichloroethene 1.33E-04 3.70E-04 5.00E-04 27 9.84E-06 3.04E_-02
...... ,,

Radionuclide_ (pCt/L) (pCi/L) (pCi/L) (pCi/%) (pCt/g) (pCi/g) (pCt/g_
...............

Chromium-51 4.46E+01 0.074 6.46E-50 1.06E+02 6.00E+02 13 0.00 9.23E+04
...............

Gross AIphg 3.45E+02 N/A 1.50E+00 13 0.00..............

Gross Beta' 6.44E+02 N/A Amrem/yr 13 0.00
...... . .....

_.adium-226 4.52E-02 1620 8.13E-03 ] 3.81E-02 3.00E-01 4,013 1.63E-04 3.31E+01
.......... . .

;trontium-90 7.35E-02 28 4.06E-181 1.27E-01 8.00E-01 1,513 3.05E-20 1.10E+02
, ,-..............

l'horium-2Z8 1.95E-02 1.91 0.001 8.30E-02 8.40E-01 10,013 0.00 7.22.E +0I
........ , , ,,

_oriom-2-32 1.96E-02 1.40E+10 1.96E-021 3.81E-01 1.50E+00 10,013 9.80E-4)4 3.31E+02
.........

Uranium-234 5.02E-01 2.50E+05 4.95E-01 2.85E-01 2.90E+00 5,013 1.2AE-02 2.48E+02
........



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 ft]). (Sheet 12 of 18)

Estimated Halblife Decayed Minimum Minimum Travel Estimated Minimum Minimum

Parameter a Groundwater (yr) Groundwater Groundwater/ Groundwater/ Time f Resultant Sediment Sediment
Concentration b Concentration c Surface Water Surface Water (yr) Sediment Screening ARAR i

(for radioisotopes) Screening Values d ARAR e Concentrationg Value h,,,

Uranium-235 9.50E-02 7.10E+08 9.50E-02 2.85E-01 2.90E+00 5,013 2.38E-03 2.48E+02
.........

Uranium-238 2.23E+00 ,:: 4.50E+09 2.23E+00 1.63E-01 1.60E+00 5,013 5.58E-02 1.42E+02 ....,.,

3O7 TRENCHES
...... i. , i

Inorganics (rag/L) (mg/L) (mg,/L) (mg/kg) (mg/kg) (rag/ks).,..........

Aluminum 1.83E-03 1.60E+00 5.00E-03 300,013 2.75E+00 4.17E+05
,,,

Barium 1.83E-03 1.12E-01 2.00E-01 10,013 9.I6E-02 2.92E+04 I_.... u

1.60E-03 5.00E-04 1,313 1.82E-03 4.17E+02Cadmium 2.79E-04

:: [--..i

Chromium 9.27E-01 8.00E-03 1.00E-02 13 0.00 2.09E+03, ,_O
......... i_

Cobalt 4.58E-02 9.60E-02 43 6.87E-03 2.50E+04 to
....... I---k

Copper 1.65E-02 6.40E-02 7.00E-03 3,013 2.48E-01 1.67E+04 tl)
--l -' <
_.a Iron 1.83E-03 3.00E-02 4,013 3.67E-02

: _ .......... (:D

Lead 1.83E-03 1.20E-03 6,013 5.50E-02 No Data .,,. , .....

Mercury 1.83E-03 4.80E-04 1.20E-05 13 0.00 1.25E+02
¢

Nickel 1A6E-03 3.20E-02 1.00E-02 3,013 2.19E-02 8.34E+03
ii i . • i

Selenium 1.83E-03 8.00E-03 5.00E-03 13 0.00 2.09E+03
• .i i ....

Silver 6.49E-04 8.00E-03 9.601(-04 4,013 1.30E-02 2.09E+03
i i i ....

i Vanadium 7.73E-05 1.12E-02 1.00E-01 ......200,013 7.73E-02 2.92E+03
, ,

i Zinc 4.48E-03 4.80E-01 0.30E-02 3,013 6.72E-02 1.25E+05
,,,,,.

i . .i ii

Ammonia 2.17E-01 2.70E-02 2.91E-02 13 0.00 1.42E+07
..............

Flouride 4.58E-02 9.60E-02 9.60E-02 13 0.00 2.50E +04
,.,

i Nitrate 6.59E-01 2.56E+00 4.40E+00 13 0.00 6.67E+05.....



r
Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 ft]). (Sheet 13 of 18)

Estimated Half-life Decayed Minimum Minimum Travel E_timated Minimum Minimum

Parameter a Groundwater (yr) Groundwater Groundwater/ Groundwater/ Time f, Resultant Sediment Sediment
Concentration b Concentration c Surface Water Surface Water (yr) Sediment Screening ARARi

(for radioi:,otopes) Screening Values d ARAR e Concentrationg Value h
I' "" ' ........

Sulfate 1.90E+OI 2.50E+01 13 0.4)0
......

Drganics .................

PCB 2.93E-06 1.06E-06 1.14E-05 52,613 7.70E-04 4.ME-Of
.............

Frichloroethene 2.01 E4)4 3.70E-01 5.00E-04, 27 1.49E-05 3.1ME+ 02
.......................

Radionuclide_ (pet/L) (pCi/L) (pCi/L) (pCt/L) (pC-t/g) (pCi/g} (pCi/g}
....................

2.16E-03 30 0.00 1.63E-01 1.60E+O0 10,013 0.00 1.42E+02 _(_Zesium-137 .......... k.J

Gross Alpha i 1.34E+03 N/A 1.50E+O0 13 0.430
...... I ............

Gross Beta i 1.34E+03 N/A .4mrem/yr 13 0.00 ,
=, • ..

I

ERadium-226 4.77E-02 1620 8.57E-03 3.81E-02 3.00E-01 4,013 1.71E-04 3.31E+01 to

,1_ Strontium-90 3.64E-02 28 2.01E-18 1.27E-01 8.OOE-O1 1,513 1.51E-20 I.IOE+02

_.a Thorium-228 2.93E-02 1.91 0.00 8.30E-02 8.40E-01 10,013 0.00 7.Z2E+O1 <Lrl 0
............ ,....

Fhorium-232 2.56E-02 1.40E+ 10 2.56E-02 i 3.tll E-01 1.50E+00 10,013 1.28E-03 3.31E+02
.... I ..... "'

Granium-234 1.24E+00 2.50E+05 1.23E+00 2.85E-01 2.90E+00 5,013 3.07E-02 2.48E+02
........... , ....

Uranium-235 7.82E-01 7.10E+08 7.82E-01 2.85E-01 2.90E+00 5,013 1.96E-02 2.48E+02
..............

I

Uranium-238 2.50E+00 4.50E.t)9 2.50E+00 i 1.63E-01 1.60E+IYO 5,013 6.25E-02 1.42E+02...........

307 RETENTION BASINS
.... ,...........................

Inorganic, (rag/L) (rag/L) (mg/L) (mg/kg) (mg,/kg,) (mg/kg)
.................

Barium 5.43E-04 1.12E-01 2.00E-01 10,013 2.72E-02 Z92E+04
......,,............

Copper 6.78E-04 6.40E-02 7.00E-03 3,013 1.02E-02 1.67E+04..,.

ton 5.43E-04 3.00E-02 4,013 1.09E-02
,

Lead 7.77E-05 1.20E-03 6,013 2.33E--03 No D,_ta
.....



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 ft]). (Sheet 14 of 18)

Estimated Half-life Decayed Minimum Minimum Travel Estimated Minimum Minimum

Parameter a Groundwater (yr) Groundwater Groundwater/ Groundwater/ Time f Resultant Sediment Sediment
Concentrationb Concentration c Surface Water Surface Water (yr) Sediment Screening ARAR i

(for radioisotopes) Screening Values d ARARe Concentrationg Value h

_anganese 5.43E-04 8.00E-03 5.00E-03 4,013 1.09E-02 5.84E+04

Vanadium 2.41E-05 1.12E-02 1.00E-01 21)0,013 2.41E-02 2.92E+03

2.70E-02 2.91E-02 13 0.00 1.42.E+07
Ammonia 1.66E-01

--'louride 1.36E-02 9.60E-0Z 9.60E-02 13 0.00 2_50E+04

qitrate 1.73E-02 2_56E+00 4.40E+00 13 0.00 6.67E+0"3 _3
Z_50E+01 13 0.00 O

;uifate 2.92E-01 _._

Organics t"

)CB 8.05E-07 1.06E-06 1.14E-05 52,613 2.12E-04 4_34E-01 _0

_adion,,cUd,_ (pC_) (pc_) (pC_) (pC_) (pC/g) (pct,'eO

7.08E-04 30 0.00 1.63E-01 1.60E+00 10,013 0.00 1.42E+02
?esium -137 , I <

2-, _ross Alpha _ 6.52E+01 N/A 1.SOE+00 13 0.00 OLn
.4mrem/yr 13 0.00

Gross Beta; 1.39E+Q2. N/A
w

Radium-226 1.21E-02 1620 2.18E-03 3.81E-02 3.00E-01 4,013 4.36E-O5 3.31E+01I

Strontium-90 6.47E-02 28 3.57E-18 1.Z7E-01 8.00E-OI 1,513 2.68E-20 1.10E+0"Z

Thorium-228 7.2.5E-031 1.9l 0.00 8.30E-02 8.40E-01 10,013 0.00 7.22E+01

horium-232 5.91E-03 1.40E+lO 5.91E-03 3.81E-01 1.50E+O0 10,013 2.95E-04 3.3iE+02

Uranium-234 4.99E-02 250E+05 4.92E-02 2.85E-01 2.90E+00 5,013 1.23E-03 2.48E+02

Uranium-235 4.34E-03 7.10E+08 4.34E-03 2.85E-01 2.90E+00 5,013 1.0_E-04 2.48E+02

Iranium-238 4.55E-02 4..50E+09 4.55E-02 1.63E-01 1.60E+00 5,013 1.14E-03 1.42.E+02



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 ft]). (Sheet 15 of 18)

,,, .

Estimated Half-life Decayed Minimum Minimum Travel Estimated Minimum Minimum

Parameter a Groundwater (yr) Groundwater Groundwater/ Groundwater/ l_me f, Resultant Sediment Sediment
Concentration b Concentration c Surface Water Surface Water (yr) Sediment Screening ARAR i

(for radioisotopes) Screening Values d ARAR e Concentrationg Value h

SANITARY TREN C H F..S
.......................

lnorganics (rag/L) (rag/L) (mgcqu) (mg/kg) (mg/kg) (mg/kg)
.......................... - .....

Aluminum 2.31E-03 1.60E+00 5.00E-03 300,013 3.47E+00 4.17E+05
...............

3arium 2.31E-03 1.12E-01 2.00E-01 10,013 1.16E-01 2.92E+04
i. i ,_!_ ........... • ........

Cadmium 1.1ZE-02. 1.60E-03 5.0()E-04 1,313 7.29E-02 4.17E+02 i
,, _.................

Chromium 5.89E+00 8.00E-03 1.00E-0Z 13 0.00 2.09E+03 I_
i i, ! ............... • • ' O

5.78E-02 6.40E-02 7.00E-03 3,013 8.68E-01 1.67E+041Copper
_, ...................

t-"
Lead 2.31E-03 1.20E-03 6,013 6.94E-02 No Data t_D

...... _ .I..........
Mercury 2.31E-03 4.80E-041 1.20E-05 13 0.00 1"25E+ 02 t,J

.....................

_¢_ Nickel 2.31E-03 3.20E-02 1.00E-02 3,013 3.47E-02 8.34E+03 7:_

Selenium 2.31E-03 8.00E-03 5.LKIE-03 13 0.00 2.tlgE+03
tdl . . G:_
(_ ........ • _ .i ......

Silver 2.31E-03 8.00E-03 9.60E-04 4,1)13 4.63E-02 2.09E + 03
.......... • ....

Fhallium 1.70E-06 1.12E-04 2.00E-04 3(10,013 2.55E-03 2.92E+01
......... , i i b. - i. .

Vanadium 1.87E-04 1.12E-0Z 1.00E-01 200,013 1.87E-01 2.92E+03
............

Zinc 5.78E-02 4.tS0E-01 6.30E-02 3,013 8.68E-01 1.25E+05

Nitrate 8.15E-01 2.56E+00 ! 4.40E+00 13 0.00 6.67E+05
......... i ........... r

Nitrite 1.33E-01 1.60E-01 3.30E-01 13 0.00 4.17E+04
.........................

Phosphate 3.81E-01 13 0.00.......................

Sul fate 2.63E +01 2.50E + 01 13, 0.00
............................

Organics
............. i i!

bis(2-ethylhexy[)p ht halate 9.26E-04 5.83E-04 6.00E-04 11,613 ] 5.37E-02 2.39E+0Z



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 ft]). (Sheet 16 of 18)

Estimated Half-life Decayed Minimum Minimum Travel E=timated Minimum Minimum

Parameter a Groundwater (yr) Groundwater Groundwater/ Groundwater/ Time f, Resultant Sediment Sediment
Concentration b Concentration c Surface Water Surface Water (yr) Sediment Screening ARAR i

(for radioi:sotopes) Screening Values d AR ARe Concentrationg Value h

3utylbenzyiphthal_te 4.36E-03 3.20E-01 3.00E-03 149 2.97E-03 8.ME.trt
i

4-Chloroaniline 1.23E-02 6.40E-02. 6-4E-0 _- 203 1.17E-02 1.67E+03

L-IDE 2.29E-08 2.40E-05 2.6E-0q 2,000,013 2.29E-04 9.82E-t00
-- 111 1.97E-03

l-methylphenol 4.02E-03

Foluene 8.40E-05 9.30E-02 1.00E-01 243 9.661:.-05 8.34E+04 C7

Radionuclide_ (pC'd-) (pL\/L) (pCi/L) (pCTt/g) (pCi/g) O

None t'-'
_o

FILTER BACKWASH POND Ir_

[norganics (rag/L) (rag/L) (rag/L) (mg/gg) (mg¢l,g) (mg/kg)

_0
Aluminum 7.12E-O4 1.60E+00 5.00E-03 300,013 1.07E+00 4.17E+05 7_<

,--] O.00 2.0')E+O3

2-, Chromium 1.69E-01 8.00E-03 1.00E-02 13 O
u'i

"_ 6.40E-02 7.00E-03 3,013 4.09E-02 1.07E.04
_opper 2.73E-03

Lead 5.66E-04 1.20E-03 6,013 1.70E-02 No I )ata

_langane_e 7.12E-04 8.00E-03 5.00E-03 4,013 1.42E-02 5.154E+04

;elenium 7.12E-04 tL00E-03 5.00E-03 13 0.(gl Z.09E+03

Zinc 2.86E-03 4.80E-01 6.30E-02 3,013 4.32E-02 1.9.25t:+05

Organics

Anthracene 8.90E-07 4.80E-01 4.8E-0[ 32,013 1.42E-04 1.2-5E+05 _

_nzo(a)anthracene 9.81E-09 1.12E-0t 1.51E-05 2,760,013 1.35E-04 4..5_E-01

_enzo(b)fluoranthene 2.59E-08 1.12E-0( 1.51E-05 1,099,013 1.42E-04 4_StSE-01 !

b_enzo(k)fluoranthene 3.2,6E-09 1.12E-06 1.SIE-0_ 8,730,013 1.42.E-/kl 4.58E-01
1



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 rn [15 ft]). (Sheet 17 of 18)

Estimated Half-life Decayed Minimum Minimum Travel Estimated Minimum Minimum

Parameter a Groundwater (yr) Groundwater Groundwater/ Groundwater/ "I'mae[, Resultant Sediment Sediment
Concentration b Concentration c Surface Water Surface Water (yr) Sediment Screening ARAR i

(for radioisotopes) Screening Value5 d ARARe Concentrationg Value h..........

benzo(a)pyrene 3AOE-08 1.12E-06 1_51E-05 796,013 1.35E-04 4.58E-01..... , ............ •,,,

benzo(g,h,i,)per ylene 1.1ME-09 4.80E-02 4.8E-01 15,520,013! 1.42E4)4 1.25E+04.....

bis(2-ethylhexyl)phthalate 3.68E-06 5.83E-04 6.00E-04 11,613 2.13E-04 Z39E+U2
..... , .........

Chrysene 6.10E-08 1.12E-06 1,51E-05 490,013 i. 1.50E4t4 4.58E-01.... ,,,

Fluoranthene 4.27E-07 6.40E-02 6.4E-01 83,393 1.78F-04 1.67E. (14!
............. • .....

Fluorene . 2.98E-06 ........... 6.40E-02 6.4E-01 1t),033 1.49E411 1.67E+04 _)

lndeno(l,2,3-cd)pyrene 4.61E-10 1.12E-06 1.5112-05 61,g00,013 i 1.42E-04 4.5gE-Ol.............. |l ..........

r-"

2-Methylnaphthalene i .67E-06 6.40E-03 3.2E-02 17,013 1.42E-04 1.67E+03 ,_
' ...... • ....... [1_

!

Phenanthrene 5.01E-06 4.N}E-02 4./$E-01 10,_513 2.63['-04 1.2.5E+04 t,o
............ ,' _ "- i

d:_ Pyrene 4.99E-07 4.151)E-02 5E-IN 91,413 22.8E-04 1.251-+04
i

,..a Radionuclide_ (pCM.) (pCL/L) (pUt/L) (ptSfg) (pCi,/g)
...................................... O

.._ "

None I ..........................

FLY ASH PONDS
...... ,...........

lnorganics (rag/L) (rag/L) (mg/L) (mg/kg) (mg/kg) (mg/kg o..............

Aluminum 1.52E-03 1.60E+00 ..................5.IXlE-03 300,013 2.28E+00 4.17E+05 .

Barium 1.52E-03 1.12E-01 2.00E-01 10,0131 7.60E-02 2.92E+04
..........................

Copper 6_59E-03 6.40E-02 7.00E-03 3,013 i 92htiE-02 1.67E+(gl, , b,

Lead 1.52E-03 1.20E-03 6,013 45,6E-02 No Data
, ,. L' : .......... '.........

Mercury 1-52E-03 4.80E-04 !.20E-05 13' 0.00 1.25E + 02
.................. i, ,, ,, I ......

Nickel 1_52E-03 3.20E-02 1.00E-02 3,013 2..28E-(/2 8.34E+03
........................................

Selenium 1.52E-03 8.00E-03 5.00E-03 13, 0.00 2.09E+03
............



Table 4-15. 300-FF-1 Soils Screening (upper 4.6 m [15 ft]). (Sheet 18 of 18)

Estimated Half-life Decayed Minimum I Minimum Travel F_timated Minimum Minimum

Parameter a Groundwater (yr) Groundwater Groundwater/ Groundwater/ Time f, Resultant Sediment Sediment
Concentration b Concentration c Surface Water Surface Water (yr) Sediment Screening ARAR i

(for radioi:,otopes) Screening Value_ d ARARe Concentrationg Value h

Vanadium 2.83E4)4 1.12E-02 1.00E-01 200,013 2.83E-01 2.92E.03

Organics _ '

_nzo(a)anthracene 3.30E-08 1.12E-0_ 1.51E415 2,760,013 ! 4_56E-04 4.58E-01

Chry_ne 1.49 E-07 1.12 E-0t 151 E-05 490,0 !3 3.65E-04 4.58E-0 i

)ibenzofuran 5.04E-06 -- 16_73 4.10E-04 (3

Z-Methylnaphthaiene 2.68E-05 6.40E-03 3.2E-02 17,013 Z28E-03 1.07E+03 C)

Napthalene 1.78E-04 6.40E-03 3.2E-0_ 1,113 9.77E-04 i 1.67E-t 03 t"

?henanthrene 9.83E-06 4.80E-02 4.SE-0t 10,513 5.16E4)4 1.25E+04 _)

5E-04 91,413 4.25E-04 1.25E+04 to

Pyrene 9.31E-07 4.80E-02 _ .,
to

_a. _.adionuclides <:

.oo. [ [ I I I I H o
aCompounds detected above background at each waste management unit (DOE-RL 1993a), for soils above 4.0 m (15 ft.).
bFrom Tables ]-5 to I-I0, Appendix I.

:Decayed based on the travel times ii_ted.
:iMinimum groundwater/_urface water _creening value from Table 4-13.

-_Minimum groundwater/_urface water ARAR from Tables H-3 aa_d H-4. Assumed 0.1 of the MCL.
_rom Table_ 1-5 to 1-10, Appendix I.

gEstimated sediment concentration is calculated by multiplying the estimated groundwater concentration by Kd. Kd value_ from Table 1-1, Appendix 1.

hMinimum sediment :,creening value from Table 4-13.

iMinimum sediment ARAR from Tables H-3 and H-4.

iGross alpha and gross beta are not contaminants of potential concern; however, they are retained in this table as general indicators of contamination.

Note: Shading indicate_ exceedance of screening or regulatory criteria. For organics, compounds with travel time_ greater than 1000 years are eliminated.



i

Table 4-16. 300-FF-1 Soils Screening (greater than 4.6 m [15 ft]). (Sheet 1 of 10)

Parameter" I E_timated Half-life Decayed Minimum Minimum Travel F__timated Minimum Minimum

Groundwater (yr) Groundwater Groundwater/Surface Groundwater/ time (yrf Resultant Sediment Sediment
Concentration b Concentration (for Water Screening Sur[ace Water Sediment Screening ARAR_

radioisotopes) c Values d ARAR ° Concentration I Value h

NORTH PROCESS POND (316-2)

[norganic_ (rag/L) (mg/L) (m_ rE) (mg/kg) (mg/kg) (mg/Ikg)

Antimony 4.04E-04 6.40E-04 6.00E-04 1,803 1.82E-02 1.67E+02

Chromium 1.51E-i-00 8.00E-03 1.00E-iP- 3 0.00 2.09E+03

Cobalt 7.35E-02 9.60E-02 9 1.10E-02 2_50E-t-04 .

Copper 7.35E-02 6.40E-02 7.00E-03 603 1.10E+00 1.07E+04 J _]
3.00E-02 803 5.88E-02 C)

Iron 2.94E-03

Lead 1.39E-03 120E-03 1,203 4.16E-02 No Data t'"
,4_ 5.88E-02 5.84E+04
_.] 8.00E-03 5.00E-03 803

M angane_e 2.94 E-03 to
O', 3.20E-02 1.00E-02 t_13 4.41E-02 8.34E+03

Nickel 2.94 E-03
,¢

Fluoride 7.35E-02 9.60E-02 9.6E-02 3 0.00 2.50E+04 t_

Nitrate 3.35E-01 2.56E+00 4.40E+ 00 3 t 0.00 6.67E.05 O
Su Ifate _J 1_59E+ tl0 2.50E + 01 3 0.130

Organics

PCB 4.47E-06 1.06E-06 1.14I--05 ltL523 1.18E-03 4_34E-01

Radionuclldes (pCi/L) _ ! (pC-t/L) (pCi/L) (p Ci/l.) (pCi/g) (p C_/g) (pC-l/g)

Cobalt-60 3.38E+00 1.11E+00 3.04E-01 3.10E+(K) 9 1.66E-04 2.65E+02

Gros_ Alpha j 1.23E+03 N/A l 1.50E+00 3 0.001 0.00

Gro_s Beta i 1.09E+03 N/A 4mrem/yr 3

Radium-226 6.40E-02 1620 4_54E-02 3.81E-02 3.00E-01 803 9.09E-0-t 3.31E+01
1.10E+02

Slrontium-90 1.94E-02 28 1.09E-05 1.27E-01 ; 8.00E-01 303 8.17E-08

I!



Table 4-16. 300-FF-1 Soils Screening (greater than 4.6 m [15 ft]). (Slleet 2 of 10)

Parameter" E_timated Half-life Decayed Minimum Minimum Travel Estimated Minimum Minimum

Groundwater (yr) Groundwater Groundwater/Surface Groundwater/ time _r) t Re_u|tant Sediment Sediment
Conceniration b Concentration (for Water Screening Surface Water Sediment Screening ARAR'

radioisotopes)_ Values a ARAR" Concentrati°n_ Valueh

Thorium-228 4.35E-02 1.91 0.00 8.30E-02 8.40E-01 2,003 0.00 7.22E+01

Thorium-2-32 3.58E-02 1.40E+10 3.58E-02 3.81E-01 I_50E+00 2,003 1.79E-03 3.31E+02

Uranium-234 1.67E+00 2.50E+05 1.66E+00 Z85E-01 Zg0E+00 1,003 4.15E-02 Z48E+02

Uranium-235 1.41F ')1 7.10E+08 1.41E-01 2_85E-01 2.90E+00 1,003 352E-03 2.48E+02

Uranium-238 1.40E+00 4_50E+09 1.40E+00 1.63E-01 1.60E+00 1,003 3.50E-02 1.42E+02 (3

SOUTH PROCESS POND (316-1) O

lnorga nics (rag/L) (rag/L) (rag/L) (mg/kg) (mg/kg) (mg/kg) f--

Cobalt 7.02E-02 9.60E-02 -- 9 1.05E-02 2.50E+04 _

Copper 2.59E-02 640E-02 7.(glE-03 603 3.89E-01 1.67E+04 to

_t_ Iron 2.81 E-03 3.00E-02 803 5.61 E-02 _ t_

,-'] 8.00E-03 5.00E-03 1503 5.61E-02 5.84E+04 o
,--' Mangane_ 2.151E-03O',
O" 8.00E-03 5.00E-03 3 0.00 Z09E+ 03

Selenium 2.81E-03

Ammonia 2.68E-01 2.70E-02 2.91E-02 3 0.00 1.42E+07

Fluoride 7.02E-02 9.60E-02 9.60E-02 3 0.00 2_50E+04

Nitrate 3.00E-01 2.56E+00 4.40E+00 3 0.00 6.67E+05

Sulfate 1.49E+00 2.50E+01 3 0.00

Organics

PCB 4.37E-06 1.06E-06 1.14E-05 10,57.3 1.15E-03 4.34E-01

Radionuclides (pCi/1.) (pCi/L) (pCi/L) (pCt/L) (pCi/g) (pC-rig) (pCi/g)

Cerium-141 1.58E-03 0.0877 0.00 5.50E+00 3.00E+OI 20,(Xt3 0.00 4.78E+03

Cobalt-60 6.75E+00 5.27 2.41E+00 3.04E-01 3.10E+O0 9 3.61E-04 2.65E+02



Table 4-16. 300-FF-1Soils Screening (greater than 4.6 rn [15 ft]). (Sheet 3 of 10)

Parameter ° E_timated Half-life Decayed Minimum Minimum Travel Estimated Minimum Minimum

Groundwater (yr) Groundwater Groundwater/Surface Groundwater/ Lime (yr) j Resultant Sediment Sediment
Concentration b Concentration (for Water Screening Surface Water Sediment Screening ARAR _

radioisotopes) c Value: _ ARAK" Concentration _ Value"

Gross Alpha i 1.03E+03 N/A 1_50E+ 00 3 0.00

Gross Beta i 1.08E+03 N/A .4mrem/yr 3 0.00

Radium-226 5.85E-02 1620 4.26E-02 3.81E-02 3.00E-01 803 852E-04 3.31E+01

Strontium-90 7.42.E-02 28 7.45E-05 1.27E-01 8,00E-01 303 559E-07 1.10E+02

Thorium-228 383E-02 1.91 0.00 8.30E-02 8.40E-01 2,1)03 0.00 722E+01

3.23E-02 1.401£+10 3.23E-02 3.81E-01 1.SOE+ _Y0 2,003 1.62E-03 3.31E+02Thorium-232
v

Uranium-234 1.01E+00 2.50E+05 1.DIE+00 2.85E-01 2.90E+00 1,003 2.52E-02 2.4_E+02
F"

Uranium-235 1.73E-01 7.10E+08 1.73E-01 2.85E-01 2.90E+00 1,003 4.34E-03 2.48E+02 ,_D

Uranium-23_ 8.37E-01 4.50E+09 8.37E-01 1.63E-01 1.00E+00 1,003 2.09E-02 1.42E+02 ba

4_, PROCESS TRENCltES (Prior to the Expedited Re:_pon:_e Action) r0

"-" lnorganics (rag/L) (rag/L) (rag/L) (mg,/kg) (mg/kg) (mg/kg)OX c_

None

Organics

None

radionuclides (PCi/L) (pG/L) (pCVL) (pCL/g) (pCt/g) (pCt/g)

Nolle

PROCESS TRENCHES (After the Expedited Response Action)

Inorganic:J (rag/L) (mg/L) (rag/L) (mg/kg) (mg/kg) (mg/kg)

_ooo [ I ] [ I 1 _ 1
Organics

_ooo I I ] [ I 1 _ 1



Table 4-16. 300-FF-1 Soils Screening (greater than 4.6 m [15 ft]). (Sheet 4 of 10)

Parameter" Estimated Half-life Decayed Minimum Minimum Travel Estimated Minimum Minimum

Groundwater (yr) Groundwater Groundwater]Surface Groundwater/ time (yr)' Resultant Sediment Sediment
Concentration b Concentration (for Water Screening Surface Water Sedimeni Screening ARAR i

radioisotopes) ° Values d ARAR" Con centration° Valueh

Radionuclides (pCi/L) (pCi/L) (pCi/L) (pCi/g) (pC-t/g) (pCi/g)

i None

BURIAL GROUND #4

lnorganio (rag/L) (mg,/L) (rag/L) (mg/kg) (ms/ks) (mg/kg)

Cobalt 5.27E-02 9.60E-02 9 7.91 E-03 2.50E+04

Iron 2.11E-03 3.00E-02 803 4.22E-02 C)

Lead 2.11E-03 1.20E-03 1,203 6.33E-02 No Data
F"

Manganese 2.11E-03 8.00E-03 5.00E-03 803 4.22E-02 5.84E +04 _:}

Vanadium 1.61E-04 1.12E-02 1.00E-01 40,003 1.61E-01 2.92E+03 _to

Nitrate 1.75E-01 2.56E+00 4.40E+00 3 0.00 6.67E+05 ¢v<
d 2.50E + Ol 3 0.00

Sulfate 1.97E+00 [ c_

Organics

None

Radionuclidet_ (pCi/L) (pCi/L) (pCt/L) (pCiA.) (pO/g) (pCi/g) (pCt/g)

Gross Alphat 9.45E+02 N/A 1.50E+00 3 0.00

Gross Beta i 2.53E + 03 N/A .4mrem/yr 3

Radium-226 6.83E-02 1620 4.85E-02 3.81E-02 3.00E-01 803 9.70E-04 3.31E+01

Strontium-90 0.00 28 0.00 1.27E-01 8.00E-01 303 0.00 1.10E+02

! 7.22E+01
__ Thorium-Z2.8 4.39E-02 1.91 0.00 8.30E-02 8.40E-01 2,003 0.00
}

!
i Thorium-232 2.59E-02 1.40E+I0 2.59E-02 3.81E-01 1.50E+00 2,003 1.30E-03 331E+02

Uranium-234 3.87E+00 2.50E+05 3.86E+00 2.85E-01 2.90E+00 1,003 9.65E-02 2.48E+02

L



®
Table 4-16. 300-FF-1 Soils Screening (greater than 4.6 m [15 ft]). (Sheet 5 of 10)

Parameter" F_timated Half-life Decayed Minimum Minimum Travel Estimated Minimum Minimum

Groundwater Or) Groundwater Groundwater/Surface Groundwater/ time 0,r) t Resultant Sediment Sediment
Concentration b Concentration (for Water Screening Surface Water Sediment Screening ARAR i

radioisotopes) _ Values d ARAR ° Concentration _ Value h
......

Uranium-235 1.68E-01 7.10E+08 1.68E-01 2.SfiE-01 2.90E+00 1,003 4.21E-03 2.48E+02
. , ,,,

.............. ili_ ....
t Uranium-238 3.87E+00 4.50E-F09 3.87E+00 1.63E-01 1.60E+00 1,003 9.68E-02 1.42E+02

BURIAL GROUND #5

Inorganics (rag/L) (rag/L) (rag/L) (mg/kg) (mg/kg) (mg/kg).,.........

Aluminum 1.13E-03 1.60E+00 5.00E-03 60,003 1.70E+00 4.I7E+05
...................

Barium 1.13E-03 1.12E-01 2.00E-01 2,003 5.67E-02 2.92E+04
II I k../

Cobalt 2.84E-02 9.60E-02 9 4.25E-03 2..50E+04
.......................

Copper 1.66E-02 6.40E-02 7.00E-03 603 2.50E-01 1.67E+04
......... .. i_

Iron 1.13E-03 3.00E-02 803 2.27E-02 to
,. p-lt....... ._

Lead 1.13E-03 1.20E-03 1,203 3.40E-02 No Data 7_1..... I_

"-" Manganese 1.13E-03 8.00E-03 5.00E-03 803 2.27E-02 5.84E+04O', ........ C)
t'0

Vanadium 5.32E-05 1.12E-02 1.0OE-01 40,003 5.32E-02 2.92E+03
..................... ,, ,

Zinc 2.84E-02 4.80E-01 6.30E-02 603 4.25E-01 1.25E+05
...............

Nitrate 1.63E-01 2.56E+00 4.40E+00 3 0.00 6.67E+05
• , . , ,.

Sulfate 2.68E+01 2.50E+01 3 0.00
........

.............

Organics..................

Radionuclide_ (pCdL) (pCi/L) (pCt/L) (pCt/L) (pC't/g) (pCt/g) (pCdg)............

Gross Alpha' 6.53E-e02 N/A 130E+00 3 0.00

Gross Beta i 1.47E+03 N/A .4mrendyr 3 0.00
.................... , , .

Radium-226 0.00 1620 0.00 3.81E-02 3.00E-01 803 0.00 3.31E+01



Table 4-16. 300-FF-1 Soils Screening (greater than 4.6 in [15 ft]). (Sheet 6 of 10)

Parameter" E_timated Half-life Decayed Minimum Minimum Travel Estimated Minimum Minimum

Groundwater (yr) Groundwater Groundwater/Surface Groundwater/ time (yr)' Resultant Sediment Sediment
Concentration b Concentration (for Water Screening Surface Water Sediment Screening ARAR i

radioisotopes)_ Values d ARAR" Concentration* Value"

Strontium-90 2.85E-02 28 1.60E-05 1.27E-01 8.00E-01 303 1.20E-07 1.10E+02

Thorium-22,8 1.29E-02 1.91 0.00 8.30E-02 t_.40E-01 2,003 0.00 7.22E+01

Thorium-232 9.78E-03 1.40E+10 9.78E-03 3.81E-01 1...50E+00 2,1103 4.89E-04 3.31E+02

Uranium-234 0.(10 2.50E+05 0.00 2.85E-01 2.901:+00 1,003 0.00 2.4_E+02

Uranium-235 9.05E-02 7.10E+08 9.05E-02 2.85E-01 2.90E+00 1,003 2.26E-03 2.48E+02

Uranium-238 2.29E+00 4.50E+09 2.29E+00 1.63E-01 1.60E+00 1,003 5.72E-02 1.42E+02 O• t'a'l

307 TRENCtt ES t"
I

,,D
!.orsa -in (m_._) (rag/L) (m_ .) (rag/ks) (ms/ks) (ms/kS)

Aluminum 1._3E-03 1.60E+00 5.00E-03 60,003 2.75E+00 4.17E+05 ,

Antimony 1.91E-(_4 6.40E-04 &0OE-04 1,803 8.60 E-03 1.67E + 02 _

Barium 1._3E-03 1.12E-01 2 00E-01 2,003 9.16E-02 2.92E+04

_'_ Cadmium 2.79E-04 1.60E-03 5.00E-04 263 1.82E-03 4.17E+02

Chromium 1.05E+00 8.00E-03 1.00E-02 3 0.00 2.09E+03

Cobalt 4.58E-02 9.60E-02 9 6.87E-03 2.50E+04

Copper 3.97E-03 6.40E-02 7.UOE-03 603 5.95E-02 1.67E+04

Iron 1.83E-03 3.00E-02 803 3.67E-02 ..

Lead 5.88E-04 1.20E-03 1,203 1.76E-02 No Data

Mercury 1.83E-03 4.80E-04 1.20E-0fi 3 0.00 1.25E+02

Nickel 1.83E-03 3.20E-02 1.00E-02 603 2.75E-02 8.34E+03

Selenium 1.83E-03 8.00E-03 5.1KIE-03 3 0.00 2.09E+03

Silver 1.46E-04 8.00E-03 9.60E-04 803 2.92E-03 2.09E+03



Table 4-16. 300-FF-1 Soils Screening (greater than 4.6 m [15 ft]). (Sheet 7 of 10)

Parameter" E_timated Half-life Decayed Minimum Minimum Travel Estimated Minimum Minimum

Groundwater 0"r) Groundwater Groundwater/Surface Groundwater/ time (yr) t Resultant Sediment Sediment
Concentration" Concentration (for Water Screening Surface Water Sediment Screening ARAR i

radioisotopes) c Values d ARAR ° Concentration _ Value"
........... . ..

Vanadium 8.69E-05 1.12E-02 1.03E-01 40,003 8.69E-02 2.92E+03
................_.....

Zinc 5.67E-03 4.80E-01 6.30E-02 603 8.51E-02 1.25E+05
........ . • ,...

Ammonia 1.59E-01 2.70E-02 2.91E-02 3 0.00 1.42E + 07
........... Q , , ,

Fluoride 4,58E-02 9.60E-02 9.60E-02 3 0.00 2.50E+04
.............................

Nitrate 2A2E-01 2.56E+00 4.40E+03 3 0.00 6.67E+05
...........

_3
Sulfate 1.3ZE+03 Z.50E+01 3 0.00 ....... C),..

Organic_ ........

PCB 5.64 E-06 1.06E-06 1.14E-05 10,523 1.48E-03 4.34 E-01 ',43
• ., I(_

Radionuclides (pCi/L) (pCi/L) (pC'_L) (pC'VL) (pCi/g) (pCi/g) (pCeg) _to
........ , ....... .._

,4_ Ce_ium-137 2.22E-02 30 1.81E-22 1.63E-01 1.60E+00 2,033 9.05E-24 1.42E+02 t_

Cobalt-60 5.11E-01 5.27 1.67E-01 3.04E-01 3.10E+00 9 2.51E-05 2.65E+02on .......... O
0_ ....... ?: ' "

Gross Alpha' 3.23E+ 02 N/A 1.50E+00 3 0.00
....... _ , , . , ........... _.....

Gross Beta j 6.45E+02 N/A .4mrendyr 3 0.03
..........................

Radium-Z26 3.96E-02 1620 2.81E-02 3.81E-02 3.00E-O1 803 5.62E-04 3.31E+01
.... "1 .....

Strontium-90 2.47E-02 28 1.39E-05 1.27E-01 8.00E-01 303 1.04E-07 1.10E+02
, ,, ,.........

Thorium-228 2.32E-02 1.91 0.00 8.30E-02 8.40E-01 2,003 0.00 7.22E+01
..... , ............

"P_orium-232 2._-5E-02 1.40E+10 2.25E-02 3.81E-01 1.50E+00 2,033 1.12E-03 3.31E+02
.... r..............

Uranium-234 4.75E-01 2.50E+05 4.74E-01 2.85E-01 2.90E+03 1,O33 1.19E-02 2.48E+02
........ , .....

Uranium-235 2.41E-02 7.10E+08 2.41E-02 2.85E-01 2.90E+00 1,033 6.03E-04 2.48E+02
....................

Uranium-238 0.03 4.50E+09 0.00 1.63E-01 1.60E+03 1,033 0.00 1.42E+02
....................



Table 4-16. 300-FF-1 Soils Screening (greater than 4.6 rn [15 ft]). (Sheet 8 of 10)

Parameter" Estimated Half-life Decayed Minimum Minimum Travel I Estimated Minimum Minimum

Groundwater (yr) Groundwater Groundwater/Surface Groundwater/ time (yr) g Resultant Sediment Sediment
Concentration b Concentration (for Water Screening Surface Water Sediment Screening ARAR i

radioi:,otopes)C Values d ARAR" C°ncentrati°ng Valueh

307 RETENTION BASINS

Inorganic5 (mg,/L) Crag/L) (rag/L) (m_&g) (mg/kg) (mg/kg)

Aluminum 5.43E-04 1.60E+00 5.00E-03 60,003 8.15E-01 4.17E+05

Barium 5.43E-04 1.12E-01 2.t10E-01 2,17103 2.72E-02 2.92E+04

Iron 5.43E-04 3.00E-02 803 1.09E-02 C3

Lead 4.34E-05 1.20E-03 1,203 1.30E-03 No Data Or'rl

Mallgane_e 5.43E-04 8.00E-03 5.t10E-03 803 1.09E-02 5.84E+04 t"'

Vanadium 239E-05 1.12E-02 1.00E-01 40,003 2.59E-02 2.92E+03

Ammonia 5.37E-02 2.70E-02 2.91E-02 3 0.00 1.42E+07

,_ Fluoride 1.36E-02 9.60E-02 9.60E-02 3 0.00 2.50E+04

2.56E+00 4.40E+0(: 3 0.(10 6.67E+05 O
Nitrate 2.50l:.-02i..-.a

G',
::7" 2.50 E+ 01 3 0.00

Sul fate 4.02E-01

Organics

Nolle

Radionuclide_ (pCi/L) (pCi/L) (pC'o'L) (pCi/L) (pCi/g) (pCi/g) (pCi/g)

Cesium-137 9.00E-04 30 73ZE-24 1.63E-01 1.60E+00 2,(g13 3.66E-25 1.42E+02

Cobalt-60 7.44E-01 5.27 2.43E-01 3.04E-01 3.10Et00 9 3.65E-05 2.65E+02

Gross Alpha j 3.18E+02 N/A 1.50E+00 3 0.00

Gross Beta / 2.52E+02 N/A .4mrem/yr 3 0.00

Radium-226 1.14E-02 i620 8.07E-03 3.81E-02 3.00E-01 803 1.61E-04 3.31E+01

Strontium-90 1.44E-01 28 tk05E-05 1.27E-01 8.00E-01 303 6.04E-07 1.10E+02



Table 4-16. 300-FF-1 Soils Screening (greater than 4.6 m [15 ft]). (Sheet 9 of 10)

Parameter" E_timated Half-life Decayed Minimum Minimum ]'ravel E_timated Minimum Minimum

Groundwater 0'r) Groundwater Groundwater/Surface Groundwater/ time (yr) t Resultant Sediment Sediment
Concentration b Concentration (for Water Screening Surface Water Sediment Screening ARAR i

radioisotopes) c Values d ARAR ° Concentration u Value h,.,......

Thorium-22_ 7.05E-03 1.91 0.00 8.30E-02 8AOE-01 2,0113 0.00 7.72E+01
............................

Thorium-232 6.46E-03 1.40E+10 6.46E-03 3.81E-01 1.50E+00 2,003 3.23E-04 3.31E+02 ......,_ .......

Uranium-Z34 2.17E-01 2.50E+05 2.16E-01 2.85E-01 2.90E+00 1,003 5AOE-03 2A_E+02
........, , , ,,

Uranium-235 1.30E-02 7.10E+08 1.30E-02 2.85E-01 2.90E+00 1,003 3.25E-04 2.48E+02
,,......

Uranium-238 1.82E+00 4.50E+09 1.82E+00 1.63E-01 1.60E+00 1,003 4.54E-02 1A2E+02
.......

SANITARY TRENCH C)........ , ........ , .......

lnorganics (rag/L) ................... (rag/L! . (rag/L) . . !m,g/kg) (mg/k.g! (mg/kg!.

None ,,, _)
, , • .....

Organics_.ttO., . . ,_

,4_ None ..... ,,_

,--,_ Rad ion ucl ides (pCi/L) (pCt/L) (pCd.) (pCi/g) (p Ci/g) (pCt/g) 0
L_ ................. ' ............

None
,,, , .......

FILTER BACKWASH POND
,, , ........ ,.........

lnorganics (rag/L) (mg/L) (rag/L) (mg/kg) (mg/kg) (mg/kg)......... , .....................

None
...............

Organics ...................

None
, ,L .,. . , .......

Radionuclides {pCt/L) (pC't/L) (pCi/L) (pC't/g) ...... (pC't/g) (pCt/g).........

None
......,,,



Table 4-16. 300-FF-1 Soils Screening (greater than 4.6 m [15 ft]). (Sheet 10 of 10)

T II
Estimated Minimum Minimum

Parameter" Estimated Half-life Decayed Minimum Minimum [ Travel H

Groundwater (.yr) Groundwater Groundwater/Surface Groundwater/ ] time (yr)l ]] Resultant Sediment Sediment
Concentralion b Concentration (for Water Screening Surface Water Sediment Screening ARAR i

radioisotopes)C Values a ARAR" _ Concentrati°nQ Valueh

FLY ASH POND

lnorganics (rag/L) (mg/L) (rag/L) (mg/kg) (mg/kg) (mg/kg)

NoNe

Orsanics

None

Radionuclides (pCi/L) (pC_/I_.) (pCi/L) (pCdg) (pC,/g) (pCl/g) 0

None _

aCompounds detected above background at each waste management unit (DOE-RL 1993a), for mils below 4.6 m (15 fl).
bFrom Tables i-5 to 1-10, Appendix 1.

CDecayed based on the travel time_ listed. "

dMinimum groundwater/surface water screening value from Table 4-13. rD

d:_ eMinimum grou_dwater/surface water ARAR from Tables H-3 and 14-4. Assumed 0.1 of the MCL values listed. <
fFrom Tt_ble_ 1-5 to 1-10, Appendix I. O,...a
gEstim_ted sediment concentration is calculated by multiplying the estimated groundwater concentration by K_. Ka values from Table i-1, Appendix 1.
hMinimum _ediment screening value from Table 4-13.

iMinimum sediment AKAR from Tables H-3 & H-4.

JGross alpha and gross beta are not contaminants of potential concern; however, they are retained in this table as general indicators of contamination.

Note: Shading indicates exceedance of regulatory or screening criteria.



Table 4-17. Results of Screening for Groundwater oJ the 300-FF-5 Operable Unit (all wells). (Sheet 1 of 4)

Parameterg Maximum Minimum Minimum Estimated Minimum Minimum
Detected Groundwater/ Groundwater/ Resultant Sediment Sediment

Concentration Surface Water Surface Water Sediment Screening ARAR e

Screening ARARb C°ncentrati°nC Valued
Value a

UNCONFINED AQUIFER

Organics (rag/L) (mg/L) (mg/U) (mg/kg) (mg/kg) (mg/kg)

Bis(2-ethylhexyl)phthalate 1.6E-01 5.83E-04 6.00E-04 9.28E+00 2.39E+02 -

Carbon Tetrachloride 2.00E-03 4.20E-05 3.4E-04 2.20E-03 2.57E+01 -

Chloroform 1.80E-02 2.80E-05 7.00E-03 0.00 5.48E+02 -

-1,2-Dichloroethene (Total) 1.50E-01 1.60E-02 7.00E-03 7.35E-02 4.17E+03 G1O

Dichloroethene (trans) 1.30E-01 3.20E-02 1.00E-02 7.67E-02 8.34E+03 -

a_ 4-Methyl-2-Pentanone 3.00E-03 2.10E-02 4.00E-01 1.80E-04 2.09E+04 - r-"
_-1 (MIBK) to
-4 1.80E-02 1.15E-02 - - -

N-Nit rosodiphenylamine 2.00E-03 - -

Styrene 1.00E-03 2.70E-01 1.46E-03 2.70E-03 8.ME+04 - <O
-

1,1,2,2-Tetrachloroethane 3.00E-03 1.10E-05 2.19E-04 2.37E-03 1.67E+01

Tetrachloroethene 4.00E-03 1.57E-04 5.00E-04 4.00E-03 6.42E+01 -
....,,

1,1,1-Trichloroethane 2.00E-03 1.44E-01 2.00E-02 0.00 3.75E+04 -

Trichloroethene 1.40E-02 3.70E-04 5.00E-04 1.04E-03 3.04E+02 -

Toluene 4E-03 9.30E-02 1.OOE-O1 4.60E-03 8.34E+04 -

Xylenes (Total) 2.00E-03 3.20E+00 1.00E+O0 9.60E-04 8.ME. 05 -

Fecal coliform (c/100 nil) 13 _ 100

Total coliform (c/100 nil) 280 i - - ._

Inorganics (rag/L) (mg]L) (mg/L) (mg/Kg) (mg,/Kg) (mg/Kg)

- Aluminum 1.78E+00 1.60E+00 5.00E-03 2.67E+ 03 4.17E+05 -

Ammonia (As N) 3.90E-01 2.2E-02 2.40E-02 0.00 1.17E+07



Table 4-17. Results of Screening for Groundwater of the 300-FF-5 Operable Unit (all wells). (Sheet 2 of 4)

Parameterg Maximum Minimum Minimum Estimated Minimum Minimum
Detected Groundwater/ Groundwater/ Resultant Sediment Sediment

Concentration Surface Water Surface Water Sediment Screening ARA,Re

Screening ARAR b Concentration c Value d
Value a

.....,

Arsenic 1.39E-02 4.80E-06 5.00E-03 0.00 1.96E+00 -

Beryllium 1.20E-03 1.90E-06 2.00E-05 1.20E-03 7.77E-01 -..........

Chromium 1.02E-02 8.00E-03 1.00E-02 0.00 2.09E+03 -
.....................

Cobalt 3.20E-03 9.60E-02 - _.80E-04 2.50E+04 -
....

Cyanide 2.1E-02 3.2E-02 5.0E-03 2.1E+02 h 8.34E+03 -............. i.

1.16E-02 6.40 E-02 7.00E-03 1.74E-01 1.67E + 04 -Copper
i ......................... %,1

Fluoride 1.30E+00 9.60E-02 9.60E-02 0.00 2.50E+04 -
...... .. ii i i

Iron 5.60 E-01 3.00 E-02 1.12E + 01 - - ,b
L, ..... .... -

Lea d 5.60 E-03 1.20 E-03 1.68E-01 - - .,--'
..........

Manganese 2.24E-01 8.00E-03 5.00E-03 4.48E+00 5.84E+04 - m<

Nickel 1.18E-01 3.20E-02 1.00E-02 1.77E+00 8.34E+03 o
..... i ................

Nitrate 1.56E+01 2.56E+00 4.40E+00 0.00 6.67E+05
....... i .....

Silver 1.00E-02 8.00E-03 9.60E-04 2.00E-01 2.09E+03
, ,,

, ,

Vanadium 1.66E-02 1.12E-02 1.00E-01 1.66E+01 2.92E+03
....L

Zinc 8.56E-02 4.80E-01 6.2:RtE-02 1.28E+00 1.25E+05 -
,i

," , , "; ..... , ,,,

Radionuclides (pCi/L) (pCi/L) (pCi/L) (pC't/g) (pCi/g) (pCi/g)
. ..

Cobalt-60 3.49E+00 3.04E-01 3.10E+00 5.24E-04 2.65E+02
..............

Gross Alpha f 1.30E+02 - 1.50E+00 NA
.......................... i .....

Gross Beta f 1.10E + 02 - .4mrent/yr NA

Potassium-40 1.80E+03 4.15E-01 4.20E+00 9.90E+00 3.61E+02
.. -

Plutonium-238 1.00E-02 2.08E-02 2.10E-01 7.50E-05 1.80E+01 -



Table 4-17. Results of Screening for Groundwater of the 300-FF-5 Operable Unit (all wells). (Sheet 3 of 4)

Parameterg Maximum Minimum Minimum Estimated Minimum Minimum
Detected Groundwater/ Groundwater/ Resultant Sediment Sediment

Concentration Surface Water Surface Water Sediment Screening ARARe

Screening ARAR b Concentration c Value d
Value a

....... L , • ........

Radium-226 9,50E+01 3.81E-02 3.00E-01 1.90E+00 3,31E+01 -
,.. ,: ,, , ,,, , ,,,.., , . J , ....

Radium Total 8,00E-02 3,81E-02 3.00E-01 1.65E-03 3.31E+ 01 -
.... ,.. , , . ,

Ruthenium-106 3.44E+01 4.81E-01 3,00E+00 1.89E+00 4.18E+02 -
, ...........

Strontium-90 4.57E+00 1,27E-01 8.00E-01 3.43E-02 1.10E+02 -
, , , .. ..... , , , , . ......

Technetium-99 6.50E+01 3.51E+00 3.50E+01 0.00 3.05E+03 -
..... , ............ , ,, , .........

1.60E+02 8.30E-02 8.40E-01 8.00E+00 7.22E+01 -Thorium-228
............. . ....

Thorium-232 1.20E+02 3.8IE-01 1.50E+00 6.00E+00 3.31E+02 -
.............. .., , .....

Tritium 1.18E+04 8.46E+01 8.50E+02 0.00 7.35E+04 -
........ t,,, III i

to
",4
r_ Uranium-234 1.20E+02 2.85E-O1 2.90E+00 3.00E+00 2.48E+02 - '--'

, , ,. ........ | . , ....... . .,,

Uranium-235 1.70E+O1 2.85E-01 2.90E+00 4.25E-01 2.48E+02
..................

o
Uranium-238 9.30E+01 1.63E-01 1.60E+00 2.33E+00 1.42E+02 -

Total Uranium 1.89E+02 1.63E-01 1.60E+O0 5.2.5E+ O0 1.42E+02 -
.... ,,,' .i "....... , ..... . , .

CONFINED AQUIFER ........ ,. ,, , ......

Organics (rag/L) (mg/L) (mg/L) (mg/kg) (mg/kg) (mg/kg)
t ........ ' ...........

Chloroform 6.00E-03 2.80E-O5 7.00E-03 0.00 5.48E+02 -
,. , .... J , ,. .....

1,2-Dichloroethene (Total) 5.50E-02 1.60E-02 7.00E-03 2.70E-02 4.17E+03 -,,
,,, . , ,............

Toluene 2.00E-03 9.3E-02 1.00E-O1 2.30E-03 8.34E+04 -

Benzene 2.00E-03 7.6E-05 5.00E-04 2.00E+O1 h 1.15E+02 -
,t

Trichloroethene 1.60E-02 3.70E-04 5.00E-04 1.18E-03 3.04E+02
,.

...... , ,, ' .,

lnorganics (mg/L) (mg/L) (mg/1..) i (mg/Kg) (m_g/Kg) (mg/Kg).... .,,....

Arsenic 5.8E-03 4.8E-O6 5.00E-03 0 1.96E+00 -
.......



Table 4-17. Results of Screening for Groundwater of tile 300-FF-5 Operable Unit (all wells). (Sheet 4 of 4)

Parameterg Maximum Minimum Minimum Estimated Minimum Minimum

Detected Groundwater/ Groundwater/ Resultant Sediment Sediment

Concentration Surface Water Surface Water Sediment Screening ARARe

Screening ARAR b Concentration c Value d
Value a

, ,,,,

Chromium 3.1E-03 8E-03 1.00E-02 - 2.09E+03 -
,,

Nickel 7.2E-03 3.20E-02 1.00E-02 1.08E-01 8.34E+03 -
Illl

Nitrate 2.00E+00 2.56E+00 4.40E+00 0.00 6.67E+05 -

Radionucl ides (pCi/L) (pCL/L) (pCo'L) (p Ct/g) (pCt/g) (pC_tg), ,,

I -.: I

Gross Alpha f 4.08E+01 1.50E+ 00 0.00 - -
•"_ .... ...........

Gross Beta f 3.13E+01 - .4 mrem/yr 0.00 -
L__ ii

Strontium-90 4.10E-01 1.27E-01 8.00E-01 3.08E-03 1.10E+02 -

Uranium-2M 2.44E+01 2.85E-01 2.90E+00 6.09E-01 2.48E+02 -
",,I to

Uranium-235 2.61E+00 2.85E-01 2.90E+00 6.53E-02 2.48E+02 -
...... _ ....

Uranium-238 1.96E+01 1.63E-01 1.60E-t-00 4.90E-01 1.42E+02 - <
....

O

aMinimum groundwater/surface water screening value from Table 4-13.

bMinimum groundwater ARAR from Tables H-3 and H-4. Assumed 10% of the MCL
CCaiculated by multiplying the maximum detected groundwater concentration by Ka. Values for 1(,t taken from Table !-1,

Appendix 1.
dMinimum sediment screening value from Table 4-13.
eMinimum sediment ARAR value from Tables H-3 and H-4, Appendix H.

fGross alpha and gross beta are not contaminants of potential concern; however they are retained in this table as general indicators
of contamination.

gCompounds detected above background. From Table 4-5, 4-6.
hK_ value not available. Have therefore conservatively assumed Ka - 10,000.
ITotai coliform compliance criteria is as follows: when at least 40 samples are collected per month, no more than 5% are total

coliform positive; when less than 40 samples are collected per month, no more than 1 sample total coliform positive.
Note: Shaded area indicates that screening and/or regulatory criteria exceeded.



Table 4-18. Results of Screening for the Contaminant Plume Emanating from the 200 East Area.

Screening Performed at Wells 399-1-18A, 399-1-18B and 699-S19-E14. (Sheet 1 of 2)

Maximum Minimum Minimum Estimated Minimum Minimum

Parameter a Detected Groundwater/ Groundwater/ Resultant Sediment Sediment
Concentration Surface Water Surface Water Sediment Screening ARAR f

Screening Value b ARAR c Concentration d Value e
...... _ ..... .', _ .... ,, ' , " " ,,3 .,.

Organics (rag/L) (mg/L) (rag/L) (mg/kg) (mg/kg) (mg/kg)

4-Methyl-2-Pentanone (MIBK) 3.00E-03 2.10E-02 4.00E-OI 1.80E-04 2.09E+04
...................... _ i

1,1,_,,,-Tetrachloroet hane 3.00E-03 1.10E-05 2.19E-04 2.37E-03 1.67E+01 -
i .......

II ...... i ..... i_ i i

Inorganics (mg/L) (mg/L) (rag/L) (mg/kg) (mg/kg) (mg/kg)
....... i .......

Chromium 5.00E-03 8.00E-03 1.00E-02 0.00 2.09E+03 - O
..... i i i i ,_

Fluoride 1.30E+00 9.60E-02 9.6E-02 0.00 2.50E+04 - t-"
1_ ............

2., Nickel 5.60E-03 3.20E-02 1.00E-02 8AOE-02 K34F.+03 - _

_ Vanadium 1.70E-02 1.12F.-02 1.00E-01 1.70E+01 2.92E+03 - _
i ii' _ ..... _

iii ili;i i...... _ ..... i .... ¢'_

Radionuclides (pCi/L) (pCi/L) (pCi/L) (pG/g) (pCi/g) (pC/g) <
.... i. i

Gross Alphag 5.50E+ 013 - 1.50E+ 00 0.00 -
.... , .... ,i, i. i........

Gross Betag 1.00E+01 - .4mrEm/yr 0.00 - -
_ iii. .

Technetium-99 1.10F+01 3.51F_+00 3.50E+01 0.00 3.05E+03 -
,,

_,.................................. i ....

Tritium 1.18E+04 8.46E+01 8.50E+02 0.00 7.35E+04 -
........................ i.....

Uranium-234 2.3E+00 2.85E-01 2.90E+00 5.75E-02 2A8E+02 -
.............. i

Uranium-235 1.91::.-01 2.86E-01 2.9E+00 4.75F-03 2A8F_+02
........ .i

Uranium-238 1.80E+00 1.63E-01 1.60E+00 4.50E-02 1.42E+02 -
.........



Table 4-18. Results of Screening for the Contaminant Plume Emanating from the 200 East Area.

Screening Performed at Wells 399-1-18A, 399-1-18B and 699-S19-E14. (Sheet 2 of 2)

T"

Maximum Minimum Minimum Estimated Minimum Minimum

Parameter a Detected Groundwater/ Groundwater/ Resultant Sediment Sediment
Concentration Surface Water Surface Water Sediment Screening ARAR f

Screening Value b ARARc C°ncentrati°nd Valuee

Tetal Radium 4.00E-02 3.81E-02 3.00E-01 8.00E-04 3.31E+01 -m

aCompounds detected above background in wells 399-1-18A, 399-1-18B and 699-S19-E14, from Table 4-7.
bMinimum groundwater/surface water screening value from Table -_-13.
CMinimum groundwater/surface water ARAR value from Table H-3 and H-4. Assumed 0.1 of the MCL
dCalculated by multiplying the maximum detect by Kd. Kd values from Table 1-1, Appendix 1. E3
eMinimum sediment screening value from Table 4-13. C)
fMinimum sediment ARAR from Tables H-3 and H-4.

gGross alpha and gross beta are not contaminants of potential concern; however, they are retained in this table as general indicators r
_" of contanfination.,--1

Note: Shading indicates exceedance of screening or regulatory criteria.O0 "

o" " _t

.<



Table 4-19. Results of Screening for the On-Site Industrial Well (Well No. 399-4-12).

Parameter a Maximum Minimum Minimum Estimated Minimum Minimum
Detected Groundwater/Surface Groundwater/ Resultant Sediment Sediment

Concentration Water Surface Water Sediment Screening ARAR f
Screening Va|ue b ARARC C°ncentrati°nd Valuee

Organics (rag/L) (rag/L) (rag/L) (mg/kg) (mg/kg) (,ng/Kg}

Chloroform 8.00E-03 2.80E-05 7.00E-03 0.00 5.48E +02
q, , , , ! ,

Trichloroethene 7.00E-03 3.70E-04 5.00E-04 5.18E-04 3.04E +02

Inorganics (rag/L) (rag/L) (rag/L) (mg/kg) (mg/kg) (mg/kg)

Chromium 4.00E-03 8.00E-03 1.00E-02 0 2.09E +03 -

Copper 5.3E-03 6.4E-02 7.00E-03 7.95E-02 1.67E + 04 -" "' O....

Radionuclides (pC_L) (pCbrL) (pCi/L) (pCi/g) (pCi/g) (pCi/g) __

-Gross Alplaag 1.52E +01 - 1.50E +00 NA - - t"
_ _,_

• _

Gross Betag 1.70E +01 - .4mrem/yr NA

'_ Tritium 1.89E +03 8.46E +01 8.50E +02 0.00 7.35E +04 - -•

_Uranium,234 8.10E +00 2.85E-01 2.90E +00 2.03E-01 2.48E +02 <
I lrrmillm-235 5.1E'01 2.85E-01 2.9E+00 2.5E-02 2.48E+02 - o

Uranium-238 8.40E+00 1.63E-0i 1.60E +00 Z10E-01 1.42E +02 -

Total Uranium 1 75E+01 1.63E-01 1.60E+00 4.75E-01 1.42E+02 -

Compounds detected above background in well 3994-12, from Table 4-8.Minimum groundwater/surface water screening value from Table 4-13.
CMinimum groundwater/surface water ARAR value from Table H-3 and H4. Assumed 0.1 of the MCL.
dCalculated by multiplying the maximum detect by Kd. Kd values from Table 1-1, Appendix 1.
eMinimum sediment screening value from Table 4-13.
fMinimum sediment ARAR from Tables H-3 and H-4.

gGross alpha and gross beta are not contaminants of potential concern; however, they are retained ii! this table as general
dicators of contamination.

Note: Shaded areas indicate exceedance of either screening and/or regulatory criteria.
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Table 4-20. Sediment Risk-Based Screening.

L ..........

Compound Maximum Detected Minimum Sediment Screening
Concentration Value a'b

' ....... ""P' ," ,.. ,.,,L , ,. .....

Inorganics (in mg/kg)
, ,,

Beryllium 0.45 7.77e-01
..... , ., ,. , ,,

Silver 1.20 2.09e+03
' '1 ' " ' '' ' " ' " '"' ""' ' " ""

Ammonia (as N) 12.00 1.17e+07
,. m,, ... ,, , ,,

Radionuclides (in pCl/g)
, , ., , .,, , , , , ,,,

Cesium-137 0.23 1.42e+02
, ,, ,,, ,,,.,. .,.. , ,. , ,, .............

Cobalt-60 0.78 2.65e+02
,,, ..... ,,,, , L

Europium-152 0.17 1.89e+03
L L ,, , ..,. ., , ,,, ,,.., ,,,, ,,,

Gross beta 23.00
, . ,,, ,, .,

Tho riu m-232 1.10 3.31 e +02
., ,,,

Ura n ium-233/234 3.90 2.48e +02
., u, L , ,, , - ,,., ,

U ran ium-235 0.23 2.48e + 02
,.,, , ,, ,, ,., ,,, . ,,,..

Uranium-238 3.20 1.42e+02
,.,,

aMinimum sediment screening value from Tabl
bScreening not performed against ARARs as tt o existing sediment regulatory
criteria.

, ,

4T-20
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Table 4-21. Surface Water Risk-Based Screening. (Sheet 1 of 2)

I Maximum Detected Minimum Surface I Minimum Surface WaterParameter a Concentration Water Screening Valueb I ARARC
HANFORD SITE BACKGROUND

Inorganics .............. (.g/L) (_g_) (_g/L) "
, , , , ,, ,, ,,, ,,, , , ,

Antimony 17 6.4E-01 .6

Arsenic ............... 3.4 "' 4.80E-03 "" 5 .......

Alunainum .... 275 1.6E +'03 ....... 5

Barium ..... 48.2 ...... 1.12E+02 2013 '
, ,.,,_ ,, ., , , ,, ,.... ,

Iron 463 30
, ,, ,.,. , ,, , ., , • , , , . J

Manganese 22.8 8.0E+00 5

Nickel '' i.4 '" 3.2E+01 ....io"

Selenium .... 6.I 8E+O0 ....... 5 ..........

TDS i69,000 ............. 500,000

...... (.g/L) .......... .....
Trichl0roethe'ne '_ 2J 3.70E-01 0.5 ' '

'i:ecal Colif0r'm (c/lOO"'mL) ................. 4......... lO0 ....

Rad'ionuclides .............. (pCi/L') (pCi/L) "' (pCi/L)

Gross Alp'ha d ....... 17J ......... NA 1.5

Gross Bei'ad ......... 10 .... NA ' ' 14mr'em/yr ........

Radium-226 ................ 37 ...... 3.81E-02 0.3 .....

Techne tium-99 5.4J 3.51E + 00 90

Tritium (H-3) ..... 3,100 ............ 8.46E+01' 2,000

Uranium-23_4 ........... i8 ......... 2.85E-01 ........... 3 ....

Uranium-Z35 ........ 1.]J .....2.85E"6_ ............. 3
................... ,. , ,, ,, .,, ,

Uranium-238 19 1.63E-01 3

OPERABLE-UNIT SPECIFIC BACKGROUND .......

, , , , ,,, ,......

,Numin um 275 1.6E + 03 5

Manganese ' 22.8 ..... 8.0E+00 ...... 5 .....
, ................ ,, , , , ,, , • , , ,

Iron 463 - 30

' Radionudides ........... (pCVL) " (pCVL) (pCVL) ....
, , - .,,, ,,,_,., ,,,L , , ,.

Gross Alpha d 17J NA 1.5

Gross Beta d i0 ..... NA ....... .4mren_yr

Radium-226 ......... 37' ' 3.81E-02 ...... 0.3........

Technetium-99 ....... 5'AJ ' 315iE+00 90

Uranium-2M ..... 18 ..... 2.85E-01 ....... 3......

Uranium-2£% 1.1J 2.85E-01 .....3

Uranium-'238' .......: ..................... 19 1.63E-0l 3
..........................................

4T-21a
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Table 4-21. Surface Water Risk-Based Screening. (Sheet 2 of 2)

'" Maximum Detected Minimum Surface Minimum Surface Water

Parameter a Concentration Water Screening Value b ARAR c

Organics (_g/L) (_g/L) (_g/L)

TCE ....... 2J 3.70E-01 0.5

aCompounds detected above bacl_ground. From "I:able 4-10. '.......
bMinimum surface water screening value. From Table 4-13.
CMinimum surface water ARAIL From Table H-3 and H-4.

dGross alpha and gross beta are not contaminants of potential concern; however, they are retained in this table

as general indicators of contamination.
Note: Shading indicates exceedance of risk-based screening or regulatory criteria.
NA - Not Applicable.......................
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Table 4-.22. Summary of Contaminants of Potential Concern for 300-FF-1 Soils.
(Sheet I of 6)

.........

SOILS ABOVE 4.6 m (15 FT) SOILS BELOW 4.6 m (15 FT)

Estimated Estimated
Parameter Groundwater Parameter Groundwater

Concentration Concentration

NORTH PROCESS POND (316-2)
, , .... ,. . , , . ,, , , ,, .L ,, ,. , , , . ,

Inorganics (mg/L) Inorganics (mg/L)

Chromium 4.70E+00 Chromium 1.51E+00

Copper 7.35E-02 Copper 7.35E-02

Lead 1.90 E-03 Lead 1.39E-03

Mercury 2.94E-03................. ,,,

Silver 2.94E-03
i,. ,,, .... ,, . ... i., ...........

Organics Organics
k.........................................

none none

Radion ucli des (pC i/L) Radion ucli des (pCVL)

Uranium-234 1.71E+01 Cobalt-60 3.38E+00

Uranium-235 1.64E +00 Radium-226 6.40E-02

Uranium-238 1.85E+01 Uranium-234 1.67E+00
..... .. . L ,. . , ,., .,..,

Uranium-238 1.40E +00
, ,. ,, ,,

SOUTH PROCESS POND (316-1)

Inorganics (rag/L) Inorganics (mg/L)

Cadmium 7.96E-04 Copper 2.59E-02

Chromium 4.67E+00 Ammonia 2.68E-01

Copper 7.02E-02 ..,

Lead 2.81E-03
. ,

Mercury 2.81E-03

Silver 2.81E-03

Ammonia 8.46E-01

4T-22a
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Table 4-22. Summary of Contaminants of Potential Concern for 300-FF-1 Soils.
(Sheet 2 of 6)

SOILS ABOVE 4.6 m (15 FT) SOILS BELOW 4.6 m (15 FT)
,, ..L ,..

Estimated Estimated

Parameter G roundwa ter Pa ramete r Groundwater
Concentration Concentration

L ,,.,, ,,,

Organics Organics
,,,, , L , ,

none none
,. , .

Radion ucli des (pC i/L ) Radion ucli des (pC i/L)
: ,,,, ,.

Cobalt-60 1.60E+02 Cobalt-60 6.75E+00

Uranium-234 1.86E+01 Radium-226 5.85E-02
,, ,... ,,.

Uranium-235 1.19E+00 Uranium-234 1.01E+00
I • , ,... ,,, , , .... ,

Uranium-238 3.45E+01 Uranium-238 8.37E-01
...........

, .,....

PROCESS TRENCHES (Prior to the ERA)
, ,, , .................

Inorganics (mg/L) In organics (mg/L)
,,, ,, ,,,....... , ,

Cadmium 6.54E-04 none
,, ......

Chromium 5.00E + 00

Cobalt 1.11E-01

Copper 1.11E-01
,, .............

Lead 4.43E-03

Mercury 4.43E-03
,. ........

Silver 4.43E-03
,,, ,, , ..

Zinc 7.85E-02
,, ,,, ,,.. , .,,,.

Organics Organics

Butylbenzylp h tha late 1.19E-02 nolle

Chloroform 1.06E-03
................

Diethylphthalate 3.29E-02

Tetrachloroethene 1.00E-03

(PCE)
, , ,., ,, ., ,,,,, ,..,

Trichloroethene 8.43E-04
........................

4T-22b
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Table 4-22. Summary of Contaminants of Potential Concern for 300-FF-1 Soils.
(Sheet 3 of 6)

............. ]

SOILS ABOVE 4.6 m (15 FT) SOILS BELOW 4.6 m (15 FT)
,, ,,,,,, ,,

Estimated Estimated
Parameter Groundwater Parameter Groundwater

Concentration Concentration
..............

Vinyl Chloride 8.65E-04
, , ,, ,,,, , ,, ,, I •.

Radionuclides (pCi/L) Radionuclides (pCi/L)
, ,, ,, ,,. .... ,, ,, ,,,...... , , ,,,, ........

Radium-2.2,6 1.75E +00 none
,..... , I, ,, II ..... , . ......

U ra niu m-235 3.73 E + 02
,, , .....

Uranium-238 5.32E+03
,,,, ........ ,........... . . | ..... . ..........

Total U 1.44E +02
, , .....

,,,, , .... ,, ,,,, ,,,,

PROCESS TRENCHES (Post-ERA)
, , , ,,, , , , ,, ___

Inorganics (mg/L) Inorganics (mg/L)
• ,L ....

Cobalt 1.11E-01 none
,,,, .....

Copper 2.03E-02, , , ,, L . ,, | ,,

Mercury 4.43E-03•, ........... ,,, , ,, , , ,

Silver 3.09E-03

Flouride 1.11E-01
........ ,..........

Organics Organics
, ,. ,..... , , .....

Tetrachloroethene 2.67E-04 none

(PCE)
, _,. , ....... , ,,.

Trichloroethene 1.98E-03
..... • .....

Radionuclides (pCi/L) Radionuclides (pCi/L)
,,,, .......... ,,

Cobalt-60 1.52E +02 none
,.........

BURIAL GROUND NO. 4
........

Inorganics (rag/L) Inorganics (rag/L)
L ..... ,, .....

Chromium 1.46E+01 Lead 2.11E-03
.......... , ..........

Copper 1.96E-02
,,, ,, ,,,

Lead 2.11E-03
, ,,,,, , ,................ ,,,

Mercury 2.11E-03.............
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Table 4--22. Summary of Contaminants of Potential Concern for 300-FF-1 Soils.
(Sheet 4 of 6)

SOILS ABOVE 4.6 m (15 FT) SOILS BELOW 4.6 m (15 FT)

Estimated Estimated
Parameter Groundwater Parameter Groundwater

Concentration Concentration

Silver 2.11E-03

Organics Organics

Tetrachloroethene 2.38E-04 none

(PCE)

Trich 1oroethen e 2.47 E-03

Radion uclides (pCi/L) Radion ucli des (pCi/L)

Uranium-234 8.53E +01 Radium-226 6.83E-02

Uranium-235 1.63E+00 Uranium-234 3.87E+00

Uranium-238 9.32E+01 Uranium-238 3.87E+00

BURIAL GROUND NO. 5

Inorganics (mg/L) Inorganics (rag/L)

Chromium 4.81E-01 Copper 1.66E-02

Copper 1.96E-02 Sulfate 2.68E+01

Mercury 1.13E-03

Organics Organics

none none

Radionucli des (pC i/L ) Radion ucli des (pC i/L)

Uranium-234 5.02E-01 Uranium-238 2.29E+00

Uranium-238 2.23E+00

307 TRENCHES

Inorganics (rag/L) Inorganics (rag/L)

Chromium 9.27E-01 Chromium 1.05E +00

Copper 1.65E-02 Mercury 1.83E-03 _'_
..... ,,m IIw

Lead 1.83E-03 Ammonia 1.59E-01
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Table 4-22. Summary of Contaminants of Potential Concern for 300-FF-1 Soils.
(Sheet 5 of 6)

SOILS ABOVE 4.6 m (15 FT) SOILS BELOW 4.6 m (15 FT)

Estimated Estimated
Parameter Groundwater Parameter Groundwater

Concentration Concentration

Mercury 1.83E-03

Ammonia 2.17E-01

Organics Organics
. v .......... .,., ,.,,.

none none

Radion ucli des (pCi/L) Radion ucli des (pCi/L)

Uranium-234 1.24E +00 Uranium-234 4.75E-01

Uranium-235 7.82E-01
, ,, ,..........

Uranium-238 2.50E +00

,.. ..... ,,. , ....

307 RETENTION BASINS

Inorganics (mg/L) Inorganics (mg/L)

Ammonia 1.66E-01 Ammonia 5.37E-02
n , , , ....... ,

Organics Organics
,= ..... | , ,. , •, , , , , ..............

none none
............................. ,=

Radionuclides Radionuclides (pCVL)

none Uranium-238 1.82E +00

, ,, ,....... , i ......... , .... ,

SANITARY TRENCHES

Inorganics (mg/L) Inorganics (mg/L)

Cadmium 1.12E-02 none

Chromium 5.89E+00

Copper 5.78E-02

Lead 2.31E-03

Mercury 2.31E-03

_ '" !1 .....
Silver 2.31E-03
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Table 4-22. Summary of Contaminants of Potential Concern for 300-FF-1 Soils.
(Sheet 6 oi 6)

SOILS ABOVE 4.6 m (15 FT) SOILS BELOW 4.6 m (15 FT)
,,,, ,

Estimated Estimated
Parameter G roundwater Parameter Groundwater

Concen tration Concentration
, .. ,,, ,, ,,. .... , ,,...........

Sulfate 2.63E +01
.,, ,. ,., ,,., ,. . ..

Organics Organics
, ..... , ,,,

Butylbenzylphthalate 4.36E-03 none
,.,

Radion ucli des (pC VL) Radion ucli des (pC i/L)
....... , ,, ,,

none none
,. ,, ...... , .... ,,,.

FILTER BACKWASH POND
,,

Inorganics (mg/L) Inorganics (mg/L), ,,,,,,, ,.. ,,,. ,, ..... ,,. , .,. ,.,.,

Ch romiu m 1.69E-01 none

Organics Organics
., , ,,,, ........

none none
, ,,, , _ ,, ,,,

Radionuclides (pCi/L) Radionuclides (pCi/L)
, ,, ,,, ,

none none
,,,,, , ,,,,

i

,,,, ,,, ,,,, L

FLY ASH POND

Inorganics (mg/L) Inorganics (mg/L), , ,_

Lead 1.52E-03 none
_ , n

Mercury 1.52E-03
,,, ,,, ,, , ,, ,,, ,,

Organics Organics
,,, ,,, , ......

none none
,,, _ , ,n

Radion ucli des (pC _/L) Radi on ucli des (pC FL)
,n ....

none none
.
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Table 4-23. Frequency of Detection (All Wells Screening Scenario - Unconfined Aquifer). (Sheet 2 of 2)

Parameter # Detects # Detects >U'I_ b Total # Sample % Sample >UTL
,.. ,i .. , ,,,, ,,,,,,, . , ,, i , ,,,,., i,i, ,. ,

Technetium-99 23 23 60 38
, ,,,, , ,, , , ,,, , ,, | , , , ,

Thorium-228 4 3 135 2.2
, .., , .,.,,,. ,. .,,. ,, . .,,,,, , .,, ,,

Thorium-232 2 2 135 1.50
, , ,. ,, , ,. , ,, ,, , ,,,,

Tritium 32 32 55 58.2
,, ,,, ,, ,,, ,, , ,,. ,,, , , ,,,, ,,.,, , , , ,,.,,.

Uranium-2.34 83 83 137 60.6

Uranium-23.5 72 72 138 52.2

Uranium-238 86 86 138 62.3
u t , ,., ,,, ,.,,, ,-, , ,, ,., .,,

Total Uranium 70 31 72 43.1
..... .n| i iii i , ,,,,,,, ,., ,,.

"Background for Ra-226 was used.
bUTLs listed in Table _3.

4Tu23b
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Table 4-24. Summary of Contaminants of Potential Concern Carried Forward to the Risk

Assessment for Groundwater, Sediment and Surface Water. (Sheet 1 of 3)

MEDIUM/Parameter [ Maximum Detected Concentration

GROUNDWATER

[
ALL WELLS SCREENING SCENARIO

Unconfined Aquifer

Organics (mg/L)

Chloroform 1.80E-02

1,2-Dichloroethene (Total) 1.50E-01

Dichloroethene (trans) 1.30E-01

Trichloroethene 1.40E-02

Total coliform 280

, (c,/100 ml)

Inorganics (mg/L)

Copper 1.16E-02

Nickel 1.18E-01

Nitrate 1.56E+01

Radionuclides (pCi/L)

Strontium-90 4.57E+00

Techne tium-99 6.50E + 01

Tritium 1.18E+04

Uranium-234 1.20E+02

Uranium-235 . 1.70E + 0I

Uranium-238 9.30E+01

Total Uranium 1.89E+ 02

Confined Aquifer

lnorganics (mg/L)

none

Organics

none
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Table 4-.24. Summary of Contaminants of Potential Concern Carried Forward to the Risk
Assessment for Groundwater, Sediment and Surface Water. (Sheet 2 of 3)

,,............... ,,, ,

MEDIUM/Parameter Maximum Detected Concentration

Radionuclides (pCi/L)

none

ON-SITE WELL SCREENING SCENARIO

Inorganics (rag/L)

none

Organics (rag/L)

Chloroform 8.00E-03

Trich[oroethene 7.00E-03

Radionuclides (pCi/L)

Tritium 1.89 E + 03

Uranium-234 8. IOE+ O0

Uranium-235 5.10E-O1

Uranium-238 8.40E+00

Total Uranium 1.75E+01

TRITIUM PLUME SCREENING SCENARIO

Organics (rag/L)

None

lnorganics (mg/L)

None

Radionuclides (pCi/L)

Tritium 1.18E+04

SEDIMENT

Inorganics

none

Organics

none

4T-24b
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Table 4-24. Summary of Contaminants of Potential Concern Carried Forward to the Risk
Assessment for Groundwater, Sediment and Surface Water. (Sheet 3 of 3)

i i i i ,. , i i i. , ,.i ,. i , i ,,, ,,,, ,.,,, ,,,,, ,.., _ ,.,,i ,J, , iL L i iL, i JJJ__

MEDIUM/Parameter Maximum Detected Concentration

Radioisotopes

t'lone

SURFACE WATER

Hanford Site Background

Organics (rag/L)

Trichloroethene 2.00E-03J

Radionuclides (pCi/L)

Technetium-99 5.40E+ 00J

Tritium 3.10E+03

Uranium-234 1.80E+01

Urani um-235 1.10E + 00J

Uranium-238 1.90E+01

Inorganics (rag/L)

none

Operable-Unit Specific Background

Inorganics (mg/L)

none

Organics (mg/L)

Trichloroethene 2.00E-03J

Radionuclides (pCb'L)

Technetium-99 5.40E+00J

Urani um-234 1.80E + 01

Uranium-235 1.10E + 00J

Uranium-238 1.90E + 01
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Table 4-25. Extent of Contamination Summary for Groundwater Contaminants of Potential

Concern Exhibiting Limited Extent (only values above UTLs shown). (Sheet 1 of 2)

(unconfined aquifer, all wells scenario)

Parameter Round HEIS # Location Result Qualifier Minimum Minimum Units

Screening
Value ARAR

! , , , , ,, ,-, ,,

1,2-Dichloroethene 1 BO1DQ4RE i399-1-16B 1.50E+02 1.60E+01 7.00E+00 b Hg/L
_otal)

, , , , , ,, . . , ,, , ,,

1,2-Dichloroethene Z B062R1 399-1-16B 1.00E+02 /_g/L
Ctotal)

, L |, , , ,,,, , ,, . , L ,,. , , , ,

1,2-Dichloroethene 4 B0YPY0RE 399-1-16B 1.5E+02 _g/L
(total)

, . L , , , L , ,., . , , , .,, • ,, i ,,.,.

1,2-Dichloroethene 1 B01DR3 399-1-17B 9.00E+00 _g/L
(total) J ., ,

1,2-Dichloroethene 2 B062S2 399-1-17B 5.00E+00 J /Jg/L
total)

.............

1,2-Dichloroethene 4 B07P74 399-l-17B 6.00E+00 J _g/L
(total)
, ,, , ,,., , , ,. , , .,

Trans-DCE 3 B07046 399-1-16B 1.30E+02 3.20E+01 1.00E+01 _g/L
,,, ,,., . , ..... • ,, , ,,,,. , ,, , ,,. .,

Trans-DCE 3 B07050 399-1-17B S.00E+00 _g/L
• ,, ,, .,, , ,, _ ..

, , ,, ,,,, ,

Nitrate 1 BO1DT1 699-$28- 1.56E+01 2.56E+00 4.4E+00 mg/L
E12

, .,, ,, ., , | . ,, , , i .

Nitrate Z BO62M5 699-$28- 1.55E+01 mg/L
E12

, . , . ,,, • ,, , , , ,, ,, ,

Nitrate 2 BO62G1 399-5-1 1.50E+01 mg/L
• . , ,. ,, , ,

Nitrate 1 BOIDN8 399-5-1 1.35E+01 mg/L
, , ,, , , ..,, ,, ,,. '__LL

Nitrate 2 BO62X1 399-4-1 1.37E+01 mg/L
, ,,., , , , , ,........ ,... ,. ,,, , , L , .

Nitrate 2 B062X8 399-4-11 1.5E+01 mg/L

Nitrate 2 B062Y4 399-8-2 1.46E+01 mg/L
,, ,. , ,, ,. ,, ,, ,,

Total coliform 3 B07030 399-1-10A 21 a c/100 ml
,, , , ,, ,L

Total coliform 1 B01DY1 399-1-I4B 8 c/100 ml
, , , , . . .......... ., .

Total coliform 3 B07044 399-1-16A 3 c/100 ml
J " " ' I' , i ..............

Total coliform 3 B07064 399-2-1 4 c/100 ml
, _ ,

Total coliform 1 B01DW3 399-2-2 8 ('/100 ml
,,. , ., _ ,, , . ,, , , . ., . , ,

Total coliform 1 B01DW4 399-2-3 4.6 c/100 ml

Total coliform 3 B075X8 399-2-3 2.2 c/100 ml
........
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Table 4--25. Extent of Contamination Summary for Groundwater Contaminants of Potential

Concern Exhibiting Limited Extent (only values above UTLs shown). (Sheet 2 of 2)
(unconfined aquifer, all wells scenario)

Parameter Round HEIS # Location Result Qualifier Minimum Minimum Units

Screening
Value ARAR

....................... , ....... ,....

Total coliform 3 B075Y2 399-3-2 16 c/100 ml
, , ,,

Total coliform 3 B075Z8 399-4-9 5.1 c/100 ml
, , ,. , ,, , ,, ,. ,1, ,, , ,

Total coliform 3 B07610 399-5-1 2.2 c/100 ml
}, __ ., ,. .......... , ,,, ,,, , • ,, , ,w , ,

Total coliform 1 B01DM5 399-8-4 2.6 c/100 ml
,,,....

I'otal coliform B076T5 Spring 11 23 c/100 ml
L .............

Fotal coliform B076T2 Spring 12 30 c/100 ml
...... ,.....

Total coliform B076T3 Spring 6 23 c/100 ml
................ , ..........

_otal coliform B076T4 Spring 7 280 c/100 ml
, ,, , .....

I'otal coliform B076T6 Spring 9 23 c/100 ml
........

aColiform compliance criteria: where at least 412samples are collected per month, if no more than 5%

are total coliform positive; where less than 40 samples are collected per month, if no more than 1
sample is total coliform positive. Surface water criteria is 100 c/100 mL for fecal coliform.

bBased on the cis-DCE isomer.
....................

4T-25b



Table 4-26. Extent of Contamination Summary in Surface Water.

Contaminants of Potential Concern ________

Sample Location Organics Radionuclides

TCE Tc-99 Tritium U-234 U-235 U-238

_ag/L pCi/L pCi/L pCi/L pCi/L pCi/L

SP9 WAT3 1J .53U 1900 8.7 0.79 7.5

HEIS #B01372

SP9 WAT10 1J 5U 1800 5.7 0.56 5

HEIS #B01373 O

&
SP9 WAT20 10U 1.2U 750 1.2 .12U 1.2 r

to

HEIS #B01374

SP11 WAT3 2J 5.4J 3100 18 1.1J 19 o

HEIS #B01377

SPll WAT10 10U 2.4U] 1400 9 .62J 8.8

HEIS #B01376

SP11 WAT20 10U 2.7U 430 1.6 .18J 1.4

HEIS #B01375 L_
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Table 4-27. Sediment Dose Rate Screening.

Radionuclide Conc. pCVg Conversion Factor Sediment Dose
mrad/y/uCi/m 2 Rate mrad/y

, , , , ............ L

U-234 3.9 8.07E-02 0.02
U-235 0.23 1.71E+01 0.16
U-238 3.2 6.46E +02 0.012

Eu-152 0.78 7.4E-09 3.0
Cs- 137 0.23 6.11E + 01 0.84
Th-232 1.1 4.5E-12 0.003
Co-60 0.78 2.27E +02 10.6
i , ,, , ,. , ,, ,. , , . , , , u ,

Total Sediment Dose
............................
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Table 4-28. Concentrations of Metals and Radionuclides in Mulberry Leaves and Twigs by Location (Sheet 1 of 3)

_[_ Location Mean Std. Minimum Maximum Geom. Median 10% Tr.

Mean
Dev.

Total 104.928 33.669 38.000 232.000 99.928 99.250 102.187

_I,U p rive r 99.655 38.435 38.000 180.000 92.655 89.100 96.976
O U 107.108 31.515 52.400 232.000 103.099 100.000 103.944

5b, Total 4.211 2.624 1.300 10.100 3.384 2.900 3.995

Sb, U p river 3.611 3.268 1.500 9.600 2.607 1.600 3.140

Sb, O U 4.459 2.286 1.300 10.100 3.768 6.100 4.490

Ba, Total 50.425 14.952 22.700 94.300 48.305 48.600 49.348 !

,,D

a_ Ba, U p rive r 48.823 13.656 25.200 80.700 47.043 47.000 47.728---1 49.800 50.031

Ba, OU 51.088 15.494 22500 94.300 48.836

Be, Total .208 .018 .160 .270 .208 .210 .205 <

Be, Up river .216 .028 .190 .270 .214 .200 .212 o

Be, OU .205 .010 .160 .260 .205 .210 .206

Cd, Total .288 .206 .160 1.070 .253 .210 .235

Cd, Up river .373 .343 .190 1.070 .284 .210 .312

Cd, OU .253 .090 .160 .570 .242 .210 .232___..--,,.--,.--.

C r, Total 1.211 1.601 .390 15.200 .939 .830 .9501.232

C_,U pri.____ver 1.501 1.240 .780 6.900 1.251 1.000
OU 1.091 1.722 .390 15.200 .834 .830 .828

_-_, Total 6.159 1.926 3.100 15.500 5.927 5.850 5.938



Table 4-28. Concentrations of Metals and Radionuclides in Mulberry Leaves and Twigs by Location (Sheet 2 of 3)

Location Mean Std. Minimum Maximum Geom. Median 10% Tr.Mean
Dev.

Cu, Upriver 5.952 2.195 3.100 14.900 5.647 5.700 5.696

Cu, OU 6.245 1.813 3.700 15.500 6.047 5.900 6.011

__e, Tota I 254.858 69.997 115.000 491.000 245.508 252.000 251.279
U priver 238.839 81.009 140.000 423.000 226.359 215.000 232.000

Fe, OU 261.480 64.341 115.000 491.000 253.888 256.000 257.967

Mn, Total 23.855 7.176 11.000 52.700 22.876 22.300 23.199 G}O

Mn, U p river 25.377 9.191 11.000 41.400 23.638 27.100 25.276

M n, O U 23.225 6.119 12.500 52.700 22.568 21.500 22 523 4_1.008 to

Ni, Total 1.388 1.716 .780 15.900 1.112 .915
_" __ fl}

N i, U p river 1.659 1.561 .780 4.800 1.236 .840 1.388
<

N i, OU 1.276 1.774 .790 15.900 1.064 .970 1.006 o

Ag, Total .827 .431 .330 2.130 .727 .990 .775

Ag, U p river .799 .683 .390 2.130 .613 .410 .689

G OU .838 .273 .330 1.100 .781 1.000 .859

_ Total 21.990 5.260 8.600 32.800 21.281 22.050 22.157
U p river 21.687 6.543 8.600 32.800 20.540 22.500 21.944

_n, OU 22.115 4.674 10.700 32.000 21.596 22.000 22.144

r-_, Total .137 .369 -1.070 2.000 N/A .100 t .138

ISr-90, U privet .117 .180 -.200 .690 N/A .070 .099



Table 4-28. Concentrations of Metals and Radionuclides in Mulberry Leaves and Twigs by Location (Sheet 3 of 3)

Location Mean Std. Minimum Maximum Geom. Median 10% Tr.Mean
Dev.

Sr-_, OU .146 .424 -1.070 2.000 N/A .140 .154.045

U, Total .064 .080 __...--------'007 .330 .041 .038

.018 .008 .007 .035 .016 .016 .017
j, Upriver ___------ _____________---

U, OU .080 .087 .016 .330 .056 .043 .061

j in ug/g.
_r-90 in pCi/g. O

Vletals in ug/g.
r---

!

a °
e3
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Table 4-29. Concentrations of Metals and Radionuclides in Reed Canary Grass by Location (Sheet 1 of 3)

Location Mean Std. Minimum Maximum Geom. 10% Tr. Mean
Dev.

Al, Total 230.244 159.815 37.300 707.000 178.923 204.000 208.139

Al, Upriver 185.557 151.930 37.300 603.000 136.744 129.000 160.312

AI, OU 273.490 157.604 54.300 707.000 232.091 251.000 253.160

_b, Tota ! 3.278 2.497 1.600 9.550 2.569 1.600 2.912

Sb, U p river 2.451 2.247 1.600 9.550 1.990 1.600 1.808

Sb, OU 4.078 2.499 1.600 9.330 3.290 2.900 3.972 C3
©
m

Ba, Total 26.103 9.466 13.600 80.000 24.953 24.200 24.820 ,r7

Ba, Upriver 28.930 11.866 16.800 80.000 27.365 26.050 26.875,--1 21.900 23.064
!

Ba, OU 23.368 5.231 13.600 33.600 22.821
.200 .204 co

Be, Total .209 .017 .190 .260 .208 <

Be, Upriver .209 .018 .190 .260 .208 .200 .204 o

Be, OU .208 .015 .190 .260 .208 .210 .205

C d, Tota I .313 .215 .190 1.060 .273 .210 .257

Cd, Upriver .292 .220 .190 1.060 .254 .205 .230

Cd, OU .333 .211 .190 1.040 .292 .210 .284

C r, Total 1.604 1.585 .430 9.100 1.242 .970 1.232

C r, U p river 1.745 1.654 .790 7.100 1.323 .840 1.350

Cr, OU 1.466 1.530 .430 9.100 1.168 1.100 1.184

Cu, Total 6.238 2.855 1.500 15.700 5.621 5.500 6.027



Table 4-29. Concentrations of Metals and Radionuclides in Reed Canary Grass by Location (Sheet 2 of 3)

Location Mean Std. Minimum Maximum Geom. Median Tr. Mean
Dev.

u, Up rive r 4.843 1.986 1.500 10.700 4.466 4.500 4.679

Cu, OU 7.587 2.944 2.500 15.700 7.023 8.000 7.448

Fe, Total 461.826 299.768 91.400 1540.000 374.538 426.000 420.306

Fe, Upriver 361.413 259.140 91.400 1070.000 286.293 286.500 323.375

Fe, OU 559.000 308.165 128.000 1540.000 485.756 531.000 517.560

tin, Total 46.825 26.649 12.100 138.000 40.307 40.500 43.396 C3O

Mn, Upriver 35.680 16.496 14.100 84.600 32.256 33.750 34.042

Mn, OU 57.610 30.214 12.100 138.000 50.007 57.100 54.564 !

'q .910 1.135

_ Total 1.376 1.007 .780 5.800 1.178
<

N i, U p river 1.241 1.148 .780 5.800 1.032 .820 .912 (_cz)

A_,OU 1.505 .847 .780 4.660 1.339 1.300 1.362
Total .662 .425 .390 2.120 .572 .410 .588

ver .559 .447 .390 2.120 .481 .410 .432

OU .763 .383 .390 2.070 .678 .980 .736

'Zn, Total 93.498 34.377 16.300 181.000 85.847 87.800 93.649

Zn, Upriver 96.890 35.089 20.500 163.000 88.735 94.750 98.550

33.922 16.300 181.000 83.142 84.800 88.944
Zn, OU 90.216

N/A .035 .032
.026 .261 -1.160 .600

St-90, Total
-.800 .570 N/A .030 .028

i Sr-90, Upriver .016 .234

+



Table 4-29. Concentrations of Metals and Radionuclides in Reed Canary Grass by Location (Sheet 3 of 3)

Location Mean Std. Minimum Maximum Geom. Median 10% Tr. Mean
Dev.

5r-90, OU .ON _'286 _-1"160 .600 N/A .050 .034

U, Total .119 .221.__.________----'006 1.581 __ .063 .060 .082

J, U p rive r .039 .029 .006 .114 .030 .028 .036

U, OU .182 .282 .017 1.581 .114 .122 .133

U in ug/g.

Sr-90 in pCi/g. 0

vletals in ug/g.
r

t,J

i o
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Table 4-30. Concentrations of Radionuclides other than Tritium in Mulberry a.

Radionuclide, Mean Std. Count Minimum Maximum Median 10% Tr.
Stratum Dev. Mean

• , L, ,|, ..... , ...... . ............... , ........

9_)Sr, Total .187 .681 104 -1.07 6.00 .100 .135

, , , ,' '," ' i , , , ,.... ,, ,,, ,, ,, , ,,, ,,,

Upriver .107 .179 29 -.20 .69 .060 .092
, ,, ,,, , ..... ,, , ,, , ,,n, ,, ,, ,, ,,1, , , ,

OU .218 .791 75 -1.07 6.00 .140 .154
• ,,, , , ,, , , , , ,, i, ,

U, Total .064 .081 102 .010 .400 .040 .042
_ , • ,

Upriver .020 .009 27 .010 .040 .020 .020
, ,, , ,, ,, , , , ,, ,

O U .079 .089 75 .020 .400 .040 .058
, ,

ag°.e,:in pCi/g; U in mg/g.
......
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Table 4-31. Concentrations of Radionuclides other than Tritium in Reed Canarygrass a.

................

Radionuclide, Mean Std. Dev. Count Minimum Maximum Median 10% Tr.
Stratum Mean

, , , ,, ,, x , ,, ,

Sr-90, Total .026 .259 56 -1.160 .600 .035 .032
, , , ,,, • ,L | , , , ,, ,, ,, ,, , • , ,, ,,, ,

Uriver .016 .229 26 -.800 .570 .030 .028
, , ,, ,,,, ,,, ,, , ,,

OU .034 .282 30 -1.160 .600 .050 .034
_ , ,, ,, , , ,, ,, , , , ,, ,

U, Total .118 .213 56 .010 1.580 .060 .083
, • ,, , ,,,,

Uriver .038 .026 26 .010 .110 .030 .035
, ,,, , ,, , ,, ,,, ,,, ,

©U .187 .272 30 .020 1.580 .125 .138
,, | , ,, , ,, ,,, ,, , , • , , ,

Co-60, Total .393 .183 26 .079 .913 .404 .382

Uriver .293 .125 10 .079 .442 .330 .301
L , , ,, - , , , ,, , • , - , ,,, ,

OU .455 .186 16 .141 .913 .476 .445

aUnits in pCi/g except for U, which is in mg/g.
.........................
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Table 4-32. Concentration Summaries for House Mice Tissue

Split By: Station, Sample Type (Sheet 1 of 2)

........ Mean Std. .... Count Maximum Median 10% Tr. t
Error Minimum Mean

S'r-90 ipCVg), T0tal .349 _' .090 ..... 15 -.079.... 1'.260 " .220 .316 ......

St-90 (pCVg), Control, 'skin .480 .270 ' 2 .2i0 .750 .480 .48O....
. ,, ....... , ,, , , ,, , , , ,,| , ,,, .

St-90 (pCVg), Control, carcass .763 .267 3 .280 1.200 .810 .763
, . , , , , , , ,, ,, , ,

St-90 (pCVg), #1, skin .400 .120 2 .280 .520 .400 .460
, , i,, ,, ,,

sr-90 (pCi/g), #1, carcass .206 .285 2 -.079 .490 .206 .206
L " ' ' ' ' ' '" ' ..' ,.

St-90 (pCVg), #2, skin .105 '056 3 -.005 .180 140 105
, , , , ,,,, , , , ,, i , ....

Sr-90 (pCi/g), #2, carcass .152 .053 3 .047 ' " .220 i90 .i52
, , , ,, ,,, , , ,, , , ,, . . ,,.....

Total u (micro g/g), Total .025 .009 19 .002 .170 .010 .018

Totai U'(micro g/g), Co'ntrol, skin ' .071 .049 3 .015 '11'70 .029 .071 '
! , ,,, ,,,, ,, , ,, ,, , , , _ , , , _, ,, , • ,, • , - , -,

Total U (micro g/g), Control, carcass .007 .002 3 .005 .010 .005 .007
,, , ,,.,.,

Tot'al U (micro g/g), #1, skin .016 .005 4 .oo2 1026 .018 .016

Total u (micro g/g), #1, carcass .007" .002 3 '.005 .... .011  .005 .0o7
Total U (micro g/g), #2, skin " * .047 .021 3 .005 .073 .064 '.(347 ......

Total u (micro g/g), #2, carcass .005 0 3' .005 .005 .005 005

AI (mg/kg), Total ' 39.850 ' 51054..... 8 " 20.800 56.600 451'350 39.850 ........
, , , ,,, .......... , ,, ,], , • L., ,, , ,

A1 (mg/kg)' Control, carcass 49.100 3.899 3 43.500 56.600 47.200 49.100

AI (mg/kg), #i_ carcass 50.900' .200 2 50.700 5'1.1'00 56.900 50.900
, ,,, , ,, ,, , , ,,,, i , . ,,,

AI (mg/kg), #2, carcass 23.233 1.291 3 20.800 25.200 23.700 231233
, , J ,

Ba (mg/kg), Total 10.212 1.013 8 6.800 15.800 9.600 10"213

'Ba (mg/kgi, Control, carcass 11.567 L 2.187' 3 8.500 15.800 10.400 11.567
I ' " ' ' ' " ' ' ' '

_a (mg/kg), #1, carcass 11.100 1.700" 2 9.400 12.800 :11.100 11.100

Ba (mg/kg), #2, carcass 8.267 .867 3 6.80b 9.8oo :s.200.......s.26;;
cd (mg/kg), Total ....... 1.102 .114 8 .950 1.900 1.600 '' 1.i02"

, ,., ,. ,, , , , , , ,, , , , ,,,, j

Cd (mg/kg), Control' carcass 1.000 0 3 1.000 .... li000 11.000 1.000

Cd (mg/kg), #1, carcass 1.450 .450 2 1.000 1.900 1145(3 i.450
, i, , , i , .. ,,,

_ Cd (mg/kg), #2, carcass .973 .615 3 .950 1.000 .970 .973

Cr img/kg), Total " 2"1"5-0........... .i80 S 1.600 .... 3.100 _.100 2.150
, , , , i ,

Cr (mg/kg), Control, carcass 2.100 .208 3 1.700 2.400 2.200 2.100
,,, , , , , , , , .

Cr (mg/kg), #1, carcass 2.800 .300 2 2.500 3.100 2.800 2.800, ,, t , , , ,, , , , , ,, ,

Cr (mg/kg), #2, carcass 1.767 .120 3 1.600 2.000 1'.700 ...... i.767

Cu (mg/kg), Total 4.000 .504 ' 8 .... 2.300 61()00 4.000 4.000, , , ,, , . , ,. , ..... ,,

Cu (mg/kg), Control, carcass 5.300 .603 3 4.100 6.000 5.860 5.300
, , ,,, I, • ,

Cu (mg/kg), #1, carcass 4.250 .350 2 3.900 4.600 4.250 ..... 4.250
,,. ,_ , , , ,,

cU (mg/kgj,#2, carcass 2.533 .145 3 2.300 2.800  ..500 2.533
Fe img/kg), Total .... 327.875 5.908 8 311.000 356.000 .....319.500 ..... 327.875

........................
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Table 4-32. Concentration Summaries for House Mice Tissue

Split By: Station, Sample Type (Sheet 2 of 2)

Mean Std. Count Maximum Median 10% Tr
Error Minimum Mean

Fe (mg/kg), Control, carcass 3281333 13.980 3 311.000 356.000 318.000 328.333
, , |, , ,,,

Fe (mg/kg), #1, carcass 334.500 13.500 2 321.000 348.000 334.500 334.500

Fe (rng/kg), #2, carcass 323.000 6.557 3 315.000 336.000 318.000 323.000

Pb (mg/kg), Total 1.838 .149 8 1.300 2.500 1.750 1.838
, . ..... , ,

Pb (mg/kg), 'C'ontrol, carcass 11933 .296 3 1.500 2.500 1.800 1.933

pb (mg/kg), #1, carcass ........ " _0 ._50 2 1.900 2.400 2.150 2.150 .........

PB (mg/kg)', #2, carcass ...... 033 ..... .i20 3 1.300 1.760 1.600 i.533
. , , , , .... , , ,, . .............. ,,, , .,

Mn (mg/kg), Total 4.325 .302 8 3.600' 5.600 3.800 4.325
. , , ...... ,,. ,. , . ...... , .............

Mn (mg,/kg), Control, carcass 4.900 .603 3 3.700 5.600 5.400 4.900
, , , , ,,,,, ,,. , , , , ,, ,

Mn (mg/kg), #1, carcass 4.300 .70() 2 3.600 5.000 4.300 4.300

.................................................... 3,800 "Mn (mgkg), #2, carcass 3.767 .(333 3 3.700 3.800 3.767

Ni (mg/kg), Total 1.837 .127 8 1.600 2.700 1.700 1.837
........... ., ,

Ni (mg/kg), Control, carcass 1.767 .067 3 1.700 1.900 1.700 1.767

Ni (mgJkg), # 1', car cass 2.200 .500 2 1.700 2.700 2.200 21200
. , ,, ,. , J , ..... , . ,, , ,. , ,

Ni (mg/kg), #2, carcass 1.667 .033 3 1.600 1.700 1.700 1.667

Zn (mg/kg), Total 145.500 6.620 8 ' 120.000 167.0(X) 145.500 145.500 j

Zn (mg/kg), Control, carcass 149.333 14.769 .......... 3' 120.000 L' 167.000 161.000 1.491333 1"

Zn (mg/kg), #i, carcass 149.500 ' i6.500 2 133.000 166.000 149'.500 149.500
, , , , , . ,, . ,, L , , , i

Zn (mg/kg), #2, carcass 139.000 8.145 3 126.000 154.000 137.000 139.000

4,4'-DDE (micro g/g), Total .002 .001 6 .001 .004 .001 .002

4,4'-DDE (micro g/g), Control, carcass .001 1 .001 .001 001 001

4,4'-DDE (micro g/g), #1, carcass .004 .001 2 .003 .004 004 004
.... ,, , ,,, ,,, ,

4,4'-DDE (micro g/g), #2, carcass .001 5.774E-5 3 .001 .001 001 .001
................ ,,,
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Table 4-33. Concentration Summaries for Great Basin Pocket Mouse Tissue (Sheet 2 of 3)

...........
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Table 4-33. Concentration Summaries for Great Basin Pocket Mouse Tissue (Sheet 3 of 3)

.......... _ ........... . ,.

Analyte, Location, Tissue Mean (a) Std. N o) N > Min. Max.iMedian
Dev, d. 1.(c)

,,, , ,, , ,, , ,

Control, carcass < 0.0005 (e) 2 0 - -
, , , , , , , ,, , .... , , ,,, , ..... ,, , , ,

Trap Site #1, carcass <0.0005 (e) 2 0 -
, , ,, . , , ,. L

Trap Site #2, carcass <0.0005 (e) - 2 0 -
_ ,. ,. ,,.

Aroclor, Total, carcass <0.5 (e) 6 0 - -
, . ,, ,,, , ,, , ,.,., ,. , ,,

Control, carcass <0.5 (e) - 2 0 -
t ,,, , , ,,,, ,, ,,,

Trap Site #1, carcass <0.5 (e) - 2 0 -
, ..........

Trap Site #2, carcass <0.5 (e) - 2 0
, L ., ,. , , , ,...... , ,

('990Sr concentrations in pCi/g, rest in ug/g dry wt.
(b) number of samples

- (¢)number of sample concentrations validated and greater than detection
limits

(d) mean with 10% of high and low values deleted
(e) nominal detection limit

• .
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Table 4-34. Summary of Radionuclide Concentrations in Columbia River Fish

1987(a) 1989(b)
Type (pCi/g wet weight) (pCi/g wet weight)

60Co 90St 137Cs 60Co 90Sr 137Cs
, . . ,, , .,. ,, ,, ........

Whitefish
Muscle 0.001 0.001 0.022 .008 .008 .014

(0.006)(c) (0.001) (0.016)
Carcass 0.024 ND

(0.018)
, , . . ., ....... ,..... ., ,, ] , , ,, ,.. , , ,,

Bass
Muscle 0.002 0.003 0.044 .001 .001 .032
Carcass ND 0.049 ND

(a) 1987 data from Jaquish and Mitchell (1988), and collected from the
100-D Area.

(b) 1989 data from Jaquish and Bryce (1990), and collected from the 100-D Area.
(c) Values in parentheses are analyses of samples from fish collected upstream
from the Hanford Site boundary.
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5.0 CONTAMINANT FATE AND TRANSPORT ANALYSIS

This chapter begins with an environmental fate analysis of the 300-FF-5 operable unit
contaminants of potential concern (CsOPC) identified in Chapter 4, and concludes with an
analysis of transport of these contaminants in the pathways of subsurface water, surface
water, and biota. Results of the fate and transport analyses presented below are used in
Chapter 6 to evaluate the threats posed to human health and the environment by the 300-FF-
5 operable unit contaminants of potential concern.

5.1 CONTAMINANT FATE ANALYSIS

The purpose of this analysis is to determine the behavior of each contaminant of
potential concern listed in Section 4.4 in the environmental transport media of subsurface
water, surface water, and biota. Particular emphasis is placed on contaminant persistence
and mobility. The following discussion is divided into organic, non-radioactive inorganic
(metal and anion), and radioactive contaminants of potential concern.

5.1.1 Organic Contaminants of Potential Concern

'The 300-FF-5 operable unit organic contaminants of potential concern are: 1,2-
dichloroethene (total and trans), chloroform, total coliform, and trichloroethene. Because total
coliform is a measurement of an organism and not an actual chemical compound, neither
transport modeling (Section 5.2) nor risk quantification (Chapter 6) were attempted. A brief
discussion of the fate of total coliform is, however, included in this section. The physical
parameters for all 300-FF-5 operable unit organic chemical contaminants of potential concern
are listed in Table 5-1.

5.1.1.1 1,2-Dichloroethene. 1,2-dichloroethene is a colorless liquid composed of a mixture of
cis-l,2-dichloroethene and trans-l,2-dichloroethene isomers. 1,2-dichloroethene occurs in the

environment entirely due to human activities, and is most often used in the production of
solvents. 1,2-dichloroethene may also be present in the environment as a degradation
product of trichloroethene, which in turn is a degradation product of tetrachloroethene.

Cis-l,2-dichloroethene has a water solubility of 3.5 g/L (2.9 x 10"z Ib/gal) at a
temperature of 25°C, a Ko_ of 49 estimated using water solubility, a Henry's Law constant of
0.0041 atm-m3/mole and a vapor pressure of 215 mm Hg (Howard 1990). Trans-l,2,-
dichloroethene has a water solubility of 6.3 g/L (5.2 x 10"z lb/gal) at a temperature of 25°C, a

Koc of 36 estimated using water solubility, a Henry's Law constant of 0.0094 atm-m3/mole and
a vapor pressure of 336 mm Hg (Howard 1990). Since both isomers of 1,2-dichloroethene
have low Koc values, they will tend not to adsorb.

In soils and groundwater 1,2-dichloroethene is subject to anaerobic biodegradation,

which produces primarily vinyl chloride. Migration of 1,2-dichloroethenein groundwater can
_ occur either as a solute, or a dense nonaqueous phase liquid (DNAPL). Since DNAPLs have a

greater density than water, it is possible to have globules or stringers of 1,2.,-dichloroethene
associated with a DNAPL source sinking to depths in aquifers.
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Cis-l,2-dichloroethene has a river half-life of 3 h due to volatilization. Neither

biodegradation or surface water sediment adsorption of cis-l,2-dichloroethene is significant.
Trans-l,2-dichloroethene is reactive with photochemically produced hydroxyl radicals, and
has a surface water half-life of 3.6 d due mainly to volatilization. 1,2-dichloroethene in

general will be removed from the atmosphere by rain, which is to be expected of a relatively
water soluble chemical (Howard 1990).

5.1.1.2 Chloroform. Chloroform is a heavy, water-white, volatile liquid that is both man-
made and naturally occurring (Kirk et al. 1985). It has a water solubility of 7.95 g/L, (6.63 x 10"

2 lb/gal) (Howard 1990) a Henry's Law constant of 0.0029 atm m3/moles and a Koc of 45 (SRC
1991a). Most of the chloroform released into the environment will eventually enter the
atmosphere. Much smaller amounts will eventually be released into groundwater.
Volatilization from water and soil is a major source of chloroform release to the atmosphere
(SRC 1991a).

In subsurface environments the dominant transport mechanism for chloroform will be
volatilization because of its high volatility and low soil adsorption. This prediction is

supported by laboratory studies in which 75% of the chloroform initially present in water
volatilized when applied to a fine sandy soil, and 54% of the chloroform volatilized from a
soil column duringa percolation study utilizingasandysoii. All or nearly all of the
remaining chloroform travelled through the soil column because of its low propensity to
adsorb to sandy soils (SRC 1991a). Chloroform is adsorbed most strongly to peat moss, less
strongly to clay, very slightly to dolomite limestone, and not at all to sand. Field experiments
in which chloroform was injected into an aquifer demonstrated that chloroform is very poorly
retained by aquifer materials (Howard 1990). The leaching potential of chloroform is further
confirmed by the detection of chloroform in groundwater (SRC 1991a).

In surface environments the dominant fate process for chloroform is also volatilization.
Laboratory experiments have measured the half-life for evaporation of chloroform to be
several hours, and modeling studies suggest that the volatilization half-life is 36 h in a river,
40 h in a pond, and 9-10 d in a lake (Howard 1990). Chloroform is not expected to
significantly adsorb to sediment or suspended organic matter in surface water due to its low

Koc. This prediction is supported by sediment monitoring data that indicate that this
compound has not been detected, or was detected at very low concentrations, in sediment.
Little or no chloroform concentration was observed on peat moss, clay, dolomite limestone or
sand added to water (SRC 1991a).

5.1.1.3 Total Coliform. Total coliform is comprised of various coliform bacteria. One of these
is fecal coliform. Fecal coliform (Escherichia coli) is the colon bacillus found in feces. Ingestion

of fecal coliform may result in potentially life-threatening illness. Disposal of raw sewage in
the sanitary trenches probably accounts for most total coliform found in the 300 Area,
although the Columbia River may also act as a source. Movement of coliform bacteria to the
groundwater from the river may result through bank storage. Animal feces do contribute
coliform bacteria to 300 Area soils which may migrate and impact groundwater in the
300-FF-5 operable unit.

5.1.1.4 Trichloroethene. Trichloroethene is a common solvent used for the degreasing of

metals, and is a degradation product of tetrachloroethene which has been accidentally spilled
into the 316-5 process trenches (DOE-RL 1990a). Trichloroethene is a liquid at room
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temperatures, and has a density greater than water. Trichloroethene has a water solubility of
1.1 D/L (9.2 x 10.3 lb/gal) at a temperature of 25°C, a Henry's Law of 0.01 atm-m3/mole, a Koc of
100, and a vapor pressure of 58 mm Hg (Howard 1990).

In subsurface environments trichloroethene is relatively mobile with a low Koc value.
Volatilization could be a dominant fate in soils, initially to the soil gas phase of the vadose
zone and then ultimately to the atmosphere. Infiltrating rain water can solubilize
trichloroetheneand transport it to the water table. As a pure phase liquid, trichloroethene
has a lower viscosity and higher density than water facilitating rapid migration through soils.
Pure phase trichloroethene can also sink to the bottom of an aquifer and then migrate along
the surface of the aquitard as a dense non-aqueous liquid phase if disposed in sufficient
quantities. Trichloroethenecan also migrate within an aquifer as a solute.

In surface environments volatilization accounts for the majority of trichloroethene
losses. The relatively low Koc indicates that trichloroethene will not partition significantly
from the water phase to sediments in natural bodies of water. Bioconcentration of
trichloroethene is not considered to be significant, as evidenced by the substance's lipidphobic
nature and low fish bioaccumulation factors.

5.1.2 Inorganic (non-radioactive) Contaminants of Potential Concern

The non-radioactive, inorganic 300-FF-5 operable unit contaminants of potential
concern are the metals copper and nickel, and the anion nitrate.

5.1.2.1 Metals.

5.1.2.1.1 Copper. Copper may form several sulfide minerals that are readily soluble
during weathering processes, especially in acid environments. In the surface environment,
copper is usually present as the divalent ion (Cu2+), although it readily forms hydrolysis
products (Cu©H + and C%(OH)22+) below pH 7, and anionic hydroxy complexes (Cu(©H) 3
andCu(OH42) above pH8. The overall solubility of cation and anion species decreases
between pH 7 and 8. The most common forms of soluble copper are, however, organic
chelates that are soluble over a wide range of pH (Kabata-Pendias and Pendias 1984).

Movement of copper in soil is determined by a number of physical and chemical
interactions with the soil components. In general, copper will adsorb to organic matter,
carbonate minerals, clay minerals, hydrous iron, and manganese oxides. In most temperate

soils, the pH, organic matter, and ionic strength of the soil solutions are the key factors
affecting adsorption. The ionic strength and pH of the soil solution affect the surface charge
of soils, and thereby influence ionic interaction. When the amount of organic matter is low,
the mineral content of fe, Mn and AI oxides become important in determining the adsorption

of copper(SRC 1989a). Copper shows a great affinity to interact with mineral and organic
components of the soil, and readily precipitates with various anions such as sulfide,
carbonate, and hydroxide, or is readily sorbed to mineral and organic particle surfaces.
Although copper is one of the least mobile heavy metals in soils, its concentration in soil
solutions depend not only on reactions with active groups at solid phase surfaces, but also

with specific substances found in soil solution (Kabata-Pendias and Pendias 1984). Sandy
soils with low pH have the greatest potential for leaching.
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Much of the copper in surface water environments is found in particulate form.
Copper particulate either settle, precipitate, or adsorb. Copper most frequently adsorbs to
organic matter, hydrous iron and manganese oxides, and clay in sediment or in water. A
significant fraction of the copper is adsorbed within the first hour, and in most cases,
equilibrium is obtained within one day (SRC 1989a).

5.1.2.1.2 Nickel. While weathering, nickel readily goes into solution and then
coprecipitates mainly with iron and manganese oxides. In the natural environment, divalent
nickel (Ni z+) is the predominant form.

Nickel strongly adsorbs in the subsurface environment. Important factors that control
nickel mobility in soils are pH, type and amount of clay minerals, organic matter content, the
presence of iron and manganese oxides and hydroxides (SRC 1991b), and texture and bulk
density (SRC 1991b). Nickel adsorption depends strongly on pH, and in alkaline soils,
sorption may be irreversible (SRC 1991b).

In surface environments the fate of nickel depends on partitioning between soluble
and particulate solid phases. Adsorption, precipitation, coprecipitation and complexation are
processes that affect partitioning. These same processes, which are influenced by pH, redox
potential, ionic strength of the water, concentration of complexing ions, and metal
concentration and type, affect the adsorption of nickel to soil (SRC 1991b).

5.1.2.2 Anions.

5.1.2.2.1 Nitrate. Nitrogen in the form of dissolved nitrate is a major nutrient for
vegetation and an element essential to all life. Nitrate is produced by numerous natural and

anthropogenic processes and is a commonly made and used industrial compound. Nitrates
are formed by the process of nitrification, where ammonium is oxidized to nitrate. Most
common forms of nitrate are soluble in water and are mobile in soils. Some nitrate is utilized

by plants, where it remains fixed until the plant dies. Nitrate is not volatile, but under low
oxidation-reduction potentials it can undergo denitrification, where the gas nitrous oxide and
gaseous nitrogen are formed.

Nitrates are mobile and their concentrations are rarely limited by solubility constraints.
Nitrates can also be converted to ammonium, but the rate of this biochemical transformation

is insignificant. Nitrate migrates through many groundwater and surface water systems with
no transformation and little or no retardation (Freeze and Cherry 1979). Some clays
displaying high anion exchange capacities can slightly retard the migration of nitrate.

5.1.3 Radioactive Contaminants of Potential Concern

The 300-FF-5 operable unit radioactive contaminants of potential concern are
strontium-90, technetium-99, tritium, and uranium (-234,-v_35, -238, and -total).

5.1.3.1 Strontium-90. Strontium-90 is a by-product of nuclear fission processes. The physical
haft life of strontium-90 is 28.8 y. The biological half-life of strontium-90 is complex due to its
incorporation into bone (Eisenbud 1987). Strontium-90 decays by beta emission to yttrium-90,
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which in turn decays by beta emission to stable zirconium-90. Strontium-90 only occurs in
the +2 oxidation state.

Strontium-90 may be mobilized as a leachate during weathering, especially in oxidizing
acidic environments. In alkaline environments such as calcareous soils, strontium-90 may be

immobile if it replaces calcium in the formation of carbonate precipitates. Organic chelats can
increase the mobility and bioavailability of strontium-90 in the soil environment (Kabata-
Pendias and Pendias 1984).

Generally only one to two percent of strontium isotopes present in most soils can be
expected to be removed by common crop uptake processes. In extreme conditions of acid
soils and high-yielding leguminous species, this percentage may rise to four or five percent.
The extent of strontium uptake via roots is usually minimal when compared to foliar uptake
immediately after contamination. Plant base accumulation may also be an important factor.
There are, however, very few data concerning either the extent or the mechanism of this
process. Strontium isotopes as cations in soils are absorbed more easily by plant roots than
are those present as either organic chelates or complexes. Uptake appears to occur equally by
either metabolic or passive processes. In most crops, more is accumulated during the period
of development of fruits. From fifty to ninety percent of strontium absorbed by plant roots is
translocated to shoots. Root-absorbed strontium is highly mobile within the plant and

accumulates in leaf veins and petioles, the endosperm of some fruit, and the peel of root
crops (Kabata-Pendias and Pendias 1984).

5.1.3.2 Technetium-99. Technetium-99 is a fission product of uranium-235 with a half-life of

2.1 x 10s y. Technetium-99 decays by beta emission to stable ruthenium-99. Technetium-99
can exist in all valence states from +7 to -1, with the +7,+4, and 0 states being the most
stable (Cataldo et al. 1989).

In subsurface environments, such as near-surface soils, the pertechnetate ion (TcO4")

forms readily, and is the dominant technetium-99 form. The pertechnetate ion is highly
mobile in soils, and sorption is directly related to the organic matter content of the soils and
inversely related to soil pH. The estimated fixation of technetium-99 in soils is usually less
than 10% of the quantity supplied. Technetium-99 has been shown to have greater retention
in acid soils over calcareous soils. In acid soils, both the water-soluble and the organic forms

of technetium-99 are predominant, whereas water-extractable forms seem to predominate in
calcareous soils (Masson et al. 1989). The solubility and plant availability of technetium-99 are

reduced over time, suggesting that it undergoes reduction (+4) and reoxidation (+7) in
surface soils (Cataldo et al. 1989).

5.1.3.3 Tritium. Tritium, deuterium and hydrogen are the three isotopes of hydrogen, and
each bond with oxygen to form water. Tritium has two neutrons and one proton, deuterium
has one neutron and one proton and hydrogen has no neutrons, but is the dominant isotope.
Because water formed with tritium has a greatest atomic weight than that formed with other

isotopes, the vapor pressure of tritiated water is slightly less than that of other forn_s of
water. Tritium decays radioactively by the emission of a low energy beta particle, and has a
half-life of 12.3 y (Kirk et al. 1985).

There are four sources for tritium at the Hanford Site: cosmic ray bombardment of

atmospheric oxygen and nitrogen molecules, atmospheric testing of thermonuclear weapons
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between 1952 and 1969, and as a byproduct of nuclear reactor operations in the 100 Areas and
plutonium processing at the 200 Area. By far the majority of tritium at the Hanford Site is
related to activities in the 200 Area, and is present in the Hartford Site environment primarily
as tritiated groundwater. Since tritium is part of a water molecule, it neither adsorbs to solids
nor bioaccumulates.

5.1.3.4 Uranium (-234, -235, -238, and -total). Uranium is the heaviest of the elements (atomic

number 92) that occurs naturally to any significant degree. Natural uranium is comprised of
99.28% uranium-238, 0.72% uranium-235, and 0.0058% uranium-234, by weight. These ratios
change as uranium is processed, such as when the element is enriched with uranium-235 for
use as a reactor fuel. Other long-lived isotopes of uranium (uranium-232, uranium-233, and
uranium-236) are not naturally occurring, but are produced as the result of neutron activation
in fission reactor fuel elements. Uranium-2.38 is the head of the uranium series decay chain,
of which uranium-234 is a member. Uranium-235 is the head of the actinium series. The

half-lives of uranium-238, uranium-235, and uranium- -234 are 4.5 x 109, 7.0 x 108, and

2.4 x 105 y, respectively. Small amounts of uranium are ubiquitously present in rocks, soil,
surface water, groundwater, plants, and animals.

During weathering uranium is easily mobilized as various complex inorganic cations
and in organic compounds. Ionic forms of ,-ranium that exist in soil are UO_ 2+ and U+4
(Dragun 1988). Important reactions of uranium in soil include complexation with anions and
ligands, and the reduction of U6+ to U 4+. These reactions are important in controlling the
mobility in soil and water, and are influenced by redox, pH, and the sorbing characteristics of
sediments and soils. In general, the formation of U6+ over U4+ is favored in more oxidizing
environments, and U6+ is more soluble, and hence more mobile, than U4+ (Merritt 1971). In
most soils, the sorption of uranium is such that it will not leach, particularly in soils
containing clay and iron oxide. Maximum sorption occurs when the hydroxy complex of
uranium is present. At pH greater than six and in the presence of high carbonate or
hydroxide concentrations, uranium may form anionic complexes such as [UO2(OH)4] "2. The
mobility of anionic uranium complexes in soil will be determined by the nature of the soil

(SRC 1989b). Formation of hydrated uranium cations of UO2 .2 will result in solubility over a
wide range of pH (Kabata-Pendias and Pendias 1984).

5.2 CONTAMINANT TRANSPORT ANALYSIS

The purpose of the following analysis is to provide reasonably conservative estimates
of contaminant concentrations in various environmental transport media at points of potential
receptor exposure. Contaminant transport in the pathways of subsurface water, surface
water, and biota are considered, but contaminant concentrations are calculated only for those
portions of the pathways applicable to the 300-FF-5 operable unit. Each contaminant
transport pathway consists of the following five elements (EPA 1986c):

• a contaminant source

• a contaminant release mechanism

• an environmental transport medium (or media)
• an exposure route
• a receptor.
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The 300-FF-5 operable unit contaminant sources are described in Sections 3.1 and 4.1
from a physical and chemical perspective, respectively. Receptor populations are described in
Section 3.6, and this information is used in conjunction with exposure routes in Chapter 6.
This section therefore focuses on release mechanisms and environmental transport media.

5.2.1 Subsurface Water Pathways

Pore space in soil is typically filled with water, air, or a combination of water and air.
When pores are filled only with water, the soil is considered saturated, and when pores
contain air or air and water the soil is considered unsaturated. The unsaturated or vadose

zone consists of all soil between the ground surface and the water table. The saturated zone
lies beneath the water table of unconfined aquifers, or the confining layer of confined
aquifers. The capillary fringe that exists between the vadose zone and the grou _dwater table
is an important region of the subsurface when considering the fate and transportation of
some organic compounds. The physics describing movement of water in the saturated and
unsaturated zones are different, so the two zones are frequently separated into different
pathways.

5.2.1.1 Unsaturated Pathway Modeling. The 300-FF-5 operable unit is a groundwater
operable unit, and as a groundwater operable unit it does not include the unsaturated
pathway. Responsibility for the 300 Area unsaturated pathway lies with the source operable
units 300-FF-I through 300-FF-3, of which only the 300-FF-I operable unit has undergone a
remedial investigation. The Phase I Remedial Investigation Report for the 300-FF-1 Operable Unit
(DOE-RL 1993a) did not, however, address potential future groundwater impacts from 300-
FF-1 operable unit vadose zone contamination. Potential future groundwater impacts from
300-FF-1 operable unit vadose zone contamination was therefore addressed as part of the

, screening activities presented in Chapter 4 and Appendix I.

5.2.1.2 Saturated Pathway Modeling. The purpose of saturated pathway modeling is to
provide the baseline risk assessment of Chapter 6 with maximum future concentrations of
300-FF-5 operable unit contaminants of potential concern in operable unit groundwater. Not
all of the 300-FF-5 operable unit contaminants of potential concern were modeled. Future
groundwater concentrations were estimated for the year 2018, which represents the earliest
time at which Hanford Site institutional controls might be removed and additional uses of the
aquifer could occur. The 300-FF-5 operable unit contaminants of potential concern which
were modeled include: 1,2,-dichloroethene (total), 1,2-dichloroethene (trans), chloroform,

trichloroethene, copper, nickel, strontium-90, uranium-234, uranium-235, uranium-238, and
total uranium. The sources for these contaminants are assumed either to be declining in
strength, removed, or contained by source control measures. It is assumed that source

control measures will be implemented in the 300-FF-1, 300-FF-2, and 300-FF-3 operable units if
there is a significant potential of surface or vadose-zone contamination to impact the
underlying groundwater of the 300-FF-5 operable unit.

Early in the remedial investigation process it was recognized that uranium posed a
risk to humans greater than other contaminants present in 300-FF-5 operable unit
groundwater. It was, therefore, decided that WHC would use the computer program
PORFLO-3 (Runchal et al. 1992) to numerically model uranium in the saturated pathway. Of

all the modeling techniques, numerical modeling can provide the most accurate prediction of
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future groundwater concentrations, but also requires the greatest computational resources
and highest level of effort to perform. All other 300-FF-5 operable unit contaminants of

potential concern modeled were done so analytically using Version 4.0 of the commercially
available computer spreadsheet program Microsoft Excel. This spreadsheet program was
used to solve an approximate analytical solution to the equation describing groundwater flow
and contaminant transport in saturated porous media. The analytical modeling approach
requires far less resources and effort than the numerical approach, but suffers in accuracy
from the simplifying assumptions required to derive the analytical solution. The input values
to the analytical model were chosen to insure that any inaccuracy in the model would not
result in the underprediction of future groundwater concentrations (e.g. the source

concentrations used represent the maximum measured during 1992, see Section. 5.2.1.2.2).
The analytical model was also benchmarked by comparing uranium modeling results with the
numerical model. Both models predicted similar maximum concentrations at the year 2018.

Modeling was not conducted for the following 300-FF-5 operable unit contaminants of
potential concern: total coliform, nitrate, technetium-99, and tritium. Total coliform was not
modeled because discharge of sewage in the 300 Area is expected to continue since future
land use in the 300-Area is anticipated to be industrial requiring sanitary disposal. It was
therefore assumed that future concentrations of total coliform would be identical to those

currently measured. Nitrate, technetium-99, and tritium are associated with plumes
originating from sources outside of the 300 Area. The nitrate and technetium-99 plumes
originate from the 1100 Area, and enter the southwest boundary of the 300-FF-5 operable
unit. Impacts of the nitrate and technetium-99 plumes on the 300-FF-5 operable unit
groundwater were modeled as part of the 1100-EM-1 operable unit phase 1 and II remedial
investigation reports (DOE-RL 1990b and 1992a). The reader is referred to the
aforementioned reports for future concentrations of nitrate and technetium-99 in 300-FF-5

operable unit groundwater.

The tritium plume extends south from the 200 Area and enters the 300-FF-5 operable
unit along its northern boundary (Woodruff and Hanf 1991). Rather than modeling the 200

Area tritium plume, future concentrations of tritium in 300-FF-5 operable unit groundwater
were instead assumed identical to those curreJ,tly measured. Inherent in this assumption is

that there will not be a significant increase in the amount of 200 Area tritium discharged to
the ground relative to recent discharge amounts. The concentration of tritium in the 300 Area
has been increasing in recent times and may be indicative of past practice and disposal of
high amounts and concentrations in the 200 East Area finally migrating into the area. Any
further increase in concentration is not expected to be significant since the first major plume
from 200-PO-2 operable unit (discharges of tritium were ceased for a period from about 1975
to 1981 due to shutdown of the PUREX Plant) has already reached the Columbia River. It is
also possible, however, that tritium concentrations in 300-FF-5 operable unit groundwater will
decrease rather than increase or remain constant as assumed. A decline in tritium

groundwater concentrations throughout the Hanford Site will occur if the total activity of 200
Area tritium discharged to the ground continues to decrease as it generally has in the recent
past. For example, during1985 the total activity of 200 Area tritium discharged to the ground
was 1%000 Ci. In 1986 this total activity decreased to 7,000 Ci, followed by 2,000 Ci in 1987,
3,200 Ci in 1988,390 Ci in 1989, 5 2 Ci in 1990,and 22 Ci in 199l (Price 1986, PNL 1987,Coony
et al. 1988, Jaquish and Bryce 1989 and 1990, Woodruff and Hanf 1991, and Woodruff et al.
1992). If a change in operations at the 200 Area immediately eliminated all ground discharge
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of tritium, then the vast majority of the Hanford Site-wide plume could be expected to decay
and discharge to the Columbia River in approximately 40 to 50 y.

5.2.1.2.1 Analytical Model Description. The analytical model discussed in Section
5.2.1.2 was used to solve an approximate solution of the equation describing advection and

dispersion in porous media. This advectien-dispersion equation is most commonly expressed
in hydrogeology text books using the vector notation for partial differential equations, and is
given below:

0C -V. VC -V. CV -GC 5-10T

where: C = concentration

D = dispersion coefficient tensor
G = radioactive decay constant
T = time

Vc = contaminant velocity vector
V • = divergence operator
V = gradient operator
_0

= partial derivative with respect to time.

The interested reader is referred to the books of Bear (1979), de Marsily (1986), or
Freeze and Cherry (1979) for further details. The analytical solution to the advection-
dispersion equation used in this analysis was created by combining the solution of one-
dimensional advection and dispersion with radioactive decay given in Bear (1979), with the
transverse and vertical dispersion terms described in Domenico (1987). This combination of
solutions makes possible the modeling of three-dimensional dispersion with radioactive decay
in a one-dimensional uniform flow field. Both solutions used the following initial and
boundary conditions for Equation 5-1:

T a0;X >0, Y e OandZ _ 0arC =0
T > 0; X = 0, Y = 0, andZ = 0at C = Co

X = _,Y = _ and Z = =oatC = 0

The following equation is the analytical solution created from the Bear (1979) and
Domenico (1987) solutions, but with the groundwater velocity term replaced with a
contaminant velocity term (Section 5.2.1.2.2). The terms exp, eft, and erfc, are standard
abbreviations for the exponential, error, and complementary error functions, respectively.
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/z /z-z /. Z0__ - eft

eft 2 _ 2"

where: C(X,Y,Z,T) = concentration at location X, Y, Z, and time T (pCi/L nag/L,
or g/L)

Co = source concentration (pCi/L, rag/L, or _g/L)
X = longitudinal coordinate (m)
y = transverse coordinate (m)

Z = vertical coordinate (m)
T = elapsed time (d)

Y0 = source width (m)
Z0 = source height (m)
Ax = longitudinal dispersivity (m)

Ay = transverse dispersivity (m)
Az = vertical dispersivity (m)
Dx = longitudinal dispersion coefficient (mZ/d)

• = transverse dispersion coefficient (mZ/d)
Dy
Dz = vertical dispersior, coefficient (mZ/d)
G = radioactive decay constant (d "1)

Vc = contaminant velocity (m/d).

5.2.1.2.2 Analytical Model Input. Values for the terms of Equation 5-2 are provided

in Appendix L for each contaminant modeled. All of the terms were treated as contaminant
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specific, except for the spatial and temporal coordinates (X, Y, Z, and T), the dispersivities (Ax,

Ay, and Az), and those terms related to the dimensions of the source (Y0 and Z0).

Source Concentration (Co). The source concentration (Co) for each contaminant was
taken as the maximum groundwater concentration measured during 1992 regardless of

sampling round or location (Table 4-6).

Spatial Coordinates (X, Y, and Z). The coordinate system origin where X=0, Y=O,
and Z=0 corresponds to the location of C0. Because maximum concentrations in a
contaminant plume are along its centerline, the transverse and vertical coordinates (Y and Z,
respectively) were set equal to zero. The equation (5-1) was solved for the longitudinal
coordinate (X') in 25 m (82 ft) steps from 0 to 500 m (1640 ft) from the location of C0. It was
not necessary to increment X beyond 500 m (1640 ft) since the contaminant travel distance to
the Columbia River typically did not exceed this distance based on plume maps included in
Appendix K. This approach will either overestimate or underestimate the time required for a
contaminant plume to completely discharge into the Columbia River depending on whether
its maximum concentration is located less than or greater than 500 m (1640 ft) away,
respectively.

Elapsed Time (T). The elapsed time (T) was incremented in 1 y steps from 0 (1992) to
26 y (2018). For T _ 0 (prior to 1992) it was assumed that steady-state conditions existed with
a constant nonzero source strength of Co.

Source Dimensions (Yo and Zo). Maximizing the source dimension perpendicular to
the direction of groundwater flow has the affect of minimizing the loss of mass along the
plume centerline due to transverse dispersion. The source width (Yo) was therefore assumed
equal to the approximate length of the 316-5 process trenches (500 m or 1640 ft), regardless of
whether the contaminant being modeled originated from a smaller source. A source height
(Z0) of 3 m (10 ft) was chosen because it corresponds roughly to the assumed thickness of
contaminated groundwater. Strong upward hydraulic gradients in the 300-FF-5 operable unit
should tend to keep dissolved contaminants near the surface of the water table.

Dispersivities (Ax, A_, and Az). Dispersivity is a measure of the amount of dispersion
a dissolved contaminant undergoes as it moves through a porous media. Dispersivity varies
as a function of the longitudinal distance traveled by the contaminant, and the nature of the
porous media in which transport occurs. Values for the dispersivities were taken from Gelhar
et al. (1985 and 1992) for porous media representative of that in the 300-FF-5 operable unit
(sands and gravels with some silt), and for the typical contaminant travel distance to the

Columbia River (300 m or 1000 ft). These values are 30 m (98 ft) for A x, 1.5 m (5 ft) for Ay, and
0.1 m (0.3 ft) for A z.

Dispersion Coefficients (Dx, Dy, and D.). Dispersion coefficients are a velocity-
dependent measure of the amount of dispersion a dissolved contaminant undergoes as it
moves through a porous media, and were calculated using the following relationships:
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Dx = AxV c

Dy = AyV c 5-3
D_ = AzV_

Decay Constant (G). The decay constant (G) was calculated using the following
equation:

G = _ln(2) 5-4
tl/z

where t1/2 is the contaminant half-life in days (Section 5.1.3). When handled in this manner,
decay need not be limited to radioactive contaminants, but could also represent chemical or
biological degradation. Although for this analysis non-radioactive contaminants (i.e. organic

compounds) were given a near-zero G by using a very large half-life.

Contaminant Velocity (Vc). Because the chemical behavior of some contaminants
prevents them from moving as fast as the surrounding groundwater, the groundwater
velocity term in the Bear (1979) solution used to create Equation 5-2 was replaced with tile
contaminant velocity term Vc. The term V¢ was calculated using the following equation taken
from Freeze and Cherry (1979):

V

Vc = w
Pb Kd .5-5

1+
tl

where: Vw = groundwater velocity (m/d)
Pb = soil bulk density (g/cm 3)
Ka = distribution coefficient (ml/g)
n = soil porosity (unitless).

Values for the groundwater velocity (Vw), soil bulk density (Pb), and porosity (n) were
estimated using available data, and found to be 10 m/d (33 ft/d), 1.9 g/cm 3 (115.8 lb/ft3), and

0.3, respectively (Swanson 1992a). The Vw of 10 m/d (33 fVd) is consistent with the
Westinghouse Hanford modeling effort described in Appendix D and summarized in Section
5.2.1.2.5.

The distribution coefficient (Ka) is a measure of the amount of contaminant mass
adsorbed or precipitated onto the soil of the saturated porous media, relative to the amount
of contaminant mass dissolved in the groundwater traveling through the porous media. The
use of the Kat is valid only if the reactions that cause the partitioning between soil and
groundwater occur fast and are reversible. With the exception of the uranium isotopes,
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contaminant specific Kd's were taken from Appendix I, and the largest chosen when a range
was available. The use of the largest possible Ka maximized the contaminant travel time to
the Columbia River, and hence maximized the groundwater contaminant concentration
calculated to remain at the year 2018.

Data specific to the 300-FF-5 operable unit were available for uranium, and indicate a
K_ of approximately 25 ml/g (3.0 gal/lb) (Tyler 1992). This Kd likely represents a reasonable
maximum for the 300-FF-5 operable unit, and is approximately an order of magnitude larger
than that calculated by examining the movement of the uranium-238 plume. The center of
mass of the uranium-238 plume traveled approximately 90 m (295 ft) in the 135 d separating
sampling rounds one and two (see Appendix K). The plume therefore moved with a velocity
of approximately 0.7 m/d (2.3 ft/d). The groundwater flow velocity in the vicinity of the
plume is approximately 10 rrdd (33 R/d), resulting in a calculated value for K_ of
approximately 2 ml/g (0.2 gal/Ib). Thls simple method does not account for flow path
reversals caused by fluctuating Colun_bia River stages and local influences on local
groundwater movement.

5.2.1.2.3 Analytical Model Application. For T _ 0 the distribution of mass in the

unconfined aquifer for all contaminants modeled was assumed constant and equal to an
appropriate non-zero Co . For T > 0 the surface or vadose zone source of each contaminant
was assumed terminated. Whether termination of a contaminant's surface or vadose zone

source meant Co was zero for all T > 0 depended on whether the contaminant was modeled
entirely as a solute, or as a dissolving flocculent or dense nonaqueous phase liquid (DNAPL).

Modeling a Pure Solute. Chloroform, copper, nickel, strontium-90, uranium-234,
uranium-235, uranium-238, and total uranium were all modeled entirely as solutes. Modeling
was performed using a zero Co for all T > 0, and subtracting C(X,Y=O,Z=O,T>O) from C0.
Transport of solutes is strongly controlled by the choice of the Ka.

Modeling a Dissolving Flocculent. Total uranium was also modeled as a dissolving
flocculent to demonstrate the importance of the chernical kinetics or equilibria controlling Co.
The groundwater and soil concentrations (270 i_g/L and 7.4 pCi/g, respectively) used in Tyler
(1992) to calculate an adsorption dominated Ka of 14 ml/g (3.0 gal/lb) were instead assumed to
result from a partitioning equilibrium at the source controlled by solubility. This translates to
a continuous and constant source of uranium in the unconfined aquifer for some finite period
of time while the flocculent dissolves. The time required for complete dissolution is
approximately 10 y if solubility is assumed equal to the measured groundwater concentration
of 270 l_g/L. Hence for T < 10 y dissolution of the flocculent resulted in a constant Co of 270
p.g,/L,but for T > ]0 y the flocculent mass was assumed depleted and Co set to zero.
Transport of total uranium for T 2 10 y proceeded as described above for a pure solute,
which is highly dependent upon the choice of the Ka. The concentration of total uranium for
T > 10 y was therefore calculated by subtracting C(X,Y=O,Z=O,T_IO y) from C0. Since it was
assumed enough uranium mass exists as a precipitate such that the source is solubility
controlled, then the Kd of Z.5ml/g (3.0 gal/Ib) calculated in Tyler (]992) would be much too
large. For demonstrative purposes a Kd of 1 ml/g (0.1 gal/Ib) was assumed, and is consistent
with the results of the center of mass analysis discussed in Section 5.2.1.2.2.

Modeling a Dissolving DNAPL. The chlorinated solvents 1,2-dichloroethene (total),
1,2-dichloroethene (trans), and trichloroethene were all modeled as dissolving DNAPLs. It is
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unknown as to whether the constant concentration of these contaminants in 300-FF-5

operable unit groundwater is due to some release mechanism other than a dissolving
DNAPL. The fact that these contaminants are found at depth in the unconfined aquifer does

suggest, however, that a DNAPL did exist for a period long enough for density-driven
transport to occur. Modeling of the conceptualized DNAPLs was performed using a constant
COfor all T, which results in C(X,Y=O,Z=O,T>O) equaling CO. This modeling approach is
applicable to all possible mechanisms controlling the constant release of contaminants for all
T.

5.2.1.2.4 Analytical Model Results. Results obtained using the analytical model are
presented graphically in Figures 5-1 through 5-12 as three-dimensional surfaces dependent
upon X, T, and C(X,Y=O,Z=O,T). These figures are organized by contaminant type (organic,
metal, and radionuclide), and alphanumerically within each type. For convenience the
maximum groundwater concentrations at the year 2018 are summarized in Table 5-2 for all
300-FF-5 operable unit contaminants of potential concern.

Organics. With a Kd of only 0.44 mVg (0.053 gal/lb), chloroform quickly moved out of
the unconfined aquifer and into the Columbia River. Chloroform concentrations were
calculated to be at or near zero by T = 2 y. Although T = 2 y corresponds to the year 1994
in Figure 5-3, chloroform will continue to be present in the unconfined aquifer until after
disposal has ceased to the 300 Area process trenches. The conclusion that no chloroform
remains in the unconfined aquifer at the year 2018 is valid assuming construction of the

planned wastewater treatment facility is completed two years prior to that time (TPA
Milestone M-17-09).

The maximum concentrations of 1,2-dichloroethene (total) (150 _g/L or 1.3 x 10.6 lb/gal),
1,2-dichloroethene (trans) (130 _g/L or 1.1 x 10.6 Ib/gal), and trichloroethene (14 _g/L or
1.2 x 10.7 lb/gal), remained equal to Co at T = 0 for all T (Figures 5-1, 5-2, and 5-4,

respectively). This was expected since the conceptualized dissolving DNAPL source was
assumed to provide a constant nonzero C o through the year 2018. It is also possible, however,
that there is not enough mass in the DNAPL source to insure a constant nonzero COeven

into the near future. Regardless of when the source of DNAPL is depleted, the
concentrations of 1,2-dichloroethene and trichloroethene are expected to decrease rapidly
when source dissolution is complete. The rate of concentration decrease for 1,2-
dichloroethene and trichloroethene is similar to that presented for chloroform, since all three
contaminants have like K_'s.

Metals. The maximum concentration of copper decreased from 11.6 _g/L (9.68 x 10"a
lb/gal) at T = 0 to 1.5 _g/L (1.3 x 10.8 lb/gal) at T = 26 y (Figure 5-5). Nickel decreased from a
maximum concentration of 118 to 50 #g/L (9.85 x 10 .7 to 4.2 x 10 -7 Ib/gal) during the same
period (Figure 5-6). Nickel experienced less reduction in maximum concentration when
compared to copper because it was assumed to have a larger K_ than copper. Less nickel
therefore moved from the unconfined aquifer and into the Columbia River during the same

period compared to copper. The larger K,_of nickel also had the effect of keeping its
maximum concentration near X = 0 at T = 26 y, while copper at T = 26 y had its maximum
concentration at X = 500 m (1640 ft). Since the copper plume has an actual travel distance to
the Columbia River much less than 500 m (1640 ft), the maximum concentration of copper

calculated at T = 26 y will be less than the 1.5/_g/L (1.3 x 10.8 lb/gal) presented above.

J 5-14



DOE/RL-93-21, Rev. 0

Radionuclides. The maximum concentration of strontium-90 decreased from 4.57 to

0.24 pC_L for 0 a T < 26 y (Figure 5-7). Slightly smaller reductions in maximum
concentrations during the same period were experienced by uranium-234 (120 to 5 pCi/L),
uranium-235 (17 to 1 pCi/L), uranium-238 (93 to 4 pCi/L), and, when modeled in the same
manner as the uranium isotopes, total uranium (270 to 12 _g/L or 2.2 x 10.6 to 1.0 x 10.7 lb/gal)

(Figures 5-9 through 5-11, respectively). The consistency in reduction of maximum
concentrations is related to the similarity of the K_ used for strontium-90 (35 mi/g or 4.2 gai/lb)
and that used for the uranium isotopes and total uranium (25 ml/g or 3.0 gai/Ib). Slightly
more reduction of maximum concentration was experienced by strontium-90 because its half-
life of 28 y will result in a noticeable loss of mass due to radioactive decay. Uranium
underwent very little radioactive decay since the smallest half-life of all the isotopes is still
very large (2.50 x 105 y). Results of modeling total uranium as a dissolving flocculent indicate
that concentrations decrease rapidly following complete dissolution of the source within the
aquifer matrix, and that by the year 2000 nearly all of the uranium has moved out of the
unconfined aquifer and into the Columbia River when a K,_of 1 ml/g (0.1 gal/lb) is used
(Figure 5-12). If a Kd of 25 ml/g (3.0 gal/lb) were used instead, the results obtained would be
those shown in Figures 5-9 through 5-11 only shifted approximately 5 y into the future.

5.2.1.2.5 Numerical Model. Future migration of total uranium in the unconfined
aquifer was modeled numerically by Westinghouse Hanford. A description of the
development, calibration, and application of the Westinghouse Hanford model is included in

Appendix D, and results of the uranium modeling are summarized here. Numerical
modeling was conducted simultaneously with the analytical modeling described in Sections
5.2.1.2.1 through 5.2.1.2.4. A total of three numerical model simulations are discussed here,
and differed only in the K_ used. Boundary conditions, initial conditions, and all other model
input were identical. Each simulation began on January 1, 1992, with initial concentrations
equal to the sum of uranium-234, uranium-235, and uranium-238 measured during the
second, and most complete, sampling round.

Presented in Figures 5-13 and 5-14 is the predicted areal distribution of total uranium
obtained when modeled with a Kd of 1 ml/g (0.1 gai/lb). Figure 5-13 corresponds to predicted
conditions on December 31, 1992, and Figure 5-14 corresponds to predicted conditions at the
end of the simulation on December 31, 2000. Shortly thereafter all of the uranium remaining

in the groundwater was advected and dispersed into the Columbia River. Predicted
concentrations at the end of 1992, 2001, and 2018 are presented in Figures 5-15, 5-16, and 5-17,
respectively, when total uranium is modeled with a Ke of 10 ml/g (1.2 gal/lb). Using a K a of 25
ml/g (3.0 gaiAb) resulted in the concentrations shown in Figures 5-18, 5-19, and 5-20 for the
end of 1992, 2001, and 2018, respectively.

3

Although the simulation using a K,t of 1 mi/g (0.1 gaVIb) was terminated early, results
at the end of year 2000 strongly indicate that the maximum concentration would be less than
10 pCi/L at 2018. The simulation for Kd of 1 mi/g (0.1 gal/lb) was sufficient to adequately

predict future risks in the year 2018. Maximum concentrations of 14 and 23 pCi/L, were
predicted at the end of the year 2018 for the simulations with K,_'s of 10 and 25 ml/g (1.2 and
3.0 gai/lb), respectively. As expected, the maximum predicted concentration increased with
increasing K_.

Listed in Table 5-2 are the maximum future contaminant concentrations calculated

using the analytical model with a Kd of 25 ml/g (3.0 gai/lb). The sum of the uranium-234,
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uranium-235, and uranium-238 concentrations presented in Table 5-2 totals 10 pCi/L. The
analytically predicted maximum future concentration for uranium therefore compares most
closely to results obtained with the numerical model using a Ka between 1 and 10 mVg (0.1
and 1.2 gaVlb). These results are consistent with the difference in the two models. The
numerical model was able to incorporate the dynamic groundwater flow directions found in
the 300-FF-5 operable unit due to fluctuating Columbia River levels, which often result in a
reversal of groundwater flow directions. The analytical model assumed groundwater flowed
straight to the river. The larger K a used in the analytical model therefore helped compensate
for the lack of a complex flow field.

5.2.2 Surface Water Pathways

The 300-FF-5 operable unit is situated in an area where the surrounding groundwater

converges as it discharges into the Columbia River. This converging groundwater flow (from
the 200 Area plateau and the Yakima River - see Section 3.6.3) system is illustrated in the
water table maps included in Appendix G. Groundwater discharging into the Columbia
River mixes with the river water and is transported downstream. Columbia River transport
of contaminated groundwater which discharges to the river along the boundary of the 300-
FF-5 operable unit is the only surface water pathway for the operable unit.

For the purposes of supporting the baseline risk assessment of Chapter 6, the
remainder of this section is focused on calculating future concentrations of contaminants in

the Columbia River resulting from discharge of 300-FF-5 operable unit contaminated
groundwater. The baseline risk assessment requires knowledge of contaminant
concentrations at two locations in the Columbia River: along the boundary of the 300 Area
where concentrations along the reach in the area are greatest, and at the river intake for the
City of Richland water supply. Contaminant concentrations in the Columbia River were
calculated only for the future, since empirical analytical data are available for current
conditions. Data from spring and river sampling conducted adjacent to the 300 Area in
September 1992 are summarized in Section 4.4 and provided in Appendix A. Data are also
available from routine monitoring of contaminant concentrations at the Columbia River water
intakes for the 300 Area and the City of Richland, the locations of which are shown in
Figure 3-25 (Bisping and Woodruff 1992).

For the same reasons discussed in Section 5.2.1.2, future Columbia River concentrations
were not calculated for total coli£orm, nitrate, technetium-99, and tritium. Maximum future
concentrations of total coliform and tritium in the Columbia River were instead assumed

equal to the current concentrations of these contaminants measured in the river. For a
discussion of the future concentrations of nitrate and technetium-99 in the Columbia River,

the reader is referred to the 1100-EM-1 operable unit phase I and II remedial investigation
reports (DOE-RL 1990b and 1992d).

5.2.2.1 Future Columbia River Contaminant Concentrations Adjacent to tlle 300 Area.

Columbia River contaminant concentrations adjacent to springs in the 300-FF-5 operable unit
are sometimes greater than the concentration of contaminants in groundwater discharging to
the river from those springs. This phenomenon seems anomalous considering that
contaminated groundwater must experience dilution by Columbia River water, since the river
flow rate is greater than the groundwater discharge rate. A possible explanation for the
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seemingly high Columbia River contaminant concentrations is the accumulation of
contaminant mass from discharge of contaminated groundwater upstream of the spring

location being sampled. Other possible explanations exist, so a method of calculating the
maximum future Columbia River contaminant concentrations had to be developed which was

not dependent upon the mechanisms governing the mixing of groundwater and river water.

The method used to calculate future Columbia River contaminant concentrations

utilized the assumption that the concentration of a contaminant at any location in the river is
directly proportional to the total mass flux of the contaminant entering the river upstream of
that location. This ratio of concentration in the Columbia River divided by mass flux entering
the river is referred to here as a "proportionality factor." The maximum future concentration
of a contaminant in the Columbia River can be calculated by multiplying the contaminant's

proportionality factor by its maximum future mass flux. Note that sampling of the Columbia
River occurred during low river stage when contaminant mass flux entering the river, and
hence contaminant concentrations in the river, are at their greatest. Sampling of
groundwater, however, was conducted while the Columbia River was at a variety of stages.
Since the proportionality factors were calculated as the (stage-maximized) contaminant
concentrations in the Columbia River divided by the (stage-averaged) contaminant mass flux
entering the river, use of these factors will tend to overestimate future contaminant
concentrations in the river. Both the proportionality factor and the maximum future mass
flux were calculated using data collected during recent years, as explained in Sections 5.2.2.1.1
and 5.2.2.1.2, respectively.

Two proportionality factors were calculated using contaminant concentrations
measured in the Columbia River: (l) adjacent to spring 11 (Figure 2-1) at a location
approximately 1 m (3 ft) from the shoreline; and (2) from quarterly analysis of river water
from the 300 Area river intake. The spring 11 and 300 Area intake locations are downstream
of where the majority of contaminated groundwater discharges from the 300-FF-5 operable
unit and are quite close to each other. It is noteworthy that the river sampling event for the
300-FF-5 RI took place at extreme low river stage (338.5 ft AMSL) and represents the

maximum river impact currently occurring from 300-FF-5 groundwater. River samples
obtained from spring 11 location generally exhibit the greatest river concentrations of operable
unit contaminants of potential concern. The 300 Area water supply intake obtains shoreline
river water in the vicinity of the Spring 11 sampling location (the intake structure is cut into
the bank of the Columbia River). Water samples are collected quarterly from this intake.
Available uranium data from 1989, 1991, and 1990 for the 300 Area intake (Jaquish and Bryce
1990; Bisping and Woodruff 1992a and 1992b) are averaged to estimate the average
concentration of near shore Columbia River water in the area where highest impacts from 300
Area plumes are expected to occur. Therefore, the two proportionality factors represent: the
maximum impacts using river concentrations from Spring 11 location and average impacts
using data from the 300 Area intake structure.

5.2.2.1.1 Proportionality Factor Calculation. Proportionality factors were calculated
only for those 300-FF-5 operable unit contaminants of potential concern that have been
detected in water samples from the Columbia River, and detected in groundwater at a

frequency large enough to calculate mass flux to the river. Detectable contaminants used for
river samples from the 300 Area intake structure are: U-234 and U-238 (volatile organics are
not routinely analyzed from the 300 Area intake). Contaminants meeting these criteria for
river samples from Spring 11 location are: chloroform, trichloroethene, strontium-90,
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uranium-234, uranium-235, and uranium-238. Although mass flux of both nickel and copper
could be calculated, these contaminants are moving so slowly that they are undetectable in
the Columbia River. Because Columbia River sampling during the 300-FF-5 implementation
occurred on September 21, 10c_2,groundwater data from tile third round was used for
chloroform, trichioroethene, and strontium-90. Groundwater data from the second round

was used for uranium-234, uranium-235, and uranium-238 because the reported third round
concentrations of these contaminants in well 399-3-11 seem inconsistent and are likely in error
(see Appendix E).

Current mass flux of chloroform, trichloroethene, strontium-90, uranium-234, uranium-

235, and uranium-238 into the Columbia River was calculated repeating the four step process
listed below for each of these contaminants.

1. An inland line was drawn parallel and adjacent to the Columbia River
spanning the entire width of contaminated groundwater on the appropriate
contaminant concentration map presented in Appendix K.

2. The line drawn in the first step was divided into segments, and each line
segment was assigned an average contaminant concentration.

3. Each line segment was assumed to bisect an imaginary vertical plane, and a
mass flux was calculated through each plane. It was assumed that
groundwater passing through a plane had a uniform contaminant
concentration equal to that of the line segment bisecting the plane. The mass
flux was calculated by multiplying together the groundwater contaminant
concentration (or the average contaminant concentration assigned to the line

segment), the groundwater Darcy velocity (3 m/d), the width of the plane (or
the length of the line segment), and the height of the plane (or the thickness of
contaminated aquifer, assumed 3 m). The estimated groundwater Darcy
velocity and the height of the plane are assumed constant for each plume.
These terms cancel when multiplying the maximum future mass flux into the
Columbia River by the proportionality factor, and therefore tile calculated

maximum future river concentration is conveniently independent of the values
chosen for groundwater Darcy velocity and the height of the plane.

4 A total mass flux into the Columbia River was calculated by summing the mass
flux passing through each plane of the third step.

The concentration in the Columbia River, current mass flux entering the river, and the
resulting maximum and average proportionality factors are listed in Table 5-3. The
proportionality factors range from 1.1 x 10"_d/L (days/liter) to 2.0 x 10_ d/L for the maximum

impact, and have an average of 1.5 x 10_*d/L. The proportionality factors for U-234 and U-
238 are 1.8 × 1()l" d/L and 1.9 x 10l" d/L, respectively, with an average of 1.85 x 10"m d/L. A

high degree of corlfidence is associated witl_ the use of the average proportionality factor,
since the range in proportionality factors for each condition is small and the average and
median are identical. The difference of about two orders-of-magnitude between the
maximuh_ and average proportionality factors represent the differences in measured
concentrations of uranium from the two sets of data and gives an indication of the extreme
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conservatism associated with the result from the 300-FF-5 river sampling event at such a low
river stage.

5.2.2.1.2 Proportionality Factor Application. Proportionality factors could not be
calculated for all 300-FF-5 operable unit contaminants of potential concern, so the
proportionality factor of 1.5 x 10.8 d/L and 1.85 x 10"1°d/L was instead applied uniformly for
maximum and average impact estimates, respectively. When multiplied by the future mass
flux of the 300-FF-5 operable unit contaminants of potential concern into the Columbia River
(as opposed to the current mass flux used to calculate the proportionality factors), the
proportionality factors yield the maximum future and average future contaminant river
concentration adjacent to the 300 Area, respectively.

The maximum future mass flux was changed only for 300-FF-5 radionuclides of
concern and was estimated by multiplying the current mass flux by the proportional change
in groundwater concentrations between 1992 and 2018 as modeled (Section 5.2.1.2.4). TCE
and DCE were assumed for conservatism that they will enter the river in the foreseeable
future at the current flux since it is uncertain whether the DNAPL source in the aquifer will
deplete by 2018. Tritium future mass flux was assumed to be equivalent to the current i
conditions where discharge is mostly occurring along the 600 Area to the Columbia River.
Chloroform and total coliform were assumed to also be discharging to the river at current
fluxes because the 300 Area processes generating these contaminants are assumed to be
continued in the future. Copper and nickel future mass fluxes were estimated to be the
maximum flux that exists in the aquifer and was calculated in the same manner as the current
mass flux described in Section 5.2.1.1.1, with the exception that the line of the first step is
drawn such that it passes through the area of the greatest contaminant groundwater
concentrations. The mass flux for copper and nickel passing through the vertical plane
bisected by this line is therefore the maximum mass flux which will eventually enter the
Columbia River. Future impacts from Tc-99 and nitrate plumes originating from the ll00-EM-
1 are available from the Phase 1 and 2 RI Reports (DOE-RL 1990b and 1992d).

5.2.2.1.3 Proportionality Factor Results. The maximum future mass flux into the
Columbia River and the resulting future river concentration adjacent to the 300 Area for each
300-FF-5 operable unit contaminant of potential concern are listed in Table 5-4. A low
frequency of detection in groundwater prevented calculating a maximum future mass flux
into the Columbia River for 1,2-dichloroethene. But because the concentration of 1,2-

dichloroethene in groundwater is not expected to increase, and it is not currently detected in
the Columbia River during low river stage, the maximum future mass flux and resulting
future river concentration of 1,2-dichloroethene (total) or 1,2-dichloroethene (trans) were
therefore assumed to be at or near zero.

5.2.2.2 Future Columbia River Contaminant Concentrations at the Richland Pumphouse.
Concentrations of nitrate, technetium-99, and tritium in 300-FF-5 operable unit groundwater
may increase as a result of activities outside of the 300 Area. Any concentration increase of
these contaminants in 300-FF-5 operable unit groundwater would be expected to result in a
subsequent increase at the Columbia River intake for the City of Richland. Copper and nickel
might also experience an increase in Columbia River concentration if their slow rate of
movement has prevented the greatest concentration of these contaminants from currently
reaching the river. Although the calculated maximum future river concentrations of copper
and nickel adjacent and near shore to the 300 Area are only 1.6 and 7.1/_g/L, respectively.
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All other 300-FF-5 operable unit contaminants of potential concern have a maximum
future mass flux equal to or less than the current mass flux into the Columbia River. These
future mass fluxes assume source control measures are implemented in the 300-FF-1,300-FF-2,
and 300-FF-3 operable units if a significant potential exists for surface or vadose-zone
contamination to impact the underlying groundwater of the 300-FF-5 operable unit. This
analysis determines that concentrations of these contaminants are, therefore, not expected to
increase at the City of Richland pumphouse due to discharge of contaminated groundwater
from the 300-FF-5 operable unit into the Columbia River. Future impacts to the City of
Richland pumphouse from II00-EM-1 operable unit contamination is presented in
DOE-RL (1990 and 1992).

5.2.3 Biotic Pathways

The evaluation of biotic pathways of contaminant transport is related to the
complexity of the ecosystem under study and the various habitats present. The NCP
provides guidance for environmental evaluation by indicating that CERCLA environmental
evaluations, in order to determine ultimate remedial action objectives, shall focus on sensitive
habitats and critical habitats of endangered and threatened species (40 CFR 300.430(e)(2)(i)(G).

The 300-FF-5 operable unit includes both the riparian zone along the Columbia River
shoreline and the mature sagebrush and bitterbrush habitat along the north boundary of the

operable unit. The riparian zone includes wetlands protected under the Clean Water Act,
and the terrestrial habitat is used by a number of rare and protected species. The Columbia
River was also included as part of the biotic transport analysis because of the potential impact
of the 300-FF-5 operable unit on river biota.

Twenty-one birds listed as threatened, endangered or candidates for listing by the
State of Washington or the federal government have been observed near the 300-FF-5
operable unit during the 1992 biological survey (Table 3-17). Six of the birds listed in Table 3-
17 are strictly state monitor status. These birds include the loggerhead shrike, burrowing owl,
common loon, and sage sparrow. No listed mammals have been observed or documented in
the vicinity of the 300-FF-5 operable unit. In the Columbia River, although not threatened or
endangered, species of economic importance are chinook salmon, sockeye salmon, coho
salmon and steelhead trout.

5.2.3.1 Biological Transport. An analysis of contaminant transport through the terrestrial
and aquatic pathways are presented below. The impact of such transport on biota is
considered in the baseline ecological risk assessment presented in Chapter 6.

5.2.3.1.1 Riparian Biological Transport. Based on the descriptions of ecological
resources present at or near the 300-FF-5 operable unit, a conceptual ecological model was
derived for the key terrestrial ecological resources of the area (Figure 5-21). In this model,
uptake of contaminants from soil via contaminated groundwater by vegetation serves as the
basic source of contaminant entry into the riparian food chain. Additional uptake sources are
possible including ingestion of soil- or air-borne particles that have adhered to the surfaces of
plants or prey. The herbivore component, represented in the model by insects, the dominant
herbivorous mammals, and the dominant herbivorous (seed-eating) birds, act as the primary
conduit between contaminants in vegetation and contaminants in carnivores. Two levels of
carnivores are common to the 300-FF-5 operable unit. The primary carnivores prey ahnost
entirely on herbivores, consequently only three levels of bioaccumulation are possible
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(soiVgroundwater to plant, plant to herbivore, and herbivore to primary carnivore). Second-
order carnivores prey on other carnivores as well as herbivores. Bioaccumulation in these
animals is more complex and must be evaluated using information on dietary composition,
home range sizes, and food intake rates.

Biological parameters necessary to evaluate contaminant exposure and uptake for the
principal birds of the 300-FF-5 operable unit are Listed in Tables 3-15 and 3-16. Biological
parameters necessary to evaluate contaminant exposure and uptake for the principal
mammals of the 300-FF-5 operable unit are listed in Table 3-19.

5.2.3.1.2 Aquatic Biological Transport. Figure 5-22 is a diagram showing both the
food chain and energy linkages for the aquatic ecosystem in the Columbia River near the 300-
FF-5 operable unit. It is assumed the source of contamination to the river are springs located
along the 300 Area shoreline. Once groundwater enters the river, contaminants present in
the groundwater are available for biological uptake.

A brief description of the web follows, with emphasis on the major trophic levels of
organization and the threatened, endangered, or candidate species present. For details on
dominant species, seasonal cycles, etc., the reader is referred to Cushing (1992).

The base of the aquatic ecosystem consists of the water and dissolved nutrients which
nourish the primary producers, or photosynthetic organisms, in the river. Also depicted as
part of this base in Figure 5-22 are the sediments, which provide both a physical substratum
for rooting as well as a source of chemical nutrients for the rooted plants, and the
heterotrophic bacteria, which play a major role in recycling nutrients tied up in dead
organisms into a dissolved state that can be utilized by plants. Bacteria also serve as a food
organisms for some consumers.

Three groups of plants constitute the primary producer level of the aquatic ecosystem:
phytoplankton, periphyton, and macrophytes. Algae are found in two habitats" (1) floating,
free-living algae called phytoplankton which drift with the current in the water column, and
(2) algae called periphyton which colonize solid substrata such as rocks. Although the
dominant phytoplankton species found in the Columbia River are true lentic (lake) forms,
many species found in the water column are detached periphytic forms which have been
washed off of the rocks. The periphyton mat commonly found on solid substrata is actually
made up of other organisms besides algae. These organisms include: microcrustaceans,
rotifers, fungi, bacteria, and detritus. Where the current slackens and fine sediments
accumulate in sufficient amounts, true angiosperms, or macrophytes, can be found rooted to
the bottom. These communities are restricted to the margins of the river near the 300-FF-5
operable unit where conditions are suitable. Phytoplankton and periphyton are present year

= round in the Columbia River, with populations highest in spring and summer and lowest in
winter. Macrophytes are present during the warmer months and usually die back in winter.

Organisms which directly feed on the primary producers are called herbivores, and
the common forms found in the study area include Zooplankton, immature insects, molluscs,
and herbivorous fish. The zooplankton are not abundant in this reach of the river.
Immature aquatic insects are one of the basic food items for consumers, and consist of the
larvae and nymphs of several orders of insects. Molluscs are neither abundant nor probably
important in terms energy flow in the ecosystem. There are, however, two species found in
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the Columbia River listed as candidates for protection under the Endangered Species Act.
These are the shortfaced lanx, Fisherola nuttalli, a Washington state candidate species, and the
Columbia pebblesnail, Fluminicolla colombiana, which is both a federal and state candidate
species. Herbivorous fish, such as some species of suckers, actively graze on the periphyton.
Dauble (1986) reported that largescale suckers (Castostomus macrocheilus) in the Columbia River
fed predominantly on periphyton and insect larvae. Waterfowl and crayfish may also utilize
macrophytes as food, but macrophytes are most important as food organisms after they die
and have decomposed into fine particulate detritus. Zooplankton are present at all times, as
are insects, molluscs, and herbivorous fish. The aquatic insects are usually most abundant

during fall and winter when they mature until they emerge as adults in spring and summer.
They are most important as a food source in the _quatic system while immature, but are
utilized by insectivorous birds, such as swallows __ adults. They can again enter the aquatic
food web after they die if they fall back into the river.

Primary carnivoles are those organisms which feed on the herbivores. Dominant
groups found in the Columbia River include crayfish, forage fish, whitefish, and juvenile
salmonids. Crayfish are actually omnivorous and feed on decaying animal and plant tissue.

The fish in this group utilize several different sources of food as shown in Figure 5-22.
Whitefish are an important sport fish in the Columbia River.

Primary carnivores includes several species which are of concern from an economic,

sport, and protected species viewpoint. These are the salmonids, and include the stee|head
and the various species of salmon. The steelhead provides a major sport fisheries in and
above the 300-FF-5 operable unit. The Hanford Reach of the Columbia River above the 300-
FF-5 operable unit contains the last main stem spawning area for both the steelhead and
salmon, and activities in this reach must consider potential impacts to these migrating
populations.

Secondary carnivores feed on a variety of sources, but mainly on the primary
carnivores. Grouped in this category are not only those species present in the river, such as
smallmouth bass, but other organisms present in the vicinity of the river such as bald eagles,
hawks, waterfowl, and swallows. Their relationship to the food sources is shown in
Figure 5-22.

5.2.4 Contaminant Transport Analysis Summary

Presented in Section 5.2 is the analysis of transport of 300-FF-5 operable unit
contaminants of potential concern in operable unit environmental media. Three
environmental transport pathways were identified, and inclu, de subsurface water, surface
water, and biota. The following discussion summarizes the methods and results of the
contaminant transport analyses performed for these pathways.

5.2.4.1 Subsurface Water Pathways Summary. The subsurface water pathway analysis of
Section 5.2.1 contains the results of both numerical and analytical modeling of groundwater
flow and contaminant transport in the unconfined aquifer. Numerical modeling was

performed only for uranium due to the relatively large potential risk it was perceived to pose
to human health and the environment. Analytical modeling was performed for all 300-FF-5
operable unit contaminants of potential concern except fecal coliform, nitrate, technetium-99,
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and tritium. Results of the analytical modeling are presented in Table 5-2 and Figure 5-1
through 5-20. Concentrations presented in Table 5-2 represent reasonably conservative
maximum values expected for the year 2018 when institutional controls over the Hanford Site
groundwater use are expected to be relaxed.

The analytical modeling approach taken for each contaminant is outlined below.

• Chloroform, copper, nickel, strontium-90, uranium-234, uranium-235,
uranium-238, and total uranium were modeled entirely as solutes.
Chloroform was modeled with the smallest Ka, and completely moved
from the unconfined aquifer and into the Columbia River within two

" years of ceasing disposal. Nickel was modeled with the largest K_, and
experienced the least reduction in maximum concentration between the
years 1992 and 2018.

• Total uranium was also modeled as a conceptualized dissolving
flocculent. The mass of this flocculent was estimated large enough to

provide a constant source concentration for about 10 y. Upon complete
dissolution of the flocculent, modeling of total uranium proceeded.
Total uranium was found to completely move from the unconfined
aquifer and into the Columbia River anywhere from a couple of years
to decades following flocculent depletion, depending on the actual Ka.
Insufficient data currently exists to more accurately predict future
uranium concentrations in the year 2018 and beyond.

• The chlorinated solvents 1,2-dichloroethene and trichloroethene were
modeled with a constant concentration source conceptualized to result
from a continually dissolving DNAPL. The maximum concentration of
these contaminants calculated for the year 2018 was therefore identical
to that measured during 1992. When the source of the chlorinated

solvents in the aquifer matrix is depleted, the concentration of these
contaminants in 300-FF-5 operable unit groundwater is expected to
decrease to undetectable levels within a few years.

5.2.4.2 Surface Water Pathways Summary. The only surface water pathway for the 300-FF-5

operable unit is the discharge of operable unit contaminated groundwater into the Columbia
River. Maximum and average future Columbia River concentrations were calculated at a
location along the 300 Area shore for all 300-FF-5 operable unit contaminants of potential

concern except total coliform, nitrate, technetium-99, and tritium. Concentrations were
calculated by multiplying the estimated maximum future mass flux of each contaminant
entering the river by proportionality factors. Proportionality factors were calculated as the
measured concentrations of contaminants in the Columbia River water divided by the mass=

flux of that contaminant entering the river. Results of the surface water pathway analysis are
discussed in Section 5.2.2., and summarized in Tables 5-3 and 5-4. Maximum future Columbia

River concentrations of 300-FF-5 operable unit contaminants of potential concern at the City
of Richland river intake were addressed qualitatively in Section 5.2.2.2, and with the possible
exception of copper and nickel are assumed not to increase in the future.
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5.2.4.3 Biotic Pathways Summary. Section 5.2.3 is divided into a discussion of the riparian
biotic pathway, and the aquatic biotic pathway. Contaminant uptake and transport in the
riparian pathway begins at the primary producers, and continues through the herbivores,
primarily carnivores, and secondary carnivores (Figure 5-21). Biota observed in the 300-FF-5
operable unit which are listed as either threatened, endangered, or candidates for listing by
the state or federal government include twenty-one birds and no mammals. Contaminant
transport in the aquatic pathway begins with contaminated groundwater entering the river
via springs, and enters the aquatic food web through the primary producers, herbivores,
consumers, primary carnivores, and secondary carnivores (Figure 5-22). There are no aquatic
biota listed as either threatened or endangered in the vicinity of the 300-FF-5 operable unit,
although species of economic importance include the chinook, sockeye, and coho salmon, and
the steelhead trout.
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Fi_e 5-1. Predicted Concentration of ],2-Dichloroethene (total) in Groundwater for the Period 1992to 2018
and for I to 500 m from the Location of the 1992 Maximum Concentration.
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Figure 5-2. Predicted Concentration of 1,2-Dichloroethene (trans) in Groundwater for the Period 1992 to 2018

i and for l to 500 m from the Location of the 1992 Maximum Concentration.
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Figure 5-3. Predicted Concentration of Chloroform in Groundwater for the Period 1992 to 2018 and
for I to 500 m from the Location of the 1992 Maximum Concentration.
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Figure 5-4. Predicted Concentrationof Trichloroethenein Groundwater for thePeriod 1992to 20]8 and
for ] to 500m from the Location of the ]992 Maximum Concentration.
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Figure 5-5. Predicted Concentration of Copper in Groundwater for the Period ]992 to 2018and
for ] to 500 m from the Location of the 1992Maximum Concentration.
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Figure 5-6. Predicted Concentration of Nickel in Groundwater for the Period 1992 to 2018 and
i for I to 500 m from the Location of the 1992 Maximum Concentration-
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Figure 5-7. Predicted Concentration of Strontium-90 in Groundwater for the Period 1992 to 2018 and
for ] to 500 m from the Location of the 1992 Maximum Concentration.
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Figure 5-8. Predicted Concentrationof Uranium-234 in Groundwater for thePeriod ]992 to 20]8 arid
for I to 500 m from the Location of the 1992 Maximum Concentration Assuming a Kd of 25 (ml/g).
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Figure 5-9. Predicted Concentration of Uranium-235 in Groundwater for the Period 1992 to 2018 and
for I to 500 m from the Location of the 1992 Maximum Concentration Assuming a Kd of 25 (ml/g).
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Figure 5-10. Predicted Concentrationof Uranium-238 in Groundwater for thePeriod 1992to 2018and
for I to 500m from theLocationof the1992Maximum Concentration Assuming a Kd of _ (mUg).
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Figure 5--11. Predicted Concentration of Total Uramum in Groundwa _:-_rfor the Period 1992 to 2018 and
for I to 500 m from the Location of the 1992 Maximum Concentration Assuming a Kd of 25 (ml/g).
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- Figure 5-13. Numerical Mocleling Results of Total Uranium at the End of 1992
- Using a Kd of I ml/g.
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Figure 5-14. Numerical Modeling Results of Total Uranium at the End of 2000
Using a Kd of I ml/g.
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Figure 5-15. Numerical Modeling Results of Total Uranium at the End of 1992
_- Using a Kd of 10 ml/g.
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Figure 5-16. Numerical Modeling Results of Total Uranium at the End of 2001
i Using a Kd of 10 ml/g.
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Figure 5-17. Numerical Modeling Results of Total Uranium at the End of 2018
Using a Kd of 10 ml/g.
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Figure 5-18. Numerical Modeling Results of Total Uranium at the End of 1992
Using a Kd of 25 ml/g.
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Figure 5-19. Numerical Modeling Results of Total Uranium at the End of 2001
Using a Kd of 25 ml/g.
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Figure 5-20. Numerical Modeling Results of Total Uranium at the End of 2018
Using a Kd of 25 ml/g.
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Figure 5-21. Conceptual Model of Terrestrial/Riparian Foodweb
Relationships for 300-FF-5Operable Unit Baseline Risk Assessment.
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Table 5-1. Physical Properties of the 300-FF-5 Operable Unit Organic Contaminants of Potential Concern.
m

----.-------- _ _ _ _ Halt-life (d)

Contaminant Mole Density Melting Boiling Vapor Water Henry's k° Log K°.* K_ °

weight (g/cm_) Point Point Pressure Solubility (atm (ml/g) Soil Water Air

(g/mole) __..--------- (°C) (°C) (ram Hg) (mg/L) ma/m°le) .._._.__---- -.------------ ---'------- -'-----'---
------'----- ----------- 2.87x10 "= ND 31 ND ND ND

Chloroform 119 1.49 -63_5 61.7 151 8,200 ----------- ------'---- "----------
___.___________- _----------- -----'---'-- 3249 ND ND 83

1,2-cis-DCE 96.94 1.2837 -80_5 60.3 215 3,500 4.08x 10"3 1.tt6 .-.---------- _ ._._....__..__

1,2-trans-DCE 96.94 1.7-565 -.50 57_5 336 6,260 9.38x 10-a 2.09 3249 ND ND 3.6..--..--.--..--- ---------- ---------'- ND 320 3.7

Trichloroethene 131.4 1.46 -8- -73 87 5.8x10 -1 1,100 1.03x10-2 2.38 41 to 126

DCE = Dichloroethene

ND = No Data (_

°A measure of the extent of chemical partitioning between air and water at equilibrium. C)

bA measure of the extent of chemical partitioning between water and octanol at equilibrium.

*A measure of the extent of chemical partitioning between organic carbon and water at equilibrium- t"_o

O'l Sources: EPA 1989a, Callahan et al. 1979, EPA 1986b, SRC 1989c, SRC 1989d, HDSB Scientific Review Panel 1990, and Ver_chueren 1983. tt_

<
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Table 5-2. Maximum Contaminant Concentrations in Groundwater Measured in 1992

and Predicted in 2018. (Sheet 1 of 2)

Parameter Units Half-life I_ a Maximum Groundwater

0') (ml/g) Concen tra tion

Measured in Predicted in
1992 2018

, ,, . ,, ,, . ,, , . , , ,,, ,. , . ,, ,,

ORGANICS
, , ,, ,, ,,., ,. ,, ...... ,.j,.,, , ,, , ,., . ,= ,, , , i

1,2-Dichloroethene (total) b _g/L NA 0.59 150 150
, . ,, , ,, 1 , , ,, ,, ,, , ..,

1,2-Dichloroethene (trans) b _g/L NA 0.59: 130 130
. ,, ,,. , , ,,,, . , | . , , i, , ,,.,= •

Chloroform _g_ NA 0.44 18 0
,, , . . ,. ,,, -

Total Coliform d c/100 ml NA NA 280 280
, ..... ,, , , , ,,.,., ,, , ,

Trichloroethene b /_g/'L NA 0.65 14 14
, ,, ,, ,,, , , ,, ,, ,, iL , , , = -

METALS
, , , ,,,, _ ,, , , , ,, ,, , ,, L , ,

Copper _g/L NA 35 11.6 1.5
,, ,. , ,,, ,,, ,,. ,. [ , .

Nickel /sg/L NA 400 118 50
, . ,,, ,, .....

ANIONS
, , , , ,,,,

!

Nitrate' .... mg/L . NA NA.. .L 15.6 [ NA

RADIONUCLIDES
, ,, t , ,, , , ,',.,.

Strontium-90 pCi/L 28 35 4.57 0.24
,,, ,,m., , , ,,,,, ,, , , , ,, , ,, ,, .

Tech ne ti um- 99" pCi/L NA NA 65 NA
. ,, ,, ,,, . . ,, , , , ,. ,,. , .

Tritium t pCVL NA NA 11,800 11,800
...... ,,, , , ..... ,,

Uranium-234 pCi/L 2.50x105 2.5h 120 5
, .,, t ,., L ,

Uranium-235 pCi/L 7.10xlO 8 25h I7 1
,, ,, ,., ,, .......

Uranium-238 pCVL 4.50x 10_ 25h 93 4
, ,, , J ,.,,=,, , . , , , . .. ,

Uranium Total i _g/L 4.50x 109 25 270 12
.........

5T-2a
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Table 5-2. Maximum Contaminant Concentrations in Groundwater Measured in 1992

and Predicted in 2018. (Sheet 2 of 2)

NA = Not Applicable

a The distribution coefficients used are from Appendix I. When a range of values exists for a

particular contaminant, the largest distribution coefficient was chosen to maximize contaminant
travel time to the Columbia River.

b There appears to be a steadily dissolving source for these dense nonaqueous phase liquids. It
was assumed that the mass of the source is large enough to insure steady dissolution and

hence steady concentrations beyond 2018.

c The distribution coeffident for dichloroethene was assumed identical to that of 1,2-
dichloroethene.

a Discharge of coliform bacteria is expected to continue indefinitely. The maximum future
concentration of total coliform in 300-FF-5 operable unit groundwater was therefore assumed
equal to the maximum measured in 1992.

' Impacts of the nitrate and technetium-99 plumes on 300-FF-5 operable unit groundwater were
modeled for the ll00-EM-1 operable unit phase I and I[ remedial investigation reports (DOE-
RL 1990b and 1992d). The reader is referred to the aforementioned reports for future
concentrations of nitrate and technetium-99 in 300-FF-5 operable unit groundwater.

I Rather than modeling the 200 Area tritium plume, future concentrations of tritium in 300-FF-5
operable unit groundwater were instead assumed identical to those currently measured.

h Maximum reasonable distribution coefficient for uranium in the 300-FF-5 operable unit. Using
a Ka of 1.0, predicted uranium concentrations are calculated to be indistinguishable from

background by the year 2018.

i The half-life and distribution coefficient for total uranium were assumed identical to that of
uranium-238.

5T-2b
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Table 5-3. Proportionality Factors for Contaminants Entering the Columbia River via Groundwater.

Maximum Average Current Mas Maximum Average

Intake.. I intoRiver I Proportionality ProportionalityRiver Water Factor c (d/L) Factor e (d/L)

n_ Units '

Concentration b Conce _ _ ___------

----------- 6.0x10-9 ND _

3 ug/L ---------___ 4_,0-_ ND____
2_g/L ----------------- 3.6x10-9 ND

04_c_ __ -------------- 3.3x10-9 5.4x10 -n

----
11_c_ - L_10_ _C_dt 4 _

Uranium_238a 1 19 pCi/L 0.24 pC_ pCi/d 1 4"5x109 5"7x10-n
t-"

4.5x10-9 5.6x10 n _o
Average = ,_

ta and
,---1

aThese are the only contaminants of potential concern detected in the Columbia River adjacent to spring 11,
detected in the groundwater during round 3 at a frequency large enough to estimate mass flux.

bColumbia River water samples were taken adjacent to spring 11 approximately 1 m (3 ft) from the shoreline and at .<
o

mid-depth on September 21, 1992.
¢Calculated from the maximum river water concentration divided by the current mass flux to the river.

dUranium concentrations in groundwater for round 2 were used in lieu of round 3 because the reported
concentrations of groundwater taken from well 399-3-11 seem inconsistent and are likely in error.
eCalculated from the 300 Area average intake water concentration for the years 1989 (Jaquish and Bryce 1990), 1990

| (Bisping and Woodruff 1992b) and 1991 (Bisping and Woodruff 1992a).
ND - not determined
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Table $-4. Maximum Future Mass Flux into the Columbia River and the Resulting Future

River Concentration. (Sheet 1 of 2)

Parameter Maximum Future Predicted Predicted

Mass Flux Maximum River Average River
Concentration" Concentration

Value Units
• _, , ,, ,, ,,, ,, ,

ORGANICS
, ,J,, , , , , • , , , , ,

1,2-Dichloroethene (total) NZ /2,g/d NZ NZ
,, , , , ,,

1,2-Dichloroethene (trans) NZ _g/d NZ NZ
, , , L ", , " ' ' ' '

Chloroform 4.5x107 _g/d 2.2 _g/L 0.028 _g/L
, , . ,, , ,, , . . .,, , ,.

Total Coliform b NA c/100 ml 30 c/100 ml 30 c/100 ml
. , L __ I ' ' I

Trichloroethene 3.6x10; txg/d 1.8 _g/L 0.022 _g/L
., , , ,, L , . . , i ....

METALS
, i ,.. ,, . , ..,, ,.. ,, ,.,

Copper 3.2x10 z p.g/d 1.6 _g/L 0.020 _g/L
,, ,, , ,,, , , ,,L , u , ,

Nickel 1.4x10 s jxg/d 7.1 _g/L 0.088 _g/L
, ,. , ., , , . ,

ANIONS
, , , , . , .

Nitrate c NA NA NA NA
,, . , , , , .,

RA1)IONUCLIDES

Strontium-90 6.3x105 pCi/d 0.03 pCVL 3.9x104 pCi/L
,.. , ,, , ,, , .

Technetium-99 c NA NA NA NA
,, , , . ,.

Tritium a NA NA 5,800 pCi/L 130_ pCi/L
,, , ,, ,, | , ,,

Uranium-234 2.0x107 pCi/d 1.0 pCi/L 0.013 pCi,/L
, ,, , , ,. ,,. , ,,,

Uranium-235 1.3×10o pCi/d 0.06 pCVL 0.0008 pCi/L
, , , .., , , ,

Uranium-238 1.6x107 pCVd 0.81 pCVL 0.010 pCi/L
, , ,. , , . ,. ,,, ,, ,,,, ,.,

Uranium Total 4.2×107 .... _g/d Z1 _g/L 0.03 pCi/L
..............

5T-4a
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Table 5-4. Maximum Future Mass Flux into the Columbia River and the Resulting Future
River Concentration. (Sheet 2 of 2)

NA = Not Applicable.

NZ = Near Zero. Frequency of detection is so small that calculation of the future
maximum mass flux is not possible, but is expected to be near zero.

a Calculated as the average proportionality factor from Table 5-3 multiplied by the
predicted maximum mass flux.

b Discharge of total coliform bacteria is expected to continue indefinitely. The
maximum future Columbia River concentration of total coliform was therefore

assumed equal to the maximum measured in 1992.

Impacts of the nitrate and technetium-99 plumes on the Columbia River were
modeled for the ll00-EM-1 operable unit phase I and II remedial investigation
reports (DOE-RL 1990b and 1992d). The reader is referred to the aforementioned
reports for future concentrations of nitrate and technetium-99 in the Columbia
River.

Rather than modeling the 200 Area tritium plume, future concentrations of tritium
in the Columbia River were instead assumed identical to those currently measured.
See discussion in Section 5.2.1.2.

" Represents the average concentration of tritium measured in water obtained from
the 300 Area intake structure for 1991 (Bispring and Woodruff 1992a).

5T-4b
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6.0 BASELINE RISK ASSESSMENT

The baseline risk assessment is an analysis of the potential adverse health and
environmental effects (current and future) which may be caused by hazardous substances
at a site under an assumption of no remedial action. This chapter provides an assessment
of the threats posed to human health and the environment by the contaminants of
potential concern that have been detected at the 300-FF-5 operable unit.

Two human health evaluations are provided in this chapter. Section 6.2 evaluates
the impact of current 300-FF-5 operable unit contaminants as well as future contaminant
associated with current groundwater conditions. Section 6.3 assesses the impact of 300-FF-1
soils on groundwater in the future. Both assessments evaluate exposure pathways
associated with water use. However, they are presented separately because the results of
each assessment have very different implications in terms of possible remediation efforts.
The ecological risk assessment (Section 6.4) evaluates potential risks to non-human
receptors.

6.1 CHARACTERIZATION OF CONTAMINANTS OF POTENTIAL CONCERN

Contaminants of potential concern for each environmental medium are identified
and discussed in Section 4.2.4. A list of these contaminants is presented in Tables 4-19, 4-21,
5-2, and 5-4. Included in these tables are the maximum detected concentrations for each

contaminant. Maximum detected groundwater concentrations are used to characterize

groundwater conditions in this risk assessment; upper confidence limits (UCLs) were not
used. Only three samples from well 399-4-12 (the source of current groundwater exposure)
are available with which to quantify current groundwater concentrations. Because of the
small sample size, a UCL would provide an artificially high concentration not
representative of contaminant conditions.

Predicted maximum groundwater concentrations of each contaminant are used in
the assessment of future groundwater exposures. This method was chosen because it is
possible to locate a well through which a receptor would be exposed to the maximum
concentration of a contaminant. Use of a UCL is appropriate for exposure to contaminants
in multiple locations (e.g., contaminated soils) because the UCL characterizes (in part) the
spatial distribution of contaminants. However, it is not necessarily appropriate to use a
UCL when the point of exposure is a single location. This method is conservative in that it
assumes that a receptor is exposed to the maximum concentration of all contaminants, as if
all of the maximum concentrations could be accessed through a single well.

Surface water exposures (both current and future) are evaluated using both average

and maximum concentrations. Maximum concentrations provide an upper bound of the
contaminant concentrations to which receptors may be exposed. Average concentrations
provide a more reasonable level of exposure. These concentrations are utilized in Sections

6.2.1.2 and 6.3.1 to calculate contaminant intakes and quantify the health risks associated
with those intakes.
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6.2 HUMAN HEALTH EVALUATION - 300-FF-5 Contaminants

6.2.1 Exposure Assessment

The purpose of the human exposure assessment is to estimate the magnitude,
frequency, duration, and route of exposure to the contaminants of potential concern that
human receptor populations may experience. This exposure information is then integrated
with appropriate toxicity information to provide an assessment of the nature and extent of
any health threats from the contaminants of potential concern. The primary components
of an exposure assessment are identification of potential human receptor populations and
exposure pathways, utilization of measured and estimated contaminant concentrations in
various environmental media, and quantification of contaminant intakes.

6.2.1.1 Characterization of Exposure Scenarios. In accordance with the HSBRAM (DOE-
RL 1993b) and an agreement by Tri-Party unit managers, four exposure scenarios
(industrial, residential, recreational, and agricultural) are evaluated in this risk assessment.

Table 6-1 provides a matrix of the times and locations for which these exposure scenarios
are being assessed. These scenarios are evaluated under both current and assumed future
site conditions, and for the following locations: within the 300 Area, on the Hanford Site
(but outside of the 300 Area), and off the Hanford Site.

Current - Within 300 Area. The 300 Area is an active facility on the Hanford Site.
Therefore, the industrial scenario is the only operable scenario within the 300 Area under
current conditions. It is assumed that personnel employed at the 300 Area are the
individuals who would have the greatest access to contaminants, and would be exposed to

the highest contaminant concentrations. Because this is a baseline risk assessment, the
industrial receptor population does not include individuals who would be involved in
remediation of the operable unit.

Table 6-2 and Figure 6-1 indicate the potentially contaminated media and points of
exposure to which current receptor populations are assumed to have access. Industrial
receptors on the 300 Area are evaluated for exposure to groundwater and surface water.
The source of groundwater exposure is well 399-4-12. Groundwater obtained from this well
is used for research purposes, and is not a source of drinking water. Therefore, the
pathways evaluated for exposure to groundwater are dermal contact and inhalation of
volatiles. The Columbia River, which is adjacent to the site, is the source of surface water
exposure. Water extracted from the Columbia River at the 300 Area is minimally treated
and used as potable water. Therefore, the pathways evaluated for industrial exposure to
river water are water ingestion, dermal contact, and inhalation of volatiles. Other than

industrial receptors within the 300 Area, there are no exposure scenarios being evaluated
under current conditions on the Hanford Site (Table 6-1).

Current - Off Hanford Site. In the case of exposure scenarios off the Hanford Site,
all of the identified scenar;e'; (i.e., industrial, residential, recreational, and agricultural) are
considered to be viable under current conditions. As indicated in Table 6-2 and Figure 6-1,
the source of exposure for these receptors is the Columbia River at Richland. Industrial,
residential, and agricultural exposures are evaluated for water ingestion, dermal contact,
and inhalation of volatiles. Recreational exposure to river water is evaluated for water
ingestion and dermal contact. Inhalation of volatiles is not evaluated for the recreational
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scenario. Standard EPA methodology for evaluating this exposure pathway is based on the
accumulation of volatile contaminants due to indoor water use. Since the recreational

scenario generally consists of outdoor activities, this exposure pathway is not viable under
the recreational scenario. Lack of a method for evaluating inhalation of volatiles on surface
water bodies does not imply that the pathway does not exist. However, no such method is

proposed here, and the pathway is not evaluated.

Recreational receptors are also assumed to be present on the Columbia River
adjacent to the 300 Area. Therefore, as shown in Table 6-2 and Figure 6-1, the current

recreational scenario is evaluated for exposure to river water adjacent to the 300 Area.

Biota are not evaluated under the current scenario. Woodruff and Hanf (1992)

indicate that radioactive contaminants are not detected in fish muscle, and that vegetables
and fruits downstream of the 300 Area are not affected by Hanford Site contaminants.
Waterfowl are potentially exposed to 300-FF-5 operable unit contaminants. However, the
possibility of a person getting a significant contaminant intake via waterfowl ingestion is
assumed to be negligible. The waterfowl ingestion pathway is not further evaluated in this
report.

Future - Within 300 Area. It is noted that, according to the Tri-Party Agreement,
the year 2018 represents the earliest time that the Federal Government could release
portions of the Hanford Site for non-industrial uses (HSBRAM, DOE-RL 1993b). Therefore,
changes to exposure scenarios for the 300 Area and Hanford Site in this risk assessment are
assumed to commence in 2018.

The Hanford Site Future Uses Working Group (1992) concluded that the 300 Area
should be cleaned up to a "restricted" status, that is, to the degree necessary for industrial
purposes. This is consistent with the assumption made in the 300-FF-1 operable unit RI
(DOE-RL 1993a) that future land use of the 300 Area will remain industrial. Therefore, the

- industrial scenario is the only exposure scenario considered viable within the 300 Area
under future conditions. Table 6-3 and Figt: -¢, 6-2 indicate the potentially contaminated
media and points of exposure to which future receptor populations are assumed to have
access. Future industrial receptors on the 300 Area are evaluated for exposure to
groundwater and surface water. A well, at any location within the 300 Area, is assumed to
provide access to groundwater in the future. It is also assumed that the current practice of
using Columbia River water in the 300 Area will continue in the future, and that the 300

Area will not be serviced by water obtained from the Richland pumphouse. Future
industrial exposures to groundwater and river water are evaluated for water ingestion,
dermal contact and inhalation of volatiles.

Future - On Hartford Site. As noted in Table 6-3 and Figure 6-2, all four exposure
scenarios (i.e., industrial, residential, recreational, and agricultural) are considered to be
viable under future conditions on the Hanford Site (outside of the 300 Area). These

scenarios are evaluated for exposure to surface water, the source of which is the Columbia
River adjacent to the 300 Area. Although these receptors may have access to groundwater,
all wells outside the 300 Area are hydraulically upgradient from the 300-FF-5 operable unit.
Therefore, these receptors will not be exposed to potential groundwater contaminants from
the 300-FF-5 operable unit. Future industrial, residential, and agricultural exposures to river
water are evaluated for water ingestion, dermal contact, and inhalation of volatiles. Future

recreational exposures to river water are evaluated for water ingestion and dermal contact.
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Future residential, recreational, and agricultural scenarios (on the Hanford Site) are
evaluated for contaminant intake via fish ingestion. This exposure pathway is evaluated

with the assumption that the ingested fish are exposed to river water adjacent to the 300
Area.

Agricultural land use of the Hanforct Site does not currently occur, and does not
appear likely in the foreseeable future (HSBRAM, DOE-RL 1993b). [n addition, evaluation
of the food pathway would require an estimate of contaminant transfer from groundwater
or surface water (not soils) to plants. This information is either not available or should be
considered only qualitative. Therefore, a quantitative assessment of the food pathway is
not provided in this report; this pathway is qualitatively addressed in Section 6.2.4.2.

Future - Off Hanford Site. In the case of exposure scenarios off the Hanford Site,
all four exposure scenarios (i.e., industrial, residential, recreational, and agricultural) are
considered to be viable under future conditions. Receptors off the Hanford Site are
assumed to get their water from the Columbia River at the city of Richland water intake.
Future industrial, residential, and agricultural exposures to river water are evaluated for
water ingestion, dermal contact, and inhalation of volatiles (Figure 6-2). Future recreational

exposures to river water are evaluated for water ingestion and dermal contact.

Future residential, recreational, and agricultural scenarios (off the Hanford Site) are
evaluated for contaminant intake via fish ingestion. This exposure pathway is evaluated

with the assumption that the ingested fish are exposed to river water adjacent to the 300
Area.

6.2.1.2 Quantification of Human Exposures. The exposure assessment quantifies
exposures for the pathways that have been identified for each receptor population. An
exposure point concentration (i.e., a contaminant concentration to which a receptor is
subjected over the exposure period) is estimated and used with exposure parameters (e.g.,
contact rate, body weight, and exposure frequency) to determine an intake. The following
sections describe the assumptions and calculations used to quantify intakes for the
industrial, residential, recreational, and agricultural receptor populations. Intake values are

calculated for only the exposure routes through which contaminants are considered to be
toxic. For example, ingestion intake values for 1,2-dichloroethene (trans) are calculated
because this contaminant has an oral reference dose with which to evaluate ingestion

exposures. However, inhalation intakes are not calculated for this volatile organic
contaminant because EPA-approved inhalation toxicity values do not exist at this time.
Chemicals without toxicity values for a given pathway will be qualitatively evaluated.

6.2.1.2.1 Exposure Point Concentrations.

Current. Current industrial receptors in the 300 Area are potentially exposed to
contaminated groundwater from well 399-4-12 and river water obtained from the 300 Area
water intake. Exposure point concentrations in groundwater and surface water for current
exposure scenarios are provided in Table 6-4. Maximum detected concentrations of
groundwater contaminants from well 399-4-12 are used to represent groundwater exposure
point concentrations. Maximum detected concentrations of river water measurements from
spring locations 9 and !1 are used to represent maximum exposure point concentrations for
the Columbia River adjacent to the 300 Area.
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Use of river water concentrations from spring locations 9 and 11 is conservatively
biased because these measurements were made near-shore under low river stage
conditions. These concentrations are therefore not representative of 300 Area water intake
contaminant levels. In order to provide a more realistic estimate of exposure point
concentrations, annual average contaminant concentrations from the 300 Area water intake
(Woodruff and Hanf 1992) are also used to evaluate current industrial exposures to river
water. These concentrations are also provided in Table 6-4. Only those radionuclides that

were detected are presented in this table. Samples from the water intake were not
evaluated for non-radiological contaminants. It is noted that, for contaminants that have
been detected in the 300 Area water intake and spring locations 9 and 11, concentrations at
the spring locations are higher than those in the water intake by a factor of 20 or more.

Recreational receptors in the vicinity of the 300 Area are assumed to be exposed to
river water as well. Maximum detected river water concentrations (based on samples from

spring locations 9 and 11) are used as exposure point concentrations for recreational
receptors.

Current industrial, residential, recreational, and agricultural receptors are assumed
to be exposed to river water contaminants either in the river itself or in water extracted

from the river at the Richland pumphouse. Data used to characterize this exposure is from
samples taken at the Richland pumphouse (Woodruff and Hanf1992). Results of sampling
data collected in 1991 are presented in Table 6-4.

It is noted that, although total uranium has been identified as a contaminant of
potential concern, total uranium data are not presented in Tables 6-4 or 6-5, and intakes
and risks are not calculated for total uranium in this assessment. For all exposure points
where total uranium data are available, concentrations of individual uranium isotopes are

also provided, and the sum of the isotope concentrations is in reasonable agreement with
the total uranium value. In addition, slope factors that are used to evaluate carcinogenic

potential are isotope-specific. Therefore, use of isotope-specific data is preferred in risk
assessment. For the same reason, it is not possible to estimate health effects associated with
total coliform bacteria counts. Such data are not utilized in this risk assessment;

comparison to ARARs is the only appropriate measure of regulatory compliance.

Future. Future industrial receptors in the 300 Area are assumed to have access to

contaminated groundwater from any location within the 300-FF-5 operable unit. Exposure
point concentrations in groundwater and surface water for future exposure scenarios are
provided in Table 6-5. Future groundwater contaminant concentrations are estimated

using current empirical groundwater data. Future industrial receptors in the 300 Area are
also assumed to be exposed to river water adjacent to the 300 Area. Predicted contaminant
concentrations (average and maximum) used to evaluate this pathway are also presented in
Table 6-5. Predicted average river concentrations are based on current average
contaminant concentrations from the 300 Area water intake. Predicted maximum river

concentrations are based on current maximum contaminant concentrations from spring
locations 9 and 11.

Future receptors on the Hanford Site (industrial, residential, recreational, and
agricultural) are assumed to have access to river water adjacent to the 300 Area. Predicted
river water concentrations (average and maximum) are used to evaluate this exposure.
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Future receptors off the Hanford Site (industrial, residential, recreational, and
agricultural) are assumed to be exposed to river water either in or extracted from the
Columbia River at Richland. Contaminants entering the river at the 300 Area are expected

to be significantly diluted before reaching Richland. Risks associated with 300-FF-5
contaminants in the Columbia River at Richland will be qualitatively evaluated by

examining the risks associated with river water adjacent to the 300 Area.

Future receptors on and off the Hanford Site are assumed to ingest fish which
reside in the Columbia River adjacent to the 300 Area. Contaminant concentrations in fish

are calculated using estimated future river concentrations (Table 6-5) and bioconcentration
factors (Table 6-6). These estimated fish concentrations are presented in Table 6-6.
Strontium-90 and uranium are currently not detected in fish muscle (Woodruff and Hanf
1992). Since the future mass flux of these contaminants into the Columbia River is expected
to remain the same or decrease (Section 5.2.2.2), these two contaminants are expected to

remain undetected in the future. This assumption is consistent with the predicted
contaminant concentrations in fish; estimated future concentrations of strontium-90 and

uranium in fish are below detection limits (0.005 and 0.01 pCi/g) for these radionuclides
0aquish and Bryce 1990).

6.2.1.2.2 Contaminant Intake Equations. Standard EPA equations, as provided in
RAGS (EPA 1989a) and the HSBRAM (DOE-RL 1993), are used as the basis for all intake
calculations in this risk assessment. Intakes of non-radioactive and radioactive

contaminants are calculated and presented separately.

Non-Radioactive Contaminants. The basic equation for calculating intakes of non-
radioactive contaminants via ingestion (i.e., water or biota) or inhalation is:

Intake = C x IR x EF x ED x CF x R 6-1
BW x AT

where',

Intake = chronic daily intake of the contaminant (mg/kg-d)
C = contaminant concentration in the medium (mg/L or mg/kg)

IR -- contact rate (e.g., L/d, g/d, or m3/d)
EF = exposure frequency (d/yr)
ED = exposure duration (yr)
CF = conversion factor (as appropriate)
R = additional factors (e.g., volatilization factor, skin surface area,

chemical-specific permeability constant)
BW = body weight (kg)

AT = averaging time (yr x 365 d/yr)
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Equation 6-1 may be modified to calculate the absorbed dose from dermal exposure
to contaminated water as follows:

Dose = CW x SA x Kp x ET × EF x ED x CF 6-2
BW x AT

where:

Dose = chronic daily dose of the contaminant (mg/kg-d)
CW = contaminant concentration in water (m_L)
SA = skin surface area available for contact (cmz)

K_. = chemical-specific permeability coefficient (cm/hr)= event time (hr/d)
EF = exposure frequency (d/yr)
ED = exposure duration (yr)
CF = conversion factor (1L/1000cm3)
BW = body weight (kg)
AT = averaging time (yr x 365 d/yr)

Chemical-specific permeability coefficients are provided in Table 6-7.

In the case of dermal intakes, the calculated value is an absorbed dose (i.e., the

amount entering the bloodstream). This is different than the intake calculated using
Equation 6-1, which is the amount inhaled or ingested.

Radioactive Contaminants. The of to radioactive contaminants is
*quantification exposures

treated differently because the units used to express environmental concentrations of

i radioactive and non-radioactive contaminants are not the same. Unlike non-radioactive
•. contaminants, intake estimates for radionuclides should not be divided by body weight or

averaging time. Instead, the calculated intakes represent radionuclide activities inhaled or
ingested over a lifetime.

The basic equation for calculating intakes of radioactive contaminants via ingestion
is as follows:

6-3

Intake =C xlR xEF x ED xR

-- where:

Intake = radionuclide-specific lifetime intake (pCi)
C = radionuclide concentration in the medium (pCi/L or pCi/g)

- IR = contact rate (e.g., L/d or g/d)
_ EF = exposure frequency (d/yr)
_ ED = exposure duration (yr)
= R = additional factors (e.g., fish ingestion diet fraction)
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6.2.1.2.3 Calculation of Contaminant Intakes. All exposure parameters (e.g., body
weight, averaging time, contact rate, exposure frequency, and exposure duration) presented
below are those recommended by the HSBRAM (DOE-RL 1993b). These exposure
parameters have been specifically developed for the industrial, residential, recreational, and
agricultural populations, and are used to evaluate the current and future exposure
pathways described in Section 6.2.1.1. The parameters for the noncarcinogenic, non-
radioactive carcinogenic, and radioactive carcinogenic contaminants of potential concern at
the Hanford Site are summarized in Tables 6-8, 6-9, and 6-10, respectively.

Contaminant intakes are calculated by combining exposure parameters presented in

Tables 6-8 through 6-10 and intake Equations 6-1 through 6-3. Example calculations of this
process are provided in Appendix J.

It is noted that the exposure factors listed in Tables 0-8 through 6-10 can be

combined to provide a single nttmeric value called a summary intake factor. The summary
intake factor is specific for each exposure pathway, exposure scenano, and class of
contaminant. The only parameter from Equations 6-1 through 6-3 that is not included in
the summary intake factor is the contaminant concentration, such that these equations can
be rewritten as follows:

Intake = C x Summary Intake Factor 6-4

where:

Intake = contaminant intake [mg/kg-d (non-radioactive) or
pCi (radioactive)]

C = contaminant concentration in the medium (varies)

Units for contaminant concentrations are mg/L (non-radioactive contaminants in
water), mg/kg (non-radioactive contaminants in fish), pCi/L (radioactive contaminants in
water), and pCi/g (radioactive contaminants in fish). Associated summary intake factors
have units of L/kg-d, 1/d, L, and g, respectively. Summary intake factors for each of the
exposure scenarios are provided in Table 6-ll.

Contaminant intakes for current industrial receptors on the 300 Area are presented

in Tables 6-12 (groundwater), 6-13 (surface water, spring locations 9 and 11), and 6-14
(_urface water, 300 Area water intake). Surface water intakes for current recreational

receptors in the vicinity of the 300 Area are provided in Table 6-15. Current intakes
associated with surface water exposure by receptors off the Hanford Site are provided in
Tables 6-16 (industrial), 6-17 (residential and agricultural), and 6-18 (recreational).

Contaminant intakes for future industrial receptors on the 300 Area are presented in
Tables 6-19 (groundwater) and 6-20 (surface water). Future intakes associated with surface

water exposure by receptors on the Hanford Site are provided in Tables 6-20 (industrial),
6-21 (residential and agricultural), and 6-22 (recreational). Contaminant intakes via future

ingestion of fish are provided in Table 6-23.
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6.2.2 Human Health Toxicity Assessment

The purpose of the toxicity assessment is to Identify the potential adverse effects
associated with exposure to site-related contaminants and to evaluate, using numerical
toxicity values, the likelihood that these adverse effects may occur. The toxicity assessment
for this risk assessment is conducted in accordance with RAGS (EPA 1989a) and the
HSBRAM (DOE-RL 1993b).

In general, toxicity assessment is conducted in two stages: hazard identification and
dose-response evaluation. Hazard identification is the determination of whether the
exposure to an agent will result in an increase in the incidence of adverse health effects,
while dose-response evaluation is the process of quantitatively characterizing the
relationship between the dose of a toxic substance and the corresponding incidence of
deleterious effects in an exposed population (EPA 198%). Toxicity information on
chemicals and radionuclides is available in on-line databases such as the Integrated Risk
Information System (IRIS, EPA 1993b), Health Effects Assessment Summary Tables (HEAST,
EPA 1992c), the Agency for Toxic Substances Disease Registry (ATSDR) Toxicological
Profiles, and the scientific literature. The toxicological profiles for the contaminants of
potential concern at this site are presented in Appendix M.

6.2.2.1 Toxicity Information for Noncarcinogenic Effects. Systemic toxic effects other than
cancer can be associated with exposures to both chemicals and radionuclides. The
reference dose (RfD) is the toxicity value which is used to evaluate the noncarcinogenic
effects resulting from exposure to toxic chemicals. The RfD has been developed on the
premise that protective mechanisms exist that must be overcome before an appreciable risk
of adverse health effects is manifested during a defined exposure period. That is, there is a
threshold dose which must be exceeded before adverse effects can occur. The RfD is

developed to reflect the duration of exposure (e.g., subchronic and chronic exposures), and
the route of exposure (i.e., inhalation and oral).

Chron!c exposure is defined in RAGS (EPA 1989a) as a repeated or prolonged
exposure (i.e., from seven years to a lifetime). The chronic RfD is a daily exposure level
that is likely to be without an appreciable risk of deleterious effects from lifetime exposure
to the general population, including sensitive subpopulations. For purposes of this risk
assessment, the chronic RfD is utilized to evaluate noncarcinogenic effects that may be

associated with potential exposure to the chemicals of potential concern at this site.

Carcinogens may also have systemic effects other than cancer. Carcinogens are also
evaluated for potential noncarcinogenic toxic effects and are included in the determination
of chronic toxicity hazard indices which characterize noncancer hazards. Carcinogenic
effects, however, are usually manifested at levels that are significantly lower than those

associated with systemic toxic effects; thus, cancer is u3ually the predominant adverse effect
for contaminants that elicit carcinogenic as well as noncarcinogenic responses. As stated in
RAGS (EPA 1989a), radiation exposure assessments need not consider acute toxicity effects
because the quantities of radionuclides required to cause adverse effects from acute
exposure are extremely large, and such levels are not normally encountered at Superfund
sites.

Two chronic toxicity parameters that are used in establishing RfDs are the lowest-
observed-adverse-effect levels (LOAELs) and the no-observed-adverse-effect levels
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(NOAELs). The LOAEL may be defined as the lowest exposure level at which there is a
demonstrated statistically and/or biologically significant increase in adverse effects between
the exposed animal population and the control group in a toxicological study. The NOAEL
is the exposure level at which there are no demonstrated adverse effects in a dose-response
toxicity study. Uncertainty factors in multiples of I0 may be further applied to the
reported NOAELs or LOAELs in order to adjust for data limitations, and for differences
between experimental animal exposure conditions and human exposures (National
Academy of Science 1977). These factors are intended to account for inherent variability in
human responses to chemical agents, and for general imprecision in extrapolating from
laboratory, animals to humans.

Table 6-24 summarizes the noncarcinogenic toxicity values (i.e., RiDs) and the
corresponding critical effects for the contaminants of potential concern at the site. It
should be noted that the recommended concentration level tot ingestion of ammonia (as

published in HEAST) is for organoleptic considerations; it is not intended _or use in the
characterization of health risk.

Additional information on the noncarcinogenic effects for each contaminant of
potential concern is presented in the toxicity profiles in Appendix M.

6.2.2.2 Toxicity Information for Carcinogenic Effects. Potential human carcinogenic
effects are evaluated based on the contaminant-specific slope factor and the weight-of-
evidence classification of the EPA. The weight-of-evidence classification is applied to the
determination of the probability of cancer occurrence in humans, based on the strength of
human epidemiological and/or animal study data. This system, originally developed by the
International Agency for Research on Cancer (IARC), has been slightly modified by the EPA
(1986c). Carcinogens are classified by the EPA according to the following weight-of-
evidence categories:

• Group A- Human Carcinogen

There is sufficient evidence from epidemiological studies that
substantiates a causal association between exposure and
carcinogenicity in humans.

• Group B1 - Probable Human Carcinogen

There is a limited evidence of carcinogenicity in humans from
available epidemiological data.

• Group B2- Probable Human Carcinogen

There is sufficient evidence of carcinogenicity in animals, but
inadequate or no evidence in humans.

• Group C - Possible Human Carcinogen

There is a limited evidence of carcinogenicity in animals.

• Group D - Not Classifiable
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The evidence for carcinogenicity in animals is inadequate to support
classification.

• Group E - Human Noncarcinogen

There is no evidence of carcinogenicity for humans based on
adequate studies.

6.2.2.2.1 Non-Radioactive Substances. The slope factor (SF) is the toxicity value
that quantitatively defines the dose-response relationship of a known or suspected
carcinogen. The SF is an estimate of an upperbound lifetime probability of an individual
developing cancer following an exposure to a potential cancer causing agent. Slope factors
for chemicals are expressed as the 95% upper confidence limit of the slope of the dose-
response curve. The SF is derived by assuming a low-dose linearity and applying a
computer model to extrapolate from the relatively high doses administered to animals (or

the exposures observed in epidemiological studies) to the lower enviropmental exposure
levels that generally apply to humans. The Carcinogen Assessment Group (CAG) of the
EPA has developed upperbound SFs for carcinogens, based on the premise that there is no
threshold or level of exposure below which carcinogenic effects will not be elicited.

Because the SF is the 95% upper confidence limit of the probability of a response
per unit intake of a chemical over a lifetime exposure, there is only a five percent chance
that the response will be greater than the estimated value. The use of SFs, thus, results in

a conservative (i.e., upperbound) estimate of potential cancer risk. The true risk to humans
is not likely to exceed the upperbound estimate, but may in fact be even lower. Further,

because the dose-response curve is assumed to be linear in the low-dose region, the
accuracy of the SF may be limited if this region should, in reality, exhibit nonlinearity.

Table 6-25 presents the carcinogenicity weight-of-evidence classifications and the SFs
for the ingestion and inhalation exposure routes for non-radioactive contaminants of
potential concern.

6.2.2.2.2 Radioactive Substances. Cancer indu :tion is the only health effect of
concern being evaluated due to exposure to environmental radioactive contamination.
Systemic toxic effects occur only following relatively high doses of radiation that are not
typical of environmental exposure. Uranium is known to cause toxic effects that are

associated with its chemical (not radiological) characteristics. The proposed MCL for
uranium (30 pCi/L) is indeed based on the (chemical) toxic effects of uranium. This
concentration is noted as an ARAR in Table H-3. However, a more stringent potential
ARAR (Washington State's Model Toxics Control Act) is based on cancer induction, not
toxic effects. In addition, while nephrotoxic effects are a threshold response, cancer

induction is assumed to have no threshold. For this reason, the potential for cancer
induction remains a concern (with a risk greater than 1E-06) even when the threat of
nephrotoxic effects is negligible. Therefore, carcinogenic potential of uranium is considered
the primary health effect of concern because carcinogenesis remains a concern at
concentrations that are below the threshold for toxic effecL_ of uranium.
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Currently, EPA classifies all radionuclides as Group A, human carcinogens due to
their property of emitting ionizing radiation. Other low dose and low dose rate effects
(such as mutagenesis, teratogenesis, and life shortening) have a quantifiable probability of
occurrence, but the risk of cancer appears to be the limiting health effect (EPA 1989b).

The SFs for radionuclides are each individually determined by the EPA, based on

the unique chemical, metabolic, and radiological properties of the radionuclide. Inhalation
SFs are based on default values of lung clearance times for inhaled particulate
radionuclides (as recommended by the International Commission on Radiological
Protection [ICRP]), while ingestion SFs are based on gastrointestinal absorption fractions of
radionuclides (EPA 1992c).

Dermal uptake is generally not an important route of uptake for radionuclides,
which have small skin permeability coefficients (EPA 1989a). Dermal exposure to
radionuclides is not evaluated in this risk assessment.

Many radionuclides have radioactive daughters that are expected to be in
equilibrium with their respective parent. For this risk assessment, the radiorluclide slope
factors presented in Table 6-25 account for the contribution of these daughter products.

Radionuclide SFs represent best estimates (i.e., median or 50% confidence limit
values) of excess cancer risk in a population per unit intake or exposure during a 70-year
lifetime. As with nonradioactive carcinogens, a non-threshold dose is assumed ir_ the

evaluation of carcinogenesis related to potential exposure to radionuclides.

Table 6-25 summarizes the carci, ity weight-of-evidence classification and the
SFs for the ingestion and inhalation e_ _thways for radioactive contaminants of
potential concern at this site.

6.2.2.3 Adjustment of Toxicity Factors. There are currently two toxicity factors (i.e., RfDs
or SFs) for evaluating dermal exposures. For the purpose of this risk assessment, oral
toxicity values are adjusted such that they may be used to evaluate dermal intakes [in
accordal,ce with RAGS (EPA 1989a)]. Oral toxicity values are appropriate for evaluating
administered doses (i.e., intake-based), while denaal intakes provide absorbed doses.
Therefore, oral toxicity values are adjusted by accounting for the oral absorption factor of
each contaminant. This adjustment is made only for non-radioactive contaminants; dermal

exposure to radionuclides is not evaluated.

Toxicokinetic informatiun from the available literature is generally used to determine

the extent of dermal absorption for nonradioactive contaminants of potential concern. An
appropriate oral absorption efficiency (expressed as percent absorbed) is identified, and the
factor is applied to the RfD and/or SF to determine the corresponding dermally adjusted
toxicity value. RfD values are adjusted by multiplying by the oral absorption efficiency,
while SF values are adjusted by dividin b by the oral absorption efficiency.

In the case of inorganic compounds, the available information in the literature

suggests that oral absorption efficiencies for these chemicals are typically in the range of 1%
to 10%, as gastrointestinal absorption is likely to be affected by several factors. Such factors
include chemical form, physical state of the compound (e.g., solid or solution), particle size,
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dosing regimen, age, and diet. In general, the degree of absorption (i.e., percent of
administered dose) in humans is independent of the exposure level.

Table 6-26 presents the dermally adjusted RfDs and SFs for contaminants of
potential concern, including the corresponding oral absorption factors.

6.2.3 Human Health Risk Characterization

The information from the exposure assessment and the toxicity assessment is
integrated to form the basis for the characterization of risks and human health hazards.
The risk characterization presents quantitative and qualitative descriptions of risk.

6.2.3.1 Quantification of Noncarcinogenic Effects. Potential human health hazards

associated with exposure to noncarcinogenic substances, or carcinogenic substances with
systemic toxicities other than cancer, are evaluated separately from carcinogenic risks. The
daily intake over a specified time period (e.g., lifetime or some shorter time period) is
compared with an RfD for a similar time period (e.g., chronic RfD or subchronic RfD) to
determine a ratio called the hazard quotient (HQ). Estimates of intakes for this risk
assessment are based on chronic exposures. The nature of the contaminant sources and
the potential for release of contaminants from the waste management units preclude short-
term fluctuations in contaminant concentrations that might produce acute or subchronic
effects. The formula used to estimate the HQ is:

HQ = Chronic Daily Intake
RfD

If the HQ exceeds unity, the possibility exists for systemic toxic effects. The HQ is

not a mathematical prediction of the severity or incidence of the effects, but rather is an
indication that adverse effects may occur, especially in sensitive subpopulations.

Table 6-24 lists the contaminants of potential concern that are evaluated for systemic
toxicity. The only reference doses that have been developed for these contaminants are for

the ingestion route of exposure; inhalation RfDs have not been developed for these
contaminants. In general, route-to-route extrapolation of toxicity values is not

recommended except for using oral toxicity values to evaluate dermal exposures (EPA
1989a). Dermal Rt'Ds for this assessment are estimated by using oral RfDs which have been
adjusted for gastroi .testinal absorption. Therefore, health effects posed by these
contaminants can only be evaluated for the ingestion and dermal exposure pathways.

Risk assessment summary tables (for both noncarcinogenic and carcinogenic effects)
for the various scenarios, locations, and exposure pathways are listed below, along with a
description of the content of each table:

Current

Table 6-27: cun'ent industrial receptor on the 300 Area, groundwater exposure
Table 6-28: current industrial receptor on the 300 Area, surface water exposure

(from springs 9 and 11)
Table 6-14: current industrial receptor on the 300 Area, surface water exposure

(from 300 Area water intake)
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Table 6-29: current recreational receptor off Hanford Site, surface water exposure
(from springs 9 and 11)

Table 6-16: current industrial receptor off Hanford Site, surface water exposure
(from Richland pumphouse)

'Table 6-17: current residential and agricultural receptors, off Hanford Site,
surface water exposure (from Richland pumphouse)

Table 6-18: current recreational receptor, off Hanford Site, surface water exposure
(from Richland pumphouse)

Future

Table 6-30: future industrial receptor on the 300 Area, groundwater exposure

Table 6-31" future industrial receptor on the 300 Area and on Hanford Site,
surface water exposure (average and maximum concentrations)

Table 6-32: future residential and agricultural receptors on Hanford Site, surface
water exposure (average and maximum concentrations)

Table 6-33: future recreational receptor on Hanford Site, surface water exposure
(average and maximum concentrations)

Table 6-23: future residential, recreational, and agricultural receptors on and off
Hanford Site, fish ingestion.

These tables show that the largest HQ is 0.2, associated with water ingestion of 1,2-

dichloroethene by future industrial receptors exposed to groundwater within the 300 Area
(Table 6-30). It is noted that this HQ is based on the conservative assumption that the
concentration of 1,2-dichloroethene remains constant beyond 2018. Since this HQ is nearly
an order of magnitude less than 1, no systemic toxic effects are expected to occur in any of
the receptor populations assessed in this report.

Although a HQ (nor an ICR) could not be calculated for coliform bacteria, portions
of the aquifer (mainly between the sanitary trenches and the Columbia River) currently

contain coliform bacteria. Since the future land use is not anticipated to change from
industrial, sanitary discharges were assumed to continue into the future and, thus, impacts

to local portions of the aquifer by coliform bacteria are assumed to continue. Coliform
bacteria is a relatively common problem in natural water supply systems and the usual
abatement is chlorination of the water before distribution and use. Unacceptable health
risks may result from future potable use of groundwater impacted by coliform bacteria if
used without routine chlorination.

6.2.3.2 Quantification of Carcinogenic Risk. For carcinogens, risks are estimates of the
likelihood of an individual developing cancer over a lifetime as a result of exposure to a

potential carcinogen [i.e., lifetime incr_ nlentai cancer risk (ICR)]. The slope factor (SF)
converts an intake value, as derived in the exposure assessment, to the estimated lifetime
incremental risk of an individual developing cancer. The equation used to estimate cancer
risk is"

ICR = (Intake) x (SF)

For non-radioactive carcinogens, intake values represent a daily intake averaged
over a lifetime of exposure. Slope factors for chemical carcinogens generally represent a
95% upper confidence limit of the slope of the dose-response curve. Thus, one can be
reasonably confident that the actual risk is likely to be less than that predicted. [CRs
should be expressed using one significant figure only.
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Intake values for radionuclides are defined to represent lifetime (not daily)

exposures. Unlike most chemical slope factors, slope factors for radionuclides are best
estimate, or 50% confidence limit, values.

Slope factors are specific for the route of exposure (e.g., oral SFs used to estimate
risks from ingestion exposures). Because SFs for dermal exposures have not been

developed, oral SFs are used as surrogate dermal SFs in accordance with RAGS (EPA
1989a). For those contaminants for which oral absorption data is available, oral SFs were
adjusted to account for absorption efficiency when calculating dermal SFs.

ICRs are assumed to be additive and can be summed across pathways and
contaminants. For example, future residential receptors on the Hanford Site are potentially
exposed to several contaminants via water ingestion, dermal exposure, inhalation of
volatiles, and ingestion of fish. The risks associated with these pathways can be summed
to provide an estimate of total risk to these receptors.

The NCP [40CFR300.430(e)(2)(i)(A)(2)] states that acceptable exposure levels

represent an excess upper bound lifetime cancer risk of between 10.4 and 10"6. The 10"6 risk
level is considered a point of departure for determining remediation goals when ARARs are

not available or are not considered sufficiently protective. Thus, cancer risks of 10-6 or less
are considered insignificant for regulatory purposes.

A list of the risk assessment tables is provided in Section 6.2.3.1. The risk values
_- presented in these tables are summarized in Tables 6-34 (current exposures) and 6-35

(future exposures). Table 6-34 indicates that the only current scenario associated with a
cancer risk in excess of 10.6 is the industrial scenario with receptors on the 300 Area (with a
lifetime incremental cancer risk estimate of 2xl0"S). This risk estimate is attributable to

inhalation of chloroform due to groundwater exposure. The concentration of chloroform
for which this risk value is calculated is 8 _zg/L (Table 6-4), which is approximately an order
of magnitude smaller than the maximum contaminant level (an ARAR) for total
trihalomethanes (100/_g/L; 40CRF141.12).

Two risk values are calculated for current exposure to surface water by industrial
receptors on the 300 Area. The higher value (5x10 "6) is based on samples collected from
spring locations 9 and 11 during a low river stage, and represents the maximum surface
water contaminant concentrations to which a receptor could be exposed. The lower value
(9x10"a) is based on samples taken from the 300 Area water intake, and is therefore more

representative of the actual cancer risk associated with current exposure to surface water.

A list of contaminants of concern (COC) for the current exposure scenarios is
presented in Table 6-36. A COC is a contaminant associated with an ICR greater than or
equal to lx10 "6, or having a HQ greater than or equal to 1. Also provided in Table 6-36 are
the media and locations in which the COCs are detected, and the pathway-specific risks
associated with each COC. Table 6-36 reiterates that the only scenario for which the risk is
greater than 10.6 is for the industrial scenario within the 300 Area, and that the primary
COC is chloroform. Uranium-235 and uranium-238 are considered COCs only under the
conservative assumption that Columbia River water is best characterized by maximum
concentrations (from spring locations 9 and 11).

2
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Table 6-35 indicates that, based on predicted average river contaminant

concentrations, the only future scenario associated with a cancer risk in excess of 10"6is the
industrial scenario with receptors on the 300 Area (with a lifetime incremental cancer risk
of 7x10"6). This risk estimate is largely attributable to ingestion of tritium and volatile
inhalation of trichloroethene (Table 6-30). Since tritium is not a contaminant originating in
the 300 Area, the risk from tritium is not attributable to 300-FF-5 operable unit, but rather
represents a Hanford Site contributed risk to river water adjacent to the 300 Area.

If predicted maximum river concentrations are used to estimate future risk, then the
industrial scenario on the 300 Area, and the industrial, residential, and agricultural
scenarios on the Hanford Site are associated with cancer risks in excess of 10"6, The risk

(2x10"5) associated with the industrial scenario on the 300 Area is attributable to chloroform
(Sxl0"a), tritium (5x10"6), and trichloroethene (3x10"6). The risk (8x10"6)associated with the
industrial scenario on the Hanford Site is attributable to chloroform (5x10 "6) and tritium

(5x10"6). The risks (2x10 "5) associated with the residential and agricultural scenarios on the
Hanford Site are attributable to chloroform (8x10"6) and tritium (7x10"6). Again, the

associated risks from tritium is not attributable to the 300-FF-5 operable unit, but represents
additional risks from river use due to Hanford site-wide operations and impacts to the
river.

The cancer risks associated with surface water exposure by receptors off the
Hanford site are estimated to be less than 10"_ A qualitative evaluation of these risks are

provided in Section 6.2.4.2.

Residential, recreational, and agricultural receptors are all assumed to ingest fish
that have been exposed to maximum contaminant concentrations in the Columbia River
adjacent to the 300 Area. The ICR associated with this ingestion pathway is 2x10"7.

A list of contaminants of concern for the future exposure scenarios is presented in
Table 6-37. Also provided in this table are the media and locations in which the COCs are
detected, and the pathway-specific risks associated with each COC. Table 6-37 reiterates
that the only COC associated with 300 Area past practices is trichloroethene, which

presents a risk only under the industrial scenario within the 300 Area. Risks associated
with tritium are not attributable to 300 Area sources but represents contributory risks to 300
Area groundwater associated with other Hanford Site operations.

6.2.4 Uncertainty Analysis

The risks, both non-carcinogenic and carcinogenic, presented in this assessment are
not fully probabilistic estimates, but instead are deterministic estimates given multiple
assumptions about exposures, toxicity, and other variables. This discussion focuses on the
uncertainty surrounding the projected risks and hazards due to uncertainty in these
variables.

In accordance with EPA guidance (EPA 1991c; EPA-10 1991), these variables are
characterized by single point values, not probability distributions. As a result, the

uncertainty associated with estimated health impacts cannot be quantified; only a
qualitative description of uncertainty is presented.
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In order to compensate for the uncertainty associated with individual input
parameters, estimates used to characterize these parameters are often conservatively biased.
As a result, the risk estimates provided in this assessment represent a set of assumptions
which, as a whole, is extremely unlikely. For this reason, it is expected that these risk
estimates are bounding values, and do not represent actual exposure conditions. Therefore,
risk values less than lxl0 "6are expected to actually be much smaller, and do not require
further treatment in the uncertainty analysis. Risk values greater than lx10 "6warrant
further attention, and are examined with respect to the conservative assumptions which
inflate these risk values.

6.2.4.1 Uncertainty Associated with Identification of Contaminants of Potential Concern.
The process by which contaminants of potential concern are identified is designed to
remove contaminants from consideration only if they pose an insignificant hazard under
any scenario. Assuming that the data have been properly reported, qualified, and
validated, contaminant identification is conservatively biased to cause contaminants to be
carried through the risk assessment even if a more accurate treatment of the data indicates
that a contaminant does not pose a risk. For example, technetium-99 was identified as a
contaminant of potential concern for river water at spring locations 9 and 11 (Table 6-4).
However, the highest risk associated with technetium-99 is 4x10"8 (Table 6-28). Therefore,
one can be assured that the contaminants that pose potential adverse health effects have
been identified and carried through the risk assessment.

The detection of gross alpha and gross beta activity indicate the presence of
radionuclides, but not which specific radionuclides are contributing to this activity.
However, it is likely that uranium-238 and its daughters account for all of the gross alpha
and gross beta activity detected in groundwater. Uranium-234 and uranium-238 are alpha
emitters that would contribute to gross alpha measurements. In addition, protactinium-
238m (a high energy beta-emitter) is expected to be in equilibrium with its parent, uranium-
238, and would contribute to the gross beta measurement. Other alpha emitters (e.g.,
radium-226, thorium isotopes) and beta emitters (e.g., strontium-90, technetium-99) were

generally undetected in the 300-FF-5 operable unit, suggesting that uranium-238 and its
daughters should account for all of the gross alpha and beta activity. An examination of
groundwater radionuclide data (Appendix C-1.l)confirms this assumption; these data
indicate that the gross alpha and beta measurements are in reasonable agreement with the
alpha and beta emissions of uranium-238 and its daughters. Therefore, there is little
uncertainty regarding identification of radioactive contaminants in groundwater.

Some contaminants detected in groundwater or surface water are not associated

with 300 Area past practices, but are associated with current operations (e.g., chloroform
arising from chlorination of river water) or are attributable to other contaminant sources
(e.g., tritium from the 200 Area). These contaminants contribute to the overall risk to which
receptors are potentially exposed, and the risks associated with these contaminants are

identified in this report. However, it must be noted that the purpose of this risk
assessment is to guide risk managers in the selection of remedial alternatives for the
300-FF-5 operable unit. The risk estimates of interest for this purpose should be associated
only with contaminants from 300 Area past practices. The effect of excluding risk values
associated with other contaminant sources is presented below.

Chloroform is a risk driver for current groundwater use [an ICR of 2x10"5for
industrial receptors (Table 6-27)]. Although chloroform risk is negligible based on predicted
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average river concentrations, predicted maximum river concentrations of chloroform exceed
a 10.6 risk [5x10 "6for industrial receptors (Table 6-31); 8x10"6 for residential and agricultural
receptors (Table 6-32)]. However, chloroform detected in groundwater is probably a
disinfection by-product associated with the use of chlorine to treat river water, and not a
contaminant associated with 300 Area industrial activities. Chloroform is expected to exist
in virtually all chlorinated drinking water supplies (SRC 1991a). Columbia River water is
treated (in part) with chlorine so that it can serve as the potable water source for the 300
Area. Chloroform data does not exist for the 300 Area water intake; therefore, it is
uncertain whether the chloroform detected in groundwater is entirely attributable to
chlorine use. However, water chlorination is the most likely source of chloroform in the
300-FF-5 operable unit. In addition, carbon tetrachloride (a potential source of chloroform)
has not been consistently detected, and chloroform is not a degradation product of
chlorinated ethylenes (e.g., tetrachloroethene and trichlor.oethene). Chloroform has been
detected with a mean concentration of 28 #g/L (maximum 36 _g/L) in the 300 Area potable

water supply, and a mean concentration of 13 _g/L (maximum 20/_g/L) in 300 Area process
wastewater (CH2M Hill 1992). These concentrations are consistent with the maximum
measured groundwater concentration of 18/_g/L (Table 5-2). Chloroform is consistently

detected beneath the process trenches on the north side of the 300 Area to which process
wastewater is currently discharged. In addition, median concentrations of chloroform in

finished drinking water collected in 1988 from 35 sites across the U.S. ranged from 9.6 to 15
_g;/L (SRC 1991a). These levels are higher than the maximum detected concentration to
which current receptors may be exposed is (8 #g/L; Table 6-4). Therefore, it is assumed that
chloroform is not associated with past practices within the 300 Area. However, chloroform
contributes to the total risk that receptors may incur; intakes and risks associated with
chloroform are still presented in this assessment. If chloroform is not considered a
contaminant of potential concern, then the current groundwater risk drops to lxl0 "6
(industrial), and future surface water risks become 3x10"6 (industrial) and 9x10"_ (residential
and agricultural).

Tritium is a risk driver for future groundwater use [3x10"6 for industrial receptors
(Table 6-30)]. Although tritium risk is negligible based on predicted average river
concentrations, predicted maximum river concentrations of tritium exceed a 10.6 risk [2x10 "6
for industrial receptors (Table 6-31); 7x10"6 for residential and agricultural receptors
(Table 6-32)]. However, the source of tritium upon which these risks are based is the 200
Area. Although tritium contributes to the total risk to which receptors in the vicinity of the
300 Area may be subjected, it is not associated with 300 Area operations. If the risks posed
by tritium are excluded from the risk assessment, then the future groundwater risk
becomes 4x10 "6(industrial), and future surface water risk becomes 3x10"5 (residential and

agricultural). The future surface water risk for industrial receptors does not change due to
number rounding.

If risk values for both chloroform and tritium are excluded from the risk assessment

(because they do not represent 300 Area past practice contaminants), then the highest risk
estimate for this assessment is 2x10"6, associated with future residential and agricultural
exposure to surface water at predicted maximum river concentrations (Table 6-32).

Receptor populations being evaluated in this risk assessment are potentially exposed
to contaminants originating from the vicinity of the ll00-EM-1 operable unit. As with the
tritium plume from the 200 Area, contaminants (i.e., trichloroethene, nitrate, and

technetium-99) from the 1100 Area are not associated with 300 Area past practices.
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However, these contaminants may contribute to the total risk that receptors in the 300 Area
may incur. It is noted that these contaminants are not currently impacting the 300 Area,
and that they will experience significant dilution as they are transported. A risk assessment

of 1100-EM-1 operable unit contaminants is presented in DOE-RL 1992d, and are not
repeated here.

6.2.4.2 Uncertainty Associated with the Exposure Assessment. One of the greatest
sources of uncertainty associated with the exposure assessment is the choice of exposure
point concentrations. It is unknown whether groundwater wells will be used to supply
potable water within the 300 Area in the future, and if so, where those wells might be
located. Therefore, it is conservatively assumed that a single well provides access to all of

the contaminants of potential concern at the maximum groundwater concentrations
presented in Table 6-5. It is noted that the future concentrations of chlorinated solvents

(e.g., 1,2-dichloroethene and trichloroethene) are assumed to be the same as current
concentrations. This is because the source of these contaminants is unknown. It is

conservatively assumed that free phase chlorinated solvent is present in the aquifer in large
enough volume to insure steady dissolution such that current concentrations will be
maintained beyond 2018. If this source is removed or depleted prior to 2018, contaminant
concentrations would steadily decrease and no longer pose a risk. Trichloroethene is
associated with a cancer risk of 3x10"6,while 1,2-dichloroethene (total) is associated with a

hazard quotient of 0.2 (Table 6-30). Therefore, even a slight reduction in the concentrations
of these contaminants would reduce their estimated health risks to below negligible levels.

The predicted maximum Columbia River concentrations upon which future surface
water risks are based are conservatively biased. It is assumed that the maximum river

concentrations will be maintained for the exposure duration of the receptors (20 to 30 yr).
In addition, these future river concentrations are calculated using proportionality factors
which correspond to a location and river-stage condition that maximize predicted river
concentrations. It is extremely conservative to assume that a receptor will be continuously
exposed to surface water contaminants at these concentrations. In consideration of these
biases, the risks associated with predicted maximum river concentrations (surface water

exposure at 300 Area; Table 6-35) should be considered bounding estimates that do not
reflect actual risks. The extent of this conservatism is demonstrated by the fact that, when
predicted average river concentrations are used, the risk associated with exposure to

' surface water is less than 10"6.

Receptors at Richland are theoretically exposed to the same contaminants expected
to be present in the Columbia River at the 300 Area. However, concentrations of these
contaminants are expected to be significantly lower as a result of mixing that would occur
between the 300 Area and Richland. Since the highest risk associated with 300 Area
contaminants in future surface water is 3x107 (based on average river concentrations) then

the future risks associated with river water at the Richland pumphouse are expected to be
much lower than the negligible risk level (lx10"6).

Exposure parameters (i.e., body weight, averaging time, contact rate, exposure
frequency, and exposure duration) represent reasonable maximum values as defined in the

HSBRAM (DOE-RL 1993b), but may not reflect actual exposure conditions. For example,
the future groundwater ingestion pathway uses the assumption that a worker consumed
1L of groundwater per working day for 20 yr. To assume that a worker spends
approximately half of a working lifetime within the same operable unit, however, may not
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be reasonable. Consequently, such exposure conditions are likely to contribute to an
overestimation of risk.

A quantitative evaluation is not provided (nor is it necessary) for all exposure
scenarios. For example, risks associated with future exposure to surface water in Richland
is evaluated by comparison to the risks in the 300 Area. The plant ingestion pathway is
also addressed only qualitatively. It is expected that this pathway would not significantly
contribute to risk. Current data indicate that vegetables and fruits downstream of the 300
Area are not affected by Hanford Site contaminants (Woodruff and Hanf, 1992). Since the

future mass flux of 300 Area contaminants into the Columbia River is expected to remain
the same or decrease (Section 5.2.2.2), the current lack of an impact on vegetation should
continue into the future.

6.2.4.3 Uncertainty Associated with the Toxicity Assessment. Uncertainty is associated
with the toxicity values and toxicity information available to assess potential adverse effects.
This uncertainty in the information and the lack of specific toxicity information contribute
to uncertainty in the toxicity assessment.

An understanding of the degree of uncertainty associated with toxicity values is an
important part of interpreting and using these values. A high degree of uncertainty in the
information used to derive a toxicity value contributes to less confidence in ttle assessment
of risk associated with exposure to a substance.

The RfDs and SFs have multiple conservative calculations built into them (i.e.,

factors of 10 for up to four different levels of uncertainty for RfDs, and the use of an
upperbound estimate derived from the linearized multi-stage carcinogenic model for SFs)
that can contribute to overestimation of actual risk. For example, Table 6-24 indicates that
an uncertainty factor of 1,000 is used to calculate the oral RfD for chloroform. Table 6-25
shows that, while chloroform is evaluated as a human carcinogen, the available information

indicates that t:_ere is inadequate or no evidence of carcinogenicity in humans. The
extrapolation of data from high-dose animal studies to low-dose human exposures may
overestimate the risk in the human population because of metabolic differences, repair
mechanisms, or differential susceptibility. It is also possible that such an extrapolation
could underestimate the risk to humans. However, the use of uncertainty factors,
modifying factors, and upper bound estimates in the development of toxicity values is
intended to compensate for this uncertainty.

Although there is substantial evidence to indicate that exposure to ionizing radiation

causes cancer in humans, the scenarios upon which this assumption is based are largely
acute, external exposures. Sources of uncertainty specific to radionuclide exposure include:

the extrapolation of risks observed in populations exposed to relatively high doses,
delivered acutely, to populations receiving relatively low dose chronic exposures; estimates
of doses delivered to target cells from the inhalation or ingestion of alpha-emitters (e.g.,
isotopes of uranium and thorium); and statistical variation in the human exposure data. In
accounting for these and other sources of uncertainty, EPA risk factors for cancer incidence
associated with radionuclide exposure span an order of magnitude (EPA 1989b).

EPA radionuclide slope factors are likely to represent an upper bound estimate of
the carcinogenic potential of exposure to ionizing radiation. The EPA (1989b) estimate of
average lifetime risk attributable to exposure to ionizing radiation incorporates the most
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conservative model assumptions utilized by the Biological Effects of Ionizing Radiations
(BEIR) III Committee. In addition, the updated risk estimates provided by BEIR V
(National Research Council 1990) are qualified with the statement that "the possibility that

there may be no risks from exposures comparable to external natural background radiation
cannot be ruled out. At such low doses and dose rates, it must be acknowledged that the

lower limit of the range of uncertainty in the risk estimates extends to zero."

Uncertainty is also present in the overall toxicity assessment because of the
following: evaluation of substances that do not have toxicity values through qualitative
discussion; route-to-route extrapolation of toxicity values; and potential synergistic or
antagonistic interactions of substances.

The uncertainty associated with absorption from dermal exposure is another
significant source of uncertainty that is reflected in the estimated risks associated with this
pathway for some compounds. The lack of toxicity information to adequately determine
RfDs and SFs for dermal exposures forces extrapolation from oral toxicity values, and
compounds the uncertainty associated with the calculations. It is a common practice in risk
assessment to adopt oral RfDs and SFs as the dermal toxicity values. In this risk
assessment, dermal RfDs and SFs were calculated by accounting for the oral absorption
efficiency. The uncertainty in this approach should be emphasized. For example, the
resFonse to an oral dose may be significantly different from the response to a dermal dose
because the risk associated with point-of-entry (skin) effects for locally acting toxicants
cannot be estimated from oral toxicity data. Also, dermally applied chemicals would not be

subjected to "first-pass" hepatic metabolism prior to systemic circulation, as is the case for
orally administered compounds. Consequently, the application of these oral dose-response
relationships to dermal exposure doses is a source of considerable uncertainty in the

- estimated potential health risk.

It should not be concluded that lack of a numerical toxicity values implies that a

contaminant is not toxic. For example, an inhalation RfD is not currently available for 1,2-
dichloroethene (trans). However, this contaminant has been shown to cause liver, lung,
and heart damage when breathed by animals. Such additional, qualitative information is

provided in the toxicity profiles of Appendix M. For the purpose of evaluating hazards
associated with the 300-FF-5 operable unit, it is expected that the contaminants of concern
and the primary human health effects have been adequately identified by focusing on
those contaminants with numerical toxicity values.

6.2.4.4 Uncertainty Associated with the Risk Characterization. Hazard quotients and risk
values provided by risk assessment by themselves do not fully characterize the health
impacts associated with environmental contamination. Such a quantitative evaluation must
be understood in light of the uncertainties presented above, and interpreted with respect to
their significance.

Hazard quotients and cancer risks are calculated by multiplying multiple factors
(e.g., contaminant concentrations, exposure parameters, toxicity values). In an effort to

compensate for the uncertainty and/or natural variability in these factors, single point
estimates used to characterize these factors are often conservatively biased. However, even

if this bias for each factor can be considered reasonable, the product of these factors is
t_',_r'y to far exceed a reasonable maximum exposure. In assessing the effect of bias in the
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selection of parameter values, the National Council on Radiation Protection and
Measurements (NCRP 1985) notes:

...substantial overestimation is expected when conservatism is applied in the
selection of each parameter in a deterministic model. For example, in a model
composed of ten or more multiplicative parameters..., the selection of only the 84th

percentile for each parameter results in a predicted value that exceeds the 99.9th
percentile of the distribution of model output.

This means that the risk estimates presented in a deterministic risk assessment are
representative of a set of assumptions which, as a group, is extremely unlikely. Use of a
more realistic set of assumptiens is likely to yield significantly lower risk estimates.

Although one goal of risk assessment is to provide a hazard index and incremental
cancer risk value associated with a particular scenario, doing so requires summation across
pathways and multiple contaminants. The assumption of dose additivity for
noncarcinogenic substances is not always appropriate because substances may have
different effects in different target organs.

The summation of cancer risks also may not be appropriate because each SF, for
chemical carcinogens, is an upper 95% estimate, and such probability distributions are not
strictly additive. Also, slamming risks from all carcinogens gives equal weight to SFs
derived from animal data and SFs derived from human data.

The significance of numerical results requires interpretation. Although a 10.6 cancer
risk may be considered insignificant, this does not imply that larger risks are necessarily
significant. The NCP [40CFR300.430(e)(2)(i)(A)(2)] states that acceptable exposure levels
represent an excess upper bound lifetime cancer risk of between 10.4 and 10.6. In
presenting the quantification of carcinogenic risk (Section 6.2.3.2), contaminants and
pathways are described if their associated ICRs exceed 10"6. However, this does not imply
that ICRs greater than this value are unacceptable.

6.2.5 Human Health Risk Characterization Summary - 300-FF-5 Contaminants

This baseline risk assessment evaluates the human health risks posed by
contaminants in the 300-FF-5 operable unit under four exposure scenarios (industrial,
residential, recreational, and agricultural) and three locations (300 Area, on Hanford Site, off
Hanford Site). This evaluation is performed for current conditions as well as several future

conditions. Table 6-1 indicates the locations and times for which each of the exposure
scenarios is evaluated.

Non-radioactive contaminants are evaluated for both non-carcinogpnic and

carcinogenic effects, as appropriate. Radioactive contaminants are evaluated only for their
carcinogenic potential.

The largest estimated HQ is 0.2 (associated with 1,2-dichloroethene (total) in future

groundwater; Table 6-30). Since this value is nearly an order of magnitude less than 1, no
systemic toxic effects are expected to occur as a result of exposure to contaminants at the
operable unit. The remaining summary focuses on estimates of cancer risk.
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A summary of ICRs associated with contaminants of potential concern under
current conditions is provided in Table 6-34. A list of the contaminants of concern and

their associated pathway-specific risks are provided in Table 6-36. The only current
scenario that exceeds a 10"_ risk is the industrial scenario with receptors on the 300 Area
(2x10"5). However, this risk is primarily due to chloroform in groundwater, which is
attributable to water chlorination. By considering only those contaminants associated with

300 Area past practices, the groundwater risk drops to lx10 "6 (due to trichloroethene). The
surface water risk for industrial receptors (based on actual average contaminant
concentrations in the 300 Area water intake) is 9x10"a Therefore, the total risk to industrial

receptors on the 300 Area is lx10 "6(attributable to trichloroethene in groundwater). The
current risk to receptors off the Hanford Site is negligible (less than 10"°).

If the maximum concentrations are used to represent surface water conditions in
the 300 Area, then the current risk to industrial receptors on the 300 Area is estimated to be

2E-05 (attributable to chloroform). The contribution due to contaminants associated with

past practices at the 300 Area is 5E-06, attributable to trichloroethene (1E-06), uranium-238
(3E-06), and uranium-234 (1E-06).

A summary of ICRs associated with contaminants of potential concern under future
conditions is provided in Table 6-35. A list of the contaminants of concern and their
associated pathway-specific risks are provided in Table 6-37. Based on the use of predicted
average river contaminant concentrations, the only future scenario that exceeds a 10" risk
is the industrial scenario with r.ceptors on the 300 Area (7x10"6). Approximately half of this
risk is associated with the tritium plume from the 200 Area. By considering only those
contaminants associated with 300 Area past practices, the future groundwater risk is 4x10 "6
(attributable to _richloroethene and uranium). The trichloroethene risk is based on the

conservative assumption that current TCE groundwater concentrations will remain
constant beyond 2018. If the source of TCE is depleted before 2018, then the remaining
industrial scenario risk (on the 300 Area) becomes lx10 "6 (associated with isotopes of

uranium). Based on the use of predicted average river concentrations, the risk to future
receptors on and off the Hanford Site is negligible.

If the predicted maximum river concentrations are used to represent surface water
conditions in the 300 Area, then the future risk to industrial receptors on the 300 Area is
2x10"5. The contribution due to contaminants associated with past practices at the 300 Area
is 4x10 6, attributable to trichloroethene (3x10 "_) and uranium isotopes (lx106).

The future risk to industrial receptors on the Hanford Site is 8x10"6. However, the
contribution due to contaminants associated with past practices at the 300 Area is less than
10a. The future risk to residential and agricultural receptors on the Hanford Site is 2x10"5.
The portion of this risk due to contaminants associated with past practices at the 300 Area
is 2x10 "6, attributable to trichloroethene (7x10"7) and uranium isotopes (9x10"7). It is noted
that these estimates (based on predicted maximum river concentrations) represent
bounding values, and are not considered representative of expected risks.

Because this is a deterministic risk assessment, the uncertainty associated with these
risk estimates cannot be quantified. In order to compensate for the uncertainty associated

: with input parameters, estimates used to characterize these parameters are often
conservatively biased. As a result, the risk estimates provided in this assessment represent
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a set of assumptions which, as a whole, is extremely unlikely. Use of a more realistic set of
assumptions is likely to yield significantly lower risk estimates.

6.3 HUMAN HEALTH EVALUATION - 300-FF-1 OPERABLE UNIT IMPACT ON
GROUNDWATER

In addition to the evaluation of known groundwater contaminants, a human health
assessment is provided to examine the impact of (soil) contaminants within the 300-FF-1
operable unit on groundwater in the future. Most of the methods used to evaluate the
impact of 300-FF-5 contaminants (Section 6.2) are directly applicable to Section 6.3, and will
not be repeated.

6.3.1 Exposure Assessment

The industrial scenario is the only exposure scenario evaluated in this risk
assessment. The Hanford Site Future Uses Working Group (1992) concluded that the 300
Area should be cleaned up to a "restricted" status, that is, to the degree necessary for
industrial purposes. This is consistent with the assumption made in the 300-FF-1 operable
unit RI (D©E-RL 1993a) that future land use of the 300 Area will remain industrial.
Therefore, the industrial scenario is the only exposure scenario considered viable within the
300 Area under future conditions. As indicated in Table 6-3, the potential human receptor

who may become exposed to contaminated groundwater at the 300 Area in the future is
the industrial population. This table indicates that a monitoring well, at any location
within the 300 Area, is assumed to provide access to affected groundwater in the future.
Potential industrial exposure scenarios to groundwater are evaluated for groundwater
ingestion, dermal contact with water, and inhalation of volatiles (Table 6-3).

Future river water concentrations are not developed based on contaminant
concentrations detected in 300-FF-1 soils. Direct access to groundwater provides higher
contaminant intakes than exposure to surface water. In addition, groundwater contaminant
intakes are also similar to or higher than intakes via fish ingestion, even when accounting
for bioaccumulation of contaminants. Therefore, the greatest exposures occur via
groundwater use, and evaluating this single exposure medium will adequately identify
contaminants of concern.

Future industrial receptors in the 300 Area are assumed to have access to
contaminated groundwater from'any location within the 300-FF-5 operable unit. Future
groundwater contaminant concentrations are estimated using current soil concentration
data (from the 300-FF-1 operable unit RI; DOE-RL 1993a). The soil data are used to model
future groundwater concentrations, as well as the time at which maximum contaminant
concentrations would be reached (Tables 4-12 and 4-13). A summary of contaminants of
potential concern for 300-FF-1 soils is provided in Table 4-19. Due to the different
contaminant profiles of near surface soils and infiltration gravels, the impact of 300-FF-1
soils to groundwater is evaluated separately for two soil depth ranges: 0 to 4.6 m (0 to 15
ft), and greater than 4.6 m (15 ft). Because this assessment is concerned with future (2018)
receptors, radionuclide concentrations need to be decay corrected for 26 yrs. Decay
corrected radionuclide concentrations for soils above and below 4.6 m (15 ft) are presented
in Tables 6-38 and 6-39, respectively.
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The methods used to calculate contaminant intakes in this risk assessment are

identical to those presented in section 6.2.1.2.2 and 6.2.1.2.3, and are not repeated here. [t is
noted that the contaminants of potential concern for section 6.3 are different than those for
Section 0.2. The chemical-specific permeability coefficients for 300-FF-I contaminants are
listed in Table 640.

Contaminant intakes for future industrial exposure to non-radioactive contaminants
in groundwater are presented in Table 6-41. These intakes are based on contaminant
concentrations in soils at a depth less than 4.6 m (15 ft). Table 642 presents contaminant
intakes for future industrial exposure to non-radioactive contaminants in groundwater
associated with soils at a depth greater than 4.6 m (15 ft). Radionuclide intakes of
groundwater contaminants associated with soils above 4.6 m (15 ft) are presented in Table
6-43; radionuclide intakes of groundwater contaminants associated with soils below 4.6 m
(15 it) are provided in Table 6-'44.

6.3.2 Human Health Toxicity Assessment

Table 645 summarizes the noncarcinogenic toxicity values (i.e., RfDs) and the
corresponding critical effects for the contaminants of potential concern for 300-FF-I
contaminants that will potentially reach groundwater. In the case of ammonia, the EPA
has not developed an oral RfD for this chemical which may be used in the assessment of
potential noncarcinogenic risk. The recommended ammonia concentration level for
ingestion (as published in HEAST) is based on odor threshold, and is not appropriate for
use in the characterization of health risk.

Table 646 provides the carcinogenicity weight-of-evidence classifications and the
slope factors for the ingestion and inhalation exposure routes for the contaminants of
potential concern.

Evidence of neurotoxicity in human epiclemiological and animal studies have been
associated with potential oral exposure to lead and lead com'i3ounds. Furthermore,
researchers have also noted the occurrence of renal tumors in laboratory experimental
animals that were chronically exposed to lead either subcutaneously or in the diet. [t is
noted, however, that the EPA has not yet developed a toxicity factor (i.e., reference dose for
noncarcinogenic effects, or slope factor for carcinogenic effects) for potential exposure to
lead. Since it is inappropriate to use surrogate compounds in the assessment of potential
risk to toxic inorganic chemicals, such as lead, the potential health risk that may be
associated with exposure to lead in groundwater has not been conducted. Rather, a
toxicological profile of the toxic effects of lead following oral exposure is presented in this
report.

The toxicological profiles for the contaminants of potential concern in groundwater
of the 300 Area are presented in Appendix M.

A discussion of the rationale for the adjustment of an oral toxicity factor (i.e., RfD or
SF) from an administered to an absorbed dose in risk assessment has been presented in
section 6.2.2.3 of this report. However, because information regarding the oral absorption
of ammonia and 4-chloroaniline could not be located in the literature, an oral absorption
factor of 100% is assumed in this assessment. Table 6-47 presents the derma]ly adjusted
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RfDs and SFs, and the corresponding oral absorption factors for the contaminants of
potential concern.

6.3.3 Human Health Risk Characterization

6.3.3.1 Quantification of Noncarcinogenic Effects. The estimated HQs for all
contaminants of potential concern for a specific pathway may be summed to provide a
cumulative HQ for that exposure pathway. If a total HQ exceeds unity, or one, the
individual contaminants or associated exposure scenario should be further scrutinized to
determine whether the toxic effects of the contaminants are similar in order to justify such
summation. The following summary of HQs for each waste management unit at the site
describes only those contaminants or pathways for which the estimated HQs are greater
than 1.0.

For potential future exposure to groundwarer contaminants modeled from soils
above 15 feet in the 300 Area, the calculated HQs are presented in Table 6-48. As indicated,

calculated HQs for some of the waste management units at the site exceed the EPA
stipulated criteria of 1.0 for noncarcinogenic contaminants at hazardous waste sites.

Presented in Table 6-50 is a summary of specific waste units and calculated total HQs.
Those waste units with corresponding total HQs exceeding 1.0 are: the North Process Pond
(11); the South Process Pond (14);the Process Trenches (Pre-ERA) (12); the Burial Ground

#4 (34); the 307 Trenches (3); and the Sanitary Trenches (15). With the exception of the
South Process Pond, the high total HQs for these waste units are primarily due to the
potential exposure to chromium in affected groundwater via ingestion and dermal contact
(Table 6-48). It should be noted, however, that in each case, it is the ingestion pathway
which contributes the greater exposure to potentially contaminated groundwater.

In the case of the potential future exposure to groundwater contaminants from soils
below 4.6 m (15 ft) in the 300 Area, the estimated HQs are presented in Table 6-49. As
summarized in Table 6-51, the estimated total HQs exceed the criteria of 1.0 for two of the
waste units at the site (i.e., the North Process Pond with a value of 4, and the 307 Trenches

with a value of 3). The high total HQs are largely attributable to the potential ingestion of
chromium-contaminated groundwater in these waste units (Table 6-49).

6.3.3.2 Quantification of Carcinogenic Risk. In the case of carcinogenic contaminants (i.e.,
nonradioactive and radioactive substances), the lifetime incremental cancer risks, or ICRs,

are assumed to be additive, and thus, may be summed across exposure pathways and
contaminants. As stated in section 6.2.3.2 of this report, according to the NCP
[40CFR300.430(e)(2)(i)(A)(2)], an upperbound excess cancer risk range of 10.4 to 10.6 is

considered as acceptable at hazardous waste sites. Furthermore, the point of departure
within this range is considered to be 10.6 for the purpose of determining remediation goals
in lieu of ARARs at waste sites.

For potential future exposure to groundwater contaminants modeled from soils
above 4.6 m (15 ft) in the 300 Area, the calculated ICRs for non-radioactive and radioactive

contaminants are, respectively, presented in Tables 6-48 and 6-43. Specific waste units with
calculated total ICRs exceeding 10.6 are summarized in Table 6-50. These waste units with
their corresponding ICRs include: the North Process Pond (4x10"6), primarily because of
potential exposure to U-238 via ingestion; the South Process Pond (7x10"6), based mainly on
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exposure to U-238 via ingestion; the Process Trenches (Pre-ERA) (9x10"4), because of
potential exposure to the ingestion of vinyl chloride and uranium isotopes, and the
potential inhalation of chloroform; and the Burial Ground #4 (2x10_), primarily because of
exposure to uranium isotopes through ingestion (Tables 6-43 and 6-48).

In the case of the potential future exposure to groundwater contaminants from soils
below 4.6 m (15 ft) in the 300 Area, the estimated ICRs for non-radioactive and radioactive
contaminants are, respectively, presented in Tables 6-49 and 6-44. Specific waste units with
corresponding calculated total ICRs are summarized in Table 6-51. As indicated in this
table, all of the estimated ICRs for the contaminants of potential concern are below the EPA

stipulated excess cancer risk range of 10.4 and 10-6, which is considered acceptable at
hazardous waste sites.

6.3.4 Uncertainty Analysis

The potential noncarcinogenic and carcinogenic risks that are presented in this
assessment are not entirely probabilistic estimates. Rather, they represent deterministic
estimates in view of the multiple assumptions about exposures, toxicity, and ether
variables. This discussion in this section focuses on the uncertainty, surrounding the
estimated risks and health hazards due to uncertainty in these variables.

6.3.4.1 Uncertainty Associated with Identification of Contaminants. In an investigation
conducted by Belden (1992), an attempt was made to characterize the form of chromium
present in the 300-FF-1 and 300-FF-5 operable units at the Hanford Site by analyzing
groundwater and soil samples. The author noted in the report that it is conceivable that
the form of chromium in the environmental media at the site is Cr(III) rather than Cr(VI).

However, because the evidence in this investigation is not considered as being conclusive,
the detected total chromium in the 300 Area is considered as Cr(VI) for purposes of this
risk assessment.

6.3.4.2 Uncertainty Associated with Exposure Assessment. The process of using analytical
exposure models to predict future groundwater contaminant levels from current measured
concentrations in soils has inherent uncertainties related to the applied assumptions. For

example, the assumption of an adsorption coefficient (Kd) of zero value for chromium in
the analytical exposure model is overly conservative as it does not take into consideration
the strong adsorption potential which is characteristic of chromium compounds.
Furthermore, other contaminant source depletion mechanisms, such as, erosion, dilution, or
biodegradation of contaminants, are also not considered.

Another source of uncertainty in the exposure assessment is the assumption that
groundwater use at the Hanford Site will not change until 2018. Consequently,
radionuclide exposure point concentrations are adjusted for the 26 years of radioactive
decay between the time of sample collection (1992) and 2018.

6.3.4.3 Uncertainty Associated with Toxicity Assessment. Uncertainty is associated with
the toxicity information and associated toxicity factors that are available to assess potential
adverse effects. This uncertainty in the information and the lack of specific toxicity
information contribute to uncertainty in the toxicity assessment.
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Because there are no site-specific analytical data to indicate otherwise, it is assumed
for this assessment that all chromium is hexavalent [Cr(VI)]. However, it is likely that most
if not all of the chromium bound in the 300 Area soils is in the trivalent state. The RfD for

chromium (III) is 200 times larger than that of chromium (VI) (i.e., chromium (III) is
considered 200 times "less toxic"). Chromium (evaluated as Cr (VI)) is associated with a HQ

greater than 1 in 8 waste unit soil zones, with a maximum HQ of 34 (Burial Ground #4,
soils above 4.6 m (15ft)). If it is assumed (or further data indicate) that the chromium

present in 300 Area soils is trivalent, then the maximum HQs associated with the chromium
would be 0.2, indicating that chromium is not a contaminant of concern.

Because the toxicities of inorganics are compound-specific, the chemical species
used in a toxicological study may not be indicative of the form present in the
environmental media. For example, rates of uptake in theGI tract are relatively low and

depend on the valence state of chromium iCr(Vi) which is more readily absorbed than is
Cr(III)]; it is also dependent on the water solubility of the compound (SRC 1989e).

The EPA has concluded that human epidemiologic studies of vinyl chloride
inhalation, and the occurrence of tumors in various animal tissues following inhalation and
oral exposure studies, constitute strong evidence of vinyl chloride carcinogenicity (SRC
1989f). However, it should be pointed out that some of these studies have indicated that
the types of elicited tumors may be dose-related, suggesting that there may be a threshold
dose below which no tumorigenic effects may be expected to occur.

6.3.5 Human Health Risk Characterization Summary - 300-FF-1 Sources

This assessment evaluates the human health risks associated with potential exposure
to future groundwater contaminants in the 300 Area by industrial receptors. The potential
future groundwater contaminant concentrations are modeled using current soil
contaminant levels.

For potential future exposure to postulated groundwater contaminants from soils
above 4.6 m (15 ft) in the 300 Area, Table 6-50 provides a summary of estimated total HQs
which exceed the EPA stipulated criteria of 1.0. Waste management units with total HQ
values greater than 1.0 include: the North Process Pond (11); the South Process Pond (14);
the Process Trenches (Pre-ERA) (12); the Burial Ground #4 (34); the 307 Trenches (3); and

the Sanitary Trenches (15). With the exception of the South Process Pond, the high total
HQs for these waste units are primarily due to the potential exposure to chromium in
affected groundwater via ingestion and dermal contact. It is noted that if chromium is
assumed to be trivalent (instead of hexavalent), then the largest HQ is 3, associated with
ammonia in the South Process Pond, and that the largest HQ associated with chromium
would be 0.2. The effects of loss mechanisms such as degradation and volatization were
not quantitatively evaluated in this report. However, it is expected that the ammonia
currently detected would be depleted by the year 2018.

In the case of the potential future exposure to postulated groundwater
contaminants from soils below 4.6 m (15 ft) in the 300 Area, Table 6-51 provides a summary
of estimated total HQs which exceed the criteria of 1.0. These waste units are the North

Process Pond with a value of 4, and the 307 Trenches with a value of 3. The high total
HQs are largely attributable to the potential ingestion of chromium-contaminated
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groundwater. If chromium is assumed to be trivalent, then the largest HQ would be 0.9,
associated with ammonia at the South Process Pond.

An excess cancer risk range of 10.9 to 10.6 is considered by the EPA to be acceptable
at hazardous waste sites. The point of departure within this range is considered to be 10.6
for the purpose of determining remediation goals in lieu of ARARs at waste sites.

A summary of total ICRs associated with potential future exposure to postulated
groundwater contaminants from soils above 15 feet in the 300 Area is tabulated in Table
6-50. Waste management units with calculated total ICRs exceeding 10.6 are: the North
Process Pond (4x106), primarily because of potential exposure to U-238 via ingestion; the
South Process Pond (7x10"6), based mainly on exposure to U-238 via ingestion; the Process

Trenches (Pre-ERA) (%104), because of potential exposure to the ingestion of vinyl chloride
and uranium isotopes, and the potential inhalation of chloroform; and the Burial Ground
#4 (2x105), primarily because of exposure to uranium isotopes through ingestion.

For potential future exposure to postulated groundwater contaminants from soils
below 4.6 m (15 ft) in the 300 Area, Table 6-51 provides a summary of estimated total ICRs
for the waste units at the site. As indicated in this table, all the estimated ICRs for the

contaminants of potential concern are less than 10.6.

6.4 ECOLOGICAL RISK ASSESSMENT

The purpose of the ecological risk assessment is to estimate the potential present
and future baseline ecological risks for the 300-FF-5 operable unit contaminants to
ecological receptors. These receptors include all organisms, except humans and domestic

animals, potentially exposed to site contaminants. The 300-FF-5 operable unit is an
operable unit that considers all the contaminant sources in the 300 Area that contribute to

existing groundwater contamination beneath the 300 Area and surrounding environment
which includes the Columbia River and riparian zone environment. This environment
includes, groundwater, surface water, sediment and aquatic biota (DOE-RL 1990a). The
riparian zone is a narrow strip of land adjacent to the river shore and is generally less than
15 m (50 f-t) wide.

Because it is not possible to evaluate all potential effects on all potential receptors,
this assessment focuses on so called "indicator species" or receptors to represent a variety of
exposure pathways and trophic positions. Assessments combine modeling data, soil data,
groundwater data, and other supportive information to evaluate exposure of receptor
species to inorganic and radiological constituents.

6.4.1 Problem Formulation

Issues relevant to evaluating ecological risk at the 300-FF-5 operable unit are

• identifying the contaminants of concern that occur in concentrations
greater than background levels

• identifying the media in which these contaminants occur
• characterizing the primary pathways of biological exposure
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• identifying biological resources in and near the operable unit
• identifying key biological receptors and their natural histories
• defining a conceptual ecological model for key receptors
• obtaining transfer coefficients for contaminant movement between

elements of the conceptual model
• estimating doses, daily intake rates, or body burdens from all

contaminants based on transfer coefficients, the conceptual model,
fraction of the receptor's habitat that is contaminated, and exposure
duration and frequency

• comparing doses, daily intake rates, or body burdens with established
benchmarks

• estimating incremental individual and population risk from the 300-
FF-5 operable unit

Risk-based and technology-based standards for the protection of ecological

resources have been promulgated under a number of federal statutes (e.g., water quality
criteria under the Clean Water Act). However, only one standard has been published for
the protection of ecological resources from exposure to radioactive materials (DOE Order
5400.5). DOE Order 5400.5 stipulates that the interim dose limit for native aquatic animal
organisms " shall not exceed 1 rad per day from exposure to the radioactive material in
liquid wastes discharged to natural waterways."

6.4.1.1 Stressor Characteristics. The stressors of concern consist of contaminants that are

identified in the 300-FF-5 operable unit groundwater. A description of these contaminants
is given in Section 5.1. Groundwater contaminants consist of nitrate, copper, nickel,

99 90 Z34 235 238
chloroform, 1,2,-dichloroethene, trichloroethene, Tc, tritium, Sr, U, U, U, gross
alpha and gross beta. Gross alpha and beta are not evaluated because they are non-
specific measurements. Concentrations for groundwater contaminants are given in Table
6-52. These maximum concentrations were observed in groundwater.

6.4.1.2 Ecosystem/Components Potentially at Risk. The 300-FF-5 operable unit includes a
riparian and river ecosystem. Both ecosystems are potentially effected by the constituents
of concern and will be evaluated in the risk characterization. However, the major focus of
the operable unit is the aquatic ecosystem; since the riparian ecosystem is relatively small.

Trace amounts of many radionuclides are routinely found in the springs along the

reach of the Columbia River that forms the eastern boundary of the 300-FF-5 operable unit
(DOE-RL 1990a).

Receptors of concern based upon potential groundwater contamination interaction
are fish, and benthic organisrns such as crustaceans and other aquatic animals potentially
inhabiting the Columbia River near the operable unit, i.e., raccoon, geese. For riparian
organisms, the pathway for movement of contamina_lts from groundwater is through
vegetation roots into riparian plants. Organisms potentially exposed to contaminated
vegetation are mice and other wildlife that consume plants (herbivores) and secondary
species that are predators (e.g., Swainson's hawk) which consume contaminated herbivores.

Persistentsepal yellowcress, a state endangered species, was also reported along the
wetted shoreline during the 1992 fall survey (Brandt et al., 1993). Field observations did not

note whether the plants were undergoing stress. This species was not evaluated in the risk
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assessment because of insufficient data. The only site specific data available for the
operable unit is for reed canarygrass and mulberry twigs and leaves (Brandt et al., 1993).
However, these plants can not be used as a surrogate for the persistentsepal yellowcress to
hazardous chemicals it is impossible to evaluate risk without additional data.

6.4.1.3 Ecological Effects. Ionization radiation can impact terrestrial and aquatic wildlife
depending upon the level of exposure or dose and whether exposure is either acute or
chronic. Depending upon the concentration of exposure, acute exposures can result in
organism mortality, generally characterized as the LD-50 (concentration to cause 50%
mortality in some specified period of time). For mammals this is usually 30 days. Other
possible effects from acute exposure are physiological and pathological changes,
developmental and reproductive effects. Effects from chronic exposure include
physiological, reproductive, growth, and developmental effects.

The radiological dose an organism receives is usually expressed as tad/day.
Exposure can result from both external environmental radiation and internal radiation from
body burden. Both exposure pathways are added in determining total organism dose.
Internal exposure must include both body burden and foodchain uptake.

Unfortunately, most of the available information concerning ionization radiation is
for acute high dose and not for low dose exposure and chronic effects (Rose 1992). The use
of acute data extrapolated to chronic levels is not in all cases appropriate and must be
viewed with caution. For example, during chronic exposure there is a point where
competition between injury and natural organism repair mechanisms are balanced
resulting in no effect (Ophel et al. 1976). Response of aquatic organisms to exposure to
hazardous chemicals (metals and organics) is similar to ionizing radiation in that both acute
and chronic effects can result.

6.4.1.4 Endpoint Selection. The assessment endpoint for study is the health of selected
receptor organisms and their populations and the measured endpoint is individual
mortality. The focus of this study is at the individual level of ecological organization using
several trophic levels of the terrestrial, riparian and aquatic foodchains in the 300-FF-5
operable unit. The use of several trophic levels encompasses organisms of varying
sensitivity and several contaminant transport pathways.

For aquatic organisms the radiological assessment endpoint is the health of river
organisms. This is based on DOE Order 5400.5 which specifies that aquatic animals will
not be exposed to more than 1 rad/day. The hazardous chemical measurement endpoint is
the ambient water quality criteria to protect aquatic life (EPA, 1986). Measurement
endpointscan include both acute and chronicendpoints. Both aquatic endpoints are
ecosystem level endpoints since they are developed to protect aquatic life from hazardous
chemicals and protect aquatic animals from exposure to ionizing radiation.

6.4.1.5 Conceptual Model. There are two ecosystems potentially affected by the 300-FF-5
operable unit. They are the riparian/terrestrial and aquatic (Columbia River). Based on the
descriptions of ecological resources present at or near the 300-FF-5 operable unit and
assuming a contaminant source present in groundwater, the conceptual ecological model is

derived for the key ecological resources of the area. In this model, uptake of contaminants
by vegetation through contact with contaminated groundwater serves as the pathway of
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contaminant entry into the riparian food chain, and groundwater springs entering the
Columbia River are the sources of aquatic contamination.

In the riparian/terrestrial conceptual model (Figure 5-21), the herbivore component
is represented in the model by insects. The dominant herbivorous mammals, and the
dominant herbivorous (seed-eating) bird act as the primary conduit between contaminants
in vegetation and contaminants in carnivores. Two levels of carnivores are common to the
operable unit: the primary carnivores prey almost entirely on herbivores, consequently only
three levels of bioaccumulation are possible (groundwater to plant, plant to herbivore,
herbivore to primary carnivore). Second-order carnivores prey on other carnivores as well
as on herbivores. Bioaccumulation in these animals is more complex and is evaluated
using information on dietary composition. Key receptors for the riparian/terrestrial
ecosystem evaluated in the risk assessment are Swainson's hawk, loggerhead shrike and
Canada geese. The raptors are exposed to potential contamination through consumption

of contaminated mice and geese through consumption of contaminated reed canarygrass.

The simplified conceptual model for the Columbia River is shown in Figure 6-3.
Contaminant movement into the river is assumed to enter from springs located along the
shoreline of the operable unit. The source terms are groundwater contaminant
concentrations. Key ecological receptors are fish, crustaceans, fish eating ducks, plant eating
ducks, and heron. Aquatic receptors are used to assess risk from radionuclides and metals

because measurement endpoints are generic, i.e., to protect aquatic life.

Estimating ecological risks from contamination becomes problematic when
considering organisms whose habitat use extends beyond the operable unit boundary. The
300-FF-5 unit is a relatively small area within a much larger zone of potential shoreline
contamination (i.e., 100 Area) and noncontaminated eastern shoreline. Consequently, the
environment outside the 300-FF-5 operable unit as used by most of the wide-ranging

organisms (birds, fish) in the conceptual model is likely to be a mix of contaminated and
uncontaminated habitat.

Because the operable unit is small relative to the home ranges of animals such as
hawks, owls, loggerhead shrikes, and coyotes, the incremental risk to these resources from
the operable unit is likely to be small. This incremental risk may be insignificant if an
uncontaminated environment outside the operable unit is assumed, but such an
assumption is insupportable and would inordinately lower the estimation of risk
significance. A worst case assumption would be that the contaminant environment of the
receptor outside the operable unit is not much different from that within the 300-FF-5

environment. Such an assumption would be highly conservative for the larger raptors
who range over many km z. A reasonable estimation of risk for these receptors lies
somewhere between these extremes.

6.4.2 Analysis

The analysis phase of the ecological risk assessment is a technical evaluation of the
available data to assess the potential effects of exposure to the stressors on the target

receptors previously discussed. The section focuses on developing the exposure relationship
between receptors and site contaminants.
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6,4.2.1 Characterization of Exposure. The available analytical data for the 300-FF-5
operable unit includes measured wildlife concentrations for radionuclides and hazardous
chemicals in mice and vegetation in the riparian zone (Brandt et. al. 1993a) and
groundwater source terms data. Brandt et al., (1993b) identified several contaminants in
biological tissue that appear to be related to the operable unit. They are aluminum (707
mg/kg), copper (16 mg/kg), iron (1540 mg/kg), manganese (138 mg/kg), nickel (4.7 mg/kg)
and uranium (1.6 ug/gm) in reed canarygrass and manganese (9.7 mg/kg)and uranium (0.22
ug/g) in pocket mice tissue. Tissue concentrations in vegetation (reed canarygrass) and the
pocket mouse (Table 4-2,8) are used to evaluate risk. Maximum tissue concentrations are
shown and are used in the risk characterization. Shrike and hawk exposure is from

consumption of contaminated pocket mice, and for Canada geese, exposure is from
consumption of reed canarygrass.

It is assumed in the river, that contaminant concentrations are constant and

uniformly distributed in the water column of the Columbia River and are completely
biologically activp and available for bioaccumulation. Exposure of aquatic animals to
radionuclides results from bioaccumulation, external exposure and immersion in the
sediments for benthic organisms.

6.4.2.2 Stressor Characterization. Stressor characteristics were previously described in
Section 5.1. Contaminants found in the groundwater and biota within the 300-FF-5
operable unit include radioactive and nonradioactive elements. Radionuclides have
previously been identified as contaminants from groundwater and the extent of the
radionuclide contamination in the groundwater is initially delineated by the distribution of
uranium in the shallow aquifer zone (DOE, 1990, WP-84).

6.4.2.3 Ecosystem Characterization. A detailed characterization of the ecosystem of the

300-FF-5 operable unit was given in Section 3.7. This section discusses the point of contact
between the receptor organisms and the stressors. The spatial distribution or the home
range of target organisms is evaluated from available site data to establish the point of

contact (length of exposure to potential contaminants) between the stressor and receptor
organisms. The overlap of receptor home range with the site is considered sufficient for
evaluation as a potential receptor and it is assumed that at least part of its life is spent
within the site. The period of exposure of an organism is determined by evaluating the
percentage of time an organism could potentially spend feeding within the site. This is
determined by estimating the fraction of the site area within the receptor home range area.
No attempt is made to discriminate between seasonal use of the site by receptors, i.e.,
migration.

For organisms whose home range is smaller than the operable unit, it was assumed
that 100% of their diet consisted of contaminated foodstuffs. However, for organisms
spending a fraction of their time feeding within the operable unit, a usage factor was
calculated based on the proportion of their home range that the operable unit could
encompass. For example, for a Swainson hawk, whose home range is about 60 times larger
than the 300-FF-5 operable unit, an usage factor was calculated by dividing the area of the

operable unit (0.101 km z) (0.039 miz) by the hawk's home range (5.77 km z) (2.22 mi2). This
usage factor was incorporated into the dose equation. In some cases a home range was
derived from species densities observed on the Hanford Site. This is a reasonable
derivation if the species of interest is territorial such as the loggerhead shrike and
burrowing owl.
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6.4.2.4 Exposure Analysis. The purpose of the exposure analysis is to integrate the spatial
and temporal distributions of the ecological components and stressors to evaluate exposure.

All nonradioactive and radioactive constituents in groundwater are screened against
background. Those constituents that exceed background are included in the ecological risk
assessment.

The groundwater contaminants exceeding background are given in Table 6-52. All
organics were carried through the assessment.

For nonradiological constituents, concentrations in plants, wildlife and aquatic
animals are compared to reported benchmark, i.e., regulatory drivers, toxic concentrations,

etc,. For radiological constituents total dose for all radionuclides is compared to published
effects levels and regulatory standards, where available. Uranium in vegetation and mice is
not characterized since concentrations between the control site and OU site are comparable.

6.4.2.5 Exposure Profile. The ecological risk assessment focuses on noncarcinogenic effects
on wildlife potentially exposed to constituents present in the 300-FF-5 operable unit.
Riparian/terrestrial wildlife species evaluated are selected based upon their presence at the

site, trophic position, and habitat requirements.

The major route of contaminants to riparian plants is assumed to be direct uptake
from contaminated groundwater. Ingestion is assumed to be the major route of exposure
to wildlife species for both nonradioiogical and radiological constituents. For radionuclides,
the exposure pathway considers uptake from contaminated food resulting in internal
exposure. Uptake of contaminants by river organisms is assumed to result from foodchain
transfer. Depending upon the receptor, several potential foodchain exposure pathways are
possible. For both radiological and nonradiological contaminants, the dose is based on
receptor whole-body concentrations.

Intake of Constituents of Concern by Receptors. This section describes the methods used
to estimate intake of constituents of concern by organisms potentially affected by the 300-
FF-5 operable unit.

For the riparian ecosystems, actual tissue concentrations are used in the risk
characterization as the source term (Brandt et. al. 1993a). The use of measured values

reduces uncertainty in the risk characterization by reducing the number of trophic transfers
requiring modeling when no data exists. Exposure to aquatic animals is the
river/groundwater constituent concentration.

Radioactive elements have ecological effects resulting from their presence in the
abiotic environment (external dose), from ingestion (e.g., dose from food consumption), and
from accumulation of the element in the body (dose from body burden). Total daily doses
to an organism can be estimated as the sum of doses (weighted by energy of radiation)
received from all radioactive elements ingested, inhaled, residing in the body, and available
in the organism's environment. Radiological dose calculation methodology has been
reviewed by Baker and Soldat (1992), and was applied in this risk assessment.
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The internal total-body dose rate to an organism for N radionuclides is given as

N

Re = _ bi,c Ei,c 6-5
i,,1

where Re = dose rate to total body of organism c (rad dq),

Ei,c = effective absorbed energy rate for nuclide i per unit activity in
organism c ( kg tad Ci "l d'l).

bi,c = specific body burden of nuclide i in organism c (Ci kg'l).

Ei,c = ei,cMeV dis l x 3.70E10 dis s1 Ci 1

86,400 s d 1 x 1.602E-11 kg tad MeV "1 = 5.12E4 ei,¢

where e is the effective absorbed energy for nuclide fin organism c.

For a primary organism,

bi,c = Ci,c Bi,c 6-6

where Ci,c is concentration of nuclide i to which organism c is exposed (Ci m'3), and Bi,c is
bioaccumulation factor for nuclide i and organism c (m 3 kg'l).

Combining equations (6-5) and (6-6) yields the dose rate in rad d"l to the primary
organism

N

Rc = E Ci,c Bi,c Ei,c 6-7
i=]

For a secondary organism, the expression for a single radionuclide is the following,
equating the change in body burden for the uptake and removal of the radionuclide

db _ P
= _ _ Xbs 6-8

dt M

where bs = specific body burden of the secondary organism (Ci/kg)

P = rate of uptake of radionuclide by body of organism (Ci/d)
k = (kb + kr) effective decay constant in secondary organism, (dq),

where kb = ln(2)/T b is the biological removal rate constant for
the nuclide in the secondary organism and kr = ln(2)/T r is the
radiological decay constant for the nuclide

_- M = mass of secondary organism (kg).
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The secondary organism uptake rate is given by

p = bUll 6-9

where b = body burden of primary organism (Ci/kg)

U = intake rate of primary organism by predator (kg/d)

fl = fraction of radionuclide initially retained in total body of
secondary organism (unitless).

Solving equation (6-8) with bs = 0 when t = 0:

P (1 e -_'r )- " 6-10b,_ =
M _.

where T_ is the period of exposure (d).

Then, for a secondary organism c, the dose rate in terms of the body burden of the
primary organism for N radionuclides is I

N bi U fl,i (1-e -k''°T')
Re = _ ¢ Ei,¢ 6-11

i=I me Xi,c

where

U¢ = intake rate of primary organism by secondary organism c
(kg/d)

A.i,c = effective decay constant of nuclide i in secondary organism c
(d-1)

m¢ = mass of secondary organism c (kg).

In the absence of specific data, the removal constants, Xi,c, and uptake fractions, fl,i,
are taken to be that of Standard Man as derived from Publication 2 of the International

Commission on Radiological Protection (ICRP 1959). The values of effective energy, %c,
were determined knowing the effective radius of the organism. The exposure time, Te, is
usually assumed to be 1 year for regulatory purposes, and the concentration is averaged
over 1 year. These doses to organisms may be obtained by hand calculation or from the
CRITR2 screening program. External dose to wildlife from radionuclides is not calculated
because it has been shown to be a minor contributor to dose (Poston and Soldat 1992).

Intake of hazardous chemicals for wildlife is estimated using intake parameters from
published literature or derived from EPA formulas.

Iv = (Cv)(Qv)(FI)(EF)(ED)/(BW)(AT) 6-12
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where

Iv = intake of contaminant in vegetation (mg/kg/day)
Cv = concentration in vegetation (mg/kg)
Qv = ingestion rate (kg/day)
FI = fraction ingested from contaminated source
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = average time, (ED)(365 days/year)

For organisms spending their entire life in the 300-FF-5 operable unit, average time,
exposure duration, and exposure frequency can be eliminated from all intake equations.

_ Species-specific intake rates are given in Table 6-53_ The fraction ingested from a
contaminated source was based on the animal's home range and the amount of food
expected to be consumed from contaminated areas. Feeding rates are typically reported on
a wet-weight basis, while contaminant concentrations in soil and biota are reported on a
dry-weight basis. However, for the 300-FF-5 operable unit study, prey and vegetation
contaminant concentrations were used as source terms and dry/wet weight conversion
factors were not required.

Swainson's hawk, loggerhead shrike and Canada geese were assumed to spend only
part of their life in the 300-FF-5 Operable Unit which was assumed to be the only source of
contaminants. To evaluate potential expo:_ure of Swainson's hawk, loggerhead shrike, and
Canada geese from foodchain contaminants, either transfer coefficients or specific uptake

rates were used. Transfer of contaminants from ingestion of prey species were either
estimated from available literature or from plant to beef transfer coefficients.

Calculated dose to wildlife species from hazardous chemicals for riparian receptors
are given in Tables 6-54 to 6-56. Wildlife no observable effects levels (NOEL) for study

chemicals are given in Table 6-57. Dose to pocket mice is not estimated since they serve as
the food source for higher trophic levels and are not considered a key receptor.

Dose from radionuclides is estimated for aquatic organisms using the computer code

CRITR2 (Baker and Soldat 1992). CRITR2 calculated dose to selected aquatic and riparian
organisms as generic organisms using Hanford biological accumulation factors. Dose to
generic organisms are estimated, for crustacean, fish, plant eating ducks, fish eating duck,
heron. The order of decreasing organism dose is fish eating ducks, heron, plant eating
ducks, fish and crustacean (Table 6-58). The complete printout from the computer code is
given in Appendix N. Corresponding dose is 0.74, 0.48, 0.42, 0.081, 0.052 rad/d, respectively.
External and immersion dose is insignificant and most of the dose is from internal
exposure.

6.4.2.6 Characterization of Ecological Effects. The purpose of this section is to analyze the
relationship between the stressor and assessment and measurement endpoints.

6.4.2.6.1 Evaluation of Relevant Effects Data. The only regulatory driver for
radionuclides in the environment is DOE Order 5400.5, which requires exposure to aquatic
animals to be less than 1 rad/day. Because of the lack of regulatory drivers for

- radionuclides in terrestrial environments, this limit along with other supportive information
(IAEA 1992) is applied to terrestrial organisms in the 300-FF-5 operable unit. Wildlife
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toxicity assessment is based upon reported no observable effects levels (NOELs). Aquatic

toxicity assessment was based on available EPA Water Quality criteria to protect aquatic life
(EPA, 1986).

The most recent and perhaps one of the most inclusive reviews on the effects of
ionizing radiation on terrestrial organisms was completed by Rose (1992). Rose
summarized the sensitivities of wildlife to ionizing radiation; this work was used as a major
reference. The reported lower limit of lethal effects from chronic exposure to irradiation
was 360 rad/y or roughly 1 rad/d (Rose 1992). The most radiosensitive animal species for all
of the animal kingdom were several American rodents.

The lowest dose of acute exposure to ionizing radiation that affected development
and behavior of mammals was 0.36 tad/year. This dose rate affected the fetuses of

laboratory rats irradiated during the third period of intrauterine life. It was reported that
body mass was reduced and brain mass was increased at birth. The increase in brain mass
was the result of nerve tissue and not oedema. The reported range for developmental and

behavioral changes from chronic irradiation exposure was also summarized by Rose (1992).
An exposure of 0.49 rad/d did not effect the growth rate of several American rodents, e.g.,
Peromyscus leucopus. Pocket mice (Pergnathus formosus) were reported unaffected at a dose
of 0.96 rad/d. Mellinger and Schultz (1975) reviewed the literature on the affects of ionizing
radiation on birds. The LD-50 ranged from 460 to 3,000 tad. Assuming this dose was
received over a period of a year, the daily dose would range from 1.26 to 8.2 rad/d. The
lower limit that produced an effect for the plant kingdom was for the red pine (Pinus
resinosa) which was reported to be around 0.82 to 1.64 rad/d for continuous exposure.

In another extensive review of the affects of ionizing radiation on terrestrial
organisms, the International Atomic Energy Agency (IAEA) (1992), concluded that a "dose
rate of approximately 10 mGy/d (1 rad/d) represents the threshold at which slight effects of
radiation become apparent in those attributes, e.g., reproduction capacity, which are of
importance for the maintenance of the population." IAEA concluded that "reproduction
was the population attribute most sensitive to damage from chronic irradiation and also

the attribute of greatest significance in the ecological context".

6.4.2.8 Ecological Response Analysis. The purpose of this section is to analyze data used
to characterize ecological effects.

6.4.2.8.1 Stressor-Response Profile. Comparison of dose rate to avian NOELs for
hazardous chemicals shows manganese to exceed the NOEL for the Swainson's hawk
ingesting the Great Basin pocket mouse. The loggerhead shrike also exceeded the NOEL
for manganese from a diet of the Great Basin pocket mouse. Canada geese feeding on reed

canarygrass exceeded the wildlife NOEL for manganese. NOELs are not available for
copper, and iron.

For all aquatic organisms, dose from radionuclides was less than 1 rad/d.
Hazardous chemicals that exceeded water quality criteria to protect aquatic life are copper
and nickel (Table 6-59). No organics exceeded the acute NOEL. Chronic NOELs are not
available.
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6.4.3 Risk Characterization

The risk characterization phase evaluates the likelihood of an adverse effect to
receptor organisms potentially found and or affected by the 300-FF-5 operable unit. The
likelihood of an adverse effect to receptor species was estimated through an environmental
hazard quotient. The environmental hazard quotient is defined as the ratio of the
contaminant dose to some benchmark dose/concentration, i.e., Order DOE, NOELs, etc.

Organism's Dose/Concentration
EHQ = .............................

Benchmark Dose/Concentration

The EHQ ratio is used to assess the potential adverse effect to an individual. For

example, an EHQ that approaches or exceeds unity would strongly indicate an adverse
effect to an ind!vidual. For this risk assessment a value approaching the NOEL or criteria

to protect aquatic life benchmarks will be used as an indicator of potential adverse effects.
The 1 rad/day for radionuclides is used to provide protection of the receptor population
and allow for the assessment and endpoint evaluation.

Because the radiological dose to riparian receptors is well below the l rad/d, EHQs
were not developed. A summary of EHQs for hazardous chemicals is given in Tables 6-60
to 6-62. Those chemicals and organisms that exceeded the NOEL or had an EHQ equal to
or greater than 1 were manganese for the loggerhead shrike and Swainson's hawk. The
Canada geese exceeded the EHQ for manganese. Wildlife toxicity values are not available
for aluminum, copper, and iron.

For aquatic organisms, the water quality criteria to protect aquatic life is compared
to the maximum groundwater concentration as shown in Table 6-59. Those chemicals that
exceeded lowest observable effect levels (LOEL) were copper and nickel.

6.4.4 Integration of Stressor-Response and Exposure Profiles

The purpose of this section is the integration of receptor dose values for the
constituents of concern with expected biological responses and describe the significance of

risk to the various ecological receptors.

6.4.4.1 Uncertainty. The uncertainty associated with the approach used in the ecological
risk assessment for the 300-FF-5 operable unit exists in a number of assumptions used in
the exposure scenario. For example, the Columbia River concentration for the constituents
of concern are assumed to be constant (maximum groundwater concentration). This
assumption is extremely conservative because of the large dilution of groundwater by the
river. Most of the criteria are conservative in themselves since they are developed based
upon laboratory studies and the direct application of laboratory results to the environment
is generally a conservative approach (chemicals are not as toxic in the environment as
compared to laboratory conditions). In the aquatic environment fish are mobile and likely
to move and feed in a variety of locations throughout the river and not just in the vicinity
of the 300-FF-5 operable unit.
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Modeling dose from mice to birds is based on measured concentrations in the mice.
How representative these concentrations are of the population is unknown and how often
a shrike or hawk would feed in the operable unit is also unknown. A correction factor was
used in the form of a home range or usage factor. This factor attempts to provide an
estimate of the percentage of time the hawk, shrike or geese would feed in the operable
unit. The feeding rates and bird size used in the risk characterization were average values.
For mice and reed canarygrass, contaminant concentrations are maximum measured

concentrations (Brandt et. al. 1993a). Other assumptions include estimating the time that a
receptor spends feeding within the unit and that all food stuff consumed is contaminated.

It is also assumed that mice are the complete diet of the hawk and shrike, and canarygrass
the complete diet for geese, which is an overestimate of potential foodchain exposure.

For riparian organisms NOELs are derived for the most part from human health
data with corrections for species change to wildlife or avian (DOE, 1992). The applicability
of this approach creates uncertainty, but because of the general lack of wildlife toxicity
data, this is a necessary approach. It is not possible to derive wildlife or avian NOELs for
aluminum, copper, and iron because human toxicity values were not found. The effect of
these chemicals on studied receptors is not known.

A general area of uncertainty in conducting risk assessments is evaluating ecological
effects from exposure to ionizing radiation and hazardous chemicals at the individt/al and

applying these results to the population level of ecological organization. Although,
endpoints used are ecosystem level the applicability of these endpoints is not known.

6.4.4.2 Ecological Risk Summary. The results of the risk assessment do suggest a potential
risk to loggerhead shrike, Swainson's hawk and Canada geese from manganese. For
aquatic organisms no risk is indicated from ionizing radiation, however two metals

exceeded the aquatic LOELs. They are copper and nickel. Although, the data does
indicate risk from hazardous chemicals, no reported evidence exists to indicate any
observable problems for riparian and aquatic organisms.

6.4.4.3 Interpretation of Ecological Significance. The approach presented for the 300-FF-5

operable unit evaluated several important and relevant pathways for contaminant
movement within the 300-FF-5 operable unit and the most likely ecological receptors to
show an intercept to these pathways, and demonstrate a potential impact. The approach
assessed contaminant transfer from small mammals and reed canarygrass to raptors and
Canada geese and from Columbia River water to generic aquatic organisms. For the most
part, Canada geese are present generally only part of the year, so their actual dose would

be less than predicted. However, since some do remain throughout the year the more
conservative assumption of year long exposure is used in the risk characterization. The

extrapolation of the identified risk from the measured endpoint of mortality to the
assessment endpoint of population health does suggest the likelihood of a risk to the
Swainson's hawk, loggerhead shrike and Canada geese. However, estimates of risk will
probably overestimate real risk because of the conservative exposure scenario employed.
The EHQ indicate that verification of risk conclusions would be warranted in light of the
limited data set and conservative assumptions on which this risk assessment was
conducted.
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Table 6-1. Matrix of Locations, Times, and Exposure
Scenarios Evaluated for the 300-FF-5 Operable Unit.

...........

Scenario 300 Area On Hanford Site Off Hanford Site
, ,, ' .......... '.', ,. ,, . , ._ .... _,_ _, ,,,!_ ,,. , ,,,, ,. , ... ., ,, , , , ,,' ,

Current
, ,.... L , ,, , . ,,, .

Industrial yes no yes
. ,,, , ,L , ,,, ..... ,,,1 ,,. ''

Residential no no yes
, ,, ,, , ,. ,

Recreational no no yes
............. ,., , , L ,, ,,,, .... ., ,,

Agricultural no no yes
,. ., : , ,,,. ,, . ,. , ........... ', ,, ,............ ,...... , ',, ,,,, ,,.,, - , , _ , .

Future
..... ,, . ,

Industrial yes yes yes
, , . ......... , ,,, , .| .......... , , ....

Residential no yes yes
, ,, , ,. ,

Recreational no yes yes
.............. , , .... , ......

Agricultural no yes yes............. , ....
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Table 6-2. Matrix of Current Exposure Scenarios and Exposure Points Evaluated for the 300-F-5 Operable Unit.

Exposure Point Current Scenario

Mediaa Industrial Off Hanford Site

on 300 Area Industrial Residential Recreational Agricultural

Ground b Well 399-4-12 c yes no no no no
Water

Surface d Columbia yes no no yes no
Water River at 300

Area c O

Surface d Columbia no yes yes yes yes _0
Water River at

Richland c

a Current exposure to sediment and biota are not assessed in this report. See Section 6.2.1.1..

b Exposure to groundwater from well 399-4-12 is evaluated only for dermal and inhalation pathways. Well water is not rD
used for drinking water is not used for drinking purposes. <

c Data provided in Table 6-4. o

d Exposure to surface water is evaluated for ingestion, dermal, and inhalation pathways. However, the inhalation
pathway is not evaluated for recreational receptors.
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Table 6-3. Matrix of Future Exposure Scenarios and Exposure Points Evaluated for the 300-FF-5 Operable Unit.

Future Scenario

Media Exposure c_

Point Industrial On Hanford Site Off Hanford Site

on 300 Recreational Agricultural
Area Industrial Residential Recreational Agri Industrial Residential __-----

no no no

Ground Any yes no no no no no
Water Well_'b

Surface C()lumbia yes yes yes yes yes no no no no
Water River at

300 Area a'b E3

Surface Columbia no no no no no yes yes yes yes
Water River at v-'

Richland _'" ,_
o', -- yes ye_ yes
_l Biota Fisha no no yes yes yes no

"Exposure to groundwater and surface water is evaluated for ingestion, dermal, and inhalation pathways. However, the inhalation pathway is not
evaluated for recreational receptors. G)

bData provided in Table 6-5.
CQualitatively evaluated.
dData provided in Table 6-6.
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Table 6-4. Exposure Point Concentrations in Groundwater and Surface Water for Current
Exposure Scenarios.

Contaminant Groundwater Surface Water
, , • .,, , , , , , ,,,,.

Well 399-4-12 a 300 Area 300 Area Richland

Average b Maximum c Intake d
, ,., . ....... _ ,',

Organics (rag/L) ,, , ,.......

ch 1oro form 8.0E-03 e e . e

tric h 1oroet he ne 7.0E -03 -_ 2.0E -03 -_

Radionuclides (pCi/L)
, ,, , ,

s tro n tiu m-90 _e t e 9.4E-02

technetium-99 .e J 5.4E +00 J

tritium (H-3) 1.89E+03 1.3E+02 3.1E+03 1.1E+02

uranium-234 8.1E+00 2.8E-01 1.8E+01 2.3E-0l

u ra niu m-235 5.1E-01 _r 1.1E +00 -f

uranium-238 8.4E +00 2.4E-01 1.9E +01 2.0E-01

aTable 4-21; on-site well screening scenario.
bComposited samples of unfiltered water from the 300 Area water intake (1991).
Source is Bisping and Woodruff, 1992.

CBased on data from spring locations 9 and 11 (Table 4-21; surface water, Hanford
Site background).

dAverage value from composited samples of unfiltered water from the Richland

pumphouse (1991).
Source is Bisping and Woodruff, 1992.

eNot measured.
fNot detected.

Note: Total uranium data are not presented in this table, and are not used in this
risk assessment.

.....
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Table 6-5. Exposure Point Concentrations in Groundwater and Surface Water for Future
Exposure Scenarios.

Contaminant Groundwater Surface Water
,, ., , , ,,, ,,,

Any Well a 300 Area 300 Area
Average b Maximum c

Organics (rag/L)
, , ,. , ,,, ,,, .... . ,, .,. ,,...... ,, ,.... .. ,,

1,2-dichloroethene (total) 1.5E-01 nz nz

1,2-dichioroethene (trans) 1.3E-01 nz nz

chloroform 0.0E +00 2.8E-05 2.2E-03

trichloroethene 1.4E-02 2.2E-05 1.8E-03
" . ' ,........... '..... I ' " ....... ," z: ......... , ,,' ........

Inorganics (rag/L)
, ..... , , ...... ,., _

copper 1.5E-03 2.0E-05 1.6E-03

nickel 5.0E-02 8.8E-05 7.1E-03
.......... •........... ' ..... , " ,', , ,, ' ' 'I: "', '

Radionuclides (pCi/L)
, , ,, ,,,, , . ,.t .........

strontium-90 2.4E-01 3.9E-04 3.0E-02

tritium (H-3) 1,18E+04 1.3E +02 5.8E+03

u raniu m-234 5.0E +00 1.3E-02 1.0E +00

uranium-235 1.0E +00 8.0E-04 6.0E-02

u ran iu m-238 4.0E +00 1.0E-02 8.1E-01
,, , , , ....

aTable 5-2.
bTable 5-4. Based on data from 300 Area water intake.

CTable 5-4. Based on data from spring locations 9 and 11.
nz=Near Zero (see Table 5-4).

Note: Total uranium and total coliform data are not presented in this table,
and are not used in this risk assessment.

............
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Table 6-6. Estimated Concentrations of Contaminants in Fish

Associated with Future (2018) Maximum River Concentrations.

....................... i

Contaminant Predicted Maximum Bioconcentration Concentration in
River Concentration Factor Fish

Adjacent to 300 Area a
.... , , , , I'l II I " " "" ' I I, ',.'. ....I ""

N on-R a dioactiv e (mg/L) (L/kg) (mg/kg)
, ,, ,,, ,,, L , , ,,,

c h1oro form 2.2E-03 3.75b 8.2E-03

trich 1oroet he ne 1.8E-03 10.66 1.9 E-02

L copper 1.6E-03 200 b 3,2E-01

nickel 7.1 E-03 47b 3,3E-01
., , , , ,,,, ,., , , , , , .... ,. ,, ,,, ,, ,, ,, , ,,: ....... ,, ,,,........ , , ,L ............ ,,....

Radioactive (pCi/L) (L/kg) (pCi/g)
, , , , ,, ,, . , ,, , ,, , , ...... , ,

strontiu m-90 3.0E-02 30c 9.0E-04

tritium (H-3) 5.8E +03 0.9c 5.2E+00

u ra niu m-234 1.0E + 00 7.5 d 7.4E-03

u ra niu m-235 6.0E-02 7.5 d 4.5E-04

u ra niu m-238 8.1E-01 7.5 d 6.1 E-03
. , ,, , , , , , ,,,,, , ,, .L ,.,,

aData provided in Table 6-5.
bEPA 1986b.
CNRC 1977.

dTill and Meyer 1983.
-Indicates not applicable.

............
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Table 6-7. Permeability Coefficients for Contaminants of Potential Concern.

Contaminant Permeability Coefficient, Kp a (cm/hr)
77- :Z2:71 _ .7: , _ .......... 2: . ........ ...... ' " ""_ ' .... _" '"' "" 'Z ' " ........ .__ .' '""_" ' ..... ;. ./ :_ .......

INORGANICS

copper 1E-03b

nickel IE-04
,,.c !!:' : :: - _ . 2.,-,. ,., , , , ...... ,_, . . ..... _ _,_ _ , _._., ...... LZ ..' ' . .... : ' ' ...... _'

ORGANICS

chloroform 1E-O1

1,2-dichMroethene (cis) 1E-l)2

1,2-dichloroethene (trans) 1E-02

trichh) roethene 2E-01

WAllpermeability coefficients are from EPA 1992a.
bA default value equivalent to the dermeability coeffident for water is used for this
compound, as recommended in EPA 1992a
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Table 6-8. Exposure Factors for Noncarcinogenic Contaminants for the 300-FF-5 Operable Unit a-

Exposure Pathway Exposure Parameter_

Daily Intake F3cpo_ure Exposure F Body Weight Averaging, ("onver_ion Other Factor_
Route Rate Frequency Duration / (kg) 'Fime Factor_

M_,_,_ WyO tyr) [ (yr _ a/yO ....

-_ 1Lb 2-50c zoC 70 c 20 x 365c -" --

365d 6d, e 16d,e 6 x 365d'e ....
__

_ ii, -- "

Ground Inhalation[ 20m3C 2"50c 20c 70c, d Z0 x 365c -- 0.5 l_/m3c, d,g
Water 15m3 d 365d 30 d 30 x 305 d --

Dermal 0.17 hr b 2-50c 20c 70 b 20 x 365c ltfl,U _Klcm3b 20, 000cmZb'h
365d 30d,e 30 x 365d'e KP b'i

7_

Ingestion ILb 9-50c 20c 70 c 20 x 305c ....
365d 6d,e 16d, e 6 x 365 d'e .... --
7_ -- O

Surface lnhalati°nf 20m3C 250c 20c 70c, d 20 x 305 c -- 0.5 IJm3c,d'g
Water 15m3d 365 d 30 d 30 x 365 d -" _ t"_

,, ,
....

0", '" 11Zl,O(Rlcm 3b 2U,O00cmZb'h
"-] Dermal 0.17 hr c'd'j 2.50c z0c 70 b 20 x 3(',5c Kpb, i
_0 2.6 hr e 365d 30d'e 30 x 365 d'e

7e ....

,<
Biota Consumption 54g d'e 365d'e 30d'e 70d, e 30 x 3_5d'e 1E-03 kg/g d'e 0-5d'e

of Fish O

"Exposure parameters recommended in HSBRAM (DOE-RL 1993b) for indicated scenarios.
t't_or industrial, residential, recreational, and agricultural scenarios.
_For industrial scenario.

'tFor residential and agricultural scenarios.
_For recreational scenario.

tEvaluated only for volatile organic contaminants.
gVolatilization factor for indoor water use.

hSkin surface area (adult).

iChemical_specific permeability constant (cm/hr) (Table 6-7 of this report).
iHSBRAM provides exposure parameters for both showering and swimming under the residential and agricultural
scenarios. However, only showering (which provides greater intakes) will be evaluated.



Table 6-9. Exposure Factors for Carcinogenic (Non oactive) Contaminants for the 300-FF-5 Operable Unit _

Expt_sure Pathway Exposure Parameteru

- I IRoute Daily Intake Exposure Exposure Body Weight Averaging Conversion Other Factors

Media Rate Frequency Duration (kg) 'l?me |:actor_
(d/yr) (yr) (yr x d/yr)

1Lc zsoc 20c 70 b 70 x 365b -- "-

Ingestion 2Ld, e 365d 30d, e -- _°_

7e

Ground lnhalati°nt 20m3C 250c 20c 70c, d 70 x 365 c'd -- 0.5 t,/m 3c'd'g
1fro 3d 365 d 30 d --

Water Dermal 0.17 hr b z50c 20c 70 b 70 x 365b IIZI, Utlt)cm3b Z0'000cn:2b'h
365d 30 d,e KP b'i

7e

11.c 250c 20c 70 b 70 x 365b "- --

Ingestion 2Ld, e 365d 30d, e -- _
7_ O

3c 70 × 365 c'd 0.5 l,/m 3c'd'g
Surtace lnhalati°nf 20m z50c 20c 70c'd ""
Water 15m3 d 305d 30 d -" t""_o

Cla 70 b 70 365 b 11/'l,UI)llcm3b 20 U0()cmZb'h
,--] Dermal 0.17 hr c'd'j z50c 20c x ' Kpb, i t'o
,_ 26 hr e 365d 30d'e ,..a

7e :XJ

Biota Consumption 54g d'e 365d'e 30d'e 70d, e 70 × 365d'e 1E-tl3 k,g/gd'e u-5d'e <O

of Fish

"Exposure parameters recommended in HSBRAM (DOE-RL 1993b) for indicated scenarios.
bFor industrial, residential, recreational, and agricultural scenarios.
CFor industrial scenario.
dFor residential and agricultural scenarios.
_For recreational scenario.

IEvaluated only for volatile organic contaminants.
gVolatilization factor for indoor water use.

hSkin surface area (adult).

iChemical__-pecific permeability constant (cm/hr) (Table 6-7 of this report).
iHSBRAM provides exposure parameters for both showering and swimming under the residential and agricultural
scenarios. However, only showering (which provides greater intakes) will be evaluated.



Table 6-10. Exposure Factors for Radioactive Contaminants for
300-FF-5 Operable Unit a.

Exposure Pathway Exposu re Parameters

Daily Intake I Exposure Exposure Conversion Other Factors

Media Route Rate Frequency Du ration Factors
(d/yr) (yr)

1 Lb 250b 20b ....

Ground Water Ingestion 2L c'a 365c 30c'd -- --
7 d

IL b 250 b 20 b -- --

Surface Water Ingestion 2L c'd 365c 30c'd -- - E3O
7 d

Biota Consumption 54g c'd 365c'd 30c'd 0"sc'd
• _ of Fish ,_

to

o aExposure parameters recommended in HSBRAM (DOE-RL 1993b) for indicated scenarios.
bFor industrial scenario. <

¢For residential and agricultural scenarios, o
dFor recreational scenario.

II



Table 6-11. Summa,'T Intake Factors a-

Noncarcinog:nic [ Carcinogenic (Non-Radioactive) [ Radioactive

Media t ingesfio n _ Dermal [ Ing esti_a_ermal ]Ingestion

Industrial [ [ [d, a,erl 1
Surface Water

Residential and Agricultural Kpb 2.1E-02 2.2E+04
Groundwater 6.2E-02 1. E-01 Kpb x 4.9E-02 1.2E-02 4.6E-02 x El

Surface Water 6.2E-02 1.1E-01 Kpb x 4,9E-02 c 1.2E-02 4.6E-02 Kpb x 2,1E-02 c 2.2E+04 t-"
3.0E+05 ,b

o', Fish 3.9E-04 - _ 1.7E-04 - _
_,

Recreational Kpb x 4.0E-04 4.2E+02
Groundwater 1.2E-03 _ Kpb x 9.3E-04 2.3E-04 <

Surface Water 1.2E-03 Kpb x 1.4E-02 2.3E-04 _ Kpb x 6.1E-03 4.2E+02

Fish 3.9E-O4 - _ 1.7E-04 _ 3.0E+ 05

abased on default exposure parameters provided in HSBRAM (DOE-RL 1993b) and Tables 6-8, 6-9, and 6-10. Summary intake factors

are appropriate for water concentrations in units of mg/L (non-radioactive) and pCi/L (radioactive), and fish concentrations of mg/kg
(non-radioactive) and pCi,/g (radioactive).
bChemical_spedfic permeability constant (cm/hr) (Table 6-7 of this report).
CEvaluated for exposures during showering.
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Table 6-12. Industrial Scenario Intakes for Current Exposure to

Groundwater a (Receptor on the 300 Area).

Pathway b
Contaminant ........................

Inhalation of Volatiles Dermal Contact
,, ,,,,

Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic
,, , , ,,..... : , , ,_ ,, ,, ,,,L , , !

Non-Radioactive (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d)
, ,,, , , , , , .... ,, ,

chloroform .c 2.2E-04 2.6E-05 7.6E-06

trichloroethene -¢ 2.0E-04 _c 1.3E-05
, , , , ..... ,,

abased on data from well 399-4-12 (Table 6-4). Radioactive contaminants are not evaluated for

these pathways.
bGroundwater from well 399-4-12 is not used for drinking purposes.
%lope factor or reference dose not available to evaluate risk for this pathway.

................
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Table 6-13. Industrial Scenario Intakes for Current Exposure to Surface Water a

(Receptor on the 300 Area; Maximum River Concentrations)

f Pathway 1
Contaminant lngest._____ion Inhalation of Volatiles Dermal Contact b

| N on carcinogenic Carcinogenic N onc_C__ N oncarcinogenic Carcinogenic

Non- (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d)

Radioactive cm

------- ¢ 5.6E-06 _c 5.6E-05 - 3.8E-06
trichloroethene _ _ _

-- --

Radioactive - (pCi) - CI
b d _b _b O

technetium-99 b 2.7E+04 - b b- b d _ -

tritium (H-3) b 1.6E +07 - b b- b _d _ -

o, uranium-234 _b 1 9.0E +04 - b b '_

_.q b 5.5E+03 _b d - t_
L., uranium-235 - b d b _b
t_ uranium-238 _b 9.5E +04 - - ¢I)

aBased on data from spring locations 9 and 11 (Table 6-4). <c_

bNon-radioactive contaminants only.

cSlope factor or reference dose not available to evaluate risk for this pathway.
dThis contaminant is not evaluated for this pathway because it is not volatile.

-Indicates not applicable.
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Table 6-14. Industrial Scenario Intakes and Risks for Current Exposure to

Surface Water a (Receptor on the 300 Area; Average River Concentrations).

Contaminant Intake (pCi) ICR

tritium (H-3) 6.6E +05 4E-08

uranium-234 1.4E +03 2E-08

uranium-238 1.2E +03 3E-08

pathway total - 9E-08

'_Based on data from 300 Area water intake (Table 6-4).
ICR = Lifetime incremental cancer risk.
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Table 6-15. Recreational Scenario Intakes for Current Exposure to Surface Water a

(Receptor off the Hanford Site in the Vicinity of
the 300 Area; Maximum River Concentrations).

.............

Contaminant Pathway b
,, ,, ..... ,.,,

Ingestion Dermal Contact ¢
..,, ,, ,,,, ,,

Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic
';',, , ,, ,,i ' ,., .... , , ,, ,', ",',.' ,, ', ' " '_ ' " " " _' '"

Non- (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d)
Radioactive

, ,, ,.,,

trichloroethene _d - ,,_, d
._ l 4.0E-o, 2.4E-06'" .i i ,, i .... i.l'd ' 'l , i,,i i '1

Radioactive (pCi) - -
....

technetium-99 _c 2.3E +03 -* _c

tritium (H-3) c 1.3E +06 c .c
uranium-234 c 7.6E +03 -c -_
u ranium-235 ¢ 4.6E +02 c _c
uranium-238 _ 8.0E +03 .c .c
........ ,

abased on data from spring locations 9 and 11 (Table 6-4).
background).

blnhalation of volatiles is not evaluated for the recreational scenario.

CNon-radioactive contaminants only.
dSlope factor or reference dose not available to evaluate risk for this pathway.
-Indicates not applicable............. ,,,,,
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Table 6-16. Industrial Scenario Intakes and Risks for Current Exposure to Surface Water a
(Receptor off the Hanford Site).

Contaminant Intake (pCi) ICR

strontium-90 4.7E +02 2E-08

tritium (H-3) 5.6E +05 3E-08

u ran iu m-234 1.2E +03 2E-08

u ran iu m-238 1.0E + 03 3E-08
, ' ,,' ,r , _ ,,'_

pathway total - 1E-07

abased on data from the Richland Pumphouse (Table 6-4).
ICR = Lifetime incrementalcancer risk.
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Table 6-17. Residential and Agricultural Scenario Intakes and Risks for
Current Exposure to Surface WateP (Receptor off the Hanford Site).

Contaminant Intake (pCi) ICR
' T " i i .... H i i ,, i ' ,I, i ' i'f............. , - c i'l , , , .... ,i, i ' ,'I " ::

strontium-90 2.1E +03 7E-08

tritium (H-3) 2.5E +06 1E-07

u raniu m-234 5.1 E +03 8E-08

uranium-238 4.4E +03 1E-07
,, ...... ', ,,,1, "' , " , ;,,,: ,',,

1

pathway total l - 4E-07

_6ased on data from the Richland Pumphouse (Table 6-4).
ICR = Lifetime incremental cancer risk.
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Table 6-18. Recreational Scenario Intakes and Risks for Current Exposure to
Surface Water a (Receptor off the Hanford Site at Richland).

Contaminant Intake (pCi) ICR

strontium-90 4.0E +01 1E-09

tritium (H-3) 4.7E +04 3E-09

u raniu m-234 9.7E + 01 2E-09

u ranium-238 8.4E +01 2E-09
,,,,, , ", ,,_ , ',.... ' ', , ""';, "''"' ,,I _ ......,,::_ , ,_,',"_"'-,- _ } ...... ' , _ _-" , ""- .... ' ,,_ ,"','

pathway total - 8E-09

abased on data from the Richland Pumphouse (Table 0-4).
ICR = Lifetime incremental cancer risk.
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Table 6-19. Industrial Scenario Intakes for Future Exposure to Groundwater a (Receptor on the 300 Area).

l'athw,_y ------------

{'ontaminant ln_e_tion I lnh,latin.._._.._..._n of Volatile___ t L_ermal C°nt_ctb

Noncarcinogenic Carcinogenic l______Noncarcin°g enic [ (,'arcil_ Noncarcinogenic Carcinogenic

1
Non-Radioactive (mg/kg-d) (mg/kg-d) (mg/kg-d) (mwl_g.d) (mg/kg-d) (mg/kg-d) i

i

.o 5.0E-05 "o

1,2-dichloroet hene {total) 1.5E-03 "0 "o _o 43E-05 -*

1,2-dichloroethene (trans) 1.3E-03 "° ".0 3.9E-05 .* 3.9['-04 "° 2_7E415
trichloroet 1_ene .o _o 5.0E-08 "

d 1.7E-U7 -"
copper 1.5E-05 -° .Q

°

nickel 4.9E-Igl _ _

Radioactive (pCi)
_d b b

1.2E+03 .b
strontium-90 " __ _b 3, C)

__ 5.9 E+ 07 b ,tritium {tt-3) b -_ -_
." 2.5E + 04 " _ ._ ..

uranium-2M _b 5.0E + 03 -" " _. t"
uranium -235 b .d __

O', _ 2.0E+04 -
,_] uranium-238 -

x* *Based on predicted maximum groundwater concentrations provided in Table 6-5.
bNon_radioactive contaminant_ only to

*Slope facto_ or reference dose not available to calculate a ri._k for thi_ pathway. <
*q'his contaminant is not evaluated for this pathway because it i_ not volatile. O
-lndicate_ not applicable.



Table 6-20. Industrial Scenario Intakes for Future Exposure to Surface Water' (Average al_d Maximum Concentrations;
Receptor on the 300 Area or Hantord Site).

Pathway
...... ' ....... 1

Contaminant Ingestion Inhalation of Volatile_ Dermal Contact b

N'onca r'c iI['oge n ic "Carcinogenic Nonca rcinoge|, ic Ca rcinoge|_ic No[_ca r_'in oge,l[ic [ Ca rcinogenic

Non-Radioactive (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d)...................

chloroforni 2.7E-07 7.8E-08 _c 7.8E-07 9.2E-08 2.7E-08
(2.2E-05) (6.2E-06) (6.2E-05) (7.3E-06) (2.1E-06)

trichloroethene -¢ 6.2E-08 _c 6.2E-07 _c 4.2E-08

(5.0E436) (5.0E-05) (3.4E-06)

copper 2.0E-07 c _c -_ 6.6E-10 _c
(1.6E-05) (5.3E-08) t3

............. 1 ............. 0

nickel 8.7E-07 -c _c a 2.9E- lO -¢
o_ (7.0E-05) (2.3E-08) t-"

Radioactive - (pCi) - - - .........

strontium-90 _b 2.0E +DO _b ,t _b _b ¢D

(1.6E +02) <
, ,, " " 0

tritium (H-3) _b 6.5E +05 b a 1 _b _b
(2.9E+07)

uranium-234 _b 6.3E +01 _b ,t _b _b

(5.OE+03)

u ra nium-235 _b 4.0E + O0 _b ,t _b _b
(3.2E +02)

uranium-238 _b 5.0E +01 _b _a b _b
(4.1E+03)

..

aBased on predicted average river concentrations adjacent to the 300 Area ('Fable 6-5); ildakes in parentheses are based on predicted
maximunl river concentrations (Table 6-5).

bNon-radioactive contaufinants only.

¢Slope factor or reference dose not available to calculate a risk for titis pathway.
aThis co_taminant is not evaluated for this pathway because it is not volatile.

ires not applicable.



Table 6-21. Residential and Agricultural Scenario Intakes for Future Exposure to Surface Water a
(Average and Maximum Concentrations; Receptor on the l tanford Site).

Pathway

Contaminant Ingestion Inhalation of Volatiles Dermal Contact t'

Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic

Non-Radioactive (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg]kg-d)c 1.3E-06 1.4 E-07 5.9E-08
chloroforni 1.8E-06 3.4E-07 -

(1.4E-04) (2.6E-05) (1.0E-04) (1.1E-05) (4.6E-06)

trichloroethene _c 2.6E-07 -c 1.0E-06 -c 9.2E-08
(2.2E-05) (8.3E-05) (7.6E-06)c

_c 9.8E-10 -
C

copper 1.2E-06 - (7.SE-t_)

(9.9E-05) c _d 4.3E-10 _ Gl

ckel 5.5E-06 - (3.5E-O8) O
(4.4E-04) _

Radioactive - (pCi) a b _b
o, b 8.6E+00 - '

strontium-90 -
t_ (7.0E +02) t, -
,.a b d _b

tritium (H-3) b 2.9E +06- .<
(I.3E +08) od _b _

b 2.9E +02 -
uranium-234

(2.2E +04) d _b _ :
1.8E+01

uranium-235
(1.4E+03) I7 _
2.2E+02 - -

uranium-238
0.8E+04)

abased on predicted average river concentrations adjacent to the 300 Area (Table 0-5); intakes ill parentheses are based on

predicted maximum river concentrations (Table 6-5).
bNon_radioactive contaminants only.

_Slope factor or reference dose not available to calculate a risk for this pathway.
dThis contaminant is not evaluated for this pathway because it is not volatile.
-Indicates not applicable.



Table 6-22. Recreational Scenario Intakes for Future Exposure to Surface Water _

(Average and Maximum Concentrations; Receptor oil the Hanford Site).

Patl_wayb

Contaminant Ingestion ..... Dermai Conta'ct _ .....
.................

Noncarcinogenic [ Carcinogenic Noncarcinogenic Carcillogenic
, ,,

Non-Radioactive (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d)
...........

chloroform 3.4E-08 6.4E-09 3.9E-08 1.7E-08

(2.6E-06) (5.1E-07) (3.1E-06) (1.3E-06)

trich 1oroethene ..... _d 5.1E-09 .... _d 2.7E-"08

(4.1E-07) (Z2E-06)

a 2.8E[10 ........ _acopper 2.4E-08 -
(1.9E-06) (2.2E-08)

......................

nickel 1.1E-07 a 1.2E-10 _a- 0
(8.5E-06) (9.9k]-09) 0

. ., ..... . .. ,: .... 1_Radioactive - (pCi) -
Ox ..........._: . ili

strontium-90 _c 1.6E-01 -': -':

(1.3E+01) toi,...a

........ c ""

tritiuln (H-3) -_ 5.4E +04 -':
(2.4E +00) <'_

.................

uranium-234 _c 5.5E +00 _c ,: o

(4.2E +02)
iii i ......,,

u ran ium-235 _c 3.4 E-01 _c

(2.7E +01)
............ • ....

u ran ium-238 -¢ 4.2E + 00 _c _c

(3.4E +02)

_Based on predicted average river concentrations adjacent to the 300 Area (Table 6-5); intakes in

arentheses are based on predicted maximum river concentrations (Table 6-5).
nhalation of volatiles is not evaluated for the recreational scenario.

¢Noll-radioactive contaminants only.

cISlope factor or reference dose riot available to calculate a risk for tiffs pathway.
-Indicates not applicable.

........
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Table 6-23. Intakes and Risks for Future Ingestion of Contaminants in Fish a
(Residential, Recreational, and Agricultural Scenarios).

Contaminant Intake Risk
__, ., , , , ,,,.,

Noncarcinogenic b Carcinogenic HQ b ICR
_ : , ,, ........ , .... , ...... ,, ,,, , ,,,,, ,.,, , , ,,,

Non-Radioactive (mg/kg-d) (mg/kg-d) -
, ,, . , • ,

ch lo ro fo rm 3.2E -06 1.4E-06 0.0003 9E -09

trichloroethene -¢ 3.2E-06 .c 4E-08

copper 1.2E-04 -_ 0.003 ¢

nickel 1.3E-0A _ 0.007 c
......... , ,' : , _ ,,, , .......... _ .,, : ........... J , ,,,_ , ,,

Radioactive (pCi) -
, , ...........

st rontiu m-90 b 2.7E +02 _b 1E-08

tritium (H-3) b 1.6E +06 b 9E-08

uranium-234 b 2.2E +03 b 4E-08

u ranium-235 b 1.4E +02 b 2E-09

u ra nium-238 b 1.8E +03 b 5E-08
,,. ,;. • , ,. ,.... , ........... , , ,_.

Pathway Total 0.01 2E-07
,% . ,,,'- t -', ' ,,,. .... , , I ,. '

aFor fish exposed to predicted maximum river concentrations adjacent to the 300
Area (Table 6-6).

bNon-radioactive contaminants only.
¢Slope factor or reference dose not available to evaluate risk for this pathway.
-Indicates not applicable.
HQ = Hazard Quotient.
ICR = Lifetime Incremental Cancer Risk.
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Table 6-24. Summary of Systemic Toxicity Information for Contaminants
of Potential Concern at the 300-FF-5 Operable Unit.

[

Contaminant Oral RID Oral RID "'b Confidence Critical Effect Uncertainty Modifying

mg/kg-d (basis/source) Level" Factors Factors
, , ,, ,, ,, ,..,, , , ,,,, ....... ..,,,,,;., , ,,., .... _ .... i ..... ,, ,,,, ,,

Inorganic
, , , ,,, .. ,,,, ,,,,.,,, • , ,,,,

copper 4.0E-02 oral/STSC _ -- GI irritation ....
, -- ,, ,, , i ,,, , ,.,,, ,. ,,, , ,....

nickel 2.0E-02 food/IRIS M decreased 300 --

body, organ

weight
,, ,, "I' ,', ,, .,, ,,,d,'L ...... '_ , ,'..... " '

Organic
,, , ,, , ,,, ,, ,,,, _ , , ,,, , ,n , ,,,,,

chloroform 0.01 oral/IRIS M (arty cyst in 1,000 1
liver

1,2-dichloroethene (cis) 1.0E-02 gavage -- decreased 3000 l
ft-|EAST hematocrit &

hemoglobin
, _ ,, _ _, .... ,, ,,

1,2-dichloroethene (tran_) 2,0E-02 gavage -- increased ND --
/HEAST blood

parameters,, , ,, , .... , ..... -- ..

trichloroethene ND ..........
• ,,,, ) ...... , ......... L,.

qntegrated Risk Information System (IRIS, EPA 1993b).
bHealth Effects Assessment Summary Tables (HEAST, EPA 1992c).
¢L = Low.
M = Medium.

H = High.
dSuperfund Technical Support Center (EPA 1991b).
RfD = Reference Dose.
ND = Not determined.

-- = Not applicable.
Note: Inhalation RfDs have not been determined for any of the contaminants of potential concern.

........

6T-24



DOE/T_L-93-21, Rev. 0

Table 6-25. Summary of Carcinogenic Toxicity Information for the Contaminants

_ of Potential Concern at the 300-FF-5 Operable Unit.

.......

Contaminant Weight of Type of Oral SF Inhalation
Evidence Cancer SF

Classification
, ,,,, ,,,i " , I ' ' '' , ,,,; , ,' ,...... ' ' ' ' .....

Nonradioactive (mg/kg-d) _1 (mg/kg-d) "1
,, , ....................... , ,, ,

nickel A lung ND .a, , ,

chlo ro form B2 multiple 6.1 E-03 8.0E-02
tumor types

trichloroethene ' B2 - 1.1E-02 _ 6.0G03 b......
" ' ' : ..... ' ...... '_:AI'L, , "_ ,,,', ' ' -- , ',, ' ....

Radioa cti ve (p Ci)- 1 (p Ci)"
1

, ,,, ,, ,

strontium-90 A - 3.6E-11 c .a
| , , , , ,

tech ne tium-99 A - 1.3E- 12c _a
, ,,,, , .......

tritium (H-3) A . 5.4E.14 c .a
, ,, , , ,, ,, ,, L •

uranium-234 A . 1.6E.11 c .a
.... ,, , ,-,

uranium-235 A - 1.6E-1I c _a
.......

uranium-238 A _ 2.8E_11c .a
,, , , ,

aThis contaminant is not evaluated for this pathway because it is not volatile.
" bSuperfund Technical Support Center (EPA I993a).

CHealth Effects Assessment Summary Tables (HEAST, EPA 1992c).

SF = Slope factor.
- = Not available.
ND = Not determined.

NA = Not applicable........ ,,, ,
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Table 6-26. Oral Absorption Factors, Dermally Adjusted Reference (RfDs),
and Slope Factors (SFs) for Contaminants of Potential Concern.

.........

Cotnaminant Oral Adusted Adjusted Reference
Absorption Dermal RfD Dermal SF

. ....... L,. Factor,, (mg/kg-d),_ (mg/kg-d) "1, ,, ,,,,, .... . , ,, , , ,.,

INORGANIC
, , ,.. ,, . ,,

copper 0.97 3.9E-02 a SRC 1989a......... , ,, , ,, ,,, i , , ,, , ,

nickel 0.05 1.0E-03 .a EPA 1985
,' ', ,,, " '' ,, ,, ', -'. ',.,' ..... ',,. ' , . , ' ,' ' ' ' _l ' _ :: : :_

ORGANIC
, ,, , , ,, , , ,,, ,, ,

chloroform I_ 1.0E-02 6.1E-03 SRC 1991a
, ,, ,, ,,, ,, , , , ,, , ,

1,2-dichloroethene(cis) 1b 1.0E-02 a EPA 1985
, ,.... , , ,,,,, , , ,, , ,,, , , ,,

1,-dichloroethene(trans) 1b 2.0E-0Z a EPA 1985
,. , , L ,, ,,. , ,, . , ..... , .. ,, ,.., , ,,

trichloroethene 0.98 a 1.1E-02 Clement International Corp
1991

, , .,. , , . ,.

a Slope factor or reference dose not available to calculate a risk for this pathway,
b A default value of "I" is used for compounds for which there are no data available.

- Indicates not applicable.
............
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Table 6-27. Industrial Scenario Risk Assessment for Current Exposure to Groundwater a
(Receptor on the 300 Area).

.........

Pathway b
.................. Contaminant Exposure

Contaminant Inhalation of Dermal Contact Total Setting Total
Volatiles

,,, .,. , , , , ,, , , ,

.o I I .o I..... '_ ,; '. '" , , , 'I ........ " , ..... ' " , ,, 'h ,'I., '., " :

Non-Radioactive
.,,,, J,, ,,,. ,, ,. ,, , , . , .... ,,.... , ,

chloroform c 2E-05 0.003 5E-08 0.003 2E-05
trichloroethene .c 1E-06 _c 1E-07 c 1E-06

, , , '...................... , ,,",i _ ,', '' , ' " i'..... , .... " _,....... ", ,'., '_

Pathway Total 1 - [ 2E-05 0.003 1E-07 I 0.003 [ 2E-05...... , ......... ,, ..... , .... • , , .... , , , ,,,,, , _ : :: _

abased on data from well 399-4-12 (Table 6-4), intake values provided in Table 6-12.
bGroundwater from well 399-4-12 is not used for drinking purposes.
cS]ope factor or reference dose not available to evaluate risk for this pathway.
ilndicates not applicable.
HQ = Hazard Quotient
ICR = Lifetime Incremental Cancer Rtsk.

...........
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Table 6-28. Industrial Scenario Risk Assessment for Curret_t Exposure to Surface Water a
(Receptor on the 300 Area; Maximum River Concentrations)

Pathway Contanfinant Total Exposure Setting

Ingestion i Inhalation of t Dermal Contact b Total
Contaminant 1 Volatiles

- HQ--"--_CR _.[ _R HQ ICR HQ ICR HQ ICR

Non-Radioactive

• _ - - - - - - -

Radioactive O

technetium_99 _ _b _4E_08 I _b I _a _ _b _b l - 4E-08
tritium (H-3) _b 9E-07 b d b b - 9E-07

o, uranium-234 b 1E-06 _b _a _b _b - 1E-06
_.] - d b b 9E-08 ,_

] b I [ b I - [ - [ - ! -uranium-235 - 9E-08 -b d b b - 3E-06 !
• "_8 i b t 3E-06 t - I -- I - ! - I

uranlutn-zo - _ ._
o

abased on data from spring locations 9 and 11 (Table 6-4), and intake values provided in Table 6-13.

bNon_radioactive contaminants only•

i cSlope factor or reference dose not available to evaluate risk for this pathway•
dThis contaminant is not evaluated for this pathway because it is not volatile.

; -Indicates not applicable.

HQ = Hazard Quotient.
ICR = Lifetime Incremental Cancer Risk.
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Table 6-29. Recreational Scenario Risk Assessment for Current Exposure To Surface

Water _ (Receptor off the Hanford Site in the Vicinity
of the 300 Area; Maximum River Concentrations).

,,L , ......

Contaminant Pathway b Contaminant Exposure
....................... Fotal Setting Total
Ingestion Dermal Contact _

, , ...... ,, ,,......... , 1 ,,

HQ ICR HQ ICR HQ ICR HQ ICR
., , , , '. .; , , , ..... t ; h;',, ,,,; '" i" , i,. ' , ..... , , ,,2, ."._ ,.,, . ,,

Non-Radioactive

i , ,',L ' ,", ,,',","
trichioroethene _ 5E-09 d 3E-08 d 4E-08

ll| , ll| , i i i i i' i i i ii

Radioactive

technetium-99 -_ 3E-09 .c , - 3E-09

tritium (H-3) -_ 7E-08 -¢ -_ - 7E-08
uranium-234 -_ 1E-07 -_ -c - 1E-07
u ra ni u m-235 -_ 7E-09 -_ -_ - 7E-09
uranium-238 -_ 2E-07 -_ -_ - 2E-07

.......... ' 1 .... I EPathway Total - 4E-07 - 3E-08 4E-07
, .......... ',.,; . , ,.,, , , , .. ,, : , , , ,,

ABased on data from spring locations 9 and 11 (Table 6-4), and intake values provided in
Table 6-15.
blnhalation of volatiles is not evaluated for the recreational scenario.

CNon-radioactive contaminants only.

aSlope factor or reference dose not available to evaluate intake for this pathway.
-Indicates not applicable.
HQ = Hazard Quotient
ICR = Lifetime Incremental Cancer Risk.

. ,. ,, , ,,
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Table 6-30. Industrial Scenario Risk Assessment for Future Exposure to Groundwater a (Receptor on the 300 Area).

Pathway Contaminant Exposure
Total Setting Total

Contaminant Ingestion Inhalation of Dermal Contact b
Volati|es

Non-Radioactive

1,2-dichloroethene (total) e 0.2 _c _c _c 0.005 _c 0.2 -
1,2-dichloroethene (trans) 0.07 _c _c _c 0.002 _c 0.07 -
trichloroethene _c 4E-07 _c 2E-06 c 3E-07 - 3E-06

copper 0.0004 c c _c 1E-06 _c 0.0004 -
nickel 0.02 c _c _d 0.0002 c 0.02 - O

Radioactive r-"_o
o, b d b b - 4E-08,q _b 4E-08 - - -
t_ strontiu m-90 _b 3E-06 _b _d _b _b - 3E-06
o tritium (H-3) b 4E-07 b d b _b - 4E-07

uranium-234 _b 8E-08 _b _d _b _b 8E-08 <uranium-235
uranium-238 b 6E-07 b d _b _b - 6E-07 o_ - _ __

2E-06 0.01 3E-07
Pathway total ______ _

aBased on predicted maximum groundwater concentrations (Table 6-5), and intake values provided in Table 6-19.
bNon_radioactive contaminants only.

CSlope factor or reference dose not available to calculate risk for this pathway.
dThis contaminant is not evaluated for this pathway because it is not volatile.

eToxicity values for 1,2.-dichloroethene (cis) were used because these were most conservative.
fDoes not include contribution from 1,2-dichloroethene (trans).

-Indicates not applicable.
HQ = Hazard Quotient
ICR = Lifetime Incremental Cancer Risk



Table 6-31. Industrial Scenario Risk Ass ent for Future Exposure to Surface Water a

(Average and Maximum Concentrations; Receptor on the 300 Area or on the Hanford Site).

I 1 Pathway [ Contaminant Exposure

Contaminant Ingestion Inhalation of ] Dermal Contact b ] Total Setting Total
Volatiles ]_ _.

[__-6 "O .Q
Non-Radioactive

c 6E-08 9E-06 2E-10 4E-05 6E-08
chloroform 3E-05 5E-10 -

(0.002) (4E-08) (5E-06) (0.0007) _ (1E-08) (0.003) (5E-06)

trichloroethene -¢ 7E-10 -¢ 4E-09 _c 5E-10 - 5E-09
(6E-08) (3E-07) (4E-08) (4E-07)

5E-06 _c _c _¢ 2E-08 -_ 5E-06 -

copper (0.0004) (1E-06) (0.0004)
¢ _ _ 3E-07 _c 4E-05 -

nickel 4E-05 - - - C/
(0.004) (2E-05) (0.004) O

Radioactive _ _ - 7E-l I _o
o, strontium-90 _ 7E-11 (6E-09)

(6E-09) to

_ _ _ _ - 4E-08 "
- ¢I)

tritium (H-3) (2E-06) (2E-06)
- b 1E-09 _ _ _ _b - 1E-09 o

uranium-234 (8E-08) (8E-08)

uranium-235 _ 6E-11 ____ - 6E-11- (5E-09)
(5E-09) __.-------

1E-09 __b _7---- _ _----Sg----- _ 1E-09

uranium-238 (1E-07) (1E-07)

______ 9E-05
Pathway total 8E-05 4E-08 _b 6E-08 9E-06

(0.006) (2E-06) (5E-06) (0.0007) (5E-08) ]_ (0.007) _1 (8E-06)

aBased on predicted average river concentrations (Table 6-5), and intake values provided in Table 6-20; risks in parentheses are
based on predicted maximum river concentrations (Table 6-5).

bNon_radioactive contaminants only.

cSlope factor or reference dose not available to calculate a risk for this pathway.
aThis contaminant is not evaluated for this pathway because it is not volatile.

-Indicates not applicable.
HQ = Hazard Quotient
ICR = Lifetime Incremental Cancer Risk



Table 6-32. Residential and Agricultural Scenario Risk Assessment for Future Exposure to Surface Water a
(Average and Maximum Concentrations; Receptor on the Hanford Site).

Pathway Contamina nt Exposure

Contamin _nt Ingestion Inhalation of Dermal Contact D fotal Setting Total
Volatiles

HQ 1CR HQ ICR HQ ICR HQ _ ICR HQ

Non-Radioactive
¢ IE-07 1E-05 4E-lO 2E-04 1E-07

chloroform 2E-04 2E-09 -
(0.01) (2E-07) (8E-06) (0.001) (3E-08) (0.01) (8E-06)

c 1E-09 1E-08c 6E-09 -3E-O9 -trichloroethene
(2E-07) (5E-07) (8E-08) (7E-07)

c c ¢ 3E-08 -_ 3E-05 i -
copper 3E-05 - - -

(0.003) (2E-06) (0.003)
c c a 4E-07 -_ 3E-04 -

nickel 3E-04 - - -
(0.02) (4E-05) (0.02) B

Radioactive
.... - -- - - -

o, strontium-90 _b 3E-10 b d b b [ 3E-10 r-*
(3E-08) (3E-08) to

"-" b d b b - 2E-07
tritium (H-3) _b 2E-07 - -

(7E-06) (7E-06)

uranium-234 _6 5E-09 _b _d _b _6 - 5E-09 <
(4E-07) (4E-07) o

3E-10 _ _X----- ----G _ _ 3E-10uranimi:-235 - -
(2E-08) (2E-08)

6E-09 _ _T-- _ _F--- _ 6E-09

uranium-238 (5E-07) (5E-07)

Pathway total -- 5E---_ 2E-07 _b I 1E-07 1E-05 1E-09 5E-04(0.03) (8E-06) (8E-06) (0.001) (1E-07) (0.03) (2E_

aBased on predicted average river concentrations (Table 6-5), and intake values provided ill Table 6-21; risks m parentheses are
based on predicted maximum river concentrations (Table 6-5).
bNon_radioactive contaminants only.

CSlope factor or reference dose not available to calculate a risk for this pathway.
dThis contaminant is not evaluated for this pathway because it is not volatile.

:, -Indicates not applicable.
i HQ = Hazard Quotient

ICR -- Lifetime Incremental Cancer Risk



Table 6-33. Recreational Scenario Risk Assessment for Future Exposure to Surface Water a

(Average and Maximum Concentrations; Receptor on the Hanford Site).

[ Pathway [ Contaminant Exposure

Contaminant [ Ingestion I Dermal Contact b / Total Setting Total
[ HQ i ICR I HQ I ICR [ HQ ICR HQ ICR

Non-Radioactive

chloroform 3E-06 4E-11 4E-06 1E-10 7E-06 1E-10
(0.0003) (3E-09) (0.0003) (8E-09) (0.0006) (1E-08)

---------"----d_ 6E-11 _ 3E-10 - 4E-10
trichloroethene

(5E-09) (2E-08) (3E-08)
7E-09 _ 6E-07 -6E-07 -

copper (5E-05) (6E-07) _ (5E-05)
1E-07 _d 6E-06 -

nickel 6E-06 -

(0.0004) _ (1E-05) (0.0004) U

Radioactive ---------

strontium-90 _c 6E-12 _c _¢ - 6E-12 t-
o, (5E-10) (5E-10) tO

tritium (H-3) _c 3E-09 -_ _c _, 3E-09 .-'
(1E-07) (1E-07) ¢D

<m

9E-11 _c __ - 9E-11 ouranium-234
(7E-09) (7E-09)

uranium-235 c - 5E-12 -* -_ - 5E-12
(4E-10) (4E-10)

__ 1E-10 -c -_ - 1E-10

uranium-238 (1E-08) (1E-08)

Pathway total 1E-05 3E-_ 4E-_ 4E-1_ _ 1E-05
(0.0007) (1E-07) (0.0003) (3E-08) (0.001)

aBased on predicted average river concentrations (Table 6-5), and intake values provided in Table 6-22;
risks in parentheses are based on predicted maximum river concentrations (Table 6-5).

blnhalation of volatiles is not evaluated for the recreational scenario.

CNon_radioactive contaminants only.

dSlope factor or reference dose not available to calculate a risk for this pathway.
-Indicates not applicable.
HQ = Hazard Quotient
ICR = Lifetime Incremental Cancer Risk



Table 6-34. Summary Table of Lifetime Incremental Cancer Risks for Current Exposure Scenarios for the 300-FF-5 Operable Unit.

Media Exposure Current Scenario

Point Industrial Off Hanford Site

oil 300 Area Industrial Residential L Recreational Agricultural

G ro u n d Well 399-4-12 2E-05 a - - - -
Water

_ 4E-07 d -
Surface Columbia 9E -08b -
Water River at 300 (5E-06 c)

Area

Su rface Columbia - 1E-07e 4 E-07f 8E-ogg 4E-07 f

Water River at
Richland t-"

"_ Total ICR 2E-05 1E-07 4E-07 5E-07 4E-07 ,_tO

aTable 6-27. Includes contribution from chloroform attributable to water chlorination (2E-05).
bFable 6-14; data from 300 Area water intake (represents average river concentrations). <
CTable 6-28; data from spring locations 9 and 11 (represents maximum river concentrations)- Includes o
contribution from uranium-238 (3E-06) and uranium-234 (IE-06).
dTable 6-29.
eTable 6-16.

fTab!e 6-17.
gTable 6-18.
- = Not evaluated.

ICR = Lifetime Incremental Cancer Risk.



Table 6-35. Summary Table of Lifetime Incremental Cancer Risks for Future Exposure Scenarios for the 300-FF-5 Operable Unit.

Media Exposure Future Scenario
.......... , ili

Point
Industrial On Hanford Site Off Hartford Site

on 300 ...... I"

Area Industrial Residential Recreational Agricultural Industrial Residential Recreational [ Agricultural
.... illl .... illl,, .....

Ground Any 7E-06a ........
Water Well

........ ,, , ,

Surface Columbia l E-07c 1E-07c 3E-07 e 3E-O9g 3E-07e - - -

Water b River at (8E-06 d) (8E-06 d) (2E-05 f) (2E-07 h) (2E -05f)
300 Area

, ,i i ..... i,, ,

Surface Columbia - - < 1E-06i < IE-06 i < 1E-06i < 1E-06i UJ
- " O

Water River at 1_

Richland r-'

tb Biota Fish - - 2E-071 2E-07J 2E-071 2E-071 2E-071 2E-O7J
• i ii

Total ICR b 7E-06 1E-07 5E-07 2E-07 5E-07 < l E-06 < 1E-06 < 1E-06 < 1E-06 "7:t

(2E-05) (8E-06) (2E-05) (4E-07) (2E-05) ..... J . r,.<i i t •

aTable 6-30. Includes contribution from tritium plume from 200 Area (3E-06), and trichloroethene (3E-06). o
brisk values associated with exposure to surface water from the 300 Area are based on predicted average river concentrations (.t0(I Area water intake);

risk values in parentheses are based on predicted maximum river concentrations (spring locations 9 and 11).
CTable 6-31.

dTable 6-31. Includes contribution from tritium plume from 200 Area (2E-06), and chloroform attributable to water chlorination (5E-06).
eTable 6-32.

frable 6-33. Includes contribution from tritium plume from 200 Area (7E-06), and chloroform attributable to water chlorination (8E-06).
g"rable 6-33.

hTable 6-33. Includes contribution from tritium plume from 200 Area (1E-07).

!Qualitatively evaluated (Section 6.2.4).
ITable 6-23.
- = Not evaluated.
ICR = Lifetime Incremental Cancer Risk.

...... , i
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Table 6-36. Summary of Contaminants of Concern for Current Exposure Scenarios.

Media Contaminants ICR Pathway
of Concern a

Industrial Scenario - 300 Area
. ,.. , , ,, , ,,,. ................. ,, i,,,,,,,

Groundwater chloroform 2E-05 inhalation of
trichloroethene 1E-06 volatiles

,.. , , ,, ,i, ,, ,, ,,, ,,, ,,,., ,., ,q ,,, ,, . ,, . . ,, . ,_ ,, _, ,,, ,,r ,i .., ,.,. ,11, , --

Surface Water none

300 Area Average
............................................................ _ ....... ,. , . L --

Surface Water uranium-238 3E-06 ingestion
300 Area Maximum uranium-234 1E-06 ingestion

Industrial, Residential, Recreational, Agricultural - Off-Hanford Site
,, , , , . n ....., .,,, . . ,,,.. , , .............. , ,,..... , , i ..

Surface Water none - -
Richland

A contaminant of concern is a contaminant for which the ICR (via multiple pathways) is
equal to or greater than 1E-06.
ICR = Lifetime Incremental Cancer Risk.

................................ f,

6T-36

_ ..................... ITIlm"................ (111_r IT ............. ...........



DOE/RL-93-21, Rev. 0

Table 6-37. Summary of Contaminants of Concern for Future Exposure Scenarios.

.........................

Media Contaminants ICR Pathway
of Concern a

,,u :: . "J"'. : , ..... _..c .,, ,, 2_, _ _ e,_ , _, ,__,, ,, _ , ,,L, ,,,, 'I,I,: ' , ,, ',', I , ,' ,: ',"--; - :: '_,, : _ , , ,, ",; ,, ' ' _" :

Industrial Scenario - 300 Area
, , ,,, , ,,, ,, , , , , ,,

Groundwater trichloroethene 3E-06 inhalation

tritium 3E-06 ingestion
, ,, , , ,,, _ , , ,

Surface Water' none

300 Area Average

Surface Water chlo rofo rm 5E-06 in halation

300 Area Maximum tritium 2E-06 ingestion

Industrial Scenario - On Hanford Site
t .................... ,.,, ..

Surface Water none - -

300 Area Average
, ,,, ,, . . ,. , , ,, ......... ,

I Surface Water chloroform 5E-06 inhalation

300 Area Maximum tritium 2E-06 ingestion

Residential and Agricultural Scenarios - On Hanford Site
,, ,, , ,,, , ,,, ,,,,, ,,, , ,,, ,,, ,,,,,

Surface Water none - -

300 Area Average

Surface Water chloroform 8E-06 inhalation of

300 Area Maximum tritium 7E-06 volatiles ingestion
, , ., ,,, , ,,, ,, ,,,, ,, ,,,

Biota none - -
, , , ,,, ,,,, ,,.

Recreational Scenario - On Hanford Site
. . , ,, ,, ,,.

Surface Water none - -

300 Area Average
,,, ,,,,,,

Surface Water none - -
300 Area Maximum

, J,,, , , , , _ ,, _ , , ,,,

Biota none - -
.' " ',',, ," ,. I' ," ..... ' ,," ..... , ..... ",,. ' " z_ .... I" ',,l

Industrial, Residential, Recreational, Agricultural - Off-Hanford Site
,, , , , , , , ,, , ,,, ,,,,

Surface Water none - -

Richland
,, ,, ..... ,, , , ,, ,,

Biota none - -
,,

a A contaminant of concern is a contaminant for which the ICR (via multiple pathways) is
equal to or greater than 1E-06.
ICR = Lifetime Incremental Cancer Risk.

.....
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Table 6-38. Decayed Concentrations of Radionuclides in Groundwater
on the 300 Area (Contamination from Soils above 15 ft).

Contaminant " Haft-Life _ Concentration b Decayed

(yr) (pC i/L) C oncen tra tion ¢
(pCi/L)

-' , , ",i " ,I ,, , .... , ,,,, l,,, ,,, ,,, ,,,' ' ,", , ,,I' ', _ ...... I', ," , .,. , ,"I " P,, ,, " " , ,,'[

NORTH PROCESS POND (316-2) _

uranium-234 ......... 2.50E+od ...... 1.7iE"+01....... 1.71E+,:11

G.iU.,.ZBS 7.i'oE+o..... .....
uranium-238 .... 4[50E+i)9 ........... i.8'5E+01 ........ 1,85E+01 ..........

' ,,,,,,,, ,,, , '" ., ,, ,, , 'L ," , ',li, "_I _ ,, ,, '" -'.... '

i'Ro ss' OND'&6':............ "
'cob,t-(,o ............. s.27 +00 ' 1.6hE'+era........ 5.24E+00

, , ,, ,, .. , , , ,, , , , , , ,, ,

ur aniu m-2,34 2.50E +05 1.86 F',"+'01 1.86F +01

'ulanium-235 ' 7, I'{,IE+08 ..... 1. I'9E *J)O' I. 19F,+00
, ,

uranium-238 4.50E + 09 3.45E* (11 3.4.51i+01
I,, ",',', ,, ,', : ' , .... ,i - :........ ,_

PI_6CE._S "I][_l'._il!lj'iF.S (Pl'r_°gl'_/X) _

"r_dium-Za6 ...... 1._,2E+03 ..... i.;75E+fKi 1.73E+00

'uranium.z35 ..... J'.':_0E+'08 3.73E+02 3.73E+02

u'ranium-2.38 .... 4.50E +'09 ...... .5.3'ZE+,,3 5.32E +03 -
....... , ,..... , ,, ,,..... .,, ,...... ,..... l ,_, ,, ,.... ,.,_

_'Rocl:.ssrRi-xc_t_:s(po.,,t.t_,,,)
cobalt-60 ...... 5.27E+b_} .......... 1,52E+02 .... 4.97E+ oo ....

BU'I_IAL'vGROUND #4 " " '_' ' :'"'.... '" '' ''"" .... .,., .............. . .a

urani'um-234 .......... 2._E+05 8.53E+01 ...... 8153E+01 - -

uranium'-235 ...... 7.10E+08 1.63E+_) '1.63E +'_._) .....

uranium_238 ' ' 4.50Z+09 c).32E+01 ...... 9.32E+01

......BUI_IAL"GROUND #5" " ..... ' ........... ' " ' " '
, ,, , , ,, ,. , 'L . ' .....

uranium-aM 2.50E+05 '5.02E-01 5.02E-01 ....
.... ,, ,.... ,,

uranium-238 4.50E+09 2.23E+(_ 2.23E+1)0
,,., , ,,., ,,,. , .... ,,, , ,,. , .,., ,, , ., , ,,, ,,-- , _ ,,,,2L,,, ::_z

31)7 TRENCHES
_.. ,, ...... ,,,....

ur anium-234 2.50E + 05 1.34E + 00 1.2,4E+ 00

' u'r.',nium-Z35 " 7.i0E.08 7.82E-01 '7.82E-01........
, , , ...... ,,, , •, ,

u ra n iu m -238 4.50 E+ f}9 2.50 E+ 00 2.50 E+ t)0
ii , , , ,i i i , i

_EPA 1992c.
bFrom Table 4-19.

_Decayed to 2018 (26 yr).
........................
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Table 6-39 Decayed ConcentrationsofRadionuclidesinGroundwater
on the300 Area (Contaminationfrom Soilsbelow 15 R).

Contaminant -, Half-Life a Concentration b Decayed
(yr) (pCi/L) Concentration c

(pC )
, ,, ,,, ,

NORTH PROCESS POND (316-2)
,, , ,, a

cobalt-60 5.27E +00 3.38E +00 1.11E-01

•radium-226 1.62E + 03 6.40E-02 6.33E-02

u raniu m-234 2.50E + 05 1.67E + 00 1.67E +00
., ,

" uranium-238 4.50E +09 1.40E +00 1.40E +00

SOUTH PROCESS POND (316-1)

cobalt-60 5.27E +00 6.75E +00 2.21E-01

radium-226 1.62E +03 5.85E-02 5.79E-02

uranium-234 2.50E +05 1.01E +00 1.01E +00

u raniu m-238 4.50E +09 8.37E-01 8.37E-01

BURIAL GROUND #4

radium-226 1.62E +03 6.83E-02 6.75E-02

u ranium-234 2.50E +05 3.87E +00 3.87E +00

uranium-238 4.50E +09 3.87E +00 3.87E +00

BURIAL GROUND #5

uranium-238 ] 4.50E+09 I 2.29E+00 ] 2.29E+00

307 TRENCHES

uranium-234 2.50E+05 I 4.75E-011 4.75E-01

307 RETENTION BASINS

.uranium-238 .. . . ] 4.50E+09 .1'82E+00, i 1.82E+00

aEPA 1992c.
bFrom Table 4-19.

CDecayed to 2018 (26 yr).
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Table 6-40. Permeability Coefficients for Contaminants of Potential Concern.

Contaminant Permeability Coefficient, Kp _ ....

INORGANICS

cadmium 1E-03

chromium 2E-03

cobalt 4E-04

copper 1E-03b

mercury 1E-02

silver 6E-04

zinc 6E-04

ANIONS

fluoride 1 1E-O3b

ORGANICS

butylbenzylphthalate 1E-03b

4-chloroaniline 1E-03b

chloroform 1E-01

diethylphthalate 4.8E-03

tetrachloroethene 4E-01

trichloroethene 2E-01

vinyl chloride 7.3E-03

aAll permeability coefficients are from EPA 1992a.
bA default value equivalent to the permeability coefficient for wat¢.r is used for this
compound, as recommer.ded in EPA 1992a.
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Table 6-41. Industrial Scenario Intakes for Future Exposure to Groundwater on the 300 Area

(Contamination based on Modeling from Soils above 15 ft; Non-Radioactive Contaminants). (Sheet 1 of 5)

Pathway

CONTAMINANT Ingestion I Inhalation of Volatiles 1 Derma.____lContact

Noncarcinogenic I Carcinogenic ! Noncarcinogenic Carcinogenic ! Noncarcin°genic Carcinogenic

(mg/kg-d).... I (mg/kg-d) I (mg/kg-d) (m_ -d) (mg/kg-d)

NORTH PROCESS POND (316-2) a
__ 3.1E-04 -

chromium 4.6E-02 _a _ a

at __ at 2.4E-06 -

copper 7.2E-04 - t, 9.7E-08 -_ O

mercury 2.9E-05 -a -
_ 5.8E-08 -_

o, silver 2.9E-05 at at

& SOUTH PROCESS POND (316-1)l,,,-a m at _"

! _ a _at _b 2.6E-08 -
cadmium 7.8E-06 e_at "¢

at _at at 3.0E-04 o
chromium 4.6E-02 - at

.... _at _at _ 2.3E-06 -

copper 6.9E-04 - b __ 9.3E-08 -atat

mercury 2.8E-05 - at

at _at 5.6E-08 -at

silver 2.8E-05 - ail
at

at at 8.3E-02 -
ammonia _ _



Table 6-41. Industrial Scenario Intakes for Future Exposure to Groundwater on the 300-FF-5 Operable Unit

(Contamination based on Modeling from Soils above 15 f-t; Non-Radioactive Contaminants). (Sheet 2 of 5)

Pathway

CONTAMINANT Ingestion Inhalation of Volatiles Dermal Contact

Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic

(mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d)

PROCESS TRENCHES (Pre-ERA) a
a b 2.2E-08 -

cadmium 6.4E-06 -
__ 3.3E-04 _a Gl

chromium 4.9E-02 -_ - O
__ -_ 1.5E-06 -_

cobalt 1.1E-03 - r-"
•_ __ 3.7E-06 -

o, copper 1.1E-03 _a _ ,_
a _b _ 1.5E-07 _a

& mercury 4.3E-05 - a t_

Q" _ __ __ 8.8E-08 - <
silver 4.3E-05 - oa

_a 1.6E-06 -a

zinc 7.7E-04 - a

__ 3.9E-07 -a

butylbenzylphthalate 1.2E-04
3.0E-05 3.5E-06 1.0E-06

chloroform 1.0E-05 3.0E-06 - a
a _a 5.2E-06 -il

diethylphthalate 3.2E-04 -
2.8E-05 1.3E-05 3.8E-06

tetracb.io roethene 9.8E-06 2.8E-06 -

(PCE)

trichloroethene __ 2.4E-06 __ 2.4E-05 __ 1.6E-06
8.2E-072.4E-05 -a 2.4E-06 -

vinyl chloride



Table 6-41. Industrial Scenario Intakes for Future Exposure to Groundwater on the 300-FF-5 Operable Unit

(Contamination based on Modeling from Soils above 15 ft; Non-Radioactive Contaminants). (Sheet 3 of 5)

Pathway

CONTAMINANT Ingestion Inhalation of Volatiles Dermal Contact

Noncarcinogenic Carcinogenic i Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic

(mg/kg-d) (mg/kg-d) _g-d) (mg/kg-d) _ (mg/kg-d) (,ng/kg-d)

PROCESS TRENCHES (Post-ERA) _ a
__ 1.5E-06 -

it

cobalt 1.1E-03 -
__ 6.7E-07 -

a _ 0

copper 2.0E-04 -
b _a 1.5E-07 a

mercury 4.3E-05 _a _
_ _ 6.1E-08 -__ - tr_

silver 3.0E-05 - to
__ _- 3.7E-06 -_

flouride 1.1E-03 - t_

. 7.5E-06 3.5E-06 1.0E-06 <
tetrachlo roethene 2.6E-06 7.5E-07 - o

(PCE) __.____._ _
o, _ 5.5E-06 -_ 5.5E-05 -_ 3.8E-06

trichloroethene - _

r_ BURIAL GROUND #4 a
_b 9.6E-04 -

chromium 1.4E-01 -" - il

__ 6.5E-07 -it

copper 1.9E-04 - b __ 7.0E-08 -_

mercury 2.1E-05 -" -
__ _'_ 4.2E-08 _a

silver 2.1E-05 -_
6.7E-00 3.1 E-06 9.0E-07

tetrachlo roethene 2.3E-06 6.7E-07 -

(PCE)
a 6.9E-06 _a 6.9E-05 -a 4.7E-06

trichloroethene - _



Table 6-41. Industrial Scenario Intakes for Future Exposure to Groundwater on the 300-FF-5 Operable Unit

(Contamination based on Modeling from Soils above 15 ft; Non-Radioactive Contaminants). (Sheet 4 of 5)

Pathway

CONTAMINANT Ingestion Inhalation of Volatiles Dermal Contact

Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic

(mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg,/kg-d)

BURIAL GROUND #5
a

b 3.2E-05 -a il _

chromium 4.7E-03 -
a _a 6.5E-07 _8

copper 1.9E-04 _a _ O

me rcu ry 1.1 E-05 _ _b __ 3.7E-08 _8 4_
= ,_
307 TRENCHES

_b 6.1E-05 - -
chromium 9.1 E-03 -a -

a ¢0

__ 5.4E-07 - <

copper 1.6E-04 -" - o
b a 6.0E-08 -_

_, mercury 1.8E-05 _8 _
a _a _8

d_ ammonia _8 __ 2.1E-02 -

!

307 RETENTION BASINS L La_mo._. =L -_ =_ _ L '6_-°_ =_ -_' " °
m



Table 6-41. Industrial Scenario Intakes for Future Exposure to Groundwater on the 300-FF-5 Operable Unit

(Contamination based on Modeling from Soils above 15 ft; Non-Radioactive Contaminants). (Sheet 5 of 5)

Pathway

CONTAMINANT Ingestion Inhalation of Volatiles f Dermal Contact
Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic

(mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d)

SANITARY TRENCHES --'-----a

__ _b 3.7E-07 -
cadmium 1.1E-04 -

__ 3.9E-04 -_ G1
chromium 5.8E-02 a _ O

__ 1.9E-06 -_
copper 5.7E-04 _ - r

b a 7.6E-08 -_ do

mercury 2.3E-05 -_ - ,tpto
-a _a __ 4.6E-08

silver 2.3E-05 - a
__ 1.4E-07 - <

butylbenzylphthalate 4.3E-05 _ - a G)

__ __ 4.0E-07 _
4-chloroa n iline 1.2E-04 -

,.-]

& FILTER BACKWASH POND [
_ _ 1.1E-05

chromium 1.7E-03 _a _ -

FLY ASH POND

mercury I 1.5E-05 [ -_ I _b L o [ 5.0E-08 I -_
aSlope factor or reference dose not available to evaluate intake for this pathway.
bThis contaminant is not evaluated for this pathway because it is not volatile.

-Indicates not applicable.



Table 6-42. Industrial Scenario Intakes for Future Exposure to Groundwater on tile 300-FF-5 Operable Unit

(Contamination based on Modeling from Soils below 15 ft; Non-Radioactive Contaminants)-

Contaminant Pathway

Ingestion Inhalation of Volatiles f Dermal Contact
Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncardnogenic Carcinogenic

(mg/kg-d) (mg/l<g-d) (mg/kg-d) (mg/kg-d) (mg/kg-d) (mg/kg-d)

NORTH PROCESS POND (316-2)
_" 1.0E-04 _4

chromium 1.5E-02 -_
__ 2.4E-06 -"

copper 7.2E-04 -" _4
C7

SOUTH PROCESS POND (316-1) (3

copper 2.5E-04 -" -" f -_ 8.5E-07 _2

t"

, • 2.6E-02 -_ -_ "" '_
--1 ammonia - - t,_

t,a BURIAL GROUND #5 ]
copper 1.6E-04 -" - - <G)

._,.___

307 TRENCHES I

chromium 1.0E-02 _4 __ _2 6.9E-05 _2

mercury 1.8E-05 -" 1.8E-04 _- 6.0E-08 -"
" 1.6E-02 -" -" -*

a Ill I11O nia - -

307 RETENTION BASINS I
ammonia I -_ l -_ [ 5.3E-tN -" [ -" -_

"Slope factor or reference dose not available to evaluate risk for this pathway.
bThis contaminant is not evaluated for this pathway because it is not volatile.

- Indicates not applicable.
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Table 6-43. Industrial Scenario Intakes and Risks for Future Ingestion of Radio,nuclides in
Groundwater on the 300 Area (Contamination from Soils above 15 ft).

,,, _ ,,,, , --
i I

Contaminant ] Intake (r_Ci_ ] Incremental Cancer Risk_

NORTH PROCESS POND (315,2_ ...................

uranium-234 8.6E+ 04 I E-06,,

uranium-235 8.2E+ 03 1E-07
-- ,,,,, , ,,, ,, ,

uranium-238 9.3Et 04 3E-06

Total ICR" - 4E-06
..... _' • ' " '"' - ,,, " '_ ' i, ,./ i ,"i, _, " , ',' ,, _ , " : ' ,,",,,,, ' --'.....

SOUTH PROCESS POND (31_i,1_ _

cobalt-60 2.6E+04 4E-07
_ , , .... ,,,, _ - _

ura niu m-234 9.3E+ 04 2E-06
,,

uranium-235 6.0E 4-03 1E-07

ura niu m-238 1.7E+ 05 5E-06

Total ICRa - 7E-06
z_ ,_, , ,,,l, L ',,,, , _: ' ' ,,,,,',' , L _ , ,,, --

PROCE.SSTRENCHES (.Pre-EI,A_ ................

radi um-226 8.7E+ 03 1E-06, .....

uranium-235 1.9E+ 06 3E-05

uranium-238 2.7E+ 07 8E-04

Total ICR_ - 8E-04

[_ROCESSTRENCHES (PosI-E.R_

cobalt-60 l 2.5E+04 [ 4E-07

BURIAL GROUND #4

uranium-234 4.3E + 05 7E-06
i , ,,, ,,, .... . ,,

uranium-235 8.2E+ 03 1E-07
, . ,,, ,

ranium-238 4.7E + 05 1E-05,,

Total ICR_ - 2E-05
,_ : : z ,- i: , "," ' ' , T , ±

BUR!.ALGROUN.D #5 ....
!

ur.anium-234 [ 2..5E+03 4E-08
I

uranium-238 [ 1.1E+04 3E-07
!

Total ICR'
. ] - ....3,._-07"_ ,:

307TRENCHES

uranium-234 6.2E + 03 1E-07

uranium-235 3.9E+03 6E-08

ura nium-238 1.3E+04 4E-07

Total ICR_ 6E-07

'The total ICR includes the contribution to risk from radionuclides
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Table 6-44. Industrial Scenario Intakes and Risks for Future

Ingestion of Radionuclides in Groundwater on the 300 Area
(Contamination from Soils below 15 ft).

Contaminant I Intake (pCi) Incremental Cancer Risk

NORTH PROCESS POND (316-2)

cobalt-60 5.6E + 02 8E-09

radium-226 3.2E +02 4E-08

uranium- -234 8.4E +03 1E-07

uranium-238 7.0E +03 2E-07

Total ICR a - 3E-07
' 7 '_ "L_ ,L ,I],,,'' ', ",_ ' ' "' ,...... , , ,, ' ', ,, '","'_

SOUTH PROCESS POND (316-l)

cobalt-60 1.1E +03 2E-08

radium-226 2.9E +02 3E-08

u ran iu m-234 5.1E +03 8E-08

ura nium-238 4.2E +03 1E-07

Total ICR a - 2E-07
---- : : ,, ,,,_ ,, '_', , ,, i "I ,' , ' " ;, , ,,"_ ,,,, ,,',',, ',, ','

BURIAL GROUND #4

radium-226 3.4E +02 4E-08

u ran ium-234 1.gE +04 3E-07

uranium-238 1.9E +04 5E-07

Total ICR a - 8E-07
: ',"" ,,, ,,, , , • , , , ,,, 3' ,',L

BURIAL GROUND #5

uranium- .238 ._ ! 1.1E+04. I. • , 3E-07

307 TRENCHES

Uranium'234 , ,.. I ,, 2"4E+03 i 4E-08 .

307 RETENTION BASINS

uranium-238 ! 9.1E+03 1 3E-07

aThe total ICR includes the contribution to risk from radionuclides only.
The total ICR for each site, including radionuclide and non-radionuclide
contributions, is presented in Table 6-51.
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Table 6-47. Oral Absorption Factors, Dermally Adjusted Reference Doses (RfDs,
and Slope Factors (SFs) for Contaminants of Potential Concern.

Contaminant Oral Adjusted Adjusted Reference
Absorption Dermal RfD Dermal SF

Factor (mg/kg-d) (mg/kg-d) q
, , i '" I |uj I c "" -- 'I _ ,. Ill '"' i , • ' 'i',Tj r ,,..& - II ,.'i'_lll. ,, ' _ i I I llll " ' ' I' ,I -"" --- -

INORGANICS
, , , , ,,, , ,,,, ,,u ,,,, , ,,,, --

cadmium 0.06 6.0E-05 -_ Life Systems 1991
, ,,, ,, ., ,,,,, , , i , I '"" ' ""' --

chromium (V[) 0.03 1.5E-04 _ EPA 1985
, , i , ,., .,,, c , J ,. '" ,,, ,' ' " "

cobalt 0.3 1.8E-02 _ EPA 1988b
,. ,,,,, ..,,, ,,,,,, , .,,,, ,

copper 0.97 3.9E-02 _ SRC 1989a
, ....... , , , . ,,, ., ,.,. , , ,, ,,.., ,,.., --

mercu ry 0.15 4.5E-05 -_ EPA 1985
, , , ,,.,, , ....... , ,., --

nickel 0.05 1.0E-03 -'_ EPA 1985
, ,, ,., , , ,, ,,,,, , ,,,., __ --

silver 0.1 5.0E-04 .a EPA 1980
, ,,, i, ,, ,, , ,, ,,,, __

zinc 0.5 1.5E-01 -_ EPA 1992c
L ,, , .... , L ' , " ,,. _ ' .' .'; '. , ,, . ,, '" --I

ANIONS
i ,, , ,,,, , , , , • ,., ,

ammonia 1b ,_ _a
_

fluoride 0.97 3.9E-02 .a Clement Associates, Inc. 1991
,,,,,. ,. , , . ,,., , ,, ,,i i ii i.i i i H i Ill "l II II II

ORGANICS
, , , ,, , L , , , , ,.,, .,,.. _ --

butylbenzlp hth alate I u 2.0E-OI -_
.,,,, ., , -- -- , ,,.

chloroform 1 1.0E-02 6.1E-03 SRC 1991a
, , ,,., ..... ,

4-chloroaniline 1b 5.0E-02 -a -
,,,,, , ., i --

diethylphthalate 1u 8.0E-01 -a -
,,, ,, , .......

tetrachloroethene 1 1.0E-02 5.2E-02 EPA 1985
....... , ,., , ,,,

trichloroethane 0.98 -_ 1.1E-02 Clement International Corp.
1991

....... ,,,, ,,

vinyl chloride 1 -_ 1.9E+00 SRC 1989f
, • , ,., .... ,,, ,. - _ __

aSlope factor or reference dose not available to calculate a risk for this pathway.
UA default value o£ "1" is ",sed for compounds for which there are no data available.
-Indicates not applicable.

.................
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Table 6-48. Industrial Scenario Risk Assessment for Future Exposure to Groundwater on the 300 Area

(Contamination based on Modeling from Soils above 15 ft; Non-Radioactive Contalninants). (Slleet I of 5)

.........

Pathway Contaminant Total
................................

Contaminant Ingestion Inhalation of Dermal Contact
Volatiles

.... • . , ,

HQ ICR HQ ICR HQ ICR HQ L. ICR
....... - .... ---- _ , , ; . , .' . ,',

NORTH PROCESS POND (316-2)
...................

a a b 2 -_ 11 -_chromium c 9 - - -
.,.

copper 0.02 _a _a a 6E-05 _a 0.02 _a.....
.... . ,,

mercu ry 0.1 __ _b -_ 0.002 -_ 0.1 _a _ _ _

o_ silver 0.006 a _a -_ 0.0001 _a 0.006 -a.......... .. , _ __ ,,. I ........ . .... -- --

Pathway Total 9 _a _a _ 2 _a 11 _a
.

SOUTH PROCESS POND (316-I) ....
...... ,-,- .............. I'D

.............. I <
cadmium 0.008 _a _a _b 0.0004 _a 0.008 -_

,. , ......
........

chromium c 9 a __ _b 2 -_ 11 _a
........

copper 0.02 _a __ -_ 6E-05 -_ 0.02 _a,.. , ............

mercury 0.09 _a _b -" 0.002 -_ 0.09 .-_
.............

_ _ 0.0001 -_ 0.006 -asilver 0.005 - - J...... ,.,

a a 3 a a a 3 _aammonia ....

Pathway Total 9 -_ 3 -_ 2 -_ 14 -_........... ,.... ., ,-



Table 6-48. Industrial Scenario Risk Assessment for Future Exposure to Groundwater on the 300 Area

(Contamination based on Modeling from Soils above 15 ft; Non-Radioactive Contaminants). (Sheet 2 of 5)

--------- Contaminant Total
Pathway

Contaminant lngestion--n--'_ lnhalationof__ Dermal Contact

HQ ICR
HQ

PROCESS TRENCHES (Pre-ERA) a
a _a _b 0.0004 _a 0.006 -

cadmium 0.006 -a _a _b 2 _a 12 _a
chromium c 10 -

0.02 a a __ 8E-05 a 0.02 _a
cobalt _ 0.03 a

0.03 -_ _4 __ 9E-05 - - tO

copper _ 0.1a b __ 0.003 - -
o, 0.1 - -

mercury a 0.009 a_a 0.0002 - - "_
& 0.009 -_ -

a OGO
_" silver a 0.003 -__ -_ 1E-05 -

0.003
a

zinc __ -__ __ 2E-06 0.0006

butylbenzylphthalate 0.0006 - 2E-06 0.0004 6E-09 0.001 2E-06

chloroform 0.001 2E-08 -
_a -_ 7E-06 -_ 0.0004 -_

diethy ip htha late 0.0004 - a 6E-08 0.001 2E-07 0.002 4E-07

tetrachloroethene (PCE) 0.001 1E-07 -
__ 3E-08 __ 1E-07 _4 2E-08 -_ 2E-07

trichloroethene _ 1E-05
__ 5E-06 __ 7E-06 _a 2E-06 -

vinyl chloride 2E-05
- a 9E-06 2 2E-06 12

Pathway Total 10 5E-06 -



Table 6-48. Industrial Scenario Risk Assessment for Future Exposure to Groundwater on the 300 Area

(Contamination based on Modeling from Soils above 15 ft; Non-Radioactive Contaminants). (Sheet 3 of 5)

Pathway Contaminant Total

Contaminant Ingestion Inhalation of Dermal Contact
Volatiles

.0 l,c .0 l,c .0 l,c .0 I
PROCESS TRENCHES (Post-ERA)

it0.02 -a ;' -_' 8E-05 -
cobalt 0.02 - -

copper 0.005 _a _a -_ 2E-05 _a 0.005 _a

me rcu ry 0.1 _a _b -_ 0.003 -_ 0.1 -"

silver 0.006 _ a _a 0.0001 -_ 0.006 -__ - tr_

fluoride 0.03 _a __ _a 9E-05 -_ 0,03 _a

tetrachloroethene (PCE) 0.0003 4E-08 -_ 2E-08 0.0004 5E-08 0.0007 1E-07 ,_
a 4E-07 o

6E-08 -_ 3E-07 -_' 4E-08 -trichloroethene -

3E-07 0.004 9E-08 0.2 5E-07a, 0.2 1E-07 -
Pathway Total

&
O0

¢_ BURIAl GROUND #4
it

a a b 6 -_ 34 -
chromium ¢ 28 - - -

a

a _ 2E-05 -" 0.005 -
copper 0.005 - - - il

a b a 0.002 _a 0.07 -
mercury 0.07 - - -

II0.004 -_ a 8E-05 -
silver 0.004 - - -

1E-08 0.0003 5E-08 0.0005 9E-08
tetrachloroethene (PCE) 0.0002 3E-08 -

5E-08 -_ 5E-07
trichloroethene -_ 8E-08 _a 4E-07 -

4E-07 6 1E-07 34 6E-07
Pathway Total 28 1E-07 -



Table 6-48. Industrial Scenario Risk Assessment for Future Exposure to Groundwater on the 300 Area

(Contamination based on Modeling from Soils above 15 ft; Non-Radioactive Contaminants). (Sheet 4 of 5)



Table 6-48. Industrial Scenario Risk Assessment for Future Exposure to Groundwater on the 300 Area

(Coldamination based on Modeling from Soils above 15 ft; Non-Radioactive Contaminants). (Sheet 5 of 5)

Pathway Contaminant Total

Contaminant Ingestion Inhalation of Dermal Contact
Volatiles

HQ L___I.CR HQ ] ICR HQ ICR _ HQ

SANITARY TRENCHES a

a ._ b 0.006 _a 0.1 -
cadmium 0.1 - - -

a a b 2.6 _a 15 -_i

chromium _ 12 - - - i O

copper 0.01 -_ -_ -" 5E-05 _a 0.01 -_
w

b -" 0.002 -_ 0.08 _a
mercury 0.08 - -

a a a 9E-05 _a 0.005 a
silver 0.005 - - -

•_ _ a 7E-07 _ 0.0002 -_ o
butylbenzyiphttlalate 0.0002 - -

a a -_ 8E-06 -_ 0.002 -_ o
4-Chloroaniline 0.002 - -

o_ 12 _ -_ '_ 3 _a 15 -_-
,--1 Pathway Total _

FILTER BACKWASH POND

chromium _ [ 0.3 -_ [ * I0"07 _- -_ I 0"4

FLY ASH POND
mercury [oo i  1o®, _. I
aSlope factor or reference dose not available to evaluate risk for this pathway.
bThis contaminant is Pot evaluated for this pathway because it is not volatile.
CAll chromium is conservatively assumed to be in hexavalent state [Cr (VI)I.



Table 6--49. Industrial Scenario Risk Assessment for Future Exposure to Groundwater on the 300-FF-5

Operable Unit (Contamination based on Modeling from Soils below 15 ft; Non-Radioactive Contaminants).

Contaminant [ Pathway [ Contaminant Total

L Ùn l,n oo'V [ ,cootie,.o ,c_ I-G 1--7__ _ .Q ,c_

_.TH PROCESS POND (316-2)

a 4 a

"13, ;,c
• 0.02 -"

_er a

Total Cl

;OUTH PROCESS POND (316-1) _,er _

a, monia [ i - i 0,9_ +---_ ......

a -.i

,--t 2E05 " ,---,
¢ Total 11.006 -" 0 9 -

_L GROUND #5 <

5 1E-05 " 0.004 _a o
:opper 0.004 -" -" - -

TRENCHES
--------- b 0.5 _ 3 -_

)llli Ulll c 2 _a _a -

b _" 0.001 -_ 0.06 -"
0.06 -" -

----------- _ __ 0.6 -_
monia _. _' 0.6 -_

a 3 -"
"_ __ 0.6 -"Total

RETENTION BASINS

m_o,_,_ I .I . 10_1 . I _[ . I °._I "
_Slope factor or reference dose not available to evaluate risk for this pathway.

contaminant is not evaluated for this pathway because it is not volatile.

_All chromium is conservatively assumed to be in hexavalent state ICR (VI)].



Table 6-50. Summary of Industrial Scenario Risk Assessment for Future Exposure to Groundwater

(Receptor on the 300 Area; Contamination Based on Modeling from Soils Above 15 ft).

Source Pathway Total

Ingestion Inhalation of Dermal Contact a
Volatiles _

HQ [ ICR b HQ [ ICR HQ [ ICR HQ II_______R

- 2 - 11 4E-06
North Process Pond (316-2) 9 4E-06 -

South Process Pond (316-1) 9 7E-06 3 - 2 - 14 7E-06 GI

Process Trenches (Pre-ERA) 10 8E-04 - 9E-06 2 2E-06 12 8E-04 O

Process Trenches (PosbERA) 0.2 ¢E-07 3E-07 0.004 9E-08 0.2 9E-07
¢lx

,--1 Burial Ground #4 28 2E-05 4E-07 6 IE-07 34 2E-05
- tO

Burial Ground #5 0.9 3E-07 - - 0.2 1 3E-07

307 Trenches 2 6E-07 0.7 - 0.4 - 3 6E-07 o
. 0.6 -_ 0.6 -

307 Retention Basins
- 3 15 -

Sanitary Trenches 12 - -
- 0.07 - 0.4 -

Filter Backwash Pond 0.3 - -
- 0.001 - 0.05 -

Fly Ash Pond 0.05 - -

aNon_radioactive contaminants only.
blncludes risk from non-radioactive and radioactive contaminants.

HQ = Hazard Quotient.
ICR = Lifetime Incremental Cancer Risk.

- = Not applicable.



Table 6-51. Summary of Industrial Scenario Risk Assessment for Future Exposure to Groundwater (Receptor on the 300 Area;
Contamination Based on Modeling from Soils Below 15 fQ.

•Source Pathway Total

Ingestion Inhalation of Dermal Contact S
Volatile _

!

HQ ICR b HQ ICR HQ ICR HQ ICR

_ O.7 - 4 3E-07
North Process Pond (316-2) 3 3E-07 -

South Process Pond (316-1) 0.006 2E-07 0.9 - 2E-05 - 0.9 2E-07
_ - 8E-07

Burial Ground #4 - 8E-07 - - ---- U

Burial Ground #5 0.004 3E-07 - - 1E-05 - 0.004 3E-07 O

307 Trenches 2 4E-08 0.6 - 0.5 - 3 4E-08
Ox - - ir_

- 3E-07 0.2 - 0.2 3E-07
4n 307 Retention Basins - to

aNon_radioactive contaminants only.

blncludes risk from non-radioactive and radioactive contaminants. <G_

HQ = Hazard Quotient
ICR = Lifetime Incremental Cancer Risk.
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Table 6-52. Biological Groundwater Constituents of Concern and Concentrations (ug/L).

Groundwater Maximum
Parameter Concentration

Chloroform 18
L ,

1/2-Dichloroethene (Total) 150

Dichloroethene (trans) 130

Trichloroethene 14

Copper 11.6

Nickel 118

Nitrate 15,600

Strontium-90 4.57

Technetium-99 65

Tritiu m 11,770

Uranium-234 120

Uranium-235 17

Uranium-238 93

Total Uranium (ug/L) 270
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Table 6-53. Wildlife Exposure Parameters Used in 300-FF-5 Dose Calculations.

,, ............ , ,,= , J , ,,,,,, _.

Species Weight Ingestion rate Diet a Fractional
(Kg) food Use b

........ I (kg/day wet wt) ................. _

Canada goose 4 c 0.43 d Reed canary grass 0.45

Loggerhead Shrike 0.047 c 0.028 d House mice 1
Great Basin pocket mice

,,, .,., ,,

Swainson's hawk 1.05c 0.23 d House mice 0.06

Great Basin pocket mice

a For dose calculations diet assumed to be 100% of the constituents listed. Loggerhead
shrike diet = 17% mammals in summer and 76% birds and mammals in winter (Fitzner et

ai. 198'1). Swainson's hawk diet = 32% mammals (Fitzner et al. 1981).
b Fractional use = S:ze of riparian zone of Operable Unit/home range. Estimated the size

of the riparian zone to be 4 km long by 100 m wide. For Canada geese fractional use = 4
kin/8.8 km (Eberhardt et a1.1989). For loggerhead shrike fractional use = 0.4 kin2/0.1 kin2
(carnivore HR scaled from Swainson's hawk by Mass (kg)1.39, herbivore HR=9.86 x mass
(kg)0.70 (Schoener 1968)) = 4, therefore used 1. For Swainson's hawk fraction use = 0.4
km2/7 km2 (Poole et al. 1988) = 0.06.

c Terres !980. Mean body weight for Canada goose = 3.6-4.5 kg; for loggerhead shrike =

40-54.4 g (male) and 40-47.4 g (female); for Swainson's hawk = 1.1 kg (female) and 0.9 kg
(male).

d Calculated as Intake-Herbivore = 157 x Mass (kg) 0.72; Carnivore = 234 x Mass (kg) 0.69
(Calder 1984).
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Table 6-54. Estimated Doses for Swainson's Hawks Within the 300-FF-5

Operable Unit From Ingestion of Great Basin Pocket Mice.

................

Contaminant Concentration Dose rate Fractional Dose rate

(mg/kg) mg/kg/day use mg/kg/day

, , , ,,, ,,L ,,, ,,, ,, , , , ,, ,,, i,,,, ,,,,,, , ,, , , , ,,, ,,,,, i

Mn 9.7 2.1 0.06 0.12
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Table 6-55. Estimated Doses for Loggerhead Shrike Within the 300-FF-5
Operable Unit from Ingestion of Great Basin Pocket Mice.

....................... . .........................

Contaminant Concentration Dose rate Fractional Dose rate

(mg/kg) (mg/kg/day) use (mg/kg/day)

, ,,, ,,,,, i , , , ,, , ,,,., ,, ,,,, , ,J, [,,, , ,,,,,,, .

Mn 9.7 5.7 1 5.7
.......................................... I .........
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Table 6-56. Estimated Doses for Canada Geese Within the 300-FF-5

Operable Unit from Ingestion of Reed Canary Grass.

...... 1 .... ' ' ' ' ' - ' "'

Contaminant Concentration Dose Rate Fractional Dose Rate

Vegetation (wet) (mg/kg/day use (mg/kg/day)
(me/ks)

,, , , i ,., ,,, , ,, , _. ............... f ,L .,,,. ,, ,,,,,....... g, ,, ,, ,,, ,,,,,, - -- .,, ,,,,,

AI 707 76 0.45 35
, ,r,,, , i, , , ,,,, , L ,i ,, , , ,,,,,,, , ,, ,,, ,,,, ,,,,,,,

Cu 16 1.7 0.45 0.78
................. ,,L | " '"'"" ' "" ' '' ' '" I " ' "

Fe 1540 166 0.45 75
..................... , ,, , ,,,,, ,,, , ,, ,L ,,,, ,

Mn 138 15 0.45 6.7
,, , ,,,, , , , ,, , , , ,, ,,, ,, ,,

Ni 4.7 0.51 0.45 0.23
.............................
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Table 6-57. Estimated NOEL (mg/kg/day) (a).

...... - _ , , , ,,, ,

CHEMICAL WILDLIFE AVIAN
,,,,, , , ,,. ,, , , ,,,,. , ,, ,, ,,, , ,.. - _,L , , ,, ,,,,.

Antimony 0,04 0.04
,, ,,,. L, , ,,, , ,, , , ,L ,,,=, -- ,,, , , , ,, ,, J,,,,,,,

Arsenic 0.00008 0.0952
' ' ' ' _, ,,,,' ' ,'" ' "" " ' i

Cadmium 0.00l 0.0005
, .,. ,, ,,,,,, , , ,, , ......... , ..,

Lead 0.0001369 0.0492
,, , ,, ,, , _ ......... , .,, , ,,,

Chromium 0.20 0.1
1 ,,l: , = ,, , , ,, , - , ,

Manganese 0.01 0.005
, . ,,,, , , , , ,,,, , ,, m, -

Nickel 0.5 0.25
, ........... : ,.,,.,. , , - ,,,,,

Silver 0.0005 0.001325
,,,,,. , ,.,,., - ,,,,,, , , ,,i

Zinc 0.2 0.1
, ,,, _ ,, ......... , , i, , ,

Vanadium 0.07 0.035
, ,,,, ,. ,, , , ....., , , , ,.

Beryllium 0.05 0.025....... , , , , ,

Chloroform 0.3 0.15
,,,,,,, ,,, , ,,. ...., i ,

Methyl Chloride 0.6 0.3
, , ,, ,....

(a) DOE 1992.
..
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Table 6-58. Computer Calculated Radioiogical Dose to Aquatic Organisms.

Organism Dose (rad/d)

Fish 0.081

Crustean 0.052

Plant Eating Duck 0.42

Fish Eating Duck 0.74

Heron 0.48
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Table 6-59. Toxicity Value Comparison for Aquatic Organisms.

, ....

Contaminant Acute LOEL Chronic 300-FF-5 Above

(Izg/L_ LOEL concentrations Criteria
(12g/L) (_g/L) (LOEL)

, ,, , ..... ,, , ,.,,.

Copper 11" 7.6* 11.6 yes
,, . .... ., , , ,,, t , . , ,

Nickel 920" 102" 118 yes
,, ,L ,,,. , , ,. .....

Nitrate 400,000 No values 15600 no
, .,. , , ,, ,, ,, ,., , ,,. , , , .

Chloroform 28900 1240 18 no
,,, , , ,, ,, ,, ,.

1-2 Dichloroethene 116000" No value 150 no
, ., ,.

Trichloroethene 45000 21900 14 no
.... ,, ,,.. .....

* Assuming calcium carbonate concentration of 60 mg/L.
+ From Ambient Aquatic Life Water Quality Criteria for Aluminum (EPA 1986d).
^ Values for dechloroethylene.
(a) Value from Suter 1991

.......................
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Table 6-60. Environmental Hazard Quotient for Swainson's Hawks Within the
300-FF-5 Operable Unit from Ingestion of Great Basin Pocket Mice.

Contaminant Dose Rate NOEL* EHQ

mg/kg/d mg/kg/d
, , ,, , ,, ,, , ,,,

Mn 1.2E-1 0.005 24
,, , , ,, , ,,

* Avian NOEL (DOE 1992)
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Table 6-61. Environmental Hazard Quotient for Loggerhead Shrike Within the
300-FF-5 Operable Unit from Ingestion of Great Basin Pocket Mice.

.........................

Contaminant Dose rate NOEL* EHQ
mg/kg/d mgkg/d

Mn 5.7 0.005 1,140
,, ,. ,, , ,. , , .... ,. ,,

* Avian NOEL (DOE, 1992)
...............................
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Table 6-62. Environmental Hazard Quotient for Canada Geese Within the
300-FF-5 Operable Unit from Ingestion of Reed Canary Grass.

f........

Contaminant Dose Rate NOEL* EHQ

mg/kg/d mg/kg/d
,,L ,,, , ,, , , ., ,, ,, , .

A1 35 NA
l' .m .. ,, ,, ,, ,., ,,,, ,,. , .....

Cu .78 NA
,.. ,,, ,. ,, , , . ,

Fe 75 NA
, , ,, ., ,,.,. , .. ,, ,, ,, , .

Mn 6.7 0.005 1340
, ,,, ., ,.,, , , ,,,,. .m , , ..

Ni .23 O.25 .92
• , . ............. , ., ,,= ,, ,,,, ,

NA - Not Available

* Avian NOEL (DOE 1992)
............
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7.0 SUMMARY AND CONCLUSIONS

The RI/FS is a complex, multiple-objective component of the environmental
regulatory process. As such, it demands the use of a multi-disciplinary investigational
approach to define the nature and extent of threats to human health and the
environment posed by contaminant releases at a site, and to collect information needed
to support an evaluation of remedial alternatives during the FS phase of the project. The
work which has been presented in this report constitutes the initial phase (Phase I RI) of

this process.

In this chapter, a summary of the findings of the 300-FF-5 operable unit Phase I RI
is presented. This summary is presented below in Section 7.1. Based on these findings,

and on the statutory requirements of CERCLA, the NCP and the Tri-Party Agreement,
remedial action objectives for the feasibility study and recommendations for further

investigations for the 300-FF-5 operable unit are presented in Section 7.2.

7.1 PHASE I REMEDIAL INVESTIGATION SUMMARY

7.1.1 Physical Characteristics

The 300 Area was placed on the National Priorities List (NPL) in November 1989 by
the U.S. Environmental Protection Agency (EPA). The EPA took this action pursuant to
their authority under the Comprehensive Environmental Response, Compensation and
Liability Act of 1980 (CERCLA). The 300 Area NPL site was divided into four operable
units with the 300-FF-5 operable unit designated as the groundwater operable unit
beneath the 300-FF-1, 300-FF-2, and 300-FF-3 operable units. The 300-FF-5 operable unit
was designated to address the groundwater/surface water pathway under the 300 Area
and to aid in identifying groundwater contamination from other areas that commingle in
the groundwater before discharging into the Columbia River.

A detailed presentation of the regional and local aspects of the physical
characteristics of the 300-FF-5 operable unit is provided in Chapter 3.0. The following
summary focuses on the major issues related to the contaminant sources, meteorology,
surface hydrology, geology, soils and ecology.

The 300-FF-5 operable unit is a groundwater operable unit which contains no waste
sources but underlies and is downgradient of several operable units or waste sources.
Source facilities, operable units, and suspected chemical processes and activities which
may have impacted the 300-FF-5 operable unit would include (Section 3.1):

• The 300-FF-1 operable unit containing waste management units
associated with fuel fabrication and support operations. A description
of most of the waste generation activities is presented in the 300-FF-1
Phase I RI (DOE-RL 1993a).

• The 300-FF-2 operable unit, containing waste management units that

received solid waste and contaminated v.quipment from the fuel
31

7-1
_



DOE/RL-93-21, Rev. 0

fabrication operations. A few of the waste units received treated waste
from research and development activities in the 300 Area.

• The 300-FF-3 operable unit, containing waste management units that
received waste from many different operations and/or facilities such as
waste treatment facilities, fuel fabrication facilities, sanitary waste and
waste from the retired plutonium recycle test reactor.

• Underground storage tanks for petroleum at fuel dispensing islands at
the 300 Area Fire Station (Building 3709-A) and at the 382 pump house

building.

• The 300-IU-1 operable unit (located 4.8 km (3 mi) northwest of 300
Area), containing various waste management units that received waste
from fuel fabrication operations and miscellaneous construction debris.

• The 300-FF-4 operable unit (located approximately 10 km (6 mi)
northwest of the 300 Area), containing waste associated with the Fast

Ftux Test Facility.

• A tritium plume, believed to originate from the 200-PO-2 operable unit,
currently migrating south and east from the 200 East Area.

• The Horn Rapids Landfill, a waste management unit assigned to the
1100-EM-1 operable unit (located 1.6 km (1 mi) to the south and west of
the 300 Area), containing primarily office and construction wastes. A

plume of trichloroethene, technetium-99 and nitrate emanates from the
vicinity of the landfill (and Siemens Nuclear Fuel Fabrication Facility),
and is migrating toward the 300 Area (DOE-RL 1992d).

The 300-FF-5 operable unit is situated within _n area having a relatively moderate
semi-arid climate characterized by low precipitation, high evapotranspiration and which
is relatively windy (Section 3.2). The Columbia River is adjacent to the 300-FF-5 operable
unit and is the discharge point for the 300-FF-5 groundwater. The ground surface

overlying the 300-FF-5 operable unit has a generally flat topography with a lack of well
defined drainages. Combined with low precipitation, high evapotranspiration, and
coarse surface soils, there is very little surface runoff to the river (Section 3.3).

The 300 Area is situated at the south end of the Cold Creek syncline. The geologic

units found in the 300-FF-5 operable unit include, from oldest to the youngest, (1) Saddle
Mountains Basalt, (2) Ringold Formation, (3) Hanford formation, and (4) Holocene
surficial deposits. The uppermost basalt flow in the area of the 300-FF-5 operable unit is
the Ice Harbor Member of the Saddle Mountains Basalt Formation and forms the bedrock

in the Area (Section 3.4.2). Overlying the bedrock is the Ringold Formation, an
approximately 29 to 44 m (95 to 145 ft) thick deposit of mixed sediments of fluvial,

overbank and lacustrine origin (Section 3.4.3.1.2). Above the Ringold Forntation is the
Hanford formation which is comprised predominantly of sand and pebble to boulder
gravels of proglacial and fluvial origin which range in thickness from 9 to 20 m (30 to 60
ft) (Section 3.4.3.1.3). Holocene surficial deposits in the 300-FF-5 operable unit area consist
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dominantly of eolian silts and fine grained sands. These deposits are found in thin
sheets and thicker dunes (0 to 5 m [0 to 15 f-t]) over the site (Section 3.4.3.1.4).

The groundwater table is located at approximately the Ringold Formation/Hanford
formation contact. The vadose zone (the region above the water table) consists
predominantly of the sand and gravels of the Hanford formation. The unconfined
(water table) aquifer occurs within both the Hanford and Ringold Formations and is
contiguous with the regionally extensive unconfined aquifer observed below most of the
Hanford Site (Section 3.6.3). The uppermost confined aquifer occurs in the lower sand
and gravel units of the Ringold Formation and is separated from the unconfined aquifer
by the Ringold lower mud unit. A multiple confined aquifer system occurs within the
flow tops/bottoms and interbeds of the Columbia River Basalt group underlying the
Hanford Site (Section 3.6.3). Groundwater flow in the 300-FF-5 operable unit is generally
similar to that of the regional system flowing primarily from west to east where it
discharges into the Columbia River. There are upward gradients between the confined
and unconfined aquifers of the 300-FF-5 operable unit (Section 3.6.3.2.3). While the total
net flux of the groundwater is discharging to the Columbia River over time, the variable
stage of the river significantly affects the local water table in the area (Section 3.6.3.2.4).
At high river stages, the Columbia River is discharging water into the aquifer as bank

storage.

The Columbia River is the most significant surface water body in the region. It is
used as a source of drii_king water, industrial process water, crop irrigation and for a

variety of recreational activities including fishing, hunting, boating, water skiing, and
swimming (Section 3.7.1.2). Late prehistoric material is prevalent throughout the 300
Area, especially adjacent to the Columbia River (Section 3.7.1.3).

The Hanford Site is located in the big sagebrush/bluegrass wheatgrass plant
community. The dominant shoreline (riparian) flora species in the 300-FF-5 operable unit
consists of white mulberry and peachleaf willow, reed canary grass and bulbous
bluegrass, and a large variety of forms. One protected species, persistent sepal
yellowcress was found in the riparian environment (Section 3.7.2.1). The non-riparian
flora species include cheatgrass, russian thistle and rabbit brush species.

Fauna observed in the 300-FF-5 operable unit include several reptiles, such as the
western yellow bellied racer, gopher snake, and several species of lizards (Section 3.7.2.2).

Fifty-three species of birds were documented during winter and summer surveys
' including ring-billed and California gulls, bank swallows, a variety of ducks and Canada

geese (Section 3.7.2.3). Approximately 40 species of mammals have been identified on the
Hanford Site. The most abundant small mammals captured in the 300-FF-5 operable unit
were the house mouse and the Great Basin pocket mouse (Section 3.7.2.4). A total of 44
fish species have been identified in the Hanford Reach portion of the Columbia River
(Section 3.7.2.5). Sensitive environments potentially impacted by the 300-FF-5 operable
unit include the Columbia River, the riparian zone along the river shore and the
terrestrial mature sagebrush and bitterbrush habitat of the northern boundary of the site
(Section 3.7.3).
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7.1.2 Nature and Extent of Contamination

In Chapter 4, the chemical and radiological contaminants which potentially pose
risk to human health and the environment are defined. The compounds identified as
such are termed the contaminants of potential concern (CsOPC) for the 300-FF-5 operable
unit. CsOPC are identified for each medium (soil, groundwater, sediment and surface
water) which represents a potential contaminant exposure route and are chosen through
a step-wise screening process which considers laboratory and field blank data,

background concentrations, appropriate regulatory criteria, and media-specific risk-based
benchmark screening concentrations. The CsOPC represents a list of contaminants that
are retained for later use in the baseline risk assessment performed in Chapter 6. All
compounds which are eliminated by the screening process are dropped from further
consideration in this RI. This subsection will summarize the chemical and contaminant

characteristics of the operable unit which result from this screening process.

Risk-based screening was conducted for groundwater, river sediment, surface water
and 300-FF-1 soils. The approach taken in the screening for each of these media was as
follows:

• 300-FF-1 soils. The 300-FF-1 Phase [ RI deferred evaluation of future

impacts to groundwater from 300-FF-1 soil contamination to the
300-FF-5 RI (DOE-RL 1993a). Therefore, a series of calculations were
performed (Appendix I) to estimate the future groundwater
concentrations which are expected to occur due to the observed

300-FF-1 soil contamination. The waste management units which were
considered in this evaluation include the 316-2 north process pond,
316-1 south process pond, 316-5 process trenches (pre-ERA), 316-5
process trenches (post-ERA), 618-4 burial ground no. 4, 618-5 burial
ground no. 5, 307 trenches, 307 retention basins, filter backwash pond,
fly ash ponds, and the sanitary trenches. Two of these waste
management units (307 trenches and 307 retention basins) are in the
300-FF-3 operable uniL These waste management units were
considered because they were investigated as part the 300-FI:-I Phase I

RI field investigation. A subsequent operable unit boundary change
moved the two waste management units to the 300-FF-3 operable unit.
A total of 11 waste managerr, eLlt units were, therefore, considered in
the groundwater estimates.

The calculations of groundwater impacts consisted of a relatively
simple, yet conservatively-structured approach which was based on a
vadose zone screening methodology presented in DOE-RL (1991).

Upper confidence limit (UCL) values (95 percentile at 95% confidence)
were used to characterize the source concentrations at each waste

management unit. The UCLs were obtained directly from the 300-FF-1
Phase I RI (DOE-RL 1993a). Estimates of Kd (sorption coefficier..t) and
solubility were obtained in a literature search performed for each
contaminant. The calculations were performed at each waste
management unit, and for each contaminant which was detected above
background in soils above 4.6 m (15 ft), and in soils below 4.6 m (15 ft).

The resulting groundwater concentrations were then compared to
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groundwater, surface water and sediment risk-based benchmark
screening concentrations and ARARs. Any compound which exceeded
any of the screening concentrations and/or regulatory criteria was
retained as a CsOPC for 300-FF-I soils. As such, separate lists of
CsOPC were identified (two depth zones at each of the 11 waste
management units) and presented in Section 4.2.

• Groundwater. Three screening scenarios were considered for
groundwater: (1) screening groundwater data from all wells sampled,
(2) screening data from the on-site industrial process well only (well
399-4-12 the only current groundwater supply), and (3) screening data
from wells which are considered representative of the tritium plume as
it migrates into the operable unit from the north. For each of these
three scenarios, the screening was performed separately for the
unconfined and confined aquifers, as appropriate. Maximum

concentrations for compounds which exceeded background were
compared to groundwater, surface water and sediment risk-based
benchmark screening concentrations and ARARs. Any compound
which exceeded any of the screening concentrations or regulatory
criteria was retained as a CsOPC for each of the respective
groundwater screening scenarios (Section 4.2).

° Sediment. Compounds which remained after the blank adjustments
were compared to background concentrations for Columbia River
sediments. Compounds above background concentrations were carried
forward to the risk-based and regulatory screening. The maximum
detect for each of these compounds was compared to sediment risk-
based screening concentrations and ARARs. Any compound which
exceeded any of the sediment screening concentrations and/or
regulatory criteria was retained as a CsOPC (Section 4.2).

° Surface Water. Two screening scenarios were considered for surface
water. These essentially consisted of two different sets of background
values: (1) a Hanford Site background, and (2) an operable unit-specific
background. Compounds which remained after these two background
screening scenarios were then compared to surface water screening
concentrations and ARARs. Any compound which exceeded any of the
screening concentrations and/or regulatory criteria was retained as a
CsOPC for each of the two respective screening scenarios (Section 4.2).

The extent of contamination in biota was also addressed in Section 4.3, using
procedures separate from those described above for soils, groundwater, sediment, and
surface water.

7.1.2.1 300-FF-] Soils. Table 4-19 summarizes the CsOPC which were identified for

300-FF-I soils. Inorganic compounds which were retained as CsOPC include ammonia,
cadmium, chromium, cobalt, copper, fluoride, lead, mercury, silver, sulfate, and zinc. Of
these, the most consistently retained compounds include chromium (8 waste
management units), copper (8 waste management units), lead (8 waste management
units), and mercury (8 waste management units). Organic compounds retained include
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PCE, TCE, vinyl chloride, and a number of other miscellaneous compounds (mostly
phthalates) that were retained at a limited number of waste management units. TCE and
PCE each constituted the most frequently identified organic compound. Each of these
was retained at three waste management units (316-5 process trenches [pro-ERA], 316-5

process trenches [post-ERA], and 618-4 burial ground #4). Radionuclides which were
retained include Co-60, Ra-226, and the uranium isotopes (U-234, U-235, U-238, and total
uranium). Uranium, in at least one form, was the most consistently retained

radionuclide, occurring at 8 of the 11 waste management units.

Waste management units with the most compounds retained include the 316-2
north process pond, 316-1 south process pond, 316-5 process trenches (pre-ERA), 316-5
process trenches (post-ERA), 618-4 burial ground no. 4, 618-5 burial ground no. 5, and the
307 trenches. Only two compounds were identified at the 307 retention basins, and only
one was identified at the filter backwash pond. No radionuclides were retained at the
sanitary trenches, filter backwash pond, or fly ash ponds. Generally speaking, more
compounds were retained at each waste management unit in the upper 4.6 m (15 ft) than
below 4.6 m (15 ft).

7.1.2.2 Groundwater. Table 4-21 summarizes the CsOPC which were identified for the

three groundwater screening scenarios. The extent of contamination in groundwater is
discussed in Section 4.3.1. For the "all data" scenario, the following CsOPC were retained
for use in the risk assessment:

• total coliform, 1,2,-DCE (total and trans), TCE, chloroform, nitrate, Sr-90,

Tc-99, tritium, total uranium, U-234, U-235, U-238, nickel, and copper.

All of these contaminants are associated only with the unconfined aquifer. All
CsOPC which were identified for the confined aquifer were eliminated due to low

frequency of detection, inconsistent detection, and/or suspected problems with poor well
construction at well 399-1-16C (Appendix E).

The extent of contamination of the CsOPC for the unconfined.aquifer is depicted in
a series of plume maps included in Appendix K, and the maximum concentrations are
summarized in Table 4-21. Groundwater contamination at the 300-FF-5 operable unit
generally consists of three main plumes. The primary plume, and the only one of the
three which is derived from 300 Area operations, is centered in the 300-FF-1 operable
unit, primarily in the vicinity of the 316-5 process trenches, and the 316-2 and 316-1 north
and south process ponds. Compounds associated with this plume are the organic

compounds (DCE and TCE), nickel, copper, Sr-90 and the uranium isotopes. TCE and
DCE concentrations occur in the "B" wells (screened interval near the bottom of the

unconfined aquifer) and are believed to be due to a DNAPL source which is present at
depth in the unconfined aquifer. A second plume, consisting oi tritium contamination

migrating onto the 300-FF-5 operable unit from the north, is present throughout the
north and eastern portions of the 300-FF-5 operable unit. This plume is derived from
operations in the 200 Area. At the time of the Phase I RI sampling, tritium concentrations
were highest in the northern portions of the operable unit (approximately 12,000 pCi/L)
and declined to the south. The minimum detected concentrations (approximately 1000

Si/L) occurred some 400 m (1300 ft) south of the 300-FF-1 operable unit. The third

?fume is comprised of Tc-99 and nitrate contamination which is migrating from the
vicinity of the ll00-EM-1 operable unit, located approximately 1.6 krn (1 mi) to the
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southwest of the southwestern portion of the 300-FF-5 operable unit. This plume is
centered in the southern portion of the 300-FF-5 operable unit. TCE is also known to be
present in groundwater at the 1100-EM-1 operable unit; however, TCE contamination
was not detected with the Tc-99 and nitrate in the 300-FF-5 Area during this RI (DOE-RL
1990b and 1992d).

For the screening scenario involving well 399-4-12 only, the following CsOPC _vere
retained for use in the risk assessment:

• chloroform, TCE, tritium, U-234, U-235, U-238 and total uranium.

Data from this well were screened separately because the well represents the only
current mode of groundwater exposure at the 300-FF-5 operable unit. The maximum
concentrations observed for these contaminants are summarized in Table 4-21.

For the screening scenario involving the wells which are considered representative

of the tritium plume, tritium was the only CsOPC retained for use in the risk assessment.
The maximum concentration of tritium in the wells which were screened was 11,770

pCi/L (well 699-$19-E14).

7.1.2.3 Sediment. The extent of contamination in sediment is discussed in Section 4.3.2.
There were no CsOPC for sediment which were retained for use in the risk assessment.

Therefore, the sediment pathway was eliminated as an exposure pathway in this risk
assessment.

7.1.2o4Surface Water. Table 4-21 summarizes the CsOPC which were identified for the

two surface water screening scenarios. The extent of contamination in surface water is
discussed in Section 4.3.3. For the Hanford Site background screening, the following
CsOPC were retained for use in the risk assessment:

• TCE, Tc-99, tritium, U-234, U-235, and U-238.

For the operable unit-specific background screening, the following CsOPC were
retained for use in the risk assessment:

• TCE, Tc-99, U-234, U-235, and U-238.

The results of the surface water analyses for these compounds are tabulated in
Table 4-23. As shown in the table and as discussed in Section 4.3.3, concentrations

generally were observed to be highest close to the riverbank, and lowest away from rite
riverbank. The maximum detects were all associated with the sample collected 1 m (3 ft)
from the bank. It was also noted that concentrations generally increase towards the

_ downstream end of the 300-FF-5 operable unit. The maximum river concentrations for
the uranium isotopes, tritium, TCE and Tc-99 all occurred at the SP11 WAT3 sampling
location (Figure 2-1).
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7.1.2.5 Biota. A biotic uptake assessment was performed to determine if constituents of
concern could be transported from contaminated groundwater into the riparian and
aquatic foodchains. The results of this assessment are presented in Brandt et al. (1993a)
and summarized in Section 4.4.

Brandt et al. (1993a) looked at several biological components including riparian
vegetation and small mammals. For vegetation, elevated concentrations of certain metals
were noted in operable unit samples of reed canarygrass. Tables 4-24, 4-25 and 4-26
summarize the results of analytical testing for riparian zone vegetation.

For small mammals (house mice and Great Basin pocket mice ), Brandt et al.
(1993a) reported little difference between operable unit and control sample contaminant
concentrations, except for manganese in the pocket mouse which is higher in the
operable unit (Tables 4-27 and 4-28).

For aquatic vegetation, contaminants were analyzed in periphytic communities
above and below the operable unit. Although _he highest concentrations for most
contaminants were found at the furthest downstream station, there was apparently little
evidence of any tendency toward a downstream increase in contaminant concentrations.

An evaluation of data collected from macrophytes, however, did show a general
downriver increase in concentrations for aluminum, cadmium, chromium, copper, iron,

lead, manganese, mercury, nickel and zinc The implication of this trend was not
addressed, however.

With regards to aquatic org;anisms, samples of whitefish and carp have been
collected roulinely from the Columbia River and analyzed for radionuclides. The results
of the analyses are reported in the yearly Hanford Site Environmental Reports.

7.1.3 Contaminant Fate and Transport

Chapter 5 serves as a bridge between the contarainant screening analysis of
Chapter 4, and the baseline risk assessment of Chapter 6. Section 5.1 consists of an
environmental fate analysis for the 300-FF-5 operable unit contaminants of potential
concern identified in Chapter 4. Contaminant fate is discussed as it relates to the
environmental media of subsurface water, surface water, and biota. Results of the fate

analysis are used in Ci_apter 6 to determine human and ecological receptor exposure

scenarios and pathways. Because total coliform is an organism and not a chemical
compound, no risk quantification of this 300-FF-5 operable unit contaminant of potential
concern was attempted in Chapter 6.

Section 5.2 consists of transport analyses of the 300-FF-5 operable unit contaminants
of potential concern in the environmental transport pathways of subsurface water,
surface water, and biota. The purpose of the transport analyses is to provide reasonably
conservative estimates of future contaminant concentrations at points of potential
receptor exposure. These concentrations serve as input to the future exposure scenarios
of Chapter 6. The remainder of this section is a summary of the transport analyses
discussed in Section 5.2.
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7.1,3.1 Subsurface Water Transport Analysis. The 300-FF-5 operable unit subsurface
water transport pathway includes only the saturated zone. Responsibility for the 300
Area unsaturated zone lies with the source operable units 300-FF-1 through 300-FF-3.
The purpose of the saturated transport pathway analysis is to calculate maximum future
concentrations of 300-FF-5 operable unit CsOPC in operable unit groundwater.
Maximum concentrations were calculated for the year 2018 since this represents the
earliest time in which current institutional controls over groundwater use may be relaxed
by DOE at Hanford. Groundwater concentrations are assumed not to increase in the
future. This assumption is valid for those contaminants whose surface or vadose zone
source either is declining in strength, is removed, or is contained by source control
measu res.

No transport analysis was performed for total coliform, nitrate, technetium-99, or
tritium. Future coliform concentrations were assumed equal to those currently measured
since total coliform is associated with sewage disposal which is expected to continue into
the future for industrial land uses. Nitrate, technetium-99, and tritium migrate as plumes
into the 300-FF-5 operable unit from sources outside of the 300 Area. Transport modeling
of both nitrate and technetium-99 is addressed in the II00-EM-I operable unit phase I
and 1I remedial investigation reports (DOE-RL 1990b and 1992d). Modeling of the tritium

plume is beyond the scope of this document, so future concentrations were assumed
equal to present concentrations (see discussion in Section 5.2.l.2).

Numerical modeling of uranium in the saturated pathway was performed by

Westinghouse Hanford. Uranium was the only 300-FF-5 operable unit CsOPC which
warranted the resources required to run the numerical model. All other 300-FF-5
operable unit CsOPC were modeled analytically by solving an approximate analytical
solution to the equation describing groundwater flow and contaminant transport in
saturated porous media. The analytical model was benchmarked by comparing uranium
modeling results with the numerical model. Both models predicted similar maximum
uranium concentrations at the year 2018.

Predictions of uranium concentration in the groundwater at and beyond the year
2018 has much uncertainty. Uranium migration and fate in the aquifer is dependent on

its partitioning coefficient (Kd) between the aquifer water and soil matrix. Uranium Kd's
are moderate and are usually published between 1 and 10 ml/g (see Appendix I).
Observations of uranium concentrations in aquifer soils and adjacent groundwater in the

300 Area indicate Kd'S could be as high as 25 ml/g (Tyler 1992). Both numeric and
analytic modeling was conducted for uranium using Kd'S between 1 and 25 ml/g.
Assuming a Kd of 1 ml/g, uranium contaminants are flushed out of the unconfined
aquifer by the year 2018. Assuming a Kd of 25 mi/g, remaining concentrations of total
uranium range from about 10 to 20 pCi/L in the aquifer by the year 2018.

The fate and migration of uranium in the aquifer may also be dependent on kinetic
or equilibrium solubility constraints. The possibility exists that uranium flow that was
discharged to the 300 Area process trenches and possibly other waste management units
in the 300 Area could have migrated as a floc to the water table. This is possible because

of the open framework gravels in the area and of the high flux of percolating waste
effluents to the water table after discharge. Another possibility is that uranium became
oversaturated in the aquifer and precipitated as a solid floc. Measured soil
concentrations, used to calculate Kd's as high as 25 ml/g, may actually represent
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secondary sources of uranium floc in the aquifer matrix that is slowly dissolving and not
associated with Kd equilibrium. Given the potential mass of uranium floc (based on
maximum aquifer soil samples), the estimated flux of groundwater in the impacted area
and the observed groundwater concentrations of uranium, modeling of uranium as a
dissolving floc indicated that this secondary source could be dissolved by the year 2002
(see Figure 5-12). Uranium would then migrate through the aquifer into the Columbia
River subject to Kd dominated mechanisms. Therefore, if secondary sources of uranium
exist in the aquifer, they are predicted to add only about 10 years to the results of the Ka
modeled results.

Results of the modeling demonstrate that the maximum concentrations of 1,2-
dichloroethene (total) (150 _g_L or 1.3x10"_ lb/gal), dichloroethene (trans) (130 tLg_ or
1.1x10 "6 lb/gal), and trichloroethene (14 _g/L or 1.2x10 "7Ib/gal) remained unchanged
through the year 2018. This resulted since the hypothesized dissolving DNAPL source
was assumed to provide mass at a constant rate inlo the foreseeable future. Chloroform
moved out of the unconfined aquifer and into the Columbia River in several years after
disposal of discharge effluent to the 316-5 process trenches had hypothetically ceased
(discharge to the Columbia River was assumed to continue due to continued chlorination

of drinking water supplies). The maximum concentration of copper decreased from 11.6
_g/L (9.68x10 "8 lb/gai) to 1.5 _g/L (1.3x10 "8 lb/gal) between the years 1992 and 2018, while
nickel decreased from 118 to 50 p,g/L (9.85x10 "7 to 4.2x10 "7 lb/gal) during the same period.
The reduction in maximum concentration for strontium-90 between the years 1992 and
2018 was 4.57 to 0.24 pCi/L, respectively.

7.1.3.2 Surface Water Transport Analysis. Columbia River transport of contaminated

groundwater which discharges to the river along the boundary of the 300-FF-5 operable _,
unit is the only surface water pathway for the operable unit. The purpose of the surface qB'
water transport analysis is to estimate future concentrations of 300-FF-5 operable unit
CsOPC in the Columbia River resultir, g from discharge of operable unit contaminated
groundwater. Contaminant concentrations in the Columbia River were estimated at two

potential receptor locations. The first location is near the southern boundary of the 300-
FF-5 operable unit, where contaminant concentrations in the Columbia River adjacent to
the 300 Area are generally greatest. The second receptor location is downstream of the
300 Area at the City of Richland river intake/pumphouse.

Future Columbia River concentrations were not estimated at either receptor
location for total coliform, nitrate, technetium-99, and tritium. Disposal of coliform
bacteria is ongoing and expected to continue indefinitely. The maximum future
concentration of total coliform in the Columbia River was therefore assumed equal to the
maximum river concentration measured during the year 1992 (30 c/100 ml). The 300-FF-5
impacts of nitrate, technetium-99, and tritium are associated with plumes originating from
sources outside of the 300 Area. Impacts to the Columbia River from the nitrate and

technetium-99 plumes were modeled for the 1100-EM-1 operable unit phase I and II
remedial investigation reports (DOE-RL 1990b and 1992d). Modeling the tritium plume is
beyond the scope of t!.is effort, so it was assumed that concentrations of this
contaminant would remain constant beyond the year 2018.

Calculating future contaminant concentrations in the Columbia River adjacent to
the 300 Area was accomplished by first calculating an average and maximum
"proportionality factor" representing the current flux of ground,_ater contaminants
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entering the river to observed average and maximum river concentrations (Table 5-3).
These proportionality factors were then multiplied by the contaminant mass flux
estimated to enter the river in the future. At low river stages (maximum observed
concentrations in river water), 1,2-dichloroethene (total and trans) was not detected in

river water which prevented calculating a proportionality factor for this contaminant.
The maximum future Columbia River concentrations of 1,2-dichloroethene (total and

trans) were therefore assumed to be at or near zero. Using the aforementioned method,
the average and maximum future Columbia River concentrations were calculated
(Table 5-4):

Maximum Average
Concentration Concentration

• chloroform 2.2 #g/L 0.028 _zg/L
• trichloroethene 1.8/_g/L 0.022/J.g/L

• copper 1.6 _g/L 0.020 _g/L
• nickel 7.1/_g/L 0.088 _g/L

• tritium 5,800 pCi/L 130 pCi/L
• strontium-90 0.03 pCi/L 3.9 x 10.4 pCi/L
• uranium-234 1.0 pCi/L 0.13 pCi/L
• uranium-235 0.06 pCi/L 0.0008 pCi/L
• uranium-238 0.81 pCi/L 0.010 pCi/L
• total uranium 2.1 pCi/L 0.03 pCi/L

With the possible exception of copper and nickel, the maximum future mass flux
into the Columbia River for all 300-FF-5 operable unit contaminants of potential concern
is approximately equal to or less than the current mass flux into the river.
Concentrations of 300-FF-5 operable unit CsOPC are, therefore, generally not expected to
increase at the City of Richland pumphouse due to discharge of contaminated
groundwater from the operable unit into the Columbia River. It is possible that at the
City of Richland pumphouse the concentration of copper and nickel derived from 300-FF-
5 operable unit groundwater may increase in the future, although the calculated
maximum future Columbia River concentrations of copper and nickel adjacent and near

shore to the 300 Area are negligible.

7.1.3.3 Biotic Transport Analysis. The 300-FF-5 operable unit includes both the riparian
zone along the Columbia River shoreline, and the terrestrial mature sagebrush and
bitterbrush habitat along the north boundary of the operable unit. The riparian zone
includes wetlands protected under the Clean Water Act, and the terrestrial },abitat is used
by a number of rare and protected species. The Columbia River is also included as part
of the biotic transport analysis because of the potential impact of the 300-FF-5 operable
unit on river biota.

It is assumed the source of contamination to the Columbia River are springs

located along the 300 Area shoreline. Once groundwater enters the river, contaminants
present in the groundwater are available for biological uptake in the aquatic food web
through primary producers, herbivores and carnivores. Contaminant transport in the
riparian zone is assumed to result from plant uptake via roots from contaminated
groundwater. From primary producers biotic transport was assumed from herbivores to
carnivores.
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Twenty one birds listed as threatened, endangered or candidates for listing by the
State of Washington or the federal government have been observed near the 300-FF-5
operable unit. These birds include the loggerhead shrike, burrowing owl, common loon,
and sage sparrow. No listed mammals have been observed or documented in the
vicinity of the 300-FF-5 operable unit. There are two species of mollusk found in the
Columbia River listed as candidates for protection under the Endangered Species Act.
These are the shortfaced lanx, Fisherola nuttalli, a Washington state candidate species, and
the Columbia pebblesnail, Fluminicolla colombiana, which is both a federal and state
candidate species. Although not threatened or endangered, species of economic
importance in the Columbia River are chinook salmon, sockeye salmon, coho salmon and
steelhead trout.

7.1.4 Risk Assessment

The baseline risk assessment is presented in Chapter 6, and contains both human
health and ecological components. Two human health evaluations are provided in this
report. The 300-FF-5 operable unit is evaluated based on current groundwater and
surface water contaminant conditions. In addition, the impact of 300-FF-1 soils on
groundwater in the future (2018) is also evaluated. The ecological risk assessment is
based on current contaminant conditions.

7.1.4.1 Human Health Assessment - 300-FF-5 Contaminants. To assess human health

impacts, 300-FF-5 operable unit CsOPC are evaluated under four exposure scenarios
(industrial, residential, recreational, and agricultural), three locations (300 Area, on
Hanford Site, and off Hanford Site), and for current and future conditions. Table 6-1
indicates the locations and times for which each of the exposure scenarios is evaluated.
Table 6-2 and Figure 6-1 (current), and Table 6-3 and Figure 6-2 (future) indicate the
media and exposure points through which receptors may become exposed to
contaminants.

Non-radioactive contaminants are evaluated for both non-carcinogenic and
carcinogenic effects, as appropriate. Radioactive contaminants are evaluated only for
their carcinogenic potential.

The largest hazard quotient (an indicator of non-carcinogenic human health
impacts) is 0.2. Since this value is nearly an order of magnitude less than 1, no systemic

toxic effects are expected to occur as a result of exposure to contaminants at the operable
unit.

A summary of lifetime incremental cancer risks (ICR) associated with CsOPC under

current conditions is provided in Table 6-34. The only current scenario that exceeds a 10"
6 risk is the industrial scenario with receptors on the 300 Area (2x105). However, this risk
is primarily due to chloroform in groundwater, which is attributable to water

chlorination. By excluding chloroform from the assessment, the groundwater risk drops
to lx10 "6. The surface water risk for industrial receptors (based on actual average
contaminant concentrations in the 300 Area water intake) is 9x10"8. Therefore, the total

risk to industrial receptors on the 300 Area is ix10 _ (excluding the contribution from
chloroform). A list of the contaminants of concern (for current exposure scenarios) and
their associated pathway-specific risks are provided in Table 6-36.
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A major current downstream user of Columbia River water is the City of Richland,

which supplies the municipality with drinking water from the Columbia River. This
water supply is routinely analyzed (see Table 6-4). Based on available data, ICR from the
water supply system for all uses is currently below 10.6. The future risk to the City of
Richland river water supply from 300-FF-5 contaminants should be less than estimated
for today, since the risk to the river decreases with time.

Contaminants in the 300-FF-5 groundwater are predicted to either remain the same
or decrease in the future (except for the Tc-99 and nitrate plume originating in the 1100-
EM-1 operable unit which is migrating into the 300 Area). This prediction assumes that
source control measures will be implemented in 300-FF-1,300-FF-2 and 300-FF-3 sources if
potential groundwater impacts are unacceptable. A summary of [CRs associated with
CsOPC under future conditions is provided in Table 6-37. Based on the use of predicted
ground contaminant concentrations., the only future scenario that exceeds a 10_ risk is
the industrial scenario with receptors on the 300 Area (7x10_). Approximately half of this
risk is associated with the tritium plume from the 200 Area. The remaining risk-driver
(trichloroethene) has an ]CR of 3x10"_',which is based on the conservative assumption
that currentTCE groundwater concentrations will remain constant beyond 2018. ltttle

source of TCE is depleted before 2018, then the total industrial scenario risk (on the 300
Area) becomes lxl0 _ (excluding the contribution from tritium).

Because of the availability of current data and the uncertainty in predicting future
contaminant concentrations in the Columbia River, future predictions of risk were

analyzed for average and maximum potential future impacts to the river. Asummaryof
average and maximum ICRs associated with CsOPC under future river condition is
provided in Table 6-37. Based on the use of predicted average river contaminant
concentrations, [CRs are all less than 10.6. if the predicted maximum river concentrations

are used to represent surface water in the 300 Area, then the risk to industrial receptors
on the 300 Area becomes 2x10"5. In addition, the risks to industrial, residential, and

agricultural receptors on the Hanford Site will exceed 10.6 [8x106 (industrial), 2x10"5
(residential and agricultural)]. However, these risk estimates include contributions from
contaminants (i.e., chloroform and tritium) not associated with past practices at the 300
Area. In addition, many other conservative assumptions are built into these risk
estimates such that they are considered bounding estimates, and do not represent actual
risks. A list of the contaminants of concern (for future exposure scenarios) and their

associated pathway-specific risks are provided in Table 6-37.

Although a HQ nor an ICR could not be calculated for coliform bacteria, portions
of the aquifer (mainly between the sanitary trenches and the Columbia River) currently
contain coliform bacteria. Since the future land use is not anticipated to change from

industrial, sanitary discharges were assumed to continue tnto the future and, thus,
impacts to local portions of the aquifer by coliform bacteria are also assumed to continue.
Coliform bacteria is a relatively common problem in natural water supply systems and
the usual abatement is chlorination of the water before distribution and use.

Unacceptable health risks may result from future potable use of groundwater impacted
by coliform bacteria if used without routine chlorination.

7,1.4.2 Human Health Assessment - 300-FF-1 Contaminants. The impact of 300-FF-1
(soil) contaminants on groundwater is evaluated only for future industrial receptors on
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the 300 Area. This impact is evaluated separately for each waste management unit
within the 300-FF-1 operable unit, and for soils above and below 15 ft.

Future industrial receptors (beyond the year 2018) are assumed to have access to
contaminated groundwater from any location within the 300-FF-5 operable unit. Direct
access to groundwater provides the highest contaminant intakes; therefore, this
assessment does not include surface water or biota ingestion pathways.

Table 6-50 provides a summary of hazard quotients and lifetime incremental cancer
risks associated with 300-FF-1 operable unit soils above 15 ft that is associated with future

impacts to groundwater. The waste management units that have a HQ greater than 1 or
an ICR in excess of 10"6 are the north process pond (316-2), south process pond (316-1),
(316-5) process trenches (pre-ERA), (618-4) burial ground #4, 307 trenches, and sanitary
trenches. Six waste management units have HQs in excess of 1; the maximum HQ is 34,

associated with (618-4) burial ground #4. With one exception, the only contaminant for
which the HQ is greater than 1 is chromium. Because there are no site-specific analytical
data to indicate otherwise, it is assumed for this assessment that all chromium is

hexavalent [Cr(VI)]. However, it is likely that most of the chromium found in 300 Area

soils is in the trivalent state. The RfD for chromium [II is 200 times larger than that of
chromium V1. If as assumed (or further data indicate) the chromium present in the 300
Area soils is trivalent, then the HQs associated with soils above 15 ft will generally be less
than 1. The one exception is ammonia in the (316-1) south process pond, which has a
HQ of 3.

Table 6-50 also indicates that four waste management units (soils above 15 ft) have

lifetime incremental cancer risks greater than 10"6for future groundwater impacts. ]'he
maximum ICR is 8 x 10"4, associated with uranium-238 in the 316-5 process trench

excavated soils (pre-ERA) that are currently stockpiled and awaiting disposal. The
contaminants that contribute to risks in excess of 10"6are uranium-238 (maximum risk of

8 x 10"4), uranium-235 (3 x 10"5), vinyl chloride (1 x 10"s), uranium-234 (7 x 106), and
chloroform.

Table 6-51 provides a summary of hazard quotients and lifetime incremental cancer

risks associated with 300-FF-1 operable unit soils below 15 ft. Two waste management
units have HQs in excess of 1 [316-2 north process pond (4); 316-1 south process pond
(3)]. The only contaminant for which the HQ is greater than 1 is again chromium,

assuming chromium is hexavalent. If it is assumed that the chromium present is trivalent
instead of hexavalent, the HQs would drop to 0.02 or less, indicating that there is not a
systemic toxic hazard associated with 300-FF-1 soils (below 15 ft) via their impact to
groundwater. Table 6-51 also indicates that the highest ICR is less than 10"6, indicating
that soils deeper than 15 ft provide a negligible risk via groundwater.

7.1.4.3 Ecological Risk Assessment. The 300-FF-5 operable unit includes riparian and

aquatic ecosystems, although the emphasis of the risk assessment is the aquatic system.
Ecological or environmental risk was characterized by using groundwater concentrations

as the source terms. Persistentsepal yellowcress, a state endangered species, was
reported along the wetted shoreline during the 1992 fall survey (Brandt et al., 1993).
Field observations did not note whether the plants were undergoing stress. This species
was not evaluated in the risk assessment because of insufficient data. The only site

specific data available for the operable unit is for reed canarygrass and mulberry twigs
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and leaves (Brandt et al., 1993). However, these plants can not be used as a surrogate for

the persistentsepal yellowcress. Since no information exists on the toxic response of
persistentsepal yellowcress to hazardous chemicals it is impossible to evaluate risk
without additional data.

The actual impacts of groundwater contaminants of potential concern on the
persistentsepal yellowcress is not known. Groundwater constituents are expected to be
well below concentrations that are likely to impact plants (WHC 1993). In addition, water
likely to be used by the persistentsepal yellowcress is probably a combination of
groundwater and Columbia River water due to bank storage effects.

Risk to aquatic organisms from radionuclides and hazardous chemicals was
estimated by computer modeling. Receptors were identified as generic organisms;
crustacean, fish, plant eating duck, fish eating duck and heron. Radiological dose was
not found to exceed the DOE Order 5400.5 of 1 rad/day. Chemicals that exceeded

ambient water quality standards to be protective of aquatic life (lowest observable effect
level) were copper and nickel.

The ecological risk assessment does indicate risk to aquatic organisms. However,
there is uncertainty in the source term, rate of contaminant uptake by organisms, size
and weight of receptor organisms, frequency of the site use, etc. For the river, no
dilution of the groundwater source terms was considered, when in fact, the groundwater
entering the river will undergo almost instantaneous dilution and the river
concentrations are not expected to approach source term concentrations, which was
confirmed in spring studies conducted during September, 1992.

7.2 PHASE I REMEDIAL INVESTIGATION CONCLUSIONS AND
RECOMMENDATIONS

In this section, the results of the Phase I RI for the 300-FF-5 operable unit, as
summarized above in Section 7.1, are used to develop recommendations for conducting
and focusing further hazardous substance response activities needed to comply with the
terms of CERCLA, the NCP, and the TPA. Identification and refinement of ARARs is an

ongoing process which occurs throughout all phases of the RI/FS. The review of the
ARARs is included in Appendix H and is an update of the preliminary ARAR
identification which was performed during scoping of the work plan. Remedial
alternative evaluation in the FS should be performed in the context of compliance with
the federal and state regulations that are ARARs. Section 7.2.1 provides
recommendations for expedited response actions in accordance with the process outlined
in 40 CFR 300. Section 7.2.2 recommends remedial action objectives for use in the early
stages of the FS for the 300-FF-5 operable unit. Section 7.2.3 provides recommendations
for Phase II RI activities, in terms of additional operable unit characterization. The FS will
identify whether treatability studies are required during the Phase II RI activities for this
operable unit.
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7.2.1 Recommended Expedited Response Actions (ERA)

At the time of the completion of the first phase of the RI, it is appropriate to
conduct an ERA evaluation in accordance with 40 CFR 300.410. This RI report is used, in
part, to document such an evaluation for the 300-FF-5 operable unit. Taking factors
specified in 40 CFR 300.415(b) (2) into account, this section is used to recommend
appropriate removal actions consistent with the guidelines provided in 40 CFR 300.415(d).

An evaluation of the NCP guidelines referenced above indicates that expedited
response actions at the 300-FF-5 operable unit are not necessary at this time. There is no
evidence of imminent and substantial endangerment to human health from exposures to
the 300-FF-5 operable unit contaminants (Section 6.2).

The greatest current risk to humans (ICR of 2 x 10"5)exists from inhalation of
chloroform from the industrial on-site well 399-4-12. All other current risk levels to

humans are below an ICR of 10"6. Well 399-4-12 is the only well in 300-FF-5 extracting
and using groundwater, and it is located outside of the highest concentrations of most
contaminants in the aquifer. Chloroform is presumably generated in the chlorination of
river water obtained from the 300 Area intake. Chlorination of this water results in the

formation of chloroform, which is present in the potable water supplies in the 300 Area.
In comparison, concentrations of chloroform in finished drinking water collected in 1988
from 35 sites across the U.S. ranged from 9.6 to 15 I_g/L (SRC 1991a) which are higher
than the maximum detected chloroform (8 I_g/L) in groundwater from well 399-4-12. It
would be unreasonable to identi .fy chloroform as a primary current risk driver at a
nuclear fuel processing facility at Hanford when it is at concentrations below or
comparable to acceptable levels typically found in drinking water supplies. Chloroform
will not be considered a contaminant of concern for the 300-FF-5 operable unit.

The ecological risk assessment does indicate a potential risk to aquatic organisms.
The Columbia River and the riparian zone along the river are considered sensitive
environments (3.7.3). There is uncertainty in the actual concentration of 300 Area

contamination in the Columbia River. Sufficient data has not been collected during this
RI to accurately evaluate ecological risks. Groundwater concentrations were used
without dilution in the river to evaluate ecological risks. Spring and river sampling
activities were conducted at an extreme low river stage, which resulted in concentrations
of springs and near shore river water samples having maximum contaminant
concentrations that were similar to groundwater concentrations. Additional data to

determine average near shore river concentrations of contaminants at various river stages
are required for a more accurate evaluation of ecological risks.

Although there is some elevated groundwater contamination present, the

contaminants of concern have presumably been present and migrating within the aquifer
and discharging to the Columbia River for many years (Tyler 1992). Weather conditions

are not expected to arise that would result in enhanced migration of such contamination.
There is also no known threat of fire or explosion, and it appears that the RI/FS, and any
subsequent necessary remediation, can be completed in a timely manner. Furthermore,

there is currently no imminent threat of impact to existing surface water drinking
supplies, since it does not appear that any plumes in the 300-FF-5 operable unit which
have migrated to the Columbia River have impacted the City of Richland water supply.
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Therefore, it is recommended that no expedited response actions be implemented
at this time for the 300-FF-5 operable unit. It is recommended, however, that this
evaluation be repeated once representative data is obtained regarding average shoreline

river water concentrations and at other appropriate points in the remedial response
process.

7.2.2 Recommended Remedial Action Objectives for the Feasibility Study

The initial task of an FS is to develop remedial action objectives. Such objectives

establish site remediation goals by taking specific contaminants, contaminated
environmental media, and potential contaminant exposure pathways into account (40
CFR 300.430(e)(i). Remedial action objectives, which are subject to refinement throughout

the FS, focus tile development, screening and analysis of remedial alternatives to ensure
that they are protective of human health and the environment.

The 300-FF-5 operable unit is a groundwater operable unit. Surface and vadose
zone sources in the 300 Area are included in. separate source operable units: 300-FF-1;
300-FF-2; and 300-FF-3. An assessment of human and environmental risk posed by these

source operable units and consideration of remedial objectives will be included in their
respective RI/FS process.

The existence of separate operable units for groundwater and sources in the 300
Area leads to questions regarding allocation (separation) and potential overlap of
remedial action objectives between groundwater and source operable units. These

questions are related primarily to whether, in spite of the fact that sources are not
included as part of the groundwater operable unit, remedial action objectives for
groundwater units should address the issue of potential future impacts from source

operable units. There is the opportunity, in the separation of groundwater from the
source operable units, to establish a framework which allows for the efficient
coordination of remedial actions between source and groundwater operable units. This
framework is described below.

There are numerous sources of contamination which impact groundwater in the
300 Area. Impacts from these sources will need to be considered in the remedial
alternatives evaluation of each source operable unit RI/FS. Impacts from these sources
can be addressed in one of the following two ways:

• Groundwater-operable unit studies could include evaluations of
impacts to groundwater for each source-operable unit, with the
ultimate remedial solution for groundwater dependent on the

completion and integration of these individual sources studies.

• The concept of source control can be adopted for the 300 Area where
the individual source,operable unit remedial actions will control source
migration to groundwater, where this is likely to occur at unacceptable
concentrations. In this manner, the remedial objectives of the

groundwater-operable unit RI/FS can be focused on addressing the
existing groundwater contamination only, thereby decoupling the
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groundwater-operable unit study from the individual source-operable
unit evaluations.

The second of these two alternatives, by eliminating the dependency of the
groundwater study on the source studies, will allow the groundwater-operable unit RI/FS

to proceed more quickly and efficiently because of the more limited and clearly defined
scope. In fact, tile latter alternative is the only manner to complete the RI/FS process and
reach a ROD for the groundwater operable unit, when source units have not started the
RI/FS process.

Unfortunately, this groundwater operable unit must adopt a hybrid approach in
developing remedial action objectives. The decision was made for the 300-FF-1 source
operable unit to transfer predictions of future groundwater impacts from 300-FF-1 sources
to this 300-FF-5 RI. Therefore, this predictive modeling effort was completed as part of
this RI (Appendix I) and remedial action objectives are developed for unacceptable future

impacts to groundwater. These remedial action objectives need to be incorporated into
the 300-FF-1 FS since they involve source control measures. To evaluate 300-FF-I source
control measures in the 300-FF-5 FS could be inconsistent and incompatible with
measures recommended for the same sources in the 300-FF-1 FS.

It is recommended that other source operable units, 300-FF-2 and 300-FF-3, perform
predictive modeling of future impacts to the 300-FF-5 groundwater operable unit and
develop remedial action objectives for source control measures in their FS, if future
impacts to groundwater are unacceptable. In this manner, the 300-FF-5 groundwater
operable unit can proceed to a ROD and not have to wait until the RI/FS for 300-FF-2
and 300-FF-3 are completed. In the case of commingling plumes from separate operable

units (i.e., the tritium plume from the 200 East Area or the Nitrate/Tc-99 plume from the
100-EM-1 operable unit), the remedial action objectives for the 300-FF-5 operable unit
need to incorporate these plumes into the FS for remediation to be effective and
complete.

Therefore, based on the results of this Phase 1 Remedial Investigation for the
300-FF-5 operable unit and within the context of the approach outlined above,
recommended remedial action objectives, which are subject to refinement later in the
RI/FS process, include the following:

Limit future impacts to groundwater by source control measures which minimize
downward migration of 300-FF-1 operable unit source contaminants. The potential
exists for 300-FF-1 operable unit sources to impact the underlying groundwater in excess
of an ICR of 10.6 or HQ of 1.0. The dominant contaminant contributing to potentially
unacceptable ICR is uranium within the uppermost 15 ft of the 316-2 north process pond,
316-1 south process pond, 618-4 burial ground #4 and the stockpiled soils from the ERA
of the 300 Area 316-5 process trenches (Pre-ERA). Only one CsOPC, vinyl chloride had
an ICR greater than 10.6 in the stockpiled ERA soils (Pre-ERA) from the 300 Area 316-5
process trenches.

Chromium was the dominant contaminant for non-carcinogens potentially
impacting underlying groundwater at unacceptable concentrations. Chromium is only a
potential future risk to groundwater if it is primarily in the hexavalent state. It is highly
likely that the more mobile hexavalent chromium has passed through the vadose zone
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(and potentially through the aquifer to the Columbia River) while the highly adsorbed
trivalent chromium is retained on vadose zone soils. If it is assumed, or further data

indicate, that chromium present in 300-FF-1 soils is trivalent, chromium is not expected to
pose a future risk to the underlying aquifer. Ammonia in the 3"16-1 south process pond
had an HQ of 3, which is anomalous since ammonia was not a potential problem in
other waste units associated with 300-FF-I operable unit.

Limit human receptor exposure to contaminated groundwater in 300-FF-5
operable unit. Currently, groundwater in the 300-FF-5 is contaminated above ARARs.
Maximum concentrations of contaminants of concern that exceed an ARAR are provided
in Table 7-1. Total coliform is also listed in Table 7-1 because it was consistently detected

in groundwater.

Gross alpha and gross beta were not included in Table 7-1, and were detected
potentially above their respective MCLs. It is likely that uranium-238,-234 and their
daughters account for the gross alpha and gross beta activity detected in groundwater.
Uranium-234 and uranium-238 are alpha emitters that would contribute to gross alpha
measurements. In addition, protactinium-238m (a high energy beta-emitter) is expected

to be in equilibrium with its parent, uranium-238, and would contribute to the gross beta
measurement. No other alpha emitters (e.g., radium-226, thorium isotopes) or beta
emitters (e.g., strontium-90, technetium-99) have been detected at sufficient concentrations
in the 300-FF-5 operable unit, suggesting that uranium-238, -234, and their daughters
account for the gross alpha and beta activity. An examination of groundwater
radionuclide data (Appendix C-1.1) confirms this assumption; these data indicate that the
gross alpha and beta measurements are in reasonable agreement with the alpha and beta
emissions of uranium-238, -234, and their daughters. Since the MCL for gross alpha
specifically excludes contributions from uranium, gross alpha does not represent an
exceedance of the MCL. Gross beta also does not represent an exceedance of the MCL,
since the beta emitters are known, are included in the toxicity factors for uranium and do
not represent an exceedance of 4 torero/yr.

Institutional controls over the use of 300 Area groundwater should be maintained.

If additional groundwater supply is desirable, extraction should be located in areas
having acceptable groundwater quality that would not be potentially impacted by
contamination in the 300 Area.

Institutional controls over the use of 300 Area groundwater could possibly be
removed or reduced to isolated zones by the year 2018. !t is predicted that a future
industrial use of 300-FF-5 groundwater beyond 2018 may be acceptable for all

contaminants of concern except tritium, TCE and DCE. Tritium originates from sources
in the 200 East Area. TCE and DCE were predicted to be similar to current
concentrations in the aquifer beyond 2018 because the mass and nature of a potential
DNAPL source is unknown and was conservatively estimated to exist for decades.

Additional data on the location and mass of the source, or continued monitoring of

groundwater concentrations, may provide an indication on the fate and transport of
these contaminants.

There is much uncertainty, especially with uranium, in predicting future
concentrations. Additional data on the Kd and solubility of uranium is necessary for
more accurate predictions of its fate and migration.

7-19



DOE/RL-93-21, Rev. 0

Reduce contaminants in groundwater to acceptable concentrations by the year
2018. The risk assessment predicted that risk associated with unlimited industrial use of
groundwater after the year 2018 would exceed 10-6 ICR, primarily due to tritium and
TCE. The 10-6 ICR concentrations for the constituents of concern are provided in
Appendix H. At this time, it is unclear whether active remediation is necessary to achieve
these concentrations by the year 2018.

Based on these remedial action objectives, remediation goals or clean-up standards
are identified in Table 7-1. These goals are constituent-specific numerical values that
correspond to the minimum applicable ARAR or risk-based standard. The ARARs and

risk-based standards are provided in Appendix H. Clean-up standards for constituents
associated with upgradient plumes (tritium and technetium-99) are not considered
applicable since these plumes will be addressed in other RI/FS investigations.

Limit discharges of contaminated groundwater to the Columbia River. The
Hanford Reach of the Columbia River is classified as _ Class A Excellent river, has been

nominated for wild and scenic river status, is used for drinking water supplies, and is an
important natural resource for the entire Pacific Northwest. Therefore, a remedial action i
objective for the 300-FF-5 operable unit is to protect this valuable resource by limiting
discharges to the river of groundwater with unacceptable contaminant concentrations.
The major issue in evaluating remedial actions required to meet this objective is
determining acceptable concentrations of contaminants. The ecological risk assessment

indicates that there is a potential risk to aquatic organisms. Although the human baseline
risk assessment indicated that apparent average risk from the surface water exposure
pathways is less than 10.6 [see Phase I RI Tables 6-36 and 6-37 (DOE-RL 1993a)], some of

the potential contaminant-specified ARARs (see Section 3.1.2) were exceeded in
groundwater, including MTCA Method B, MTCA Meth6d C, and drinking water MCLs.
It has not been decided if MTCA is applicable at the Hanford Site.

Based on contaminant fate and transport modeling conducted int he RI,
groundwater impacts on the Columbia River are anticipated to decline with time. It is
possible that by the year 2002 most groundwater contaminants of concern (except tritium
from 200 Area sources) could be flushed from the aquifer (DOE-RL 1993a). Considering
that the 300 Area groundwater has been discharging contaminated groundwater to the
Columbia River for many years (Tyler 1992), only marginal benefits will be gained by

undertaking remedial actions that may not be necessary in 10 years or less. However,
additional data are needed to more accurately predict the fate and transport of
contaminants of concern.

Tritium represents a special case where it is technically not feasible to limit
discharges of tritium from reaching the Columbia River. Most of the tritium plume

currently entering the river is in the 600 Area to the north of the 300-FF-5 operable unit.
Tritium discharges to the Columbia River along the 300 Area are below MCLs but above
MTCA Method B and C criteria concentrations. It may be technically infeasible currently
to treat tritiated water and, therefore, may be necessary to waive ARARs pertaining to
tritium for CERCLA remedial actions as allowed by Section 121 of SARA.
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7.2.3 Recommended Additional Investigative Activities

For additional investigations, and in support of the FS, the following data collection
activities are proposed:

Determination of Valence State of Chromium in 300-FF-1 sources. The valence

state of total chromium analysis from the 300-FF-1 Phase 1 RI was conservatively
assumed to be hexavalent (DOE-RL 1993a). Hexavalent chromium is not only more
mobile than trivalent chromium but also much more toxic (RfD is 200 fold difference).
Chromium is a major risk driver for 300-FF-1 source impacts to groundwater assuming all
chromium is hexavalent; whereas, it would not be a contaminant of concern if the
trivalent state dominated in the 300-FF-1 sources. Determination of the valence state of

chrommm in 300-FF-1 sources is necessary to adequately quantify future risks from
chromium impacting the underlying aquifer.

Columbia River Sampling to Determine Average Concentration of 300-FF-5
Contaminants of Concern in the River. Human and ecological risks from the Columbia
River may be unacceptable using maximum detected river concentrations that were
obtained during extreme low river stages during this RI. Such low river stages occur
infrequently and do not represent a time averaged exposure. To more accurately
determine risks from surface water pathways, a better understanding of the time
weighted average concentrations of 300-FF-5 contaminants of concern are required.
Additional sampling and analysis of near shore Columbia River water both seasonally
and at various river stages is recommended to obtain empirical data for risk evaluations.

Continued Monitoring of the TCE and DCE Plumes in the 300-FF-5 Operable
Unit. The time for dissolution of the potential DNAPL sources of DCE and TCE from the
unconfined aquifer is important to predict future concentrations of these chlorinated
solvents in the aquifer. This information may influence the decision to take remedial
action for remediation of these plumes. Since locating and quantifying the mass of a
DNAPL is technically difficult, continued monitoring of the plume in site groundwater is
suggested. Trend analysis can be conducted on the results to extrapolate predictions
based on empirical data. Historical groundwater quality data may be reviewed for
validity and quality and, if adequate, used in the evaluation.

l

Determination of Uranium Fate and Transport. Much uncertainty exists in
understanding the fate and transport of uranium in the unconfined aquifer at the
300-FF-5 operable unit. A better understanding of the fate and transport of uranium
would provide more accurate predictions of future risk from groundwater, and is
important to more accurately predict the time necessary for uranium removal from the
aquifer by extraction systems.

Initially, groundwater samples in the uranium plume should be tested for
differences in uranium concentrations with filtered (using various size filter media such
as 0.1 micron to 1 micron) and unfiltered split samples. This information is important to
better understand the representativeness of the monitoring data that is unfiltered and the
transport mode of uranium in the groundwater system.

In addition, determination of whether uranium exists in the aquifer as a floc is
necessary, particularly from aquifer soil samples near the 300 Area process trenches. The
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equilibrium solubility concentration of the floc should be determined, along with the time
necessary to reach equilibrium.

The mobility of uranium solutes in the aquifer also need to be determined.
Sufficient information of the groundwater chemistry (such as Eh) is needed which is
pertinent to uranium solubility indices using filtered samples. In addition, the
distribution coefficient (Kd) and the linearity of the Freundlich isotherm needs to be
empirically determined using actual filtered samples of uranium-impacted groundwater
at various concentrations and clean native aquifer soils. Adsorption and desorption tests
should be performed for evaluation of the reversibility of the reactions.
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Table 7-1. 300-FF-5 Groundwatel Contaminants that Exceed ARARs.

Contaminant Maximum MCL MTCA MTCA Units

Concentration Current/Proposed Method B Method C
, ................

DCE 150 100 100 100 pg/L
, ,

TCE 14 5 4 5 _g/L
,,......

Nickel 118 100 320 700 pg/L
,,.,, ., , , ,, ,,,. ,

Sr-90 4.6 8/42 1.3 13 pCi/L
,, ,,, , , ......... , , .......... . , ,.

Tc-99 65 900/3800 35 350 p C i/L
.... . ,, ,,, , ,..... , ,,,

H-3 11800 20000/61000 850 8500 pCi/L
, , ,,,,, , . ., . ....... , ..... j .... , ,,,

Uranium 270 -/20 pg/L 1.6 16 pCi/L

, ,. ,, . , ,,. , ,,

Total 280 a - - c/100mL
Coliform

.,, I, , ..

aTotal coliform MCL compliance criteria is based on the presence or absence of
colonies (c) of total coliform in a sample, rather than concentration. A drinking water
system is the compliance: if a system that collects more than 40 samples per month
has no more than 5% of the samples total coliform positive, or for a system that
collects fewer than 40 samples per month, no more than one sample total coliform
positive.

......................
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