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ABSTRACT

The Subsurface Disposal Area is a radioactive waste landfill located at the
Radioactive Waste Management Complex at the Idaho National Engineering and
Environmental Laboratory in southeastern Idaho. Contaminants in the landfill
include hazardous chemicals, remote-handled fission and activation products, and
transuranic radionuclides. The Ancillary Basis for Risk Analysis was prepared to
support the future comprehensive remedial investigation/feasibility study within
the framework of the Comprehensive Environmental Response, Compensation,
and Liability Act as implemented in the Federal Facility Agreement and Consent
Order between the U.S. Department of Energy, the Idaho Department of
Environmental Quality, and the U.S. Environmental Protection Agency.

Estimated cumulative human health and ecological risks associated with
the Subsurface Disposal Area are presented in this Ancillary Basis for Risk
Analysis. Based on risk analysis described in this document, 12 radionuclides
and four chemical contaminants are identified as human health contaminants of
concern: Am-241, C-14, 1-129, Nb-94, Np-237, Sr-90, Tc-99, U-233, U-234,
U-235, U-236, U-238, carbon tetrachloride, methylene chloride, nitrates, and
tetrachloroethylene. In addition, Pu-238, Pu-239, and Pu-240 were classified as
special case contaminants of concern to acknowledge uncertainties about
plutonium mobility in the environment and to reassure stakeholders that risk
management decisions for the SDA will be fully protective of the Snake River
Plain Aquifer. Ecological risk assessment identified four radionuclides and three
chemical contaminants of concern: Am-241, Pu-239, Pu-240, Sr-90, cadmium,
lead, and nitrates.

The conclusion of this report is that the Subsurface Disposal Area poses
unacceptable long-term risk to human health and the environment.
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EXECUTIVE SUMMARY

The Subsurface Disposal Area is a radioactive waste landfill located at the
Idaho National Engineering and Environmental Laboratory (INEEL) Radioactive
Waste Management Complex (RWMC) in southeastern Idaho. Contaminants in
the landfill include hazardous chemicals, remote-handled fission and activation
products, and transuranic radionuclides. The Ancillary Basis for Risk Analysis
was prepared to support the future comprehensive remedial
investigation/feasibility study (RI/FS) for the RWMC, which will be developed
within the framework of the Comprehensive Environmental Response,
Compensation, and Liability Act as implemented in the Federal Facility
Agreement and Consent Order between the U.S. Department of Energy, the
Idaho Department of Environmental Quality, and the U.S. Environmental
Protection Agency.

Estimates of cumulative human health and ecological risks associated with
the Subsurface Disposal Area are presented in this Ancillary Basis for Risk
Analysis. Twelve radionuclides and four chemical contaminants are identified as
human health contaminants of concern: Am-241, C-14, I-129, Nb-94, Np-237,
Sr-90, Tc-99, U-233, U-234, U-235, U-236, U-238, carbon tetrachloride,
methylene chloride, nitrates, and tetrachloroethylene. In addition, Pu-238,
Pu-239, and Pu-240 are classified as special case contaminants of concern to
acknowledge uncertainties about plutonium mobility in the environment and to
reassure stakeholders that risk management decisions for the Subsurface Disposal
Area will be fully protective. In the ecological risk assessment described in this
document, four radionuclides and three chemicals were identified as ecological
contaminants of concern: Am-241, Pu-239, Pu-240, Sr-90, cadmium, lead, and
nitrates.

Site evaluation typically is an iterative process, with each iteration
providing an increasingly refined assessment. This study is a continuation and
update of the 1998 Interim Risk Assessment and Contaminant Screening for the
Waste Area Group 7 Remedial Investigation. Much of the information in this
document was taken from the Interim Risk Assessment and updated to reflect
additional information developed over the past few years. The setting for
analysis, nature and extent of environmental contamination associated with the
site, modeling to estimate media concentrations over time, and baseline risk
assessment are summarized below.

Historical and Physical Setting

The INEEL is located in southeastern Idaho and occupies 2,305 km2
(890 mil) in the northeastern region of the Snake River Plain. Regionally, the
INEEL is nearest to the cities of Idaho Falls and Pocatello and to U.S. Interstate
Highways 1-15 and 1-86. The INEEL Site extends nearly 63 km (39 mi) from
north to south, is about 58 km (36 mi) wide in its broadest southern portion, and
occupies parts of five southeast Idaho counties. Public highways (i.e., U.S. 20
and 26 and Idaho 22, 28, and 33) within the INEEL boundary and the
Experimental Breeder Reactor I, which is a national historic landmark, are
accessible without restriction. Otherwise, access to the INEEL is controlled.



Neighboring lands are used primarily for farming or grazing, or are in the public
domain (e.g., national forests and state-owned land). Various programs at the
INEEL are conducted under supervision of three U.S. Department of Energy
offices: the U.S. Department of Energy Idaho Operations Office, the Pittsburgh
Naval Reactors Office, and the Chicago Operations Office. With overall
responsibility for the INEEL Laboratory, the U.S. Department of Energy Idaho
Operations Office selects and authorizes government contractors to operate at the
Site. The Site provides a variety of programmatic and support services related to
nuclear reactor design and development, nonnuclear energy development,
materials testing and evaluation, operational safety, radioactive waste
management, and environmental restoration. Spent nuclear fuel management,
hazardous and mixed waste management and minimization, cultural resources
preservation, environmental engineering, protection, and remediation, and
long-term stewardship are challenges addressed by current INEEL activities. The
laboratory's future mission, delivering science-based solutions to current
challenges of DOE, other federal agencies, and industrial clients, encompasses
four areas: environmental quality, energy resources, national security, and
science.

The Radioactive Waste Management Complex, located in the
southwestern quadrant of the INEEL, encompasses a total of 72 ha (177 acres)
and is divided into three separate areas by function: the Subsurface Disposal
Area, the Transuranic Storage Area, and the administration and operations area.
The original landfill, established in 1952, covered 5.2 ha (13 acres) and was used
for shallow land disposal of solid radioactive waste. In 1958, the landfill was
expanded to 35.6 ha (88 acres). Relocating the security fence in 1988 to outside
the dike surrounding the landfill established the current size of the Subsurface
Disposal Area as 39 ha (97 acres). The Transuranic Storage Area was added to
the Radioactive Waste Management Complex in 1970. Located adjacent to the
east side of the Subsurface Disposal Area, the Transuranic Storage Area
encompasses 23 ha (58 acres) and is used to store, prepare, and ship retrievable
transuranic waste to the Waste Isolation Pilot Plant. The 9-ha (22-acre)
administration and operations area at the Radioactive Waste Management
Complex includes administrative offices, maintenance buildings, equipment
storage, and miscellaneous support facilities.

Waste acceptance criteria and record-keeping protocols for the Subsurface
Disposal Area have changed over time in keeping with waste management
technology and legal requirements. Today's requirements are much more
stringent as a consequence of knowledge developed over the past several decades
about potential environmental impacts of waste management techniques. In the
past, however, shallow landfill disposal of radioactive and hazardous waste was
the technology of choice. At the Subsurface Disposal Area, transuranic and
mixed waste, mostly from the Rocky Flats Plant in Colorado, were disposed of
through 1970. Mixed waste containing hazardous chemical and radioactive
contaminants was accepted through 1984. Since 1985 waste disposals in the
Subsurface Disposal Area have been limited to low-level radioactive waste from
INEEL waste generators. Waste is buried in pits, trenches, and soil vaults, as
illustrated in Figure E-1.
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Figure E-1. Layout of the Radioactive Waste Management Complex and pits, trenches, and soil vaults in
the Subsurface Disposal Area.

The INEEL region is classified as arid to semiarid because of the low
average rainfall of 22.1 cm/year (8.7 in./year). The Radioactive Waste
Management Complex is located within a natural topographic depression with no
permanent surface water features. However, the local depression tends to hold
precipitation and to collect additional runoff from surrounding slopes. Surface
water either eventually evaporates or infiltrates into the vadose zone
(i.e., unsaturated subsurface) and the underlying aquifer.

The crescent-shaped Snake River Plain Aquifer underlies the eastern
portion of the Snake River Plain. The aquifer is bounded on the north and south
by the edge of the Snake River Plain, on the west by surface discharge into the
Snake River near Twin Falls, Idaho, and on the northeast by the Yellowstone
basin. Consisting of a series of water-saturated basalt layers and sediment, the
aquifer underlies the Radioactive Waste Management Complex at an
approximate depth of 177 m (580 ft), and flows generally from the northeast to
the southwest. Figure E-2 illustrates the location of the INEEL relative to the
aquifer.
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Figure E-2. Location of the Idaho National Engineering and Environmental Laboratory relative to the
Snake River Plain Aquifer.

The regional subsurface consists mostly of layered basalt flows with a few
comparatively thin layers of sedimentary deposits. Layers of sediment, referred
to as interbeds, tend to retard infiltration to the aquifer and are important features
in assessing the fate and transport of contaminants. In the 177-m (580-ft) interval
from the surface to the aquifer, three major interbeds are of particular
importance. Using nomenclature established by the U.S. Geological Survey,
these sedimentary layers are referred to as the A-B, B-C, and C-D interbeds.
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Nature and Extent of Contamination

The nature and extent of contamination associated with the Subsurface
Disposal Area in all environmental media were evaluated in the Operable
Unit 7-13/14 remedial investigation. The human health contaminant screening in
the Interim Risk Assessment and the ecological contaminant screening in the
Review of Waste Area Group 7 Ecological Contaminants of Potential Concern
document were used to define contaminants for analysis. The final human health
list of contaminants of potential concern contained 20 radionuclides and four
chemical contaminants. Many of these contaminants are ecological contaminants
of potential concern.

In addition to routine monitoring at the Radioactive Waste Management
Complex, several unique approaches were adopted to characterize the nature and
extent of contamination. To describe the waste zone, a database containing
contaminant inventories and waste descriptions was developed. A second
database was created to map characterization data and disposal locations in the
Subsurface Disposal Area. Called WasteOScope, the mapping software is based
on historical disposal records including shipping manifests and trailer load lists.
In addition, electromagnetic and soil gas surveys were evaluated against waste
zone maps. More than 300 probes were installed to characterize buried waste
using instruments developed at the INEEL. Data from surveys and probes were
incorporated into WasteOScope to allow visually superimposing various data
sets. A new type of tensiometer, referred to as the advanced tensiometer, also was
developed at the INEEL to allow deeper tensiometer monitoring in the vadose
zone.

The evaluation of nature and extent considered depth intervals as follows:
the waste zone, the interval excluding the waste zone and extending from the
surface to 11 m (35 ft), from 11 to 43 m (35 to 140 ft), from 43 to 77 m (140 ft to
250 ft), and depths greater than 77 m (250 ft). These intervals were defined to
reflect the regions bounded by the A-B, B-C, and C-D interbeds.

Contaminants of potential concern have been detected at low
concentrations in the vadose zone and may be migrating toward the aquifer. Most
vadose zone detections are in the 0 to 11-m (0 to 35-ft) and 11 to 43-m (35 to
140-ft) intervals above the B-C interbed, with some contaminants detected in
deeper intervals. The most frequently detected contaminants in the environment
include nitrates, carbon tetrachloride, C-14, Tc-99, and uranium isotopes. Other
contaminants including Am-241, 1-129, Pu-238, and Pu-239/240 have been
detected sporadically at concentrations near the detection limits. Carbon
tetrachloride has been detected down to the aquifer, though concentrations
decrease significantly below the B-C interbed and again below the C-D interbed.
Because carbon tetrachloride migrates in the gaseous phase, it also has been
detected hundreds of meters laterally away from buried waste.

A conclusion of the evaluation of the nature and extent of contamination is
that low concentrations of carbon tetrachloride, nitrates, and C-14 have been
detected in the Snake River Plain Aquifer near the Subsurface Disposal Area.
Carbon tetrachloride has been measured slightly above the maximum
contaminant level. Low concentrations of nitrate and C-14, well below maximum
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contaminant levels, also have been detected in the region and may be increasing.
The Subsurface Disposal Area is the obvious source of the carbon tetrachloride,
but the source of the nitrate and C-14 is not as clear.

The monitoring network at the Radioactive Waste Management Complex
has been greatly expanded since 1998 with 22 additional vadose zone lysimeters,
four upgradient aquifer wells, an aquifer well inside the Subsurface Disposal
Area, and more than 300 probes in the buried waste. Most of these new
installations have not been operational long enough to provide substantial
quantities of data. The expanded network will continue to produce data for
continued evaluation of source release into the vadose zone, contaminant
migration through the vadose zone, and potential impacts to the aquifer beneath
the Subsurface Disposal Area. Monitoring data will also support future
remediation by providing a baseline for remediation goals.

Contaminant Fate and Transport

Modeling was conducted to simulate release and migration of
contaminants from waste buried in the Subsurface Disposal Area and to estimate
future contaminant concentrations in environmental media. Models implemented
were essentially the same as those used in the Interim Risk Assessment with
some improvements to incorporate additional data. Several sensitivity cases were
modeled to evaluate effects of variations in several parameters of interest on
estimated media concentrations and risk.

Complete exposure pathways defined by the conceptual site model formed
the basis for three types of simulations: source release, subsurface transport, and
biotic transport. The persistence of contaminants in the environment was
evaluated based on contaminant mobility controlled by dissolved-phase transport
and biotic transfer by animals and plants intruding into the waste. For radioactive
contaminants of potential concern, half-lives also were considered. Chemical
degradation was not assessed.

The DUST-MS source term model was used to simulate release of
contaminants from waste and into the subsurface. Based on waste inventory
estimates and waste characteristics, the model simulated the release of
contaminant mass from buried waste for three types of release mechanisms:
surface washoff, diffusion, and dissolution. Once mass was released, it was
available for biotic transport to the surface or for migration in the subsurface.
Sample data for the shallow subsurface from areas around the Subsurface
Disposal Area were not representative of concentrations beneath the waste and,
therefore, were not useful for calibrating the source term model. Indirect, limited
calibration was achieved by comparing measured to simulated aquifer
concentrations.

Subsurface fate and transport modeling focused on dissolved-phase
transport using the TETRAD simulator. Vapor-phase transport was not
specifically modeled for this investigation for contaminants such as C-14. For
volatile organic compounds, concentrations were estimated by scaling the results
in the Interim Risk Assessment on the basis of revised inventory estimates. Using
information from the source release model, the TETRAD model simulated



migration of dissolved-phase contaminants in the vadose zone and aquifer. The
model emulated fate and transport beginning in 1952 and extending until
concentrations peaked in the aquifer up to 10,000 years in the future. The model
domain was based on interpolations of known characteristics of the subsurface,
such as depths and thicknesses of interbeds and water velocity in the aquifer.
Other model parameters to describe contaminant migration, such as partition
coefficients, were defined using site-specific information. Reasonable values
from the literature were selected when site-specific information was not
available. Estimated media concentrations were compared to monitoring data.
However, model calibration beyond the limited calibration achieved previously
in the Interim Risk Assessment was not attempted because of the lack of
calibration targets provided by monitoring data. In other words, contaminants of
particular interest for model calibration, such as C-14, uranium, and other
actinides, have been detected sporadically and at very low concentrations that do
not describe migration trends. Low concentrations, coupled with lack of trends,
cannot be emulated with any confidence.

The DOSTOMAN code was used to simulate transport of contaminants to
the surface by plants and animals and to estimate resulting surface soil
concentrations. Rate constants and other input parameters used in the code were
selected from current literature, with preference given to values specific to the
Subsurface Disposal Area and the INEEL. Though limited comparisons of
estimated-to-measured surface soil concentrations were produced, calibration for
the biotic model was not pursued. Maintenance, contouring, and subsidence
repairs at the landfill disturb the surface of the site, and the sparse data that are
available are not representative of biotic uptake. In addition, the analysis adopts
the fundamental assumption that future action at the Subsurface Disposal Area
under any remediation scenario will include a cap that would inhibit human
intrusion and biotic uptake.

Baseline Risk Assessment

The Subsurface Disposal Area was considered in a comprehensive manner
by evaluating the cumulative, simultaneous risk for all complete exposure
pathways for all contaminants of potential concern. The assessment evaluated the
impacts of exposure to the concentrations of contaminants in soil and
groundwater estimated by the models described above. Methodology applied to
estimate current and future impacts to human health and the environment are
described below.

Human Health Baseline Risk Assessment

Potential risks to human receptors posed by the 24 contaminants of
potential concern defined in the Interim Risk Assessment were quantitatively
evaluated in the human health component of the baseline risk assessment.
Analysis included exposure and toxicity assessments, risk characterization, and
limited evaluation of sensitivity and uncertainty. For radionuclides, long-lived
decay chain products were considered to assess cumulative effects. Risks from
volatile organic compounds were scaled from the Interim Risk Assessment
results based on the inventory updates.
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Risk estimates were developed for current and future occupational
receptors and for current and hypothetical future residential receptors. For the
current residential scenario, groundwater ingestion risk at the INEEL boundary
was assessed. Surface exposure pathways were not examined for a current
residential exposure because residential development near the Radioactive Waste
Management Complex is prohibited by site access restrictions. Future residential
exposures were simulated to begin in 2110 to reflect a postulated remediation in
2010 followed by an assumed 100-year institutional control period. The future
residential analysis reflects assumptions that a cap and institutional controls
would preclude access into the waste, but that a location immediately adjacent to
the Radioactive Waste Management Complex could be inhabited. Concentrations
and risks were simulated out to 1,000 years for all pathways except groundwater
ingestion. Groundwater risks were simulated until peak concentrations occurred
up to a maximum of 10,000 years.

Risk estimates for hypothetical future residential exposure bounded risks
for all scenarios by exceeding those for both occupational scenarios and for the
current residential scenario. The location of the maximum cumulative risk is near
the southeast corner of the Subsurface Disposal Area and the primary exposure
pathway is groundwater ingestion.

Ecological Risk Assessment

The scope of the ecological risk assessment was limited because of the
fundamental assumption that the Subsurface Disposal Area will be covered with
a cap under any remediation scenario. Current-year and 100-year scenarios were
evaluated for representative receptors. Contaminant screening was performed in
the Review of Waste Area Group 7 Ecological Contaminants of Potential
Concern document to limit the evaluation to those contaminants with a maximum
likelihood to pose unacceptable risk. Concentrations in surface soil and
subsurface intervals were estimated with the DOSTOMAN biotic uptake model.

Conclusions

Contaminants of concern for Operable Unit 7-13/14 for human and
ecological exposures are given in Tables E-1 and E-2. Contaminants of concern
were identified initially based on human health and ecological risk estimates.
Risk-based criteria for human health of 1E-05 risk and a cumulative hazard index
in excess of 2 were applied. Sixteen human health contaminants of concern were
identified. In addition, three plutonium isotopes were classified as special case
contaminants of concern to acknowledge uncertainties about plutonium mobility
in the environment and to reassure stakeholders that risk management decisions
for the SDA will be fully protective. Seven ecological contaminants of concern
were identified based on a hazard quotient in excess of 1 for radionuclides and a
hazard quotient of 10 or greater for nonradionuclides.
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Table E-1. Human health contaminants of concern.

Peak
Peak Hazard

Contaminant Note Risk Year Index Year
Primary 1,000-Year
Exposure Pathway

Ac-227 3E-06

1,3 3E-05

Am-243

C-14 MM. 1,4
C1-36

Cs-137

1-129

Nb-94

Np-237

Pa-231

P13-210

Pu-238

Pu-239

Pu-240

Ra-226

Sr-90

Te-99

Th-229

Th-230

Th-232

U-233

U-234

U-235

U-236

U-238

Carbon tetrachloride

Methylene chloride

Nitrates

Tetrachloroethylene

1,3

1,3

1,4

2

2

2

1,4

1,4

1,3

I.4

I.4

I.4

1.4

1,5

1,3

1,6 NA

1,6 NA

4E-08

6E-06

5E-06

6E-05

3E-06

5E-07

3E-06

4E-07

7E-07

1E-09

3E-05

3E-0

2E-0

2E-05'

3010' NAb NA Groundwater ingestion

2953 NA NA Soil ingestion, inhalation, external exposure, and crop
ingestion

3010a NA NA External exposure

2278 NA NA Groundwater ingestion

2110 NA NA Groundwater ingestion

2110 NA NA External exposure

2110 NA NA Groundwater ingestion

30I0a NA NA External exposure (groundwater ingestion)

3010' NA NA Groundwater ingestion

3010a NA NA Groundwater ingestion

3010' NA NA Soil and crop ingestion

2286 NA NA Soil and crop ingestion

3010' NA NA Soil and crop ingestion

3010a NA NA Soil and crop ingestion

3010a NA NA External exposure

2110 NA NA Crop ingestion

2110 NA NA Groundwater ingestion and crop ingestion

3010' NA NA Groundwater ingestion

3010' NA NA Groundwater ingestion

3010' NA NA Crop ingestion

30101 NA NA Groundwater ingestion

3010' NA NA Groundwater ingestion

2662 NA NA Groundwater ingestion

3010' NA NA Groundwater ingestion

3010" NA NA Groundwater ingestion

2105 111111 2105 Inhalation and groundwater ingestion

2185 1E-01' 2185 Groundwater ingestion

NA 1E+00 2120 Groundwater ingestion

1952 1E+00I 2137 Groundwater ingestion and dermal exposure to
contaminated water

Notes: For toxicological risk, the peak hazard index is given, and for carcinogenic probability, the peak risk is given.
1. Green= the contaminant is identified as a human health contaminant of concern based on carcinogenic risk greater than 1E-05 or a hazard
index _renter than or equal to 1 contributing to a cumulative hazard index greater than 2.
2. Brown = plutonium isotopes are classified as special case contaminants of concern to acknowledge uncertainties about plutonium mobility
in the environment and to reassure stakeholders that risk management decisions for the SDA will be fully protective
3. Blue = carcinogenic risk between 1E-05 and 1E-04
4. • = carcinogenic risk greater than 1E-04
5. rink = toxicological (noncarcinogenic) hazard index greater than or equal to 1.

a. The peak groundwater concentration does not occur before the end of the 1,000-year simulation period. Groundwater ingestion risks and
hazard indices were simulated for the peak concentration occurring within 10,000 years and are not presented in this table.
b. NA = not applicable.
c. The risk estimates were produced by scaling results from the Interim Risk Assessment (IRA) (Becker et al. 1998) based on inventory updates. 



Table E-2. Ecological contaminants of concern and risk summary for subsurface soil contamination.
Hazard Quotienta Hazard Quotient

Nonradionuclide Current 100-year Radionuclide Current 100-year
Contaminant Scenario Scenario Contaminant Scenario Scenario

Cadmium <1 to <9 <1 to 20 Am-241 <0.1 to 21 0.7 to 41

Lead <1 to <6 <1 to 20 Pu-239 NA <0.1 to >1

Nitrates <1 to >10 < 0.1 Pu-240 NA <0.1 to >1

Sr-90 <0.1 to >25 NA
NA— Concentrations for this contaminant did not exceed the ecologically based screening level.
Therefore, it was not evaluated in the ecological assessment as a contaminant of potential concern for
the given scenario.
a. Values reported represent the range of maximum hazard quotients calculated across receptor

functional groups and species.
b. Range represents hazard quotients for both internal and external exposures.

Volatile organic compounds (i.e., carbon tetrachloride, methylene chloride,
and tetrachloroethylene) and nitrates pose the most imminent risk. Nearly all of
the volatile organic compounds and nitrates in the Subsurface Disposal Area
originated at Rocky Flats Plant. Carbon tetrachloride has been detected in the
aquifer slightly above the maximum contaminant level and is being extracted
from the vadose zone to reduce risk. However, volatile organic compound release
from waste buried in the Subsurface Disposal Area is ongoing, and, if not
sufficiently mitigated by the vadose zone vapor vacuum extraction, poses the
most imminent risk.

Mobile long-lived fission and activation products are the next most
immediate concern. The majority of the mobile fission and activation products
was generated by INEEL reactor operations. The degree of urgency associated
with risk estimates for fission and activation products has not been validated
because of uncertainties associated with C-14, 1-129, and Tc-99 model
parameters. Though these contaminants have been detected sporadically in the
environment and some trends may be developing, they do not occur at levels
predicted by the modeling. Monitoring locations immediately proximal to the
waste using waste zone probes is extremely important to assess the rate at which
potential contamination in the vadose zone is developing. Interpreting monitoring
data can be used to validate the appropriateness of expedited remediation of
buried waste to mitigate risk.

Uranium and Np-237 contribute the majority of the risk several hundred
years in the future. Roughly half of the uranium inventories were generated at the
INEEL while the other half was generated off-Site, primarily at Rocky Flats
Plant. Evaluating the nature and extent of uranium in the environment is
confounded by naturally occurring concentrations of various isotopes in
environmental media. Uranium attributable to human activities has been detected
in the vadose zone beneath the Subsurface Disposal Area, indicating that some
migration may be occurring. However, all local aquifer concentrations are
consistent with natural uranium background values. Most of the original
disposals of Np-237 originated at the INEEL, nearly all of the Am-241, the
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parent of Np-237, was generated at Rocky Flats Plant. Though Am-241 has been
detected sporadically in the environment, Np-237 has not been detected.

Risks in excess of threshold values are associated with waste buried in the
Subsurface Disposal Area, and identifying contaminants of concern and their
associated waste streams in this Ancillary Basis for Risk Analysis is an
appropriate basis for project planning for Waste Area Group 7. Tasks defined for
Waste Area Group 7 should focus on developing information that could
substantially influence remedial decision making. Examples include validating or
refuting expedited remediation of fission and activation products.

A second revision to the Scope of Work and second Addendum to the
Work Plan are being developed for Operable Unit 7-13/14 by the U.S.
Department of Energy in cooperation with the Idaho Department of
Environmental Quality and the U.S. Environmental Protection Agency. Scope
required to complete the comprehensive remedial investigation/feasibility study
will be outlined in the revised Scope of Work and described in detail in the Work
Plan addendum. Efforts will focus on monitoring, waste zone mapping, and
developing the feasibility study to assess remedial alternatives to mitigate risk
associated with waste buried in the Subsurface Disposal Area.
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1. INTRODUCTION

Estimated cumulative human health and ecological risks associated with the Subsurface Disposal
Area (SDA) are presented in this Ancillary Basis for Risk Analysis(ABRA) report. The ABRA assesses
potential risk associated with Waste Area Group (WAG) 7 Operable Unit (OU) 7-13/14, which is the
comprehensive remedial investigation/feasibility study (RI/FS) for the Radioactive Waste Management
Complex (RWMC) at the Idaho National Engineering and Environmental Laboratory (INEEL). The
ABRA is focused exclusively on the SDA, which is the radioactive waste landfill in the RWMC. Though
the ABRA has no formal standing under the Federal Facility Agreement and Consent Order (FFA/CO)
(DOE-ID 1991), it was prepared in accordance with U.S. Environmental Protection Agency (EPA) RI/FS
guidance (EPA 1988). Much of the future RI/FS, including identification of contaminants of concern
(COCs), will be taken directly from this ABRA report.a

Risk analysis identified 12 radionuclides and four chemical human health contaminants of concern
(COCs): Am-241, C-14, 1-129, Nb-94, Np-237, Sr-90, Tc-99, U-233, U-234, U-235, U-236, U-238,
carbon tetrachloride (CCI4), methylene chloride, nitrates, and tetrachloroethylene (PCE). In addition,
Pu-238, Pu-239, and Pu-240 were classified as special case groundwater COCs to acknowledge
uncertainties about plutonium mobility in the environment and to reassure stakeholders that risk
management decisions for the SDA will be fully protective. Ecological risk assessment identified four
radionuclides and three chemical ecological COCs: Am-241, Pu-239, Pu-240, Sr-90, cadmium, lead, and
nitrates. Details that underlie identification of COCs are presented in the body of this report.

1.1 Purpose

The purpose of the ABRA is to provide the U.S. Department of Energy (DOE), the Idaho
Department of Environmental Quality (IDEQ), and the U.S. Environmental Protection Agency (EPA)
with a basis for defining scope to complete the OU 7-13/14 comprehensive RI/FS. Information in the
RI/FS will support future risk management decisions for WAG 7 under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) (42 USC § 9601 et seq.) and the
1991 Federal Facility Agreement and Consent Order (FFA/CO) (DOE-ID 1991).

1.2 Schedule and Scope

In the decade since the FFA/CO was finalized, the signing agencies, DOE, IDEQ, and EPA, have
modified the scope and schedule for OU 7-13/14 because of the magnitude and duration of the project and
to accommodate the modified scope and schedule for the OU 7-10 Interim Action for Pit 9
(DOE-ID 1998a, 1993, 1991; DOE 2002). Scope and schedule for OU 7-13/14 were outlined in the
original Scope of Work (SOW) (Huntley and Bums 1995), and details were developed in the original
OU 7-13/14 RI/FS Work Plan (Becker et al. 1996). In 1997, DOE, IDEQ, and EPA collaborated to revise

a. During a meeting on July 18, 2002, personnel from DOE-ID, IDEQ, and EPA determined that additional modeling to refine
risk estimates for dissolved-phase radioisotopes is not warranted. All three agencies are participating in developing a second
revision to the OU 7-13/14 Scope of Work and a second addendum to the Work Plan to formalize this determination and to
define scope for completing the OU 7-13/14 comprehensive RI/FS. Because risk estimates developed in this ABRA will be
repeated in the future RI/BRA, identifying COCs in this ABRA is appropriate.
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the SOW (LMITCO 1997) and to develop an Addendum to the Work Plan (DOE-ID 1998b). According
to the revised SOW, the schedule for delivering the draft RI/FS for IDEQ and EPA review under the
FFA/CO was modified from September 1997 to March 2002.

The schedule was extended again to accommodate additional changes related to the Pit 9 Interim
Action in accordance with the April 16, 2002, Agreement to Resolve Disputes (DOE 2002). As a result of
the agreement, the draft RI/BRA for OU 7-13/14 is scheduled for submittal to IDEQ and EPA under the
FFA/CO by August 2005, and the associated draft feasibility study is scheduled for submittal by
December 2005.

Originally developed in preparation for the submittal of the draft RI/FS in March 2002, the ABRA
incorporates relevant information from previous investigations and studies conducted for WAG 7. The
evaluation is cumulative and comprehensive, meaning that additive risks for all contaminants and
exposure pathways were considered, and that all sources of risk at the SDA were analyzed to evaluate the
overall risk potential. The primary elements of the scope of the ABRA are listed below.

• Describe nature and extent of contamination associated with WAG 7.

• Evaluate current and future cumulative and comprehensive risks to human health posed by waste
buried in the SDA.

• Perform a limited, screening-level ecological risk assessment to validate the assumption that the
SDA poses unacceptable risk to ecological receptors (DOE-ID 1998b).

• Identify contaminants of concern (COCs) within WAG 7. Contaminants of concern are defined as
those contaminants likely to require a risk management decision to address potential threats to
human health and the environment.

The RWMC comprises the SDA, which contains buried waste; the Transuranic Storage Area
(TSA), which contains aboveground waste; and an administration and operations area with various
support facilities. Analysis in the ABRA is limited to the buried waste in the SDA.

1.3 Regulatory Background

In January 1986, hazardous waste disposal sites at the INEEL that could pose an unacceptable risk
to health, safety, or the environment were identified in an INEEL installation assessment (EG&G 1986).
Sites were ranked using either the EPA hazard ranking system for sites with chemical contamination or
the DOE-modified hazard ranking system for radioactive-contaminated sites. A score of 28.5 or higher in
either category qualified a site for inclusion on the National Priorities List (NPL) (54 FR 48184). Because
several sites within the INEEL received scores in excess of 28.5, the entire reservation became a
candidate for the NPL. The RWMC received a modified hazard ranking system score of 9.0 and a hazard
ranking score of 9.0 based on the large quantities of waste and their radiological, chemical, and physical
characteristics.

On July 10, 1987, the U.S. Department of Energy Idaho Operations Office (DOE-ID) entered into a
Consent Order and Compliance Agreement with Region 10 of the EPA and the U.S. Geological Survey
(USGS) (DOE-ID 1987). The agreement called for implementing an action plan to remediate active and
inactive waste disposal sites at the INEEL under authority of the Resource Conservation and Recovery
Act (RCRA) (42 USC § 6901 et seq.). Generation, transportation, treatment, storage, and disposal of
hazardous waste are regulated by RCRA. Sites identified for further evaluation during the INEEL
installation assessment, including those located within the RWMC, were covered by the 1987 agreement.
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On November 15, 1989, the EPA added the INEEL to the NPL under CERCLA, also known as the
"Superfund." High-priority sites for investigation and remediation of hazardous materials are identified in
the NPL. The decision to add the INEEL to the NPL was based on detection of contaminants in the
environment at INEEL sites. A requirement of CERCLA is providing members of the public with
opportunities to participate in the decision-making process.

The FFA/CO and its associated Action Plan (DOE-ID 1991) were negotiated and signed by
DOE-ID, EPA, and the State of Idaho to implement remediation of the INEEL under CERCLA. Effective
December 4, 1991, the FFA/CO superseded the Consent Order and Compliance Agreement. The goals of
the FFA/CO are to ensure that (a) potential or actual INEEL releases of hazardous substances to the
environment are thoroughly investigated in accordance with the National Contingency Plan (40 CFR 300)
and (b) appropriate response actions are taken to protect human health and the environment. The FFA/CO
established the procedural framework and schedule for developing, prioritizing, implementing, and
monitoring response actions at the INEEL in accordance with CERCLA and RCRA legislation and the
Idaho Hazardous Waste Management Act (IDAPA 58.01.05). The FFA/CO is consistent with a general
approach approved by EPA and DOE in which agreements with states as full partners would allow site
investigation and cleanup to proceed using a single "road map" to minimize conflicting requirements and
maximize limited remediation resources. For management purposes, the FFA/CO divided the INEEL into
10 WAGs. Waste Area Group 7, comprising the RWMC, is located in the southwest quadrant of the
INEEL. The INEEL, the RWMC, and the other facilities and their corresponding WAGs are represented
on the relief map in Figure 1-1. A map of the RWMC showing the SDA, the TSA and administration and
operations area is provided in Figure 1-2.

The FFA/CO Action Plan further divided the environmental site investigation at WAG 7 into
numerous OUs. In the standard FFA/CO RI/FS process, potential source areas (sites) within each WAG
were assigned to an OU for investigation or remedial activities. This process was designed to match the
rigor of the assessment process with the complexity of each individual site and to allow for flexibility in
determining appropriate further action as an assessment or action is completed. However, in addition to
OUs defined as specific release sites, several OUs within WAG 7 were defined as contaminant exposure
pathways (e.g., the air pathway and the vadose zone pathway).

The RI/FS for OU 7-13 transuranic (TRU) pits and trenches was established to investigate only
those portions of the SDA containing buried TRU radionuclides. The OU 7-14 comprehensive RI/FS was
designated as the final, cumulative investigation of WAG 7. Subsequently, however, OU 7-13 and
OU 7-14 were combined into a single OU 7-13/14, and now the comprehensive RI/FS for WAG 7
includes the TRU pits and trenches (Huntley and Burns 1995).

1.4 Report Organization

The ABRA contains eight sections. Individual sections conclude with references cited in that
section, and a master reference list comprises the last section in the report. In addition, numerous
supporting documents are available in the Administrative Record.b The report format is adapted from the
outline suggested by the EPA (1988) for remedial investigations. A summary of each section follows:

b. The Administrative Record is a collection of project documents and is maintained in accordance with the Comprehensive
Environmental Response, Compensation, and Liability Act. The official Administrative Record is located at the Idaho National
Engineering and Environmental Laboratory (INEEL) Technical Library in Idaho Falls, Idaho. Copies of documents in the
Administrative Record are located in Idaho information repositories in the Boise INEEL Office, the Marshall Public Library in
Pocatello, the Shoshone-Bannock Library in Fort Hall, and online at http://ar.inel.gov.
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• Section 1—Introductory information for the ABRA is presented.

• Section 2—The INEEL and the RWMC are described, including general historical background and
physical characteristics such as topography, meteorology, geology, hydrology, demography, and
ecology.

• Section 3—A synopsis of the RWMC operational history is provided. Studies used to assess
WAG 7 under CERCLA and the FFA/CO are described.

• Section 4—The nature and extent of contamination at WAG 7 are addressed. Descriptions of waste
and results of environmental monitoring are included.

• Section 5—Simulations of contaminant release from the buried waste and migration in the
environment are presented. Release mechanisms, routes of migration, persistence of contaminants
of potential concern (COPCs) in environmental media, and transport mechanisms are discussed.
Results from source term modeling are applied to groundwater and biotic transport simulations to
estimate potential contaminant concentrations in environmental media. A conceptual site model
also is presented.

• Section 6—The baseline risk assessment (BRA) is presented. Deterministic risks are estimated for
four human health exposure scenarios: current occupational, current residential (at the INEEL
boundary), future occupational, and future residential (at the SDA boundary). Exposure
assessment, media concentrations, quantification of exposures, toxicity assessment and risk
characterization, and uncertainties in analysis are presented. A limited analysis of current and
future ecological risks also is presented.

• Section 7—The ABRA is summarized, and COCs are identified.

• Section 8—A master list of the references cited in Sections 1 through 7 is provided.

1.5 References

40 CFR 300, 2000, Title 40, "Protection of Environment," Part 300, "National Oil and Hazardous
Substances Pollution Contingency Plan," Code of Federal Regulations, Office of the Federal
Register, July 1, 2000.

54 FR 48184, 1989, "National Priorities List of Uncontrolled Hazardous Waste Sites; Final Rule,"
Federal Register, November 21, 1989.

42 USC § 6901 et seq., 1976, "Resource Conservation and Recovery Act (Solid Waste Disposal Act),"
United States Code, October 21, 1976.

42 USC § 9601 et seq., 1980, "Comprehensive Environmental Response, Compensation and Liability Act
of 1980 (CERCLA/Superfund)," United States Code, December 11, 1980.

Becker, B. H., T. A. Bensen, C. S. Blackmore, D. E. Burns, B.N. Burton, N. L. Hampton, R. M. Huntley,
R. W. Jones, D. K. Jorgensen, S. 0. Magnuson, C. Shapiro, and R. L. VanHorn, 1996, Work Plan
for Operable Unit 7-13/14 Waste Area Group 7 Comprehensive Remedial Investigation/Feasibility
Study, INEL-95/0343, Idaho National Engineering and Environmental Laboratory, Lockheed
Martin Idaho Technologies Company, Idaho Falls, Idaho.

1-6



DOE, 2002, Agreement to Resolve Disputes, the State of Idaho, United States Environmental Protection
Agency, United States Department of Energy,U U.S. Department of Energy, State of Idaho,
U.S. Environmental Protection Agency, April 16, 2002.

DOE-ID, 1998a, Explanation of Significant Differences for the Pit 9 Interim Action Record of Decision at
the Radioactive Waste Management Complex at the Idaho National Engineering and
Environmental Laboratory, U .S. Department of Energy, Idaho Field Office; U.S. Environmental
Protection Agency, Region 10; Idaho Department of Health and Welfare, August 1998.

DOE-ID, 1998b, Addendum to the Work Plan for the Operable Unit 7-13/14 Waste Area Group 7
Comprehensive Remedial Investigation/Feasibility Study, DOE/ID-10622, U.S. Department of
Energy Idaho Operations Office, Idaho Falls, Idaho.

DOE-ID, 1993, Record of Decision: Declaration of Pit 9 at the Radioactive Waste Management Complex
Subsurface Disposal Area at the Idaho National Engineering Laboratory, Idaho Falls, Idaho,
Administrative Record No. 5569, U.S. Department of Energy Idaho Operations Office;
U.S. Environmental Protection Agency Region 10; and State of Idaho Department of Health and
Welfare, October 1, 1993.

DOE-ID, 1991, Federal Facility Agreement and Consent Order for the Idaho National Engineering
Laboratory, U.S. Department of Energy, Idaho Field Office; U.S. Environmental Protection
Agency, Region 10; Idaho Department of Health and Welfare, December 4, 1991.

DOE-ID, 1987, Consent Order and Compliance Agreement, U.S. Department of Energy, Idaho Field
Office; U.S. Environmental Protection Agency, Region 10; and the U.S. Geological Survey,
July 10, 1987.

EG&G, 1986, Installation Assessment Report for EG&G Idaho, Inc., Operations at the Idaho National
Engineering Laboratory, EGG-WM-6875, Idaho National Engineering and Environmental
Laboratory, EG&G Idaho, Idaho Falls, Idaho.

EPA, 1988, Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA,
Interim Final, EPA/540/G-89/004, U.S. Environmental Protection Agency.

Huntley, R. M. and D. E. Burns, 1995, Scope of Work for Operable Unit 7-13/14 Waste Area Group 7
Comprehensive Remedial Investigation/Feasibility Study, INEL-95/0253, Idaho National
Engineering and Environmental Laboratory, Lockheed Martin Idaho Technologies Company,
Idaho Falls, Idaho.

IDAPA 58.01.05, 1994, "Rules and Standards for Hazardous Waste," Idaho Administrative Procedures
Act, Idaho Department of Environmental Quality, February 11, 1994.

LMITCO, 1997, Revised Scope of Work for Operable Unit 7-13/14 Waste Area Group 7 Comprehensive
Remedial Investigation/Feasibility Study, INEL-95/0253, Rev. 1, Idaho National Engineering and
Environmental Laboratory, Lockheed Martin Idaho Technologies Company, Idaho Falls, Idaho.

1-7



1-8



2. SITE BACKGROUND

This section provides detailed information about the INEEL including historical information about
the INEEL's evolving missions, physical landscape, biological information, demography, land use, and
cultural resources. The preponderance of this information also applies to WAG 7. When significant
information unique to the RWMC is discussed in detail, the facility has been included in subsection
headings.

The INEEL, originally established in 1949 as the National Reactor Testing Station (NRTS), is a
DOE-managed reservation that has historically been devoted to energy research and related activities. The
NRTS was redesignated as the Idaho National Engineering Laboratory (INEL) in 1974 to reflect the
broad scope of engineering activities taking place at various on-Site facilities. In 1997, the INEL was
renamed the Idaho National Engineering and Environmental Laboratory in keeping with contemporary
emphasis on environmental research. Historical testing at the INEEL demonstrated that nuclear power
could be used safely for generating electricity and for other peaceful applications.

More nuclear reactors and a wider variety of reactor types have been built at the INEEL than at any
other single location in the world. As of January 2002, only one INEEL reactor is operating. The
remaining reactors are idle or have been phased out because their missions were completed (Irving 1993).
Spent nuclear fuel management, hazardous and mixed waste management and minimization, cultural
resources preservation, environmental engineering, protection, and remediation, and long-term
stewardship are challenges addressed by current INEEL activities (DOE-ID 1996). The laboratory's
future mission, delivering science-based solutions to the current challenges of DOE, other federal
agencies, and industrial clients, encompasses four areas: environmental quality, energy resources, national
security, and science (INEEL 2002).

Three federal government contractors operate facilities at the INEEL. Bechtel BWXT Idaho, LLC
(BBWI) is the management and operating Site-services contractor. Bechtel Bettis operates the Naval
Reactors Facility (NRF), and the University of Chicago operates Argonne National Laboratory-West
(ANL-W). These contractors conduct various programs at the INEEL under the supervision of three DOE
offices: DOE-ID, the DOE-Pittsburgh Naval Reactors Office, and the DOE-Chicago Operations Office,
respectively. Responsible for the INEEL, DOE-ID authorizes all government contractors to operate at the
Site. A variety of programmatic and support services provided by BBWI are related to nuclear reactor
design and development, nonnuclear energy development, materials testing and evaluation, operational
safety, radioactive waste management, and environmental restoration.

2.1 Location and Description

The INEEL is located in southeastern Idaho (see Figure 1-1) and occupies 2,305 km2 (890 mil) in
the northeastern region of the Snake River Plain. Regionally, the INEEL is nearest to the cities of Idaho
Falls and Pocatello and to U.S. Interstate Highways I-15 and 1-86. The Site extends nearly 63 km (39 mi)
from north to south, is about 58 km (36 mi) wide in its broadest southern portion, and occupies parts of
five southeast Idaho counties: Butte, Bingham, Bonneville, Jefferson, and Clark. Most of the INEEL lies
within Butte County. Approximately 95% of the INEEL has been withdrawn from the public domain. The
remaining 5% includes public highways (U.S. 20 and 26 and Idaho 22, 28, and 33) and the Experimental
Breeder Reactor I (EBR-I), which is a national historic landmark (Irving 1993). Neighboring lands are
used primarily for farming, grazing, or are in the public domain (e.g., national forests and state-owned
land).
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The surface of the INEEL is a relatively flat, semiarid, sagebrush desert. Predominant relief is
manifested either as volcanic buttes jutting up from the desert floor or as unevenly surfaced basalt flows
or flow vents and fissures. Elevations on the INEEL range from 1,460 m (4,790 ft) in the south to
1,802 m (5,913 ft) in the northeast, with an average elevation of 1,524 m (5,000 ft) above sea level
(Irving 1993). Mountain ranges bordering the INEEL on the north and west are the Lost River Range, the
Lemhi Range, and the Beaverhead Mountains of the Bitterroot Range (see Figure 1-1).

Surface water features on the INEEL include the Little Lost River, Big Lost River and Birch Creek.
Normally, water is diverted for irrigation or hydropower before reaching the INEEL and only flows onto
the reservation when sufficient snow pack occurs to provide spring runoff The Big Lost River enters the
Site from the west and terminates at the Lost River Sinks in the northwest portion of the INEEL, where
water either evaporates or infiltrates into the Snake River Plain Aquifer (SRPA). Flow from the Big Lost
River can be diverted to Spreading Areas A, B, C, and D in the southern portion of the Site west and
southwest of the RWMC. The locations of the surface water features and spreading areas are illustrated
on Figure 1-1. The diversion system was constructed in 1958 to protect INEEL facilities from potential
flooding. Birch Creek enters the Site from the north and also terminates on the INEEL.

The location of the INEEL relative to the aquifer is illustrated in the map on Figure 2-1. The
SRPA, which consists of saturated basalt and sediments, is one of the largest aquifers in the United States
(Irving 1993) and was classified as a sole-source aquifer by the EPA in 1991 (56 FR 50634). Generally,
groundwater flows in the aquifer from the northeast to the southwest.

Lands acquired for the INEEL were originally under control of the U.S. Bureau of Land
Management (BLM) and were withdrawn through public land orders in 1946, 1949, and 1950. Until these
withdrawals, the land was used primarily as rangeland. Between 121,410 to 141,645 ha (300,000 to
350,000 acres) within the perimeter of the INEEL have been open to grazing through permits
administered by the BLM. Since 1957, grazing has not been permitted in the central area of the INEEL.
Covering approximately 1,386 km2 (535 mi2), this central area has been used historically as bombing and
gunnery ranges. Currently, the largely undeveloped central portion of the INEEL is reserved for
ecological studies of sagebrush-steppe ecosystems.

2.2 Physical Characteristics

2.2.1 Physiography

The INEEL is located in the Eastern Snake River Plain (ESRP), the largest continuous
physiographic feature in southern Idaho. This large topographic depression extends from the Oregon
border across Idaho to Yellowstone National Park and northwestern Wyoming. The ESRP, the
eastern-most extension of the Columbia River Plateau Province (EG&G 1988), slopes upward from an
elevation of about 762 m (2,500 ft) at the Oregon border to more than 1,981 m (6,500 ft) at Henry's Lake
near the Montana-Wyoming border (Becker et al. 1996).

The INEEL is located entirely on the northern side of the ESRP and adjoins the Lost River, Lemhi,
and Beaverhead mountain ranges to the northwest, which compose the northern boundary of the plain
(see Figures 1-1 and 2-1). The portion of the Snake River Plain occupied by the INEEL may be divided
into three minor physical provinces: a central trough that extends from southwest to northeast through the
INEEL and two flanking slopes that descend to the trough, one from the mountains to the northwest and
the other from a broad lava ridge on the plain to the southeast. The slopes on the northwestern flank of the
trough are mainly alluvial fans originating from sediments of Birch Creek and the Little Lost River. Also
forming these gentle slopes are basalt flows that spread onto the plain. Land formations on the southeast
flank of the trough were created by basalt flows that spread from an eruption zone that extends
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northeastward from Cedar Butte. Lavas that erupted along this zone built up a broad topographic swell
directing the Snake River to its current course along the southern and southeastern edges of the plain. This
ridge separates the drainage of mountain ranges northwest of the INEEL from the Snake River. Big
Southern Butte and the Middle and East Buttes are aligned roughly along this zone; however, they were
formed by viscous rhyolitic lavas extruded through the basaltic cover and are slightly older than the
surface basalts of the plain.

With the exception of the buttes on the southern border of the INEEL, elevations on the INEEL
range from 1,460 m (4,790 ft) in the south to 1,802 m (5,913 ft) in the northeast with an average elevation
of 1,524 m (5,000 ft) above sea level (EG&G 1988). The East, Middle, and Big Southern buttes have
elevations of 2,003 m (6,571 ft), 1,948 m (6,389 ft), and 2,304 m (7,559 ft) above sea level, respectively
(VanHorn, Hampton, and Morris 1995).

The central lowland of the INEEL broadens to the northeast and joins the extensive Mud Lake
Basin. The Big and Little Lost Rivers and Birch Creek drain into this trough from valleys in the
mountains to the north and west. Intermittently flowing waters of the Big Lost River have formed a flood
plain in this trough, consisting primarily of sands and gravels. Streams intermittently flow to the Lost
River Sinks, a system of playa (ephemeral lakes that have water only during parts of the year or once in
several years) depressions in the northern portion of the INEEL, east of the town of Howe, Idaho. There,
the water evaporates, transpires, or recharges the SRPA. Sinks cover several hundred acres, are flat, and
consist of thick layers of fluvial and lacustrine sediments.

The RWMC is located in the southwest portion of the Site, southeast of the diversion dam on the
Big Lost River and east and northeast of the flood control spreading areas, as shown in Figure 2-2. The
RWMC lies within a local topographic depression circumscribed by basaltic ridges. Local elevations
range from a low of 1,517.3 m (4,978 ft) to a high of 1,544.7 m (5,068 ft). The topographic features of the
RWMC and surrounding terrain are illustrated in Figure 2-3. Enclosed by a constructed containment dike,
the RWMC has been recontoured on numerous occasions because of disposal and retrieval operations,
remedial actions, subsidence mitigation, and surface drainage modifications. In several cases, sediments
from the spreading areas were used to augment native soils.

2.2.2 Meteorology and Climatology

Meteorological and climatological data for the INEEL and the surrounding region are collected and
compiled from several meteorological stations operated by the National Oceanic and Atmospheric
Administration field office in Idaho Falls. Three stations are located on the INEEL, one at the Central
Facilities Area (CFA), one at Test Area North (TAN), and one at the RWMC. Facility-specific data for
the RWMC are very similar to those representing the southern INEEL collected at the CFA. Because of
the topographical similarity and proximity of WAG 7 to the CFA, data from the CFA meteorological
station sufficiently describe meteorological conditions at the SDA (Magnuson 1993).

2.2.2.1 Precipitation. The location of the INEEL in the ESRP, including altitude above sea level,
latitude, and intermountain setting, affects the climate of the Site. Air masses crossing the plain have first
traversed a mountain barrier and precipitated a large percentage of inherent moisture. Therefore, annual
rainfall at the INEEL is light, and the region is classified as arid to semiarid. Average annual precipitation
at the INEEL is 22.1 cm (8.7 in.). The rates of precipitation are the highest during the months of May and
June and the lowest in July. Normal winter snowfall occurs from November through April, though
occasional snowstorms occur in May, June, and October. Snowfall at the INEEL ranges from a low of
about 17.3 cm (6.8 in.) per year to a high of about 151.6 cm (59.7 in.) per year, and the annual average is
70.1 cm (27.6 in.) (Clawson, Start, and Ricks 1989).
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Figure 2-3. Topographic features of the Radioactive Waste Management Complex and surrounding terrain.



2.2.2.2 Temperature. The moderating influence of the Pacific Ocean produces a climate at the
INEEL that is usually warmer in winter and cooler in summer than is found at locations of similar latitude
in the United States to the east of the Continental Divide. The Centennial Mountain Range and
Beaverhead Mountains of the Bitterroot Range, both north of the INEEL, act as an effective barrier to the
movement of most of the intensely cold winter air masses entering the United States from Canada.
Occasionally, however, cold air spills over the mountains and is trapped in the plain. The INEEL then
experiences below normal temperatures for periods lasting from 7 to 10 days. The relatively dry air and
infrequent low clouds permit intense solar heating of the surface during the day and rapid radiant cooling
at night. These factors combine to give a large diurnal range of temperature near the ground. The average
summer daytime maximum temperature is 28°C (83°F), while the average winter daytime maximum
temperature is —0.6°C (31°F). During a 38-year period of meteorological records (1950 through 1988)
from the CFA, temperature extremes at the INEEL have varied from a low of —44°C (-47°F) in January
to a high of 38°C (101°F) in July (Clawson, Start, and Ricks 1989).

2.2.2.3 Humidity. Data collected from 1956 through 1961 indicate that the average relative
humidity at the INEEL ranges from a monthly average minimum of 18% during the summer months to a
monthly average maximum of 55% in the winter. The relative humidity is directly related to diurnal
temperature fluctuations. Relative humidity reaches a maximum just before sunrise (the time of lowest
temperature) and a minimum in midafternoon (time of maximum daily temperature) (Clawson, Start, and
Ricks 1989).

The potential annual evaporation from saturated ground surface at the INEEL is approximately
109 cm (43 in.) with a range of 102 to 117 cm (40 to 46 in.) (Clawson, Start, and Ricks 1989). About 80%
of this evaporation occurs between May and October. During the warmest month, July, the potential daily
evaporation rate is approximately 0.63 cm/day (0.25 in./day). During the coldest months, December
through February, evaporation is low and may be insignificant. Actual evaporation rates are much lower
than potential rates because the ground surface is rarely saturated. Evapotranspiration by the sparse native
vegetation of the Snake River Plain is estimated at between 15 to 23 cm/year (6 to 9 in./year), or four to
six times less than the potential evapotranspiration. Periods when the greatest quantity of precipitation
water is available for infiltration (late winter to spring) coincide with periods of relatively low
evapotranspiration rates (EG&G 1981).

2.2.2.4 Wind. Wind patterns at the INEEL can be quite complex. The orientations of the
surrounding mountain ranges and the ESRP play an important part in determining the wind regime. The
INEEL is in the belt of prevailing westerly winds, which are channeled within the ESRP to produce a
west-southwest or southwest wind approximately 40% of the time. Local mountain valley features exhibit
a strong influence on the wind flow under other meteorological conditions as well. The average midspring
windspeed recorded at the CFA meteorological station at 6 m (20 ft) was 9.3 mph, while the average
midwinter windspeed recorded at the same location was 5.1 mph (Irving 1993). A wind rose based on
wind direction and speed data collected at the RWMC meteorological station is provided in Figure 2-4
(Clawson, Start, and Ricks 1989).

The INEEL is subject to severe weather episodes throughout the year. Thunderstorms occur mostly
during spring and summer. Tornado probability is about 7.8E-05 per year for the INEEL area (Bowman
et al. 1984). An average of two to three thunderstorms occurs during each of the months from June
through August (EG&G 1981). Thunderstorms are often accompanied by strong gusty winds that may
produce local dust storms. Precipitation from thunderstorms at the INEEL is generally light. Occasionally,
however, rain resulting from a single thunderstorm on the INEEL exceeds the average monthly total
precipitation (Bowman et al. 1984).
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Dust devils can entrain dust and pebbles and transport them over short distances. Common in the
region, dust devils usually occur on warm sunny days with little or no wind. The dust cloud may be
several hundred yards in diameter and extend several thousand feet in the air (Clawson, Start, and
Ricks 1989).

2.2.3 Surface and Subsurface Geology

2.2.3.1 INEEL Surface and Subsurface Geology. The surface of the INEEL is generally
covered by Pleistocene and Holocene basalt flows ranging in age from 300,000 to 3 million years
(Hackett, Pelton, and Brockway 1986). These basalts erupted mainly from northwest-trending volcanic
rift zones, marked by belts of elongated shield volcanoes and small pyroclastic cones, fissure-fed lava
flows, and noneruptive fissures or small displacement faults (Hackett and Smith 1992). A prominent
geologic feature of the INEEL is the flood plain of the Big Lost River. Alluvial sediments of Quaternary
age occur in a band that extends across the INEEL from the southwest to the northeast. The alluvial
deposits grade into lacustrine deposits in the northern portion of the Site where the Big Lost River enters
a series of playas. Paleozoic sedimentary rocks make up a small area of the INEEL along the northwest
boundary. Three large silicic domes (East, Middle, and Big Southern Buttes) occur along the southern
boundary of the INEEL, and a number of smaller basalt cinder cones occur across the Site. Mountains of
the Lost River, Lemhi, and Bitterroot ranges that border the northwest portion of the INEEL are Cenozoic
fault-blocks composed of Paleozoic limestone, dolomite, and shale. The northwest trend of the Basin and

2-8



Range faults north of the ESRP and at the volcanic rift zones on the ESRP is controlled by the
east-northeast direction of regional extension (Smith, Jackson, and Hackett 1996; Parsons, Thompson,
and Smith 1998).

Basalt flows in the surface and subsurface at the INEEL were formed by three general methods of
plains-style volcanism, which is an intermediate style between the flood basalt volcanism of the Columbia
Plateau and the basaltic shield volcanism of the Hawaiian Islands (Greely 1982; Hackett and Smith 1992).
The methods are flows forming low-relief shield volcanoes, fissure-fed flows, and major tube-fed flows
with other minor flow types. The very low shield volcanoes, with slopes of about 1 degree, formed in an
overlapping manner. This overlapping and coalescing of flows is characteristic of the low surface relief
on the ESRP (Greely 1982). Considerable variation in texture occurs within individual basalt flows. In
general, the bases of basalt flows are glassy to fine grained and minutely vesicular. Midportions of basalt
flows are typically coarser grained with fewer vesicles than the top or bottom of the flow. Upper portions
of flows are fine grained and highly fractured with many vesicles. This pattern is the result of rapid
cooling of the upper and lower surfaces with slower cooling of the interior of the basalt flow. The massive
interiors of basalt flows are typically jointed with vertical joints in a hexagonal pattern formed during
cooling.

During quiescent periods between volcanic eruptions, sediments were deposited on the surface of
basalt flows. These sedimentary deposits display a wide range of grain-size distributions depending on the
mode of deposition (i.e., eolian [windblown silt or sand], lacustrine, or fluvial), source rock, and length of
transport. Because of the irregular topography of basalt flows, sedimentary materials commonly
accumulated in isolated depressions.

A number of wells have been drilled within the INEEL to monitor groundwater levels and water
quality. Lithologic and geophysical logs were made for most of the wells. From these logs and an
understanding of the volcanism of the Snake River Plain, a reasonable comprehensive picture of
subsurface geology can be drawn. Figures 2-5 and 2-6 are cross-sections through the SDA area that
illustrate the layered geology with thin sedimentary interbeds between large basalt flows.

2.2.3.2 RWMC Surface and Subsurface Geology. The RWMC lies within a natural
topographic depression, as illustrated in Figure 2-3. Undisturbed surficial sediments at the RWMC range
in thickness from 0.6 to 7.0 m (2 to 23 ft) and consist primarily of fine-grained playa and alluvial material
(Kuntz et al. 1994). The near-surface basalt flows at the RWMC erupted from several volcanic vents in
the southwestern portion of the INEEL. Most of the lava flows are younger than 500,000 years and
originated from vents in the Arco Volcanic Rift Zone. Subsurface drilling investigations indicate that the
topmost flow is about 100,000 years old and flowed nearly 24 km (15 mi) from its source vent at Quaking
Aspen Butte to the southwest. The first two lava flows from another flow group near the surface are
believed to have come from a butte just north of Big Southern Butte (Kuntz et al. 1994). The flow
direction of the group is almost due north of the RWMC.

Anderson and Lewis (1989) defined 10 basalt flow groups and seven major sedimentary interbeds
underlying the RWMC shown in Figures 2-5 and 2-6. Basalt flows at the RWMC are typical ESRP
basalts and occur as layered flow groups. The interbeds consist of generally unconsolidated sediments,
cinders, and breccia. Anderson and Lewis (1989) report a maximum measured flow thickness of 12.2 m
(40 ft) with averages ranging from 1.5 to 5.2 m (5 to 17 ft). Seven flow groups and three interbeds extend
across the RWMC area. The remaining three flow groups and four interbeds are absent in some wells.
Using the Anderson and Lewis (1989) nomenclature, the interbeds are called the A-B, B-C, and C-D
sedimentary layers, so named for the basalt flow groups (i.e., A, B, C, and D) that bound the layers above
and below. The three uppermost sedimentary layers also are commonly referred to as the 30-, 110-, and
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240-ft interbeds. The C-D interbed is by far the most continuous. However, each of the interbeds contains
known gaps. The A-B interbed is very discontinuous and generally exists only beneath the northern half
of the SDA.

2.2.4 Seismic Activity

Seismic activity in eastern Idaho is concentrated along the Intermountain Seismic Belt, which
extends more than 1,287 km (800 mi) from southern Arizona through eastern Idaho to western Montana.
The RWMC is subject to the same seismic influences.

The Idaho Seismic Zone extends westward along the Idaho Seismic Belt from the Yellowstone
Plateau area into central Idaho. Though several large magnitude earthquakes have occurred in mountain
rages surrounding the INEEL, earthquakes beneath the ESRP are rare and have small magnitudes
(Jackson et al. 1993). Minor earthquakes have occurred east and north of the INEEL on the ESRP with an
average local magnitude of 1.0 on the Richter scale.

The largest earthquake recorded for the Idaho Seismic Zone occurred on October 28, 1983.
Measuring 7.3 on the Richter scale, the earthquake epicenter was near Chili Butte, north of MacKay,
Idaho. Movement along the range-front fault at the base of the western flank of the Lost River Range
resulted in uplift of the range on the order of 0.6 m (2 ft), as measured at Borah Peak (Smith, Jackson, and
Hackett 1986).

2.2.5 Volcanic Hazards

As discussed above, the INEEL is located in a region of Pleistocene and Holocene volcanic
activity, typically characterized by nonviolent effusive basalt lava flows (Hackett and Smith 1992). Four
to seven million years ago, explosive rhyolite volcanism occurred beneath the INEEL, forming calderas
now buried beneath basalt lava flows. The youngest lava flow in the region immediately surrounding the
Site erupted about 4,100 years ago from the Hell's Half Acre Lava Flow to the southeast of the INEEL.
The most recent lava flows within the Site boundary occurred 13,000 years ago near the southern
boundary — the Cerro Grande flow (Hackett, Pelton, and Brockway 1986).

Renewed explosive rhyolite volcanism at the INEEL is very unlikely. Geological and
geochronological data indicate an eastward progression of silicic volcanism. The mantle plume or hotspot
assumed responsible for the volcanism now lies beneath Yellowstone National Park. Past patterns of
volcanism suggest that future volcanism at the INEEL within the next 1,000 to 10,000 years is very
improbable (EG&G 1990). The two most likely sources of future basalt flows on the INEEL are the
Arco-Big Southern Butte and the Lava Ridge-Hell's Half Acre volcanic rift zones.

The INEEL Volcanism Working Group (EG&G 1990) estimated the probability of inundation of
the RWMC by basalt flows to be much less than 10-5 per year. The chief volcanic hazard at RWMC is
inundation by lava flows from source vents outside the boundaries of the RWMC (EG&G 1990). In the
unlikely event that lava flows inundated the RWMC, the principal effect on the surficial and buried waste
would be localized heating to 300°C (572°F) to a depth of less than 3 m (9.8 ft). Other potential effects
(i.e., fissuring and gas corrosion) are even more unlikely because the RWMC lies outside known volcanic
rift zones (Hackett, Anders, and Walter 1994).

2.2.6 Surface Soil

The INEEL soils are derived from Cenozoic felsic volcanic and Paleozoic sedimentary rocks from
nearby mountains. Soils in the northern portion of the INEEL are generally composed of fine-grained
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lacustrine and eolian deposits of unconsolidated clay, silt, and sand. Typically, soils in the southern
INEEL are shallow and consist of fine-grained eolian soil deposits with some fluvial gravels and gravelly
sands (EG&G 1988). Across the Site, measured surficial soil thicknesses range from zero at basalt
outcrops east of the Idaho Nuclear Technology and Engineering Center (INTEC) to 95 m (313 ft) near the
Big Lost River Sinks southwest of TAN (Anderson, Liszewski, and Ackerman 1996).

Soils in the RWMC area are polygenetic, meaning they were formed from several types of soil
genesis cycles including loess deposition, leaching of calcium carbonate, accumulation of clay, and
erosion. The RWMC area is topographically associated with the Big Lost River and Big Southern Butte
fluvial systems and contains pebble lag within the area of boulder trains, indicating at least one
Holocene-age flood from the Big Lost River. However, evidence of erosion by these systems during the
last 10,000 years following the end of Pinedale glaciation period is not evident.

Physical, chemical, and mineralogical characteristics of the RWMC area soil are detailed in
Dechert, McDaniel, and Falen (1994) and McDaniel (1991). Generally, the soil mantling the landscape
surrounding the RWMC was deposited as loess during the Pinedale glaciation period and mixed with
eolian sand and slope wash in lower areas of the basin. Soil from the RWMC typically has high clay
(approximately 36%) and high silt content (approximately 56%) (Chatwin et al. 1992). Generally, the soil
has moderate water-holding capacity though some areas of the RWMC have shallow soil with low
water-holding capacity (Bowman et al. 1984). Some RWMC soil also may be derived from historic
stream deposits from the Big Lost River.

Undisturbed surficial deposits within the RWMC area range in thickness from 0.6 to 7.0 m (2 to
23 ft) (Anderson, Liszewski, and Ackerman 1996). Irregularities in soil thickness generally reflect the
undulating surface of underlying basalt flows. Many physical features are common within the soil
stratigraphy of the RWMC area such as pebble layers, freeze-thaw textures, glacial loess deposits, and
platy caliche horizons. Surface soil in the RWMC has been significantly disturbed and recontoured with
additional backfill added for subsidence and runoff control.

2.2.7 Surface Hydrology

Surface hydrology at the INEEL includes water from three streams that flow intermittently onto the
INEEL and from local runoff caused by precipitation and snowmelt. Most of the INEEL is located in the
Pioneer Basin into which three streams drain: the Big Lost River, the Little Lost River, and Birch Creek.
These streams receive water from mountain watersheds located to the north and northwest of the INEEL.
Stream flows often are depleted before reaching the INEEL by irrigation diversions and infiltration losses
along stream channels. The Pioneer Basin has no outlet; thus, when water flows onto the INEEL, it either
evaporates or infiltrates into the ground (Irving 1993).

The Big Lost River is the major surface water feature on the INEEL. Its waters are impounded and
regulated by Mackay Dam, which is located approximately 6 km (4 mi) north of Mackay, Idaho. Upon
leaving the dam, waters of the Big Lost River flow southeastward past Arco and onto the ESRP. Flow in
the Big Lost River that actually reaches the INEEL is either diverted at the INEEL diversion dam to
spreading areas southwest of the RWMC or flows northward across the INEEL in a shallow channel to its
terminus at the Lost River Sinks at which point the flow is lost to evaporation and infiltration
(Irving 1993). Because of above-average mountain snow pack in 1995, water in the Big Lost River was
sufficient during the summer of 1995 to flow to the spreading areas and sinks and to the playas south of
TAN. Flow during this timeframe ranged from 13.3 m3/second (469 ft3/second) near the RWMC in
mid-July to 0.8 m3/second (29 ft3/second) in early August (Becker et al. 1996).
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The Little Lost River drains from the slopes of the Lemhi and Lost River ranges. Flow in the Little
Lost River is diverted for irrigation north of Howe, Idaho, and does not normally reach the INEEL.
Springs below Gilmore Summit in the Beaverhead Mountains and drainage from the surrounding basin
are the sources for Birch Creek. Flowing in a southeasterly direction between the Lemhi and Bitterroot
ranges, the water of Birch Creek is diverted north of the INEEL for irrigation and hydropower during
summer. During winter, water not used for irrigation is returned to a channel constructed on the INEEL
6 km (4 mi) north of TAN where the water infiltrates into channel gravels, recharging the aquifer (Irving
1993). Surface water features of the INEEL are illustrated in Figure 2-7.

The RWMC is located within a natural topographic depression with no permanent surface water
features (see Figure 2-3). However, the local depression tends to hold precipitation and to collect
additional runoff from the surrounding slopes. Surface water within WAG 7 and the surrounding local
area does not reach the Big Lost River (Keck 1995). Surface water either eventually evaporates or
infiltrates to the vadose zone and the underlying aquifer.

Historically, the SDA has been flooded by local runoff at least three times because of a
combination of snowmelt, rain, and warm winds. Dikes and drainage channels were constructed around
the perimeter of the SDA in 1962 in response to the first flooding event. The height of the dike was
increased and the drainage channel around the perimeter was enlarged, following a second flood in 1969.
The dike was breached by accumulated snowmelt in 1982, resulting in a third inundation of open pits
within the SDA. Significant flood-control improvements included increasing the height and breadth of the
dike, deepening and widening the drainage channel, and contouring to eliminate formation of surface
ponds and to route runoff to the drainage channel Localized runoff from surrounding slopes is now
prevented from entering the SDA by the perimeter drainage channel and dike surrounding the facility.
Runoff from inside the SDA is directed to the perimeter drainage channel where it exits the disposal area.
As long as the drainage system is maintained, the existing SDA peripheral drainage ditch and the main
discharge channel along Adams Boulevard are adequate to protect the SDA from the 25- and 100-year
combined rain and snowstorm events (Dames & Moore 1993).

The Big Lost River is not a surface water flow path for contaminant transport at the SDA.
Information that supports this conclusion was developed by Keck (1995) and is repeated in the following
paragraphs.

The Big Lost River, 3.2 km (2 mi) north of the SDA, is at an elevation of 9 to 12 m (30 to 40 ft)
higher than the SDA (see Figure 2-3). However, the Big Lost River does not pose a flood threat to the
SDA. The river is topographically isolated from the SDA and flows northeast away from the facility to its
termination in the playas (see Figure 2-3). This position is further supported by the a detailed flood-
routing analysis of a hypothetical failure of Mackay Dam resulting from hydrologic and seismic events.
The study concluded that severe flooding from the Big Lost River would not inundate the RWMC
(Koslow and Van Haaften 1986). Big Lost River flows have not entered the SDA since operations began
in 1952. A mineralogical correlation of surficial sediment from area drainages with sedimentary interbeds
suggests that the present day drainage patterns of the streams at the RWMC may be similar to historical
patterns (Bartholomay 1990). A plot of the average percentages of total clay minerals plus mica, total
feldspar, and carbonates of the sedimentary interbeds indicates that the interbeds at the RWMC are
similar to the Big Lost River channel, overbank, and spreading area deposits (Koslow and Van Haaften
1986). Similarities indicate that most of the sedimentary interbeds analyzed at the RWMC may be flood
plain deposits of an early river containing sediments similar to the present day Big Lost River deposits.
The correlations suggest that the sedimentary interbeds probably were deposited in a depositional basin
similar to the present day basin.
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Figure 2-7. Surface water features of the Idaho National Engineering and Environmental Laboratory.

The past 10,000 years (i.e., the Holocene period, which followed the last glacial period) was a
period of soil formation and limited erosion in the small valley in which the RWMC is located. The
limited erosion probably will continue at least until the next glacial period (Hackett et al. 1995). Regional
tributary flooding caused water to enter the RWMC basin on a number of occasions in the Holocene
period through the wind gaps in the adjacent Quaking Aspen Butte basalt flow and has left a thin
scattering of small (less than 2 mm [0.08 in.]) alluvial gravels just inside the basin near the wind gaps.
Evidence indicates that alluvial deposits in the SDA were possibly left during the Pleistocene period and
evidence of glacial outburst flooding of the Big Lost River is also from the same geologic period
(Rathburn 1989, 1991). Glacial outburst flooding inundated the area that RWMC presently covers during
the late Pinedale glacial period (about 20,000 years ago) eroding sediments from higher convex positions
around the basin and depositing large basalt boulders within the basin. Nevertheless, substantial soil
layers with ages ranging from about 20,000 to 120,000 years remain apparently undisturbed, which
indicates that significant erosion of older soil did not occur (Hackett et al. 1995). Climate changes during

2-16



the approximate 10,000 years after the last glacial period have had little effect on the soil landscape
within the RWMC basin. Therefore, it appears that if climate fluctuations are within historical limits, the
same may be true for the next 10,000 years.

2.2.8 Subsurface Hydrology

Subsurface hydrology at the INEEL is discussed as three components: the vadose zone, perched
water, and the SRPA. The vadose zone, also referred to as the unsaturated zone, extends from the land
surface down to the SRPA water table. Water content of the geologic materials in the vadose zone is
commonly less than saturation, and water is held under negative pressure. Perched water in the subsurface
forms as discontinuous saturated lenses with unsaturated conditions existing both above and below the
lenses. Perched water bodies are formed by vertical, and to a lesser extent, lateral migration of water
moving away from a source until an impeding sedimentary layer is encountered. The SRPA, also referred
to as the saturated zone, occurs at various depths beneath the ESRP. About 9% of the SRPA lies beneath
the INEEL (see Figure 2-1) (DOE-ID 1996). The depth to the water table ranges from approximately
61 m (200 ft) in the northern part of the INEEL to greater than 274 m (900 ft) in the southern part
(Irving 1993).

The description of the subsurface geology and hydrology is based on the interpretation of data
obtained from drilling and monitoring wells. Some of the wells are limited to the vadose zone while
others extend into the SRPA. Table 2-1 presents a list of the formal names of various wells in the RWMC
vicinity, along with short names or aliases for many of the wells. Aliases are commonly used in text and
illustrations throughout this ABRA.

Table 2-1. Names and common aliases for wells in the vicinity of the Radioactive Waste Management
Complex.

Well Name Common Alias Well Name Common Alias Well Name Common Alias

76-1 76-1 USGS-105 USGS-105 RWMC-NEU-S-097 NAT-4

76-2 76-2 USGS-106 USGS-106 RWMC-NEU-S-098 NAT-5

76-3 76-3 USGS-108 USGS-108 RWMC-NEU-S-099 NAT-6

76-4 76-4 USGS-109 USGS-109 RWMC-NEU-S-100 NAT-7

76-4A 76-4A USGS-117 USGS-117 RWMC-NEU-S-101 NAT-8

76-5 76-5 USGS-118 USGS-118 RWMC-NEU-S-102 NAT-9

76-6 76-6 USGS-119 USGS-119 RWMC-NEU-S-103 NAT-10

77-1 77-1 USGS-120 USGS-120 RWMC-NEU-S-104 NAT-11

77-2 77-2 VZT-01 VZT-1 RWMC-NEU-S-105 NAT-12

78-1 78-1 W-03 W03 RWMC-NEU-S-I06 NAT-I3

78-2 78-2 W-04 W04 RWMC-NEU-S-107 NAT-14

78-3 78-3 W-05 W05 RWMC-NEU-S-108 NAT-15

78-4 78-4 W-06 W06 RWMC-NEU-S-109 NAT-16

78-5 78-5 W-08 WO8 RWMC-NEU-S-110 NAT-17

79-1 79-1 W-09 WO9 RWMC-SCI-S-115 LYS-1

79-2 79-2 W-13 W13 SOUTH-MON-A-001 MllS

79-3 79-3 W-17 W17 SOUTH-MON-A-002 M 12S

88-01D 88-01D W-20 W20 SOUTH-MON-A-003 M I 3S

88-02D 88-02D W-23 W23 SOUTH-MON-A-004 M 14S

89-01D 89-01D W-25 W25 RWMC-SCI-V-153 I-1S

89-02D 89-02D WWW1 WWW#1 RWMC-SCI-V-160 I-1D
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Table 2-1. (continued.)

Well Name Common Alias Well Name Common Alias Well Name Common Alias

USGS-093A USGS-93A M1SA M1SA RWMC-SCI-V-154 I-2S

USGS-096B USGS-96B M3S M3S RWMC-SCI-V-155 I-2D

D-02 DO-2 M4D M4D RWMC-SCI-V-156 I-3S

D-06 D06 M6S M6S RWMC-SCI-V-157 I-3D

D-06 DO-6 M7S M7S RWMC-SCI-V-158 I-4S

D-06A D-06A MlOS MlOS RWMC-SCI-V-159 I-4D

D-06A DO-6A Cl C-1 RWMC-SCI-V-161 I-5S

D-10 D-10 C 1 A C-lA RWMC-SCI-V-161 I-5S/D

D-15 D-15 9301 93-01 RWMC-MON-A-162 MI7S

EBR-1 EBR-I 9302 93-02 RWMC-SCI-V-203 0-8

HIGHWAY 3 HWY-3 W-02 W02 SOUTH-SCI-V-014 0-6

NA-89-1 NA89-1 W-02 W-02 SOUTH-SCI-V-011 0-1

NA-89-2 NA89-2 RWMC-MON-A-013 Al 1A31 SOUTH-SCI-V-012 0-2

NA-89-3 NA89-3 RWMC-VVE-V-068 2E SOUTH-SCI-V-013 0-3

PA-01 PA01 RWMC-VVE-V-069 3E SOUTH-SCI-V-018 0-4

PA-02 PA02 RWMC-GAS-V-073 2V SOUTH-SCI-V-015 0-5

RIFLE RANGE WELL RIFLE RANGE RWMC-VVE-V-067 lE SOUTH-SCI-V-016 0-7

T-23 T23 RWMC-VVE-V-071 5E SOUTH-MON-A-010 M16S

TH-02 TH02 RWMC-VVE-V-070 4E SOUTH-MON-A-009 MISS

TH-04 TH04 RWMC-GAS-V-072 1V VVE 1 VVE 1

TH-05 TH05 RWMC-GAS-V-074 3V VVE 3 VVE 3

TW-1 TW-1 RWMC-GAS-V-075 4V VVE 4 VVE 4

USGS-009 USGS-9 RWMC-GAS-V-076 5V VVE 6 VVE 6

USGS-086 USGS-86 RWMC-GAS-V-077 6V VVE 7 VVE 7

USGS-087 USGS-87 RWMC-GAS-V-078 7V VVE 10 VVE 10

USGS-088 USGS-88 RWMC-GAS-V-079 8V 98-1

USGS-089 USGS-89 RWMC-GAS-V-080 9V 98-2

USGS-090 USGS-90 RWMC-GAS-V-081 10V 98-3

USGS-091 USGS-91 RWMC-MON-A-065 OW-1 98-4

USGS-092 USGS-92 RWMC-MON-A-066 OW-2 98-5

USGS-093 USGS-93 RWMC-OBS-A-084 LSIT TEST WELL PA-03 PA-03

USGS-094 USGS-94 RWMC-NEU-S-094 NAT-1 PA-04 PA-04

USGS-095 USGS-95 RWMC-NEU-S-095 NAT-2

USGS-096 USGS-96 RWMC-NEU-S-096 NAT-3
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2.2.8.1 Vadose Zone. The vadose zone, defined as the unsaturated region between land surface and
an underlying aquifer, or the water table, is a particularly important component of the INEEL hydraulic
system for three primary reasons. First, the thick vadose zone affords protection to groundwater by acting
as a filter and preventing many contaminants from reaching the SRPA. Second, the vadose zone acts as a
buffer by providing storage for large volumes of liquid or dissolved contaminants that have spilled on the
ground, migrated from disposal pits and ponds, or have otherwise been released to the environment.
Third, the transport of contaminants through the thick, mostly unsaturated materials can be slow if low
infiltration conditions prevail.

An extensive vadose zone exists at the INEEL ranging in thickness from 61 m (200 ft) in the north
at TAN to greater than 274 m (900 ft) near the southern INEEL boundary. The vadose zone consists of
surficial sediments, relatively thin horizontal basalt flows, and occasional interbedded sediments (Irving
1993). Surface sediments in the vadose zone include clays, silts, sands, and some gravels. Thick surficial
deposits of clays and silts are found in the northern part of the INEEL, but the deposits decrease in
thickness to the south where some basalt is exposed at the topographic surface. Approximately 90% of the
vadose zone is composed of thick sequences of interfingering basalt flows. These sequences are
characterized by large void spaces resulting from fissures, rubble zones, lava tubes, undulatory basalt-
flow surfaces, and fractures. Sedimentary interbeds found in the vadose zone consist of sands, silts, and
clays and are generally thin and discontinuous. Sediments may be compacted because of subsequent
overburden pressures. Under unsaturated conditions with limited water, flow will move preferentially
through small openings in sediment or basalt, avoiding large openings.

The vadose zone thickness near the RWMC, based on recent water level measurements, is
approximately 180 to 186 m (590 to 610 ft). The water content of the geologic materials in the vadose
zone is commonl less than saturation and the water is held under negative pressure. Rates of moisture
movement in sediments and basalt under varying moisture conditions have been quantified near WAG 7.
These quantified rates vary widely and depend on the location, material type, and timing of infiltration at
the surface. In Hubbell (1992), elevated magnesium and chloride concentrations measured inside the SDA
in perched water Well 8802D suggested that water moved from the surface to a depth of 221 ft in less
than 5 years (12 m/year or 40 ft/year). This conclusion was based on an assumed solute transport of the
magnesium chloride that was applied to the roads in the SDA for dust suppression. Bishopa reported wide
variations in net drainage from surficial sediments into the underlying basalt over a 3-year period. Net
drainage, or recharge, was measured at neutron-probe access tube locations in the SDA and ranged from a
high of 49.4 cm/year (19.5 in./year) to less than 0.3 cm/year (0.1 in/year). The wide range in recharge was
attributed to yearly changes in accumulated snowfall, spring drainage patterns of runoff and ponding, and
proximity of the measurement locations to areas of runoff or ponding. A moisture movement rate of
5 m/day (16 ft/day) was measured from land surface to a depth of 55 m (180 ft) through the fractured
basalt medium during the aquifer pumping and infiltration test in the summer of 1994 (Porro and Bishop
1995). The infiltration test was conducted approximately 2.1 km (1.3 mi) south of the RWMC. Additional
results from the large-scale aquifer stress and infiltration tests are reported in Starr and Rohe (1995);
Burgess (1995); Dunnivant, Mecham, and Giles (1995); Newman and Dunnivant (1995); Pfeifer and
Anderson (1995); and Porro and Bishop (1995).

2.2.8.2 Perched Water. Perched water at the INEEL forms when a layer of dense basalt or fine
sedimentary materials occurs with a hydraulic conductivity that is sufficiently low so that downward
movement of infiltrating water is restricted. Once perched water develops, lateral movement of the water

a. Bishop, C. W., Interdepartmental Communication to D. J. Kuhns, December 18, 1996, "Pad A Horizontal Hole Neutron
Monitoring," CWB-16-96, Idaho National Engineering and Environmental Laboratory, Lockheed Martin Idaho Technologies
Company, Idaho Falls, Idaho.
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can occur, perhaps by up to hundreds of meters. When perched water accumulates, the hydraulic pressure
head increases and water flows through the less permeable perching layer and continues its generally
vertical descent. If another restrictive zone is encountered, perching again may occur. The process can
continue, forming several perched water bodies between the land surface and water table. The volume of
water contained in perched bodies fluctuates with the amount of recharge available from precipitation,
surface water, and anthropic sources such as evaporation ponds. Perching behavior tends to slow the
downward migration of percolating fluids that may be flowing rapidly under transient near-saturated
conditions through the vadose zone. Historically, perched water has been found beneath the RWMC,
ANL-W, Test Reactor Area (TRA), and INTEC.

Perched water is transitory beneath the RWMC but has been detected in 11 boreholes at various
times. Typically, perched water wells are dry or contain so little water that the volume collected for
analysis is limited. Perched water bodies have been identified at two depth intervals at WAG 7, at depths
of approximately 24 to 27 m (80 to 90 ft) and 61 to 67 m (200 to 220 ft), corresponding to the
sedimentary B-C and C-D interbeds, respectively. Perched water typically occurs in fractured basalt
above the interbeds. Locations where perched water or elevated moisture contents have occurred in
association with the B-C and C-D interbeds are shown in Figures 2-8 and 2-9, respectively.

The two locations where perched water has been most frequently observed in association with the
B-C interbed are Wells 78-1 and 10V. From 1992 to about May 1995, Well 78-1 showed perched water
thicknesses of up to 0.3 m (0.9 ft) based on measurements made with steel tapes. Well 78-1 was rebuilt in
November 1995 because of questions on the origin of perched water in the well. Well 78-1 has been
checked quarterly for perched water since 1997, but none has been observed. Well 10V drilled in the
western part of the SDA in 1994 had perched water with measured thickness of 0.2 to 0.4 m (0.8 to
1.2 ft). This well has not been regularly monitored for water; therefore, the persistence of perched water
in that location cannot be assessed. This well was completed as a vapor monitoring well and is not
designed to collect water samples or water level measurements.

The two wells associated with the C-D interbed that have consistently had perched water are
Well USGS 92 located near the center of the western half of the SDA, and Well 8802D located in the
northeast part of the SDA (McElroy 1996). Perched water-level monitoring also is reported in perched
groundwater monitoring reports by Hubbell (1993, 1995). Well USGS 92 is the only well that routinely
yields a perched water sample. A sample has been collected only once from Well 88-02D since 1997.

Sources of perched water at the RWMC may be: (a) surficial infiltration, (b) water moving laterally
from the spreading areas of the Big Lost River, or (c) a combination of sources. The four lined sewage
evaporation ponds located approximately 400 ft south of the RWMC should not be a source for perched
water. Two of the evaporation ponds collect sanitary wastewater from the current RWMC operations and
are lined with an impermeable plastic membrane. The remaining two ponds were built to support Pit 9
remediation and have compacted soil liners. These two ponds have not been used (INEEL 2001a). A
tracer test conducted by the USGS confirmed that at least some of the perched water in Well USGS 92
beneath the RWMC originated from the spreading areas (Nimmo et al. 2002) (see Section 2.3.3.1).

2.2.8.3 Snake River Plain Aquifer. The SRPA is defined as the saturated portion of a series of
basalt flows and interlayered pyroclastic and sedimentary materials that underlie the ESRP. On the west
the aquifer extends from Bliss, Idaho, and the Hagerman Valley to Ashton, Idaho, and the Big Bend
Ridge on the northeast. Lateral boundaries formed at the points of contact of the aquifer with less
permeable rocks at the margins of the plain. The SRPA arcs approximately 354 km (220 mi) through the
eastern Idaho subsurface and varies in width from approximately 80 to 113 km (50 to 70 mi). The total
area of the SRPA is estimated at 24,862 km2 (9,600 mi2). The general features of the SRPA beneath the
INEEL and the RWMC are described below.
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2.2.8.3.1 Features of the Aquifer Beneath the Idaho National Engineering and
Environmental Laboratory—The depth to groundwater at the INEEL ranges from approximately
61 m (200 ft) below land surface in the north to more than 274 m (900 ft) in the south (Becker et al.
1996). The aquifer contains numerous, relatively thin basalt flows extending to depths of 1,067 m
(3,500 ft) below land surface. In addition, the SRPA contains sedimentary interbeds that are typically
discontinuous. The SRPA has been estimated to hold 2.5E+12 m3 (8.8E+13 ft3) of water, which is
approximately equivalent to the amount of water contained in Lake Erie, or enough water to cover the
entire state of Idaho to a depth of 1.2 m (4 ft) (Hackett, Pelton, and Brockway 1986). Water is pumped
from the aquifer primarily for human consumption and irrigation (Irving 1993). Compared to such
demands, the INEEL's use of the aquifer is minor.

Aquifer permeability is controlled by the distribution of highly fractured basalt flow tops, interflow
zones, lava tubes, fractures, vesicles, and intergranular pore spaces. The variety and degree of
interconnected water-bearing zones complicate the direction of groundwater movement locally
throughout the aquifer. The permeability of the aquifer varies considerably over short distances, but
generally, a series of basalt flows includes several excellent water-bearing zones.

The SRPA is recharged primarily by infiltration from rain and snowfall that occurs within the
drainage basins surrounding the ESRP and from deep percolation of irrigation water. Annual recharge
rates depend on precipitation, especially snowfall. Regional groundwater flows to the south-southwest,
though locally the flow direction can be affected by recharge from rivers, surface water spreading areas,
and heterogeneities in the aquifer. Estimates of flow velocities within the SRPA range from between
1.5 to 6.1 m/day (5 to 20 ft/day) (Irving 1993). Flow in the aquifer is primarily through fractures,
interflow zones in the basalt, and in the highly permeable rubble zones located at flow tops. The SRPA is
considered heterogeneous and anisotropic (having properties that differ depending on the direction of
measurement) because of the permeability variations within the aquifer that are caused by basalt
irregularities, fractures, void spaces, rubble zones, and sedimentary interbeds. The heterogeneity is
responsible for the variability in transmissivity (which is a measure of the ability of the aquifer to transmit
water) through the SRPA. Transmissivities measured in wells on the INEEL range from 1.0E-01 to
1.1E+06 m2/day (1.1E+00 to 1.2E+07 ft2/day) (Wylie et al. 1995). In general, water quality is preserved
because the extensive vadose zone filters chemicals and pollutants from the irrigation and wastewater that
pass through the aquifer. Concerns about groundwater contamination from INEEL operations have
prompted an extensive monitoring system over all of the INEEL (Irving 1993).

2.2.8.3.2 Features of the Aquifer Beneath the Radioactive Waste Management
Complex—The SRPA lies approximately 180 to 197 m (590 to 610 ft) below land surface near the
RWMC (Wood and Wylie 1991). The level of the water table and flow rates fluctuate in correspondence
with meteorological conditions, season, the volume of discharge to the spreading areas, and other factors.
Groundwater levels for the RWMC and upgradient areas as of July 2001 (DOE-ID 2002) are shown on
Figure 2-10. Groundwater level data taken in March and April 2000 from wells in the RWMC region
were used to construct a water table map for wells in the immediate vicinity of the RWMC (Figure 2-11).
Water level data for March and April 2000 were used for the local RWMC map because these data were
used to support fate and transport modeling for this ABRA (see Section 5).

Estimating the direction and rate of groundwater flow near the RWMC is complicated by the
anisotropic and heterogeneous nature of the ESRP basalts. Regional flow direction from CFA to the
RWMC generally is northeast to southwest (Figure 2-10). The local groundwater flow direction at the
RWMC is north-northeast to south-southwest. The water level map for the RWMC indicates that the
groundwater gradient across the site is relatively flat (0.00049 ft/ft from Well M14S to Well USGS-120
and 0.00037 ft/ft from Well MllS to Well USGS-120). In comparison, the regional gradient from
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Well LF3-08 to Well M13S is 0.0016 ft/ft. Pump test results from RWMC wells show that a region of low
permeability is present in the RWMC area (Wylie and Hubbell 1994; Wylie 1996).

Local perturbations and seemingly anomalous behavior also have been observed for water levels in
the RWMC area (Figure 2-11). For example, Well USGS-88, located directly south of the RWMC,
exhibits flow behavior that is not well understood. Water level and pump test data from this well indicate
that the well may penetrate a region that is hydraulically isolated from the main body of the active portion
of the SRPA beneath the RWMC (Burgess, Higgs, and Wood 1994).

Additional information about hydrological conditions under and near the RWMC was documented
in the WAG 7 Groundwater Pathway Track 2 Summary Report (Burgess, Higgs, and Wood 1994). Results
from the large-scale aquifer stress and infiltration tests (Wylie et al. 1995) have been used in a simulation
study (Magnuson and Sondrup 1998) to develop the field-scale hydraulic and transport parameters for the
OU 7-13/14 subsurface modeling.

Groundwater samples generally are collected on a quarterly basis from 15 wells in the RWMC area
to monitor water quality. Wells that are monitored include Wells OW2, MIS, M3S, M I3S, Ml7S, MISS,
M6S, AllA31, M4D, Ml6S, Ml2S, MI IS, M7S, Ml4S, and USGS-127.

Eight additional aquifer wells, Wells USGS-127, Ml1S, M12S, M13S, M14S, MISS, M16S, and
M17S have been installed since 1998. Wells USGS-127, Ml1S, M12S, M13S, and M14S are upgradient
wells used to evaluate potential inputs of upgradient contamination. The purpose of Wells M16S, M15S,
and Ml7S is to monitor the aquifer for contaminants and flow gradient. Wells South-MON-A-09 (alias
MISS) and South-MON-A0010 (alias M16S) were installed outside the RWMC perimeter fence and Well
South-MON-A-017 (M17S) was installed inside the fence. All three wells were drilled to the first
permeable zone in the aquifer.

2.3 Geologic and Hydrologic Investigations
at the Radioactive Waste Management Complex

Several geologic and hydrologic investigations have been implemented over the last several years,
including expanded vadose zone monitoring, tracer tests, and an assessment of the influence of upgradient
aquifer contamination on the aquifer beneath the RWMC. Three of the vadose zone monitoring networks
in place at the RWMC, neutron-probe access tubes (NATs), advanced tensiometers, and lysimeters, are
described below. In addition, three tracer studies have been conducted or are planned for the RWMC area.
Results of the USGS tracer study at the spreading areas are discussed in this section, along with
preliminary results from the tracer study conducted within the SDA and the planned tracer study at the
Big Lost River and spreading areas. The potential influence of upgradient aquifer contamination on the
aquifer beneath the RWMC also is addressed.

2.3.1 Neutron-Probe Access Tube Moisture Monitoring

Using NATs to determine net infiltration at the RWMC began in 1986 with the installation of
NATs-2 and -6 (DOE 1983), as shown in Figure 2-12 and listed in Table 2-2. Carbon steel pipes, open at
the bottom, were installed in holes that were hand-augered through surficial sediments to the underlying
basalt (Hubbell et al. 1987; Laney et al. 1988; McElroy and Hubbell 1990). Monitoring the NATs for
moisture profiles was performed monthly from November 1986 to October 1990. In January 1993,
monitoring of NAT-2 and NAT-6 was resumed to support the RWMC low-level waste performance
assessment (Case et al. 2000). The objectives of the renewed monitoring were to (a) improve the
calibration of neutron counts to moisture content in the sediments and (b) estimate net infiltration into the
subsurface from rain and snow at the SDA Monitoring was generally performed on a monthly schedule.
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Figure 2-12. Locations of neutron-probe access tubes and associated shallow tensiometers in the
Subsurface Disposal Area.

However, monitoring was performed weekly when snowmelt and rain increased the potential for soil
moisture changes. Surficial sediment core samples were collected to improve calibrating neutron counts
to moisture content in the sediments (McElroy 1993).

The monitoring network was expanded from two to 27 NATs from November 1993 through
August 1995 (see footnote a, p. 2-19; Bishop 1994) to improve coverage. In addition, eight boreholes near
NATs were instrumented with tensiometers. The NATs and their depths are shown in Table 2-2. The
locations of the NATs and associated tensiometer boreholes are shown in Figure 2-12. Locations were
chosen to characterize moisture movement in disturbed and undisturbed areas, near drainage ditches and
roads, away from drainage ditches and roads, and in disturbed cover material over an active waste
disposal site.

Monitoring of the NAT network at the SDA was not funded by WAG 7 and ended in August 1996
when the other program discontinued the activity. The NAT monitoring data intermittently span a little
more than a decade from 1986 through the summer of 1996. Some additional monitoring of NAT-17 was
conducted after 1996 in support of soil gas monitoring for tritium and carbon-14 near a buried beryllium
block (Ritter and McElroy 1999).
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Table 2-2. Neutron-probe access tubes in the Subsurface Disposal Area.

Neutron
Depth Below Land Surface

-Probe
Access Tube (m) (ft) Disturbed or Undisturbed

NAT-1 3.11 10.2 Undisturbed

NAT-2 4.42 14.5 Undisturbed

NAT-3 3.50 11.5 Undisturbed

NAT-4 2.83 9.3 Disturbed

NAT-5 5.79 19.0 Disturbed

NAT-6 3.20 10.5 Undisturbed

NAT-7 4.91 16.1 Disturbed

NAT-8 6.06 19.9 Undisturbed

NAT-9 7.83 25.7 Disturbed

NAT-10 3.08 10.1 Undisturbed

NAT-11 3.44 11.3 Undisturbed

NAT-12 5.58 18.3 Undisturbed

NAT-13 4.36 14.3 Undisturbed

NAT-14 1.95 6.4 Disturbed

NAT-15 1.89 6.2 Disturbed

NAT-16 5.58 18.3 Disturbed

NAT-17 6.40 21.0 Undisturbed

NAT-18 3.23 10.6 Disturbed

NAT-19 2.99 9.8 Disturbed

NAT-20 3.87 12.7 Undisturbed

NAT-21 4.88 16.0 Undisturbed

NAT-22 3.60 11.8 Undisturbed

NAT-23 2.47 8.1 Disturbed

PA06 1.52 5.0 Disturbed

PA07 1.52 5.0 Disturbed

PA08 1.52 5.0 Disturbed

PA09 1.52 5.0 Disturbed
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McElroy (1990) presented net infiltration estimates of at least 10 cm (4 in.) and 13 cm (5 in.) of
water at NAT-2 and NAT-6, respectively (see Table 2-3), for an infiltration event in 1989. This 1989
event was chosen because changes in water content of the soil profiles at NATs-2 and -6 in the spring of
1989 indicated that a wetting front extended deep into the soil profile to the surficial sediment/basalt
interface. In addition, other instrumentation (e.g., tensiometers, heat dissipation sensors, and gypsum
blocks) in surficial sediments at the SDA also indicated that deep recharge had occurred across the SDA
in the spring of 1989. Based on vadose zone instrumentation, net infiltration into surficial sediments was
determined to be seasonal, occurring primarily in spring when moisture is high and evapotranspiration
rates are low. Snowmelt was the major contributor to recharge. Proximity to local low areas, drainage
ditches, or areas subject to ponding appeared to increase relative wetness of instrumented sites when
compared to locations away from depressions and ditches, or outside the SDA.

Neutron-probe access tube monitoring during 1993 showed a great difference in net infiltration
results between NAT-6 and NAT-2 (McElroy 1993). Net infiltration from March through July 1993 at
NAT-6 was approximately 27.7 cm (10.9 in.), which was much higher than the 3 cm (1.2 in.) of net
infiltration at NAT-2 (Table 2-3). However, net infiltration at NAT-6 may have been influenced by a 1.2
to 1.5-m (4 to 5-ft) -high snow berm located within 1.8 m (6 ft) of the NAT.

To determine the water available for infiltration, snow accumulations were measured and weighed
near NAT-6 and NAT-2 on nine occasions to determine the snow water equivalent. All but one of the
snow water equivalent values were higher than the cumulative 1992 to 1993 winter precipitation of
12.2 cm (4.8 in.) recorded at CFA. Snow water equivalents ranged from 15.7 cm (6.2 in.) to 22.1 cm
(8.7 in.) at NAT-6 and 12.7 cm (5.0 in.) to 20.6 cm (8.1 in.) at NAT-2. The large difference between snow
water equivalents and precipitation was attributed primarily to local drifting and accumulation of snow at
the SDA, which is influenced by topographic variations such as local depressions, ditches, or snow berms
on the sides of roads.

Bishop (see footnote a, p. 2-19) reported wide variations in net infiltration from January 1994
through August 1996 based on the NAT monitoring network that was expanded in 1993. Over the
monitored period, measurable net infiltration at the 22 NATs ranged from a high of 49 cm/year
(19.4 in./year) to less than 0.3 cm/year (0.1 in./year), as shown in Table 2-3. The wide range in net
infiltration was attributed to a combination of variations in snow depth across the SDA, year-to-year
variations in accumulated snowfall, spring drainage patterns of runoff and ponding, and proximity of the
measurement locations to areas of runoff or ponding.

Bishop (see footnote a, p. 2-19) also evaluated the water equivalent of the snow pack at the SDA.
Snow water equivalent samples were collected on February 5, 1996, at 48 locations near the NATs at the
SDA. Water equivalents for snow samples ranged from less than 1.3 cm (0.5 in.) to 34.3 cm (13.5 in.) of
water, showing large variation in snow accumulation across the SDA. Precipitation from November
through January totaled 5.8 cm (2.3 in.) of water, well below the maximum snow water equivalent of
34.3 cm (13.5 in.). However, the average of the 48 samples was 6.6 cm, which is close to the 5.8 cm
(2.3 in.) of precipitation received by the end of January 1996.

2.3.1 Advanced Tensiometer Investigation

Advanced tensiometers are instruments that determine water potential at depths greater than the
9-m (30-ft) maximum operating depths achievable by standard tensiometers. A network of advanced
tensiometers was installed in and around the RWMC at depths ranging from approximately 6 to 73 m
(20 to 240 ft). The objectives of monitoring these deep tensiometers (McElroy and Hubbell 2000) follow:
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Table 2-3. Net infiltration estimates based on moisture content changes at neutron-probe access tubes in

the Subsurface Disposal Area.

Neutron-
Probe Access

Tube
1989
(cm)

1993
(cm)

1994
(cm)

1995
(cm)

1996
(cm)

NAT-1 0.5 1.8 2.8

NAT-2 9.9 23.6 1.3 1.5

NAT-3 1.3 2.8 1.1

NAT-4 0.3 1.3 0.7

NAT-5 0.8 1.8 0.4

NAT-6 12.7 55.9 3.0 13.0 1.4

NAT-7 0.8 2.3 0.9

NAT-8 1.3 3.3 1.5

NAT-9 0.3 2.8 0.4

NAT-10 0.8 2.3 0.7

NAT-11 2.0 10.7 1.2

NAT-12 4.8 28.7 6.5

NAT-13 1.8 48.5 49.4

NAT-14 0.3 1.3 0.1

NAT-15 <0.1 1.3 0.4

NAT-16 0.5 1.3 1.4

NAT-17a

NAT-18 1.3 0.5

NAT-19 0.8 0.6

NAT-20 0.5 2.2

NAT-21 <0.1 4.4

NAT-22 0.8 0.9

NAT-23 0.3 0.1

PA-06 0.1

PA-07 0.3

PA-08 0.4

PA-09 0.5

a. NAT-17 was not monitored on a frequent enough basis to allow calculation of net infiltration.
Note: ̀ -' means that the neutron-probe access tube was not monitored.
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• Augment, confirm, or change the current conceptual model of water transport in the unsaturated
zone beneath the RWMC

• Provide field-scale data for hydrologic model calibration and prediction

• Define soil water conditions within sedimentary interbeds in and around the RWMC before the
system is affected by remedial action for the following purposes: develop a baseline description of
the water potential in the area, determine long-term status of the water potential beneath the buried
waste, detect and monitor movement of wetting fronts to the instrumented depths, and calculate
limits for local net infiltration rates

• Detect optimal timing for lysimeter sampling by sensing the presence of soil moisture

• Assess lateral movement of water from the spreading areas in conjunction with planned tracer tests.

2.1.1.1 Advanced Tensiometer Well Locations, History, and Installation. The locations of
20 wells containing the advanced tensiometers are shown in Figure 2-13. Seventeen of the wells were
installed and instrumented as part of the WAG 7 OU 7-13/14 hydrologic characterization activities in

2000, and have well names beginning with an 0 for outside the SDA or an I for inside the SDA. The three
remaining wells, 76-5, 77-2, and 78-1, were installed by earlier programs. Well 76-5 was cored in 1976
(Humphrey and Tingey 1978) and was used to monitor perched water until advanced tensiometers were
installed in June 1996 (McElroy and Hubbell 2001). Similarly, Wells 77-2 and 78-1 were drilled in 1977
and 1978, respectively, and were used to monitor perched water until advanced tensiometers were
installed at interim depths in Wells 77-2 and 78-1 in December 1995. Portable tensiometers were installed
at the bottom of both Wells 77-2 and 78-1 in December 1999. Tensiometer depths and the lithology
adjacent to each tensiometer are listed in Table 2-4.

2.1.1.2 Advanced Tensiometer Monitoring Results. The advanced tensiometers (see
Figure 2-13) indicated steady-state moisture conditions in the subsurface from May through August 2000
with no large-scale infiltration event during that time (McElroy and Hubbell 2001). However, moisture
conditions were variable, with water potentials ranging from near saturation (-40 cm of water) to
comparatively drier conditions (-350 cm of water).

In contrast, advanced tensiometers in Well 76-5, which cover a vertical profile from 6.7 to 31.4 m
(2 to 103 ft), showed that a transient flux of water moved to the 11.6-m (38-ft) depth in March 1999 after
3 years of steady-state conditions (see Figure 2-13). The wetting front moved through the basalt, moving

from 6.7 to 11.6 m (2 to 38 ft) in 43 days, which is equivalent to 0.1 m/day (0.3 ft/day)
(Hubbell et al. 2002). Water potentials at the 17.4-m (57-ft) depth indicated a slowing of the wetting
front, which moved from 11.6 to 17.4 m (38 to 57 ft) over a 5-month period. The sediments and rubble at
11.6 m (38 ft) may have slowed the downward movement of the wetting front.
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Table 2-4. Advanced tensiometers at the Radioactive Waste Management Complex.

Tensiometer Depth (m) Depth (ft) Lithology

IlS 103 Interbed

IlD 227 Interbed

I2S 94 Basalt (no recovery)

I2D 176 Basalt, massive

12D 223 Interbed

I3S 93 Interbed

I3D 229 Interbed

I4S 97.5 Basalt-interbed contact

I4D 227 Interbed

I5S —99.7a Basalt-interbed contact

01 97 Interbed, no recovery

01 229 Interbed, no recovery

02 107 Basalt-interbed contact

02 241.25 Basalt, possibly fractured basalt
(lost circulation)

03 88 Basalt

03 221 Basalt-interbed contact

04 110 Interbed

04 226.5 Interbed

05 105 Basalt

06 227 Interbedb

07 121 Interbed, no recovery

07 241 Basalt

08 229.5 Basalt

76-5 22 Sediment-filled fractures

76-5 31 Sedimentary interbed

76-5 38 Rubble zone

76-5 57 Horizontal fracture with sediment

76-5 80 Sediment-filled fractures

76-5 97 Moist basalt

76-5 103 Interbed

77-2 32.8 Reddish baked silt interbed

77-2 56 Basalt

77-2 90 Basalt

78-1 35 Fractured basalt, with sediment infilling

78-1 84 Basalt

a. The advanced tensiometer depth in Well 15S was measured after installation and may include some twisting of polyvinyl chloride pipe.

b. Description is based on the gamma log rather than the geologist's log. 
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Figure 2-13. Locations of boreholes instrumented with advanced tensiometers at the Radioactive Waste
Management Complex.

2.3.2 Lysi meter Investigations

Suction lysimeters are designed to collect moisture from unsaturated soil by creating a vacuum
inside the lysimeter and drawing moisture through a porous material into the lysimeter where it can be
collected for analysis. The porous material, typically ceramic or stainless steel, contains tiny pores that are
permeable to water but impermeable to air when wetted. The majority of the lysimeters at the RWMC
have either ceramic or stainless steel cups. Four lysimeters with Teflon cups also were installed because
of the hypothesis that radionuclides may sorb on ceramic cups (Hubbell et al. 1985), which could cause
biased, low-detection results. The lysimeters with Teflon cups were never successful in collecting soil-
water samples because the low air-entry pressure prevented the use of a vacuum that was high enough to
extract water from the SDA soil.

Installation of lysimeters at the RWMC began in 1985 to determine solution chemistry and to
define radionuclide migration in the vadose zone (Hubbell et al. 1985). From 1985 through 1987,
32 suction lysimeters were installed in surficial sediments in and around the RWMC, and seven deep
lysimeters were installed in sedimentary interbeds (Hubbell et al. 1985, 1987; Laney et al. 1988). These
lysimeters, LO1 through L32 and DLO1 through DL07, are listed in Table 2-5, and locations of the
boreholes containing the lysimeters are shown in Figure 2-14. Because multiple lysimeters were installed
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Table 2-5. Suction lysimeters installed at the Radioactive Waste Management Complex.

Lysimeter Well Date Installed Lysimeter Depth (ft) Cup Type

LO1 W02a June 14, 1985 14.0 Ceramic

L02 W03 June 17, 1985 10.5 Ceramic

L03 W04 June 19, 1985 24.5 Ceramic

L04 W04 June 19, 1985 15.4 Ceramic

L05 W04 June 19, 1985 6.2 Ceramic

L06 W20 June 28, 1985 6.7 Teflon

L07 W23 June 28, 1985 18.8 Teflon

L08 W23 June 28, 1985 11.8 Ceramic

L09 W23 June 28, 1985 7.7 Ceramic

L10 T23 July 2, 1985 19.0 Teflon

L11 CO2 July 3, 1985 4.3 Teflon

L12 W08 July 9, 1985 22.1 Ceramic

L13 W08 July 9, 1985 11.3 Ceramic

L14 W08 July 9, 1985 6.2 Ceramic

L15 PAOlb July 11, 1985 14.3 Ceramic

L16 PA02 b July 11, 1985 8.7 Ceramic

L17 TH02 June 7, 1985 6.0 Ceramic

L18 TH04 April 23, 1985 4.0 Ceramic

L19 CO1 August 6, 1986 17.7 Ceramic

L20 CO1 August 6, 1986 7.4 Ceramic

L21 TH05 September 8, 1986 15.2 Ceramic

L22 TH05 September 8, 1986 5.9 Ceramic

L23 W09 September 17, 1986 14.8 Ceramic

L24 W05 September 22, 1986 15.9 Ceramic

L25 W05 September 22, 1986 10.0 Ceramic

L26 W05 September 22, 1986 6.7 Ceramic

L27 W06 September 23, 1986 11.8 Ceramic

L28 W25 September 24, 1986 15.5 Ceramic

L29 W13 September 20, 1986 14.0 Ceramic

L30 W13 September 28, 1986 6.7 Ceramic

L31 W17 September 29, 1986 19.6 Ceramic

L32 W17 September 29, 1986 10.9 Ceramic
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Table 2-5. (continued).

Lysimeter Well Date Installed Lysimeter Depth (ft) Cup Type

L33 PA03 b December 1994 10.0 Ceramic

L34 PA04 b December 1994 —27 Ceramic

L35 98-1 February 2, 1998 16.5 Ceramic

L36 98-2 January 29, 1998 9.0 Ceramic

L37 98-3 February 4, 1998 22.5 Ceramic

L38 98-4 February 3, 1998 17.0 Ceramic

L39 98-5 February 2, 1998 10.5 Ceramic

L40 LYS-1 1994 6.6 Ceramic

L41 LYS-1 1994 19.7 Ceramic

DLO1 D06 September 12, 1986 88.0 Ceramic

DLO2 D06 September 12, 1986 44.0 Ceramic

DLO3 TW1 June 25, 1987 226.9 Ceramic

DLO4 TW1 June 25, 1987 101.7 Ceramic

DLO5 D15 September 15, 1987 222.9 Ceramic

DLO6 D15 September 15, 1987 97.9 Ceramic

DLO7 D15 November 4, 1987 32.2 Ceramic

DLO8 I-1D —November 1999 224 Stainless steel

DLO9 I-1S —November 1999 101 Stainless steel

DL10 I-2D —November 1999 196 Stainless steel

DL11 I-2S —November 1999 92 Stainless steel

DL12 I-3D —November 1999 228 Stainless steel

DL13 I-3S —November 1999 93 Stainless steel

DL14 I-4D —January 2000 226.5 Stainless steel

DL15 I-4S —January 2000 97 Stainless steel

DL16 I-5S —March 2000 98.7 Stainless steel

DL17 0-1 December 16, 1999 228 Stainless steel

DL18 0-1 December 16, 1999 96 Stainless steel

DL19 0-2 January 12, 2000 240 Stainless steel

DL20 0-2 January 12, 2000 106 Stainless steel

DL21 0-3 November 1999 219 Stainless steel

DL22 0-3 November 1999 87 Stainless steel

DL23 0-4 January 4, 2000 225 Stainless steel
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Table 2-5. (continued).

Lysimeter Well Date Installed Lysimeter Depth (ft) Cup Type

DL24 0-4 January 4, 2000 108.5 Stainless steel

DL25 0-5 January 12, 2000 104 Stainless steel

DL26 0-6 November 1999 225 Stainless steel

DL27 0-7 November 1999 240 Stainless steel

DL28 0-7 November 1999 119 Stainless steel

DL29 0-8 —November 1999 228 Stainless steel

a. Lysimeters LO1 and W02 were inactivated after 1993 because they obstructed the construction phase of Pit 9
remediation activities.
b. Boreholes PA-01 and PA-02 were located in surficial sediment a couple of feet off the edge of the Pad A asphalt pad.
The lithologic log for Borehole PA-03 does not indicate augering through the asphalt pad. The lysimeter in
Borehole PA-04 was installed under the asphalt pad.

in boreholes, the naming nomenclature for the lysimeters relies on individual lysimeter numbers. Shallow
lysimeters were installed in auger holes with a silica flour slurry surrounding the lysimeter cup. A 5- to
7-cm (2- to 3-in.) layer of bentonite was placed on top of the silica flour as a moisture seal and native
sediments were used to backfill the borehole. Deep lysimeters in the B-C and C-D interbeds were
installed in a silica flour slurry and bentonite was used to seal between instrument installations in the
same borehole. A silica flour slurry with a 10-mg/L potassium bromide tracer was used for lysimeters
installed in 1986 and 1987 to determine when valid samples were collected. The presence of the
potassium bromide tracer in sample analysis would indicate that water applied during instrument
installation is still affecting sample results, whereas absence of the tracer would indicate that the sample is
representative of local soil moisture.

From November 1999 through March 2000, 22 deep lysimeters, DLO8 through DL29, were
installed inside and outside the SDA (Settle and Dooley 2002) (see Figure 2-14 and Table 2-5). The
porous cups on these lysimeters are stainless steel with a -600 cm of water air entry pressure. Installation
was similar to the procedure described above with silica flour slurry between layers of bentonite.

As part of remediation and monitoring activities for Pad A (Parsons 1995a, 1995b), two lysimeters
were installed in December 1994. Lysimeter L33 was installed at a depth of 3 m (10 ft) below the surface
of Pad A on the north side in Borehole PA-03 (see Figure 2-14). Pad A is an aboveground disposal area
located on an asphalt pad. However, well logs indicate that drillers did not encounter the asphalt pad
when augering Borehole PA-03; therefore, either the asphalt pad does not extend as far as Borehole
PA-03 or the lysimeter is located in cover material above the asphalt pad. Lysimeter L34 was installed in
a horizontal borehole under the asphalt at Pad A in Borehole PA-04. Lysimeter L34 is located near the
center of Pad A, approximately 50 m (165 ft) northeast of the Borehole PA-04 wellhead. Both lysimeters
were installed in silica flour and bentonite was used to seal the silica flour layer.

Five lysimeters, L35 through L39, were installed in surficial sediments in the SDA in 1998 to
assess magnesium chloride migration in soil at the SDA (see Figure 2-14 and Table 2-5). Magnesium
chloride was applied to SDA roads to suppress dust in 1984, 1985, and in the early 1990s, and the
chloride might contribute to the corrosion of buried waste containers. Each of the lysimeters was installed
as close as possible to the sediment-basalt interface. A soil slurry was placed around the porous ceramic
cup, native soil was used to backfill the borehole, and a 30-cm (1-ft) layer of bentonite was placed 51 cm
(2 ft) above the instrument to serve as a barrier to downhole water movement.
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Suction Lysimeters L40 and L41 were installed in 1994 to collect water samples near buried

beryllium blocks near the west end of Soil Vault Row (SVR)-20 to validate calculated beryllium

corrosion and radionuclide release rates used in low-level waste operations performance assessments

(Case et al. 2000). Lysimeter cups were placed in native fill material with a layer of sand above and

below the lysimeter, and the borehole was backfilled with bentonite. Several attempts were made to

collect a sample from L40, but a sufficient vacuum to collect a sample could not be maintained. However,

the deeper lysimeter, IA1, yielded sufficient sample volume to analyze for chloride, C-14, and tritium

(Ritter and McElroy 1999).

2.3.3 Tracer Studies

A tracer study was conducted at Spreading Areas A and B by the USGS and an additional tracer

test is planned for the Big Lost River and the Spreading Areas when water accumulation in the Spreading

Areas is sufficient. A tracer study within the SDA began in 2001. The goal of these tracer studies is to

quantify the influence of the spreading areas on perched water beneath the SDA and the influence of
surficial infiltration on contaminant fate and transport at the RWMC. Each tracer test is summarized

below.

2.3.3.1 U.S. Geological Survey Spreading Area Tracer Test. A tracer test was conducted at

two of the four spreading areas near the SDA to investigate long-range flow paths through the vadose

zone (Nimmo et al. 2002). The four spreading areas receive water from the Big Lost River as a diversion

during periods of high surface water flow. Rarely are all four spreading areas used in a given season. In

some years no diversions are necessary and all the spreading areas remain dry.

In June 1999, the USGS applied a 1,5-naphthalene disulfonic acid tracer to Spreading Areas A

and B (Nimmo et al. 2002). The tracer was a dry powder that was placed in a sack and was introduced

into the spreading area water by towing the sack in the water behind a boat. The boat traversed the

accessible wet areas of Spreading Areas A and B on the first day, towing the sack of tracer through the

water. Using the same method on the second day, the tracer was again introduced into Spreading Area B

in the lobe that extends north toward the SDA (see Figure 2-15). Key findings of the tracer test are listed

below:

• Low permeability layers of the unsaturated zone (i.e., interbeds) divert some flow horizontally

• Horizontal movement does not prevent rapid transport to the aquifer under ponded conditions at the

surface, as indicated by detection of the tracer in Aquifer Well USGS-120 within 9 days

• Because tracer was detected in perched water at Well USGS-92, some perched water beneath the

SDA is contributed by spreading area water from more than 1 km (3,280 ft) away

• The tracer in USGS-92 was detected within 90 days and may have arrived sooner, indicating that

horizontal convective transport rates within the unsaturated zone exceed 14 m/day (46 ft/day)

• Napthalene sulfonates are useful tracers to investigate flow paths over distances of more than 1 km

(3,280 ft) and over a period of several months.

2.3.3.2 Subsurface Disposal Area Tracer Study. The primary purpose of the SDA tracer study

is to assess water movement from the surface downward through the soil cover and the underlying waste

and into underlying vadose zone where perched water forms. The secondary purpose of the SDA tracer

study is to help assess the groundwater flow direction in the aquifer beneath the RWMC. The three

objectives of the SDA tracer study are to assess the following:
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• Whether dyes can be traced from near-surface locations through buried waste and into underlying
perched water and aquifer and to characterize travel rates to locations where the dyes are detected

• Whether dyes can be traced from near-surface locations in areas within the SDA where water is
occasionally ponded and to characterize travel rates to all sites where the dyes may be detected

• The directions of groundwater flow and travel rates within the aquifer beneath the RWMC.

The SDA tracer study tests began in March 2001 when four different fluorescent dyes were
introduced into the following areas inside of and south and east of the SDA (see Figure 2-16):

• Rhodamine-WT dye was placed in aquifer Well M17S, inside the SDA

• Eosine dye was placed in the drainage ditches around the waste pits inside the SDA

• Pyranine dye was placed in 76-cm (30-in.) deep holes over the waste pits in the SDA

• Sulforhodamine-l3 dye was placed in the perimeter drainage channel south and east of the SDA.
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Figure 2-16. Locations where tracer dye has been introduced at the Subsurface Disposal Area.

Lysimeter and aquifer wells in and around the RWMC are currently being monitored for these
tracers. However, no samples from the lysirneters have been analyzed for tracers during the last four
quarters because of insufficient sample volume.

Tracer analysis results for Rhodamine-WT dye placed in Well M 17S indicate that concentrations
have decreased slowly, in spite of the fact that each of the six times that the well has been sampled, three
bore volumes (three times the volume of the well casing from the water table to the surface) of water were
purged from the well. An inference that can be drawn from this negligible decline is that water velocities
in the immediate vicinity of this well are very small. Analyses of the tracer decline are planned for
ongoing aquifer monitoring to estimate local aquifer velocity. Low groundwater velocities implied from
the tracer test at Well M17S substantiate the presence of a low-permeability region as inferred from single
well pump tests in the area.

2.3.3.3 Big Lost River and Spreading Area Tracer Studies. The Big Lost River system tracer
studies are being performed to identify and quantify the influence of the system on the subsurface water
flow and contaminant transport at the RWMC. Surface water infiltrates and moves laterally through the
vadose zone from the spreading areas, as demonstrated by the USGS tracer test (see Section 2.3.3.1).
Water from the Big Lost River may have a similar influence. The objective of the tracer studies is to
quantify the influence of the Big Lost River system on hydrologic characteristics and behavior beneath
the RWMC. Analysis of the test results would be used to assess the following issues:
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• Whether water from the spreading areas and the Big Lost River is moving through the vadose zone
and affecting subsurface hydrology near the RWMC

• Contribution of the spreading areas and the Big Lost River to perched water volumes in the
RWMC subsurface

• Identification of which areas in the water system are influencing the RWMC subsurface and in
what proportions

• Because of the lack of snow pack and precipitation during the winter of 2000 and 2001, no new
water flowed into the Big Lost River or the spreading areas during the spring and summer of 2001.
Therefore, no tracers were added to those areas in 2001, and the tracer test was rescheduled for
2002, contingent on sufficient abundance of water in the system.

2.3.4 Effects of Upgradient Aquifer Plumes on the Radioactive Waste Management
Complex

The sparse water level measurements between the RWMC and facilities to the northeast
(i.e., INTEC, TRA, and CFA) have been interpolated to extrapolate water table contours. Though the
RWMC is generally downgradient from INTEC, TRA, and CFA, it is uncertain whether the RWMC lies
within the flow path for contaminants that have entered the aquifer from those facilities. The potential
impact of upgradient contaminant plumes on water quality in the SRPA beneath the RWMC was
evaluated by examining aquifer data for 1-129, H-3, Sr-90, and chloride.

2.3.4.1 Impact of 1-129 Plume. Recent groundwater sampling results indicate that an 1-129 plume
extends from INTEC into the CFA area (DOE-ID 2002). The highest 1-129 concentrations were detected
in two wells at the CFA landfills (see Figure 2-17). Only two wells, LF 3-8 and LF 2-8, had 1-129
concentrations that exceeded the maximum contaminant level (MCL) of 1 pCi/L (DOE-ID 2002). In
contrast, 1-129 was more than 1 pCi/L in 12 wells in the groundwater sampling conducted by the USGS in
1991 (Mann and Beasley 1994). Recent sampling data and USGS sampling data from 1991 indicate that
the centerline of the INTEC 1-129 plume runs primarily south. The plume boundary is well-defined in the
south by the CFA MON wells, but the westerly extension is estimated. Therefore, the influence of the
INTEC 1-129 plume at the RWMC has not been ascertained at the current detection limit of 1 pCi/L. An
analysis capable of achieving a detection limit as low as 0.1 pCi/L for 1-129 could be used for future
monitoring of the groundwater beneath the new INTEC percolation ponds and the RWMC to determine if
the INTEC plume affects the aquifer in the RWMC area.

2.3.4.2 Impact of H-3 Plume. Because of the large areas without wells between RWMC, TRA,
and INTEC, the tritium plume delineation for the three facilities is not definitive. The tritium
concentration contours illustrated in Figure 2-18 suggest that the tritium plume at the RWMC is separate
from the INTEC and TRA tritium plumes. However, the odd shape of the tritium plume south of CFA in
the vicinity of the CFA-MON wells and Well USGS-83 could be caused by the INTEC and TRA plumes
merging or by undefined heterogeneities in the aquifer.
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Three lines of evidence indicate that the RWMC tritium plume is separate from the INTEC and
TRA plumes. First, samples from aquifer Wells EBR-1, M I1S, and Ml3S always yield either nondetects
or show very low concentrations of tritium. These three wells are located between Wells Ml2S and M14S
that consistently show tritium concentrations of 1,000 to 2,000 pCi/L. Nondetects documented in Wells
EBR-1, Ml1S, and Ml3S provide strong evidence indicating the presence of two distinct tritium plumes,
one from RWMC and a combined plume from TRA and INTEC. It is important to note that Wells Ml1S,
M12S, M13S, and M14S are completed with screens at a depth of 6.1 m (20 ft) into the aquifer. Well
EBR-1, however, is screened from 182.9 to 228.6 m (600 to 750) ft below ground surface and is an open
borehole from 228.6 to 327.7 m (750 to 1,075 ft) below ground surface. The pump in EBR-1 is set at
254.7 m (835.5 ft) below ground surface or about 70.1 (230 ft) into the aquifer and is, thus, monitored at
greater depths than the other three wells.

The second line of evidence indicating presence of a discrete RWMC tritium plume is that carbon
tetrachloride has been detected in Well M 14S in four out of six quarterly sampling events. The carbon
tetrachloride concentrations probably emanate from the buried waste in the SDA. By association, the
concentration of tritium in Well M14S also is likely to have come from the RWMC because both carbon
tetrachloride and tritium can migrate in the vapor phase.

A third line of evidence that the RWMC plume has not merged with the INTEC and TRA plume is
the distribution of chloride concentrations in the SRPA. In contrast to tritium, which could originate from
INTEC, TRA, or the RWMC, chloride disposal was unique to INTEC. Data, primarily from USGS
monitoring from April to October 2000, were used to construct a chloride plume map (Figure 2-19). The
tritium and chloride plume maps indicate that Wells CFA-MON-A-002 and CFA-MON-A-003 have been
impacted by contamination of chloride migrating from INTEC while Well CFA-MON-A-001 in the same
vicinity has not. Though chloride results are not available, tritium was below detection limits in a recent
sampling of Well USGS-127, located to the west of CFA-MON-A-001, suggesting that this well also is
not impacted by the INTEC plume. In addition, Wells USGS-84, USGS-106, and M12S have yielded
tritium concentrations of more than 1,000 pCi/L, but the chloride levels in these wells are consistent with
background values, suggesting that the source of tritium in these wells is not the INTEC. The source of
tritium in these three wells could be TRA because tritium migrating from TRA does not have chloride
associated with it. Monitoring wells are now available at the Vadose Zone Research Park, the site of the

relocated INTEC percolation ponds (see Figure 2-18), and these wells could be sampled for tritium and
chloride to help refine this hypothesis.

High levels of sulfate are associated with TRA, but sulfate data from wells such as Ml1S, M12S,

M14S, and M13S are not available. Analysis for sulfate in wells located in the RWMC could aid in the
determination of the impact of TRA on contaminant concentrations in the aquifer near the RWMC.

2.3.4.3 Impact of the Strontium-90 Plume. A contour map of the Sr-90 plume around INTEC

and CFA in 2001 is presented in Figure 2-20. A large amount of Sr-90 was disposed of in the INTEC
injection well (formerly known as the Chemical Processing Plant injection well) in the 1950s through the

early 1980s (DOE-ID 2000a). The centerline of the plume appears to be west and predominantly south of

CFA, rather than to the west toward the RWMC. The southerly extent of the 1-pCi/L contour interval is
partially defined by the CFA-area wells. However, well coverage is not adequate to delineate westerly

spread of the 1-pCi/L contour. Assuming that the RWMC is downgradient from INTEC, any potential
impact on the RWMC is expected to be negligible because of the low Sr-90 concentrations in the CFA

area wells and effects of decay, dispersion, and dilution.
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2.3.4.4 Summary. A substantial and growing body of evidence indicates that the SRPA beneath the
RWMC is not influenced by contaminants introduced into the aquifer at INTEC or TRA. Current
information indicates that the RWMC is sufficiently west to be off-gradient and outside of plumes
emanating from INTEC or TRA. This interpretation could be verified by sampling wells in the RWMC
area and at the new INTEC percolation ponds for 1-129 using a low-level detection method as an indicator
of contamination from INTEC and for sulfate as a possible indicator of contamination from TRA.

2.4 Flora and Fauna

A large percentage of the INEEL site is undeveloped land. The original intent for obtaining this
expanse of land was to provide a large safety and security buffer between the facility areas within the Site
and between INEEL operations and non-INEEL lands. The general open space at the INEEL still serves
this function today. In addition, undeveloped land and its restricted access provide an important habitat
for plants and animals and refuge for wildlife. Large numbers of migratory birds of prey and mammals
are funneled on to the INEEL because of its location at the mouth of several mountain valleys.

The central core of the Site may constitute the largest area of undeveloped and ungrazed sagebrush
steppe outside of national park lands in the Intermountain West. In recognition of the importance of this
undisturbed area as an ecological field laboratory, DOE designated the INEEL as a National
Environmental Research Park in 1975 (Bowman et al. 1984; Stoller 2002). On July 17, 1999, DOE, the
U.S. Fish and Wildlife Service, the Idaho Department of Fish and Game (IDFG), and the BLM created
the Sagebrush Steppe Ecosystem Reserve (INEEL 1999). This reserve comprises 74,000 acres of unique
habitat in the northwest portion of the INEEL. This sagebrush environment has a high value to a wide
range of wildlife.

Six broad vegetation categories representing nearly 20 distinct habitats have been identified on the
INEEL: juniper-woodland, native grassland, shrub-steppe off lava, shrub-steppe on lava, modified lands,
and wetlands. Nearly 90% of the Site is covered by shrub-steppe vegetation, which is dominated by big
sagebrush, saltbush, rabbitbrush, and native grasses (INEEL 2001b). In addition to the predominant
sagebrush steppe communities, small riparian and wetland regions are located along the Big Lost River
and Birch Creek and have been identified as sensitive biological resource areas within the Site. A
comprehensive list of plant species found on the INEEL is available on the INEEL Environmental
Surveillance and Research Program website (Stoller 2002a).

More than 200 vertebrate species including 37 mammals, 159 birds, nine reptiles, five fish, and one
amphibian have been observed within the Site boundaries (Stoller 2002a). During some years, hundreds
of birds of prey and thousands of pronghorn and sage grouse winter at the INEEL. Mule deer and elk also
reside at the Site. Observed predators include bobcats, mountain lions, badgers, and coyotes. A
comprehensive list of animal species found on the INEEL is available on the INEEL Environmental
Surveillance and Research Program website (Stoller 2002a). Bald eagles, classified as a threatened
species, are commonly observed at or near the Site each winter. Peregrine falcons, which were recently
removed from the federal endangered list, also have been observed within the Site boundaries. In
addition, several other species of concern, including the pygmy rabbit, ferruginous hawk, Townsend's
big-eared bat, burrowing owl, and loggerhead shrike may either inhabit or migrate through the area. A
number of these species are currently being studied at the INEEL. Threatened and endangered species and
other species of concern that may be found on the INEEL are listed on Table 6-11 and discussed in detail
in Section 6.6.2.2.

The flora and fauna at the RWMC are representative of the species found across the INEEL.
Sagebrush-steppe on lava communities with dominant sagebrush and rabbitbrush vegetation make up
nearly 90% of the natural cover at WAG 7. Most of the waste disposal areas within the SDA have been

2-47



seeded with grass and are kept mowed. Fauna potentially present at RWMC are those species supported
by the various vegetation communities that exist at and around the facility. Though not all species have
been observed at the RWMC, nearly all avian, reptile, and mammalian species found across the INEEL
also could be found at the RWMC. Larger mammals such as coyotes and antelope are generally excluded
from the SDA and other facility structures by fences, but are occasionally seen on facility grounds.
Burrowing rodents such as ground squirrels, voles, and mice, and insects such as the harvester ant are
common RWMC inhabitants. No ecologically sensitive areas (i.e., areas of critical habitat) have been
identified within RWMC.

2.5 Demography

Populations potentially affected by INEEL activities include INEEL employees, ranchers who
graze livestock in areas on or near the INEEL, hunters on or near the Site, residential populations in
neighboring communities, travelers along U.S. Highway 20/26, and visitors at the EBR-I. As a
component of the INEEL, the RWMC area has the same general demographic surroundings.

2.5.1 On-Site Populations

Nine separate facilities at the INEEL include a total of approximately 450 buildings and more than
2,000 other support facilities. The INEEL employed 7,303 contractor and government personnel as of
December 2001.a Approximately 40% of the total work force is located in Idaho Falls, Idaho, and 60% are
employed at the INEEL Site location about 80 km (50 mi) west in the Arco Desert. As of December 2001,
the total INEEL work force included 3,653 employees at Site locations (879 employees at INTEC, 837 at
CFA, 751 at the NRF, 423 at TRA, 352 at TAN, 308 at the RWMC, and 103 at the Power Burst Facility);
2,454 employees in Idaho Falls occupying numerous offices, research laboratories, and support facilities;
26 employees at off-Site locations; 698 DOE-Chicago employees at ANL-W; 368 DOE-ID employees in
Idaho Falls and at the Site; and 104 British Nuclear Fuels (BNFL)b Advanced Mixed Waste Treatment
Facility (AMWTF) employees at the RWMC and in Idaho Falls. Authorized groups and visitors
occasionally are escorted at the RWMC. Subcontracted employees and personnel from IDEQ and EPA
oversight programs also visit the area.

2.5.2 Off-Site Populations

The INEEL is bordered by five Idaho counties: Bingham, Bonneville, Butte, Clark, and Jefferson
(see Figure 2-21). Major communities include Blackfoot and Shelley in Bingham County, Idaho Falls and
Ammon in Bonneville County, Arco in Butte County, and Rigby in Jefferson County. Population
estimates for the counties surrounding the INEEL and the largest population centers in these counties are
shown in Table 2-6 (Census 2001). The community nearest to the INEEL is Atomic City, Idaho, located
south of the Site boundary on U.S. Highway 20/26. Other population centers near the INEEL include
Arco, 11 km (7 mi) west of the Site; Howe, west of the Site on U.S. Highway 22/33; and Mud Lake and
Terreton on the northeast border of the Site. The INEEL supports no permanent residents (Hull 1989).

a. Martin, Lynette T., 2001, INEEL Headcount Report, Idaho National Engineering and Environmental Laboratory, Bechtel

BWXT Idaho, LLC, Idaho Falls, Idaho, December 23, 2001.

b. BNFL Inc. is the wholly owned subsidiary of British Nuclear Fuels and is responsible for the company's nuclear cleanup based
in the United States.
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Figure 2-21. Counties adjacent to the Idaho National Engineering and Environmental Laboratory.
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Table 2-6. Population estimates for counties and selected communities surrounding the Idaho National

Engineering and Environmental Laboratory (Census 2001). 

Location
Population
Estimate

Bingham County 41,735

Blackfoot 10,419
Shelley 3,813

Clark County 1,022

Bonneville County 82,522

Ammon 6,187
Idaho Falls 50,730

Butte County 2,899

Jefferson County 19,155

Rigby 2,998

2.5.3 Shoshone-Bannock Tribal Interests

The Shoshone-Bannock Tribes of the Fort Hall Indian Reservation are a federally recognized

Indian tribe and a sovereign government. The Fort Bridger Treaty of July 3, 1868, Stat. 673, secured the

Fort Hall Reservation as the permanent homeland of the Shoshone-Bannock peoples. The 1868 Treaty

also reserved aboriginal rights to these peoples that extend to areas of unoccupied land in Idaho and

surrounding states, allowing access for cultural, political, and economic activities essential to the Tribes

survival. Though the INEEL is occupied land, DOE-ID protects cultural resources and allows tribal

members access to areas of cultural and religious significance at the INEEL. In 1994, DOE-ID entered

into a Memorandum of Agreement that provides the tribes free access to the Middle Butte area of the

INEEL. Other INEEL areas may be identified for access in the future for cultural, religious and

educational activities. Agreement-In-Principals (DOE-ID 1992, 1998, and 2002) with the tribes assure

that activities being conducted a the INEEL protect health, safety, environment and cultural resources of

the tribes and address tribal interests in DOE-administered programs. From its inception, the Agreement-

In-Principal has been updated periodically to maintain a working relationship between the Tribes and

DOE-ID. Therefore, it is likely that future INEEL activities will include Tribal support to avoid

endangering the Tribe's environment or impairing their ability to protect health, welfare, and safety of

tribal members, others within the Tribes' jurisdiction, and the environment and cultural resources of the

Tribes.

2.6 Land Use

Current land use and projections for future land use are summarized below for the INEEL in

general and then, as indicated in subsequent headings, for the RWMC specifically.

2.6.1 Current Land Use

The land within the INEEL is administered by DOE and is classified by the BLM as industrial and

mixed-use acreage (DOE 1991). The current primary use of INEEL land is to support facility and

program objectives. Current INEEL activities emphasize spent nuclear fuel management, hazardous and
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mixed waste management and minimization, cultural resources preservation, and environmental
engineering, protection, remediation, and long-term stewardship (DOE-ID 1996). The laboratory's future
mission includes delivering science-based solutions to the current challenges of DOE, other federal
agencies, and industrial clients, completing environment cleanups responsibility, and maintaining the
scientific and technical talent, facilities, and equipment to best serve national and regional interests
(INEEL 2002). Large tracts of land are reserved as buffer and safety zones around the boundary of the
INEEL while portions within the central area are reserved for INEEL operations. The remaining land
within the core of the reservation, which is largely undeveloped, is used for environmental research and to
preserve ecological and cultural resources.

The perimeter buffer consists of 1,295 km2 (500 mil) of grazing land (DOE 1991) administered by
the BLM (see Figure 2-22). Grazing areas at the INEEL, which are shown in Figure 2-22, support cattle
and sheep, especially during dry conditions. Depredation hunts of game animals managed by the Idaho
Department of Fish and Game are permitted on the Site within the buffer zone during selected years.
Hunters are allowed access to an area that extends 0.8 km (0.5 mi) inside the INEEL boundary on
portions of the northeastern and western borders of the Site (Becker et al. 1996).

State Highways 22, 28, and 33 traverse the northeastern portion of the Site, and U.S. Highways 20
and 26 traverse the southern portion (see Figure 2-21). One hundred forty-five km (90 mi) of paved
highways used by the general public pass through the INEEL (DOE 1991), and 23 km (14 mi) of Union
Pacific Railroad tracks traverse the southern portion of the Site. A government-owned railroad, a spur of
the Union Pacific railroad, passes through CFA to INTEC and terminates at NRF. A second spur runs
from the Union Pacific railroad to the RWMC.

In the counties surrounding the INEEL, approximately 45% of the land is used for agriculture, 45%
is undeveloped land, and 10% is urban (INEEL 2001b). Livestock produced on land surrounding the
INEEL includes sheep, cattle and dairy cattle, hogs, and poultry (Bowman et al. 1984). The major crops
produced on the surrounding lands include wheat, alfalfa, barley, potatoes, oats, and corn. Sugar beets are
grown within about 40 mi of the INEEL in the vicinity of Rockford, Idaho, southeast of the INEEL in
central Bingham County (see Table 2-7). Land ownership around the INEEL is illustrated in Figure 2-22.
Most of the land immediately adjacent to the INEEL is owned by the U.S. government.

Table 2-7. Acreage by county of major crops harvested on land surrounding INEEL, 1999 to 2000
(Idaho 2000).

County Wheat Alfalfa Barley Potatoes
Sugar
Beets Oats

Silage
Corn

Bingham 131,000 52,300 22,500 63,600 21,900 600 1,800

Bonneville 63,900 34,000 60,500 31,800 700

Butte 6,900 29,000 16,300 2,500 200

Clark 21,700 21,100 2,800 100

Jefferson 36,700 98,400 48,800 29,900 500 3,600

Note: The dash indicates little or no production.
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Figure 2-22. Land ownership distribution in the vicinity of the Idaho National Engineering and
Environmental Laboratory.

2.6.1.1 Future Land Use. Future land use is addressed in the INEEL Long-Term Land Use Future
Scenarios document (DOE-ID 1995), the Comprehensive Facility and Land Use Plan (INEEL 2001b),
and in the Infrastructure Long-Range Plan (INEEL 2001a). Because future land-use scenarios are
uncertain, assumptions were made in the INEEL Long-Term Land Use Future Scenarios document for
defining factors such as development pressure, advances in research and technology, and ownership
patterns. The following assumptions were applied to develop forecasts for land use within the INEEL:
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• The INEEL will remain under government ownership and control for at least the next 100 years.
The boundary is currently static, but may shrink in the future. Portions of the INEEL will be
managed beyond 100 years under the long-term stewardship program currently under development.

• Life expectancy of current and new facilities is expected to range between 30 and 50 years.
Decontamination and dismantlement will commence following closure of each facility if new
missions for the facility are not determined.

• No residential development (e.g., housing) will occur within the INEEL boundaries within
100 years.

• No new major, private developments (residential or nonresidential) are expected in areas adjacent
to the INEEL.

Future land use most likely will remain essentially the same as the current use—a research facility
within the INEEL boundaries with agriculture and undeveloped land surrounding the INEEL. Other
potential but less likely land uses within the INEEL include agriculture and the return of Site lands to
their undeveloped state.

2.6.2 Radioactive Waste Management Complex Current and Future Land Use

Land use at the RWMC is limited to industrial applications. Continued waste management
operations and associated expansion is expected to continue at the RWMC. According to land use
projections, expansion is not expected to require any land outside of the current boundaries of the facility
(INEEL 2001b). However, as discussed below, expanding local land use may be necessary around the
RWMC to accommodate operations in the TSA and to implement remedial actions in the SDA.

Dedicated to the temporary storage of contact- and remote-handled solid TRU waste, TSA is
contained within a security fence. Facilities at TSA include the Stored Waste Examination Pilot Plant, the
Air Support Weather Shield, the Drum Venting Facility where filters are installed in the lids of waste
drums to prevent hydrogen buildup, a maintenance shop, the Transuranic Package Transporter Loading
Station, Type I and Type II Storage Modules, and the Transuranic Storage Area and Retrieval Enclosure.
In addition, the AMWTF at TSA is under construction by BNFL, Inc. with planned completion in 2002.

Operations at the AMWTF are scheduled to begin in 2003. A major part of that facility's mission is
to retrieve and treat 65,000 m3 (2.3 million ft3) of INEEL low-level and transuranic waste currently stored
at TSA. The waste will be prepared for shipment to New Mexico's Waste Isolation Pilot Plant or a
low-level disposal site in accordance with the Settlement Agreement between the State of Idaho, the
DOE, and the Navy (DOE 1995).

The TSA has been supporting the Waste Isolation Pilot Plant during an experimental test program
that will demonstrate compliance of the plant with federal regulations. As part of testing, waste was
retrieved from the TSA and was examined at the Stored Waste Examination Pilot Plant and ANL-W.
Shipping via the Transuranic Package Transporter II is being implemented to support shipments to the
Waste Isolation Pilot Plant.

Expanding current boundaries of the RWMC may be necessary as remedial decisions are reached
for WAG 7 and project planning focuses on remedial design and remedial action. During remediation,
lay-down areas for construction and site access will be needed. In addition, because a cap will be built
over the SDA (DOE-ID 1998), the site boundary will likely be expanded to allow construction of a cap
that extends beyond the current fence line and to establish a buffer zone around the cap. Furthermore,
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long-term stewardship will be required at the RWMC to maintain the cap, monitor the site, and restrict
access to residual contamination. These issues will be addressed in the record of decision for OU 7-13/14.

2.7 Cultural Resources

Undisturbed sagebrush rangelands and developed facilities found on the INEEL contain thousands
of sensitive cultural resources reflecting human use of the region for a period in excess of 12,000 years.
Sites such as Aviators' and Middle Butte Caves, Goodale's Cutoff of the Oregon Trail, and Experimental
Breeder Reactor-I are relatively well-known examples of the rich human heritage that is preserved there
and literally thousands more exist. The RWMC has been an important element in the INEEL historical
landscape since the early 1950s when construction of the original disposal facility began. The sections
below provide an overview of the cultural resources at the INEEL followed by the specific resources at
the RWMC.

2.7.1 Cultural Resources Overview

The DOE has developed a written policy (DOE 2001) that helps ensure compliance with the spirit
and intent of the legislative mandates that form the basis for managing cultural resources. Through
site-specific policies (e.g., Manual 8, Environmental Protection and Compliance), management plans
(Braun et al. 2000), and procedures (MCP 3480, "Environmental Instructions for Facilities, Processes,
Materials and Equipment"), and in consultation with the Idaho State Historic Preservation Office,
DOE-ID integrates cultural resource management into missions and activities of the INEEL.
Archaeological or architectural evaluations and Native American consultation conducted in advance of all
proposed ground disturbance and monitoring of known resources also help to ensure that ongoing
environmental cleanup and restoration activities do not have adverse effects on known archaeological
sites and historic buildings.

Cultural resource management has been ongoing at the INEEL for more than 40 years (Braun et al.

2000). In that time, approximately 7.5% (17,461 hectares [43,145 acres]) of the undeveloped portion of

the 2,305 km2 (890 mil) within the INEEL has been systematically surveyed, local tribal people whose
aboriginal homelands included the INEEL have been consulted, and the main buildings under DOE-ID
jurisdiction have been evaluated. As a result of these efforts, a variety of cultural resources have been
identified:

• Archaeological sites

• Contemporary Native American cultural resources

• Historic architectural properties

• Paleontological sites.

More than 1,900 archaeological sites have been identified during cultural resource surveys at the
INEEL. Approximately 95% of this inventory consists of campsites, lithic scatters, and rock features from

the prehistoric period (12,000 to 150 years ago). A preliminary predictive model suggests that as many as
75,000 additional resources of these types may be undiscovered within the boundaries of the INEEL
(Ringe 1995). A smaller proportion of the known archaeological resource inventory includes sites that

reflect more recent activities including homesteads, old canals and canal construction camps, emigrant

trails, stage stops, and railroad sidings from the late 19th and early 20th centuries. Because the INEEL area

has seen only limited public access for the past 50 years, many of these sites, prehistoric and historic
alike, are remarkably well preserved. More than half of the archaeological resources currently identified
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at the INEEL are considered to be potentially eligible for nomination to the National Register of Historic
Places.

Far less is known about the nature and distribution of Native American cultural resources at the
INEEL. However, ongoing consultation and cooperation under the Agreement in Principle between
DOE-ID and the Shoshone-Bannock Tribes (DOE-ID 2000b) have shown that many archaeological sites
in the region are ancestral and important to tribal culture. Natural landforms and native plants and animals
of the northeastern Snake River Plain also are of sacred and traditional importance and, though rare,
human burials are of special concern. Investigations of these types of INEEL cultural resources are
ongoing (Shoshone-Bannock Tribes 2000). Again, because a large portion of the INEEL area remains
undeveloped, cultural resources of this type remain largely undisturbed.

Historically significant cultural resources are located in the developed portion of the INEEL. These
resources include buildings, structures, and objects that have made significant contributions to the broad
patterns of American history through their association with World War II, the Cold War, and important
advances in science and technology (Stacey 2000). Preliminary results from a 1997 architectural survey
of INEEL buildings indicate that at least 191 of the 499 buildings surveyed are potentially eligible for
nomination to the National Register either individually or as contributing elements of a historic district
(Arrowrock 1997). In addition, the remaining buildings contribute to the overall INEEL historic
landscape. As discussed in Section 2.1, one INEEL nuclear facility, the Experimental Breeder Reactor I,
is listed as a national historic landmark.

A relatively small number of paleontological sites are included in the cultural resource inventory of
the INEEL. Though these resources do not directly imply human activity in the region, they often provide
important climatic and environmental background information. Approximately 25 sites of this type have
been identified, including 17 with vertebrate remains (Miller 1995).

2.7.2 Radioactive Waste Management Complex Cultural Resources

All four major types of INEEL cultural resources—archaeological sites, contemporary Native
American cultural resources, historic architectural properties, and paleontological sites (see
Section 2.7.1)—have been identified in the RWMC area during previous cultural resource investigations.
Ten major archaeological survey projects identified an inventory of 13 potentially significant prehistoric
sites within a 200-m (656-ft) -wide zone surrounding the fenced perimeter of the facility and more than
80 additional archaeological resources in the surrounding area. Paleontological remains have been
identified in excavations within the facility. Shoshone-Bannock tribal members have been consulted
about additional resources of Native American concern during at least two tours of the area. In addition,
as a result of architectural surveys of 55 DOE-ID administered buildings within the developed portion of
the RWMC three buildings, the Waste Management Facility (WMF) -601, WMF-610, and WMF-612,
may be eligible for nomination to the National Register. Additional details on these resources are
provided below.

Archaeological inventories near the RWMC began in 1971 when students under the direction of
B. R. Butler examined a 549-m (1,800-ft) zone surrounding the original facility perimeter fence
(Butler 1971). No significant cultural resources were identified during this project. In 1984, S. J. Miller
(1984) invalidated Butler's negative findings by recording a number of prehistoric archaeological sites in
the RWMC area. Systematic surveys conducted by Idaho State University in 1984, 1985, 1987, 1988, and
1990, and by the INEEL Cultural Resource Management Office in 1993 and 1999 further established the
archaeological sensitivity of the area (Reed et al. 1987; Wright and Holmer 1987; Ringe 1988;
Sammons-Lohse and Holmer 1990; Ringe 1993; Pace 1999). The current known inventory of
archaeological resources near the RWMC includes isolated artifacts, stone tool modification sites, hunting
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camps, extended camps, and stone features from the prehistoric period (12,000 to 150 years ago) as well
as Oregon Trail remnants, stage stations, homesteads, early town sites, and canals from historic times
(150 to 50 years ago). Nearly all archaeological resources near the RWMC exhibit potential for future
scientific research.

To allow for limited expansion of RWMC-related activities, test excavations have been completed
at three of the archaeological sites located very near the RWMC perimeter fence (Ringe 1992a, 1992b,
1992c). As a result of this work and consultation with the Idaho State Historic Preservation Office, one
prehistoric archaeological site has been determined ineligible for nomination to the National Register
(Yohe 1995). The twelve additional sites located within 200 m (656 ft) of the facility fence remain
unevaluated and are considered to be potentially eligible for nomination. This also is true of the more than
80 archaeological resources located in a wider perimeter around the facility. However, given the high
degree of ground disturbance within the fenced perimeter of the RWMC, the Idaho State Historic
Preservation Office has agreed that little potential exists for undisturbed archaeological materials and has
recommended clearance for ongoing and future ground disturbance (Yohe 1993). However, all work at
the INEEL is subject to strong stop-work stipulations in the event that cultural materials are discovered
during project implementation.

Vertebrate paleontological remains have been reported in three separate instances during
excavations within the deep sediments that underlie RWMC facilities (Miller 1995). All are Pleistocene in
age (3 million to 10,000 years ago) and are not associated with cultural artifacts. Two of the finds, a horse
metapodial and an unidentified megafaunal element, were discovered 4.6 to 4.9 m (15 to 16 ft) below
existing ground surface, while a sandy lens approximately 1 to 2.4 m (3 to 8 ft) below existing ground
surface yielded mammoth remains.

As stakeholders concerned about the preservation of cultural resources at the INEEL,
Shoshone-Bannock tribal members have toured the RWMC area on at least two occasions. Tribal
members have clearly indicated that all archaeological sites in the RWMC vicinity are of tribal
importance.
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3. WASTE AREA GROUP 7 DESCRIPTION
AND BACKGROUND

The RWMC, located in the southwestern quadrant of the INEEL, encompasses a total of 72 ha
(177 acres) and is divided into three separate areas by function: the SDA, the TSA, and the administration
and operations area. The original landfill, established in 1952, was called the NRTS Burial Ground. Now
part of the SDA, the original landfill covered 5.2 ha (13 acres) and was used for shallow land disposal of
solid radioactive waste. In 1958, the disposal area was expanded to 35.6 ha (88 acres). Relocating the
security fence in 1988 to outside the dike surrounding the disposal area established the SDA's current size
as 39 ha (97 acres). The TSA was added to the RWMC in 1970. Located adjacent to the east side of the
SDA, the TSA encompasses 23 ha (58 acres) and is used to store, prepare, and ship retrievable TRU
waste to the Waste Isolation Pilot Plant (WIPP) southeast of Carlsbad, New Mexico. The 9-ha (22-acre)
administration and operations area at the RWMC includes administrative offices, maintenance buildings,
equipment storage, and miscellaneous support facilities. A detailed map of the physical layout of all
RWMC disposal locations and facilities is provided in Figure 3-1. Facilities storing radioactive and
hazardous waste also are identified in the figure (see Section 3.1.1).

Section 3 provides description and background of the RWMC specific to the OU 7-13/14
comprehensive RI/FS:

• Section 3.1—The operational background of the RWMC is presented, beginning with an analysis
of collocated facilities and followed by descriptions of disposal practices at the RWMC since 1952,
past retrieval efforts, surface cover maintenance, and subsidence history.

• Section 3.2—The CERCLA framework specific to the RWMC is defined and a summary of the
WAG 7 OUs is provided.

• Section 3.3—The process followed to develop the source term inventory from existing disposal
records is outlined.

• Section 3.4—The contaminant screening process used for the baseline risk assessment is
summarized.

In Sections 3.5 through 3.9, results of several recently completed or ongoing investigations are
discussed that are relevant to the OU 7-13/14 comprehensive RI/FS decision making, and future remedial
design/remedial action (RD/RA) for the SDA. Some of these investigations are not yet documented in
citable sources. Others are discussed in detail in published reports, but have not been summarized
elsewhere in this ABRA. Therefore, these additional activities are summarized here for completeness.

• Section 3.5—Past geophysical investigations completed at the SDA since 1989 are summarized.

• Section 3.6—A summary of historical soil studies between 1959 and 1970 is provided.

• Section 3.7—The SDA probing project and ongoing data collection process is described.

• Section 3.8—Results are presented of several actinide retardation studies based on RWMC-specific
soil.
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Legend

WMF-601 Radiation Control Field Office
WMF-602 RWMC Highbay
WMF-603 RWMC Pumphouse
WMF-604 Change House and Lunchroom
WMF-609 Heavy Equipment Storage Shed
WMF-610 Stored Waste Examination Pilot Plan (SWEPP)
WMF-611 Operations Office
WMF-613 Office Bldg and Operational Support Facility
WMF-614 Propane Vaporizer Housing
WMF-615 SWEPP Drum Venting System Bldg
WMF-617 SWEPP Maintenance Facility
WMF-618 TRUPACT-Il Loading Facility
WMF619 Communications Bldg, Dial Rm
WMF-620 Work Control Center Facility (Operations)
WMF-621 Work Control Center Support Facility (Operations)
WMF-622 Office Annex
WMF-624 Fire Riser Enclosure
WMF-627 Propane Pump Enclosure
WMF-628 Type II Storage Module No. 1
WMF-629 Type II Storage Module No. 2
WMF-630 Type II Storage Module No. 3
WMF-631 Type II Storage Module No. 4
WMF-632 Type II Storage Module No. 5
WMF-633 Type II Storage Module No. 6
WMF-634 Type II Storage Module No. 7
WMF-635 Type I Storage Module
WMF-636 Transuranic Storage Area Retrieval Enclosure
WMF-637 Operations Control Bldg and Security Office
WMF-639 Firewater Pumphouse No. 2
WMF-641 Vapor Vacuum Extraction Monitoring Well No. D02
WMF-642 Vapor Vacuum Extraction Monitoring Well No. 880/1D
WMF-643 Vapor Vacuum Extraction Monitoring Well No. 880/2D
WMF-645 Construction Manager Support Trailer
WMF-646 Field Support Trailer
WMF-648 Intermediate-Level Transuranic Storage Facility Trailer
WMF-649 Vapor Vacuum Extraction Monitoring Well No. 9301
WMF-649 Vapor Vacuum Extraction Monitoring Well No. 9302
WMF-651 Radiation Control Trailer
WMF-652 Security Trailer
WMF-653 Office Annex No. 2
WMF-655 Material Handling Facility
WMF-656 Maintenance Facility
WMF-657 Construction Field Support Trailer
WMF-658 Radioactive Waste Management Complex Office
WMF-660 Automatic Transfer Switch Building
WMF-661 Hazardous Materials Storage
WMF-664 Maintenance
WMF-665 Truck Off Loading Facility
WMF-666 Retrieval Building
WMF-667 Processing Building
WMF-668 Utility Building
WMF-703 Propane Tank
WMF-709 Water Storage Tanks
WMF-714 Intermediate-Level Transuranic Storage Facility (ILTSF) Pad No. 1
WMF-720 ILTSF Pad No. 2
WMF-727 Firewater Storage Tank
WMF-732 Propane Tank
WMF-734 Fuel Tank
WMF-737 Fuel Tank

Cold Test Pit North
Cold Test Pit South

AMWTF Advanced Mixed Waste Treatment Facility
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• Section 3.9—Results of ongoing C-14 and beryllium block investigations are reviewed and
discussed.

• Section 3.10—Findings of the Criticality Safety Study of the SDA for the OU 7-13/14 RI/FS are
summarized.

• Section 3.11—References for Section 3 are listed.

3.1 Operational Background

According to the FFA/CO (DOE-ID 1991), WAG 7 is defined as the RWMC facility, the
subsurface beneath the RWMC into which contaminants may have migrated laterally or vertically, and
any contamination in the SRPA originating from the RWMC. The primary focus of this ABRA is on
buried waste in the SDA. The collocated facilities analysis for WAG 7 is summarized below, followed by
past and current operations and practices relative to the OU 7-13/14 comprehensive RI/FS.

3.1.1 Collocated Facilities Analysis for Waste Area Group 7

As discussed in Section 1.1, the RI/BRA focused on risk to human health and environment from
waste buried in the SDA. However, a collocated facilities analysis (Whitaker 2002) was performed to
determine whether any current or inactive facilities, structures, or operations within or proximal to the
RWMC could have an impact on cumulative risk assessment or on effectiveness of future remedial action.
For the RI/BRA, collocated facilities are defined as buildings, structures, or processes that (a) are
proximal or share the same area as WAG 7 and (b) may contribute to cumulative environmental impacts.

Each of the more than 50 individual buildings and structures at the RWMC (see Figure 3-1) was
evaluated for a potential contribution to cumulative risk of WAG 7.

A four-step screening process was used (see Figure 3-1). The first step eliminated from further
consideration any building or structure that had never processed, used, or stored any hazardous materials.
The second step eliminated buildings or structures that housed hazardous or radioactive materials below
threshold quantities, as specified in Superfund Amendment and Reauthorization Act Title III (Public
Law 99-499). The third step eliminated buildings and structures that historically had used, processed, or
stored hazardous materials but that were operated with appropriate controls (i.e., measures to prevent or
mitigate releases to the environment). The fourth step eliminated buildings or structures that currently
process, use, or store radiological materials or RCRA-regulated hazardous waste, but that are operated
with appropriate controls and mitigation plans following current guidance and requirements. Any facility,
structure, or operation that could not satisfy at least one of these four criteria would be evaluated for
potential contribution to cumulative risk.

In the collocated facilities analysis, Whitaker (2002) concluded that all facilities, structures, and
operations within or proximal to the RWMC could be eliminated as contributing to WAG 7 cumulative
risk by satisfying requirements of one of the screening criteria. None of the collocated facilities was found
to pose a potential impact to cumulative risk at WAG 7 or to pose an imminent threat of hazardous
release. Figure 3-1 provides a graphical summary of the screening results. Most of the facilities are
administrative buildings that pose no risk to the environment. Though substantial waste inventories are
stored at TSA, facilities containing waste are managed under RCRA permits and other controls, and will
be closed in accordance with RCRA requirements. Therefore, these facilities will not affect cumulative
risk for WAG 7.
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3.1.2 Historical Operations from 1952 to 1985

In A History of the Radioactive Waste Management Complex at the Idaho National Engineering
Laboratory (EG&G 1985), past operations were discussed in terms of the following four time intervals:

• Early disposal operations from 1952 to 1959

• Interim operations from 1960 to 1963

• Mid- to late 1960s operations from 1964 to 1969

• Late operations from 1970 to 1985.

The interval definitions were based on disposal practices of the day and waste that was received
during the period. Information that follows was obtained from the History of the RWMC at the INEEL
document (EG&G 1985).

3.1.2.1 Disposals from 1952 to 1959. The original NRTS landfill, now known as the SDA, was
established in 1952. The facility was managed and operated by the U.S. Atomic Energy Commission
(AEC). The first trench was opened for disposal of solid waste in July 1952. The RWMC Acid Pit,
located outside of the original disposal area, began receiving waste in 1954. Between 1952 and 1957,
Trenches 1 through 10 were excavated to basalt and averaged 1.8 m (6 ft) wide, 274.3 m (900 ft) long,
and 3.7 m (13 ft) deep. In 1957, Pit 1 was excavated for the disposal of large bulky items. With
excavation of Pit 1, space in the original landfill was nearly consumed; therefore, the facility was
expanded in 1958 to 36 ha (88 acres). The Acid Pit, no longer outside of the disposal area, was
incorporated into the SDA.

Disposal practices during this time depended on classification of waste as either routine or
nonroutine. Routine solid waste was identified based on exposure relative to daily occupational limits.
Routine solid waste, typically consisting of paper, laboratory glassware, filters, metal pipe fittings, and
other items contaminated by mixed fission products during NRTS operations, was packaged in cardboard
boxes. Boxes were taped shut and collected in dumpsters that eventually were emptied into trenches.
Nonroutine solid waste, defined as waste that could cause excess personnel exposure, was placed either in
wooden boxes or in garbage cans. Special transport containers and vehicles were used to haul the waste to
the disposal site. Before 1957, the radiation level was not limited for any disposal, and items registering
up to 12,000 R/hour were buried. Both nonroutine and routine solid waste was covered with soil, but
according to different schedules. Nonroutine solid waste was covered immediately, whereas routine solid
waste boxes may have been left exposed until the end of an operating week. Because completion of a
disposal documentation form was not a requirement until 1959, early disposal records are sketchy.
Procedures were standardized in 1959 with the establishment of formal definitions of routine and
nonroutine solid waste. Standardized procedures also required completion of a disposal form.

During the early waste disposal period, the NRTS also accepted waste shipments for permanent
disposal from the Rocky Flats Plant (RFP)a under the authorization of the AEC. From 1954 to 1957, the
RFP TRU-contaminated waste, packaged in drums or wooden crates, was stacked horizontally in pits and
trenches along with the NRTS mixed fission product waste. Therefore, most of the pits and trenches in the
original landfill, Trenches 1 through 10 and Pit 1, contain NRTS waste interspersed with

a. The Rocky Flats Plant, located 16 mi (26 km) northwest of Denver, was renamed the Rocky Flats Plant Environmental
Technology Site in the mid-1990s. In the late 1990s, it was again renamed, to its present name, the Rocky Flats Plant Closure
Project.
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TRU-contaminated waste from the RFP (see Figure 3-1). Records for RFP disposals did not accompany
those shipments. Instead, an annual summary of disposals provided total radionuclide content and waste
volume.

Originally, trench locations were identified and recorded by metal tags placed at regular intervals
along the barbed-wire enclosure that surrounded the landfill. This procedure was discontinued in the late
1950s, and concrete survey monuments were placed at the ends of the centerline of each trench and at the
corners of each pit. A brass plate was affixed to each monument and stamped with the trench or pit
number, dates indicating when the trench or pit was opened and closed, and a direction arrow. Older
disposal sites were retrofitted with monuments, but accuracy of the locations is uncertain.

3.1.2.2 Disposals from 1960 to 1963. In late 1959, the AEC determined that land disposal was
preferable to offshore ocean disposal of solid radioactive waste. However, a commercially operated land
disposal site was not available to private industries licensed by the AEC. Therefore, the AEC created an
interim program for disposal of solid radioactive waste generated by AEC licensees, while commercial
sites were selected and established. Two facilities were selected for interim disposal—the NRTS and Oak
Ridge National Laboratory. From 1960 until commercial burial sites became available in 1963, the NRTS
accepted approved shipments from off-Site generators. Because of security concerns, waste shipments
from RFP to the NRTS continued after commercial sites opened.

During the early 1960s, several changes occurred in NRTS waste disposal operations. First, the
AEC delegated authority to manage and operate the landfill to the NRTS operating contractor, Phillips
Petroleum Co. Tasks managed under this authority included radiological surveillance and arrangements
for nonstandard disposals. The contractor refined and formalized standard practices for disposal
operations and implemented a system of careful record keeping. Another change in disposal practices
affected physical burial of TRU waste from RFP. Beginning in November 1963 (and continuing until
1969), drums from RFP were dumped into pits rather than stacked to reduce labor costs and personnel
exposures. Environmental monitoring systems were improved by placing film badges around the
perimeter of the facility.

From 1960 to 1963, when the interim program was active, Trenches 16 through 25 and Pits 2
through 5 were open for disposal of waste (see Figure 3-1). These excavations received some mixture of
stacked or dumped RFP TRU-contaminated waste, NRTS waste, and off-Site waste.

3.1.2.3 Disposals from 1964 to 1969. By the mid-1960s, concern about the environmental
impacts of waste disposal significantly influenced waste management practices. Disposal practices,
monitoring systems, and the adequacy of facilities were subjected to critical scrutiny, which resulted in
passage of environmental legislation designed to protect the environment. The particular concern has
always been to maintain water quality in the SRPA. Numerous studies conducted by various agencies
concluded that previous burial of radioactive waste did not generate off-Site health or safety problems.
However, several improvements were recommended to monitor and mitigate potential impacts from
continued waste burial.

Modifications to procedures for permanent interment included increasing the minimum trench
depth of 0.9 m (3 ft) to 1.5 m (5 ft), lining the bottoms of excavations with at least 0.6 m (2 ft) of soil
underburden, compacting waste by dropping a heavy steel plate on the waste dumped in trenches, and
increasing the soil cover over each disposal area from a minimum soil cover of 0.6 m (2 ft) to 0.9 m (3 ft).
These modifications were implemented between 1964 and 1970 when Trenches 33 through 49 were
active (see Figure 3-3). Information on the specific trenches that were compacted with the steel plate is
not available. In addition, burial of waste classified as TRU was discontinued in 1970. Instead, TRU
waste was transferred to the TSA for retrievable storage.
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According to EG&G (1985), the environmental monitoring program was revised during this period.
The 35 film badges around the perimeter of the landfill were replaced with 18 thermoluminescent
dosimeters. Water samples also were collected and analyzed from subsurface monitoring holes and field
investigations were conducted to assess leaching. The report concludes that specific threats to the aquifer
had not been identified.

3.1.2.4 Disposals from 1970 to 1985. The greatest departure from previous disposal practices
during this period was implementation of the 1970 AEC "Policy Statement Regarding Solid Waste
Burial" (EG&G 1985; AEC 1970). The policy required segregated and retrievable storage of all solid
TRU waste. Originally, TRU waste was defined as all waste contaminated with TRU radionuclides in
concentrations greater than 10 nCi/g (AEC 1973). In 1982, TRU waste was redefined in DOE Order
5820.1, "Management of Transuranic Contaminated Material," as waste materials containing any alpha-
emitting radionuclide with an atomic number greater than 92, a half-life longer than 20 years, and a
concentration greater than 100 nCi/g at the end of the period of institutional control as defined in
DOE M 435.1-1, "Radioactive Waste Management Manual."

The AEC also committed to removing TRU waste from the NRTS. Correspondence between state
and federal officials is contained in the Environmental and Other Evaluations of Alternatives for Long-
Term Management of Stored INEL Transuranic Waste (DOE-ID 1979, Appendix A). The new policy
initiated several changes in waste disposal practices within the SDA and led to the creation of the TSA.
These changes are discussed below.

3.1.2.4.1 Transuranic Storage Area Retrievable Waste Disposal from 1970 to
1985—Following the adoption of the 1970 policy, interim practices allowing storage and ". . . retrieval of
contamination-free waste containers after periods of up to 20 years. . ." (EG&G 1985) were developed,
implemented, tested, and revised. Most of these practices are still in use today. Abovegrade storage was
selected for TRU interim storage, which resulted in establishing the TSA (see Figure 3-1) in late 1970.
Several large asphalt storage pads, the Intermediate Level Transuranic Storage Facility, the Stored Waste
Examination Pilot Plant (SWEPP) (see Figure 3-1), and other structures were constructed within the TSA
during this period to implement the new policy.

Contact-handled waste stored at the TSA is being removed and shipped to WIPP. Therefore, waste
temporarily stored within the TSA was not considered in the WAG 7 Interim Risk Assessment (IRA)
(Becker et al. 1998), and practices within the TSA are not addressed in detail in this document.

Generally, contact-handled TRU waste was primarily received from off-Site generators and placed
in interim storage from 1970 to 1982 on TSA Pads 1, 2, and R (see Figure 3-1). This waste was packaged
in containers, stacked in subdivided areas called cells, and covered with dirt. In some cases, layers of
waste were separated by fire-retardant plywood. At TSA Pad 1, cells were segregated by earthen
firebreaks. A final cover of wood, plastic sheeting, and soil seeded with grass was placed over each cell as
it was filled to capacity. Operations at TSA Pads 1 and R were conducted in the open and exposed to
weather. A movable air support weather shield (ASWS) was constructed over the southern portion of
TSA Pad 2 in 1975, enabling all-weather operations. The ASWS was shifted along with storage
operations from south to north as cells were filled. Earth-covered portions of TSA Pads 1, R, and 2 were
all closed by 1982.

Transuranic Storage Area Pad 3, constructed in 1983, provided the foundation for a second, much
larger ASWS (see Figure 3-1), which also was called the SWEPP Certification and Segregation Building
WMF -612). In general, SWEPP is used to examine containerized waste to verify compliance with WIPP
waste acceptance criteria. Waste containers are subjected to a series of tests to evaluate container integrity
and to verify and assay container contents. The Certification and Segregation Building (WMF-612 or
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ASWS-3) was built in 1985 over the southern two-thirds of Pad 3. Contact-handled TRU waste containers
were stored on ASWS-3 pending examination and shipment or disposition. The Certification and
Segregation Building was deactivated, decontaminated, and decommissioned in 2000 to provide space for
construction of the AMWTF (EG&G 1990; Schwaller 1991; Lugar 1994).

The Intermediate Level Transuranic Storage Facility (ILTSF) (see Figure 3-1) was constructed to
store TRU waste emitting beta or gamma radiation at levels requiring special handling and shielding.
Exposure rates between 200 mR/hour and 4,500 R/hour at the container surface were specified originally.
The upper exposure-rate limit was revised to 100 R/hour in 1982 to comply with revised WIPP waste
acceptance criteria. The facility consists of two pads, one built in 1975 and one in 1985. The facility
provides belowground interim storage in shielded vaults formed of steel pipes of varying diameters.
Vaults are embedded in a compacted earthen embankment and covered by two asphalt pads. Asphalt
allows use of heavy machinery during waste unloading and retrieval operations.

3.1.2.4.2 Subsurface Disposal Area Operations from 1970 to 1985—Since 1970, solid
TRU waste received at the RWMC has been segregated from non-TRU solid waste and placed in interim
storage at the TSA. Low-level waste (LLW) at the RWMC contaminated with TRU isotopes less than or
equal to 100 nCi/g but greater than 10 nCi/g also was excluded from disposal in the SDA and placed in
interim storage at TSA. Low-level waste contaminated with TRU isotope less than or equal to 10 nCi/g
was disposed of in the SDA.

A pad was constructed within the SDA in an area unsuitable for subsurface disposal because of
shallow surficial sediments. Originally called the Engineered Waste Storage Area, it was later called the
Transuranic Disposal Area and is now called Pad A (see Figure 3-1). Pad A waste contains TRU alpha-
emitting radioisotopes with concentrations less than 10 nCi/g and exposure rates less than 200 mR/hour at
the container surface. Pad A waste was not officially categorized as TRU, but interim disposal techniques
were implemented to expedite potential retrieval. Boxes were stacked around the periphery of Pad A, and
drums were stacked horizontally in staggered layers and covered with soil. Disposal operations were
conducted on Pad A from 1972 to 1978. The Pad And waste were covered with a final soil layer with a
minimum thickness of 0.9 m (3 ft), contoured to a maximum slope of 3:1, and seeded with grass.

Other modifications including compaction, packaging criteria, and enlarging pit volumes were
made to SDA disposal practices during 1970 to 1985 because of concern about space availability. The
NRF began compacting its disposals in 1971. The design criteria developed by NRF were used to design
a system subsequently installed at the RWMC by 1974. Generators of waste at the INEEL, except NRF,
began sorting their own waste and shipping non-TRU compactable waste to the RWMC in plastic bags to
expedite compaction operations. Packaging criteria were modified in 1978 to facilitate close-packed array
stacking within the pits. Pits were expanded by using heavy equipment to remove fractured basalt from
the base of the excavations. Beginning with Pit 17 in 1980, explosive fracturing was used to deepen pit
excavations. A soil underburden at least 0.6 m (2 ft) thick was added to cover basalt before waste was
interred, and a final layer of compacted soil at least 0.9 m (3 ft) thick was used to cover buried waste. In
1985, the practice of incorporating a geotextile liner into the underburden was implemented. In
combination, the above practices greatly expanded usable space within the SDA and significantly
extended the operational lifetime of the facility.

Disposal practices also were modified to minimize personnel exposures to radiation emanating
from waste. Beginning in 1977, areas not suited for pits were reserved for SVRs, typically used for
disposing of remote-handled waste. Drilled in rows, soil vaults consisted of unlined, cylindrical, vertical
holes with diameters ranging from 0.4 to 2 m (1.3 to 6.5 ft) and averaging about 3.6 m (12 ft) deep.
Vaults in any given row are at least 0.6 m (2 ft) apart. A layer of soil at least 0.6 m (2 ft) thick was placed
in bottoms of holes when basalt was penetrated during drilling. Soil vaults were designed for disposing of
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high-radiation waste that was defined as material producing a beta-gamma exposure rate greater than
500 mR/hour at a distance of 0.9 m (3 ft). Soil vault disposals were conducted concurrently with trench
disposals from 1977 to 1981. Trenches also received high-radiation waste until trench disposal was
discontinued in 1981.

General disposal practices were the same for pits and trenches. Compacted waste was bailed, larger
bulky items were wrapped in plastic, and smaller noncompactable waste was contained in wooden boxes
covered with fire-retardant paint. Waste was placed into the excavations by free-air transfer or in shielded
casks, depending on the exposure rate measured on the outside of the waste container. Both types of
waste were buried in separate areas within a given excavation. As each excavation became full, the
disposal area was crowned with a final compacted soil cover at least 0.9 m (3 ft) thick.

3.1.3 Radioactive Waste Management Complex Operations from 1985 to the Present

Current disposal practices have not changed significantly since 1985. However, details about
handling various types of waste are more readily available. Information about RWMC operations from
1986 to the present was taken from the RWMC Safety Analysis Report (INEEL 2000a), the DOE Land
Use Plan (DOE-ID 1996), and the WAG 7 Collocated Facilities Analysis (Whitaker 2002). Some of the
information in these documents is briefly summarized in the discussion that follows, which is subdivided
into disposal within the SDA, operations within the TSA, and activities within the administrative area.

Waste is received at the RWMC for storage, examination, or disposal. Documentation
accompanying each waste shipment is reviewed on arrival and the shipment is examined visually for
discrepancies and damage. Radiological surveys are conducted to ensure that radiation and contamination
readings meet requirements. Requirements are specified in the RWMC waste acceptance criteria
(DOE-ID 2001). If any abnormalities are discovered either in waste or associated documentation, they are
resolved with the generator of the waste before the waste is formally accepted. Once accepted, waste is
transferred to the SDA or the TSA, as appropriate.

3.1.3.1 Subsurface Disposal Area Operations from 1985 to the Present. Current
operations within the SDA consist of subsurface burial of LLW in pits and concrete vaults (see
Figure 3-1) from INEEL operations. No off-Site generated waste has been received for disposal since the
early 1990s. Use of trenches was discontinued in 1982, and all SVRs were closed by August 1995 (Seitz,
Keck, and McCarthy 2001). Waste emplaced in the SDA is classified as remote- or contact-handled LLW
depending on whether radiation levels at 1 m (3.3 ft) from the package surface are greater than or less
than 500 mR/hour, respectively. In general, remote-handled LLW is entombed in concrete vaults in the
southwest corner of Pit 20, and contact-handled LLW is stacked in a pit. Though seldom required, large
bulky LLW with exposure rates in excess of 500 mR/hour is buried in a pit.

Waste disposed of in the SDA must meet the requirements of waste acceptance criteria
(DOE-ID 2001). However, exceptions can be obtained from DOE by completing an analysis that shows
that overall limits on LLW inventories will not be exceeded. Exceptions have been made roughly once
every three years. These exceptions have been related to a given disposal exceeding concentration limits
or for unanticipated waste containing short-lived radionuclides such as H-3 or Cs-137. Waste disposal
operations in the SDA are currently anticipated to extend until 2020 (McCarthy et al. 2000).

3.1.3.1.1 Pit Disposals—Pits 17 through 20 comprise a single, large excavated area currently
used for disposal of LLW. Though Pits 15 and 16 are closed, boundaries between these two pits and
Pits 17 and 18 are only administrative (Yokuda 1992). Boxes on the west side of Pits 15 and 16 have been
covered with soil for shielding purposes while disposal operations are conducted. The pits were blasted
into basalt to a total depth of approximately 10 m (33 ft) and the exposed basalt was covered with 0.6 m

3-9



(2 ft) of soil and a thin layer of gravel (McCarthy et al. 2000). A contoured earthen berm surrounds
Pits 17 through 20.

Waste is stacked within pits using forklifts and cranes. Stack height is limited by the self-
supporting strength of the containers and by administrative controls. Maximum stack height is about
7.3 m (24 ft). As areas of the pits become full, waste is covered with approximately 1.2 m (4 ft) of fine-
grained soil from on-Site sources. The soil cover is spread and compacted with dozers, sloped for
drainage, and seeded with grass. Seitz, Keck, and McCarthy (2001) provide additional information
relating to the interim closure of the LLW disposal operations ongoing in Pits 17 through 20.

3.1.3.1.2 Concrete Vaults—Concrete vaults, used for remote-handled LLW, are located in
the southwest corner of Pit 20. The concrete vaults were designed to conserve space within the SDA.
Constructed of precast reinforced concrete sections resting on an integral base plate, vaults are configured
in honeycomb arrays. Each array is surrounded by soil for additional shielding and seismic stability. Void
spaces between vaults in each array are filled with sand. Once full, each vault is covered with a 1.2-m
(4-ft) thick reinforced concrete plug. Seams between adjacent plug caps are sealed with acrylic caulk at
the surface of the array to inhibit moisture infiltration (McCarthy et al. 2000). Approximately 50 concrete
vaults have been constructed in Pit 20 and about half of them are full. Current plans include constructing
additional concrete vaults in FY 2003 (McCarthy et al. 2000).

3.1.3.1.3 Soil Vault Rows—Disposal in soil vaults was discontinued in 1993 (Seitz, Keck,
and McCarthy 2001). Soil vaults are unlined holes bored 5.2 to 7.6 m (17 to 25 ft) deep that received
remote-handled, containerized waste transferred from a bottom-discharge shipping cask. Full vaults were
covered with least 0.9 m (3 ft) of soil. Additional soil was added when necessary to reduce exposure rate
above the covered vault to less than 1 mR/hour at the soil surface. Periodic inspection and maintenance is
conducted to ensure that soil vaults have at least 1.8 m (6 ft) of cover.

3.1.3.2 Transuranic Storage Area — 1985 to the Present. The primary purpose of current
TSA operations is to provide environmentally safe and compliant management of contact-handled and
remote-handled TRU waste stored at the RWMC. Receipt of off-Site generated contact-handled TRU
waste ceased in 1989 when the last RFP waste was sent to INEEL. One additional TRU shipment was
received from Argonne National Laboratory in Chicago in 1995 for waste generated in support of INEEL
activities with state approval. Operations at the TSA are focused toward preparing and shipping 3,100 m3
of stored TRU waste from the RWMC to WIPP by December 31, 2002, in accordance with the 1995
Settlement Agreement (DOE 1995). Preparation includes waste examination, segregation, certification,
and interim storage and retrieval activities. The TSA consists of storage buildings, the Intermediate Level
Transuranic Storage Facility, the SWEPP, Transuranic Storage Area - Retrieval Enclosure, the AMWTF,
and support facilities as described in the RWMC Safety Analysis Report (INEEL 2000a) (Figure 3-1).
More than 100,000 containers of TRU waste are stored at TSA. Approximately 90% of the containers are
55-gal steel drums. The remaining 10% include 1.2 x 1.5 x 1.8-m (4 x 5 x 6-ft) steel bins, 83- and 30-gal
steel drums, plywood boxes, fiber-reinforced boxes, modular steel boxes, and some oversized containers
(LMITCO 1995b).

3.1.3.2.1 Transuranic Storage Area Storage Pads 1, 2, and R—The TSA Pads 1, 2,
and R were developed to provide retrievable interim storage for contact-handled TRU waste. This method
of soil-covered waste storage was discontinued and TSA Pads 1, R, and most of 2 were closed in 1982.
One end of Pad R was used to receive and stage waste for transfer into an ASWS or RCRA-compliant
storage module. Installed in 1973 over Cell 3 at the northern end of Pad 2, ASWS-2 (WMF-711)
collapsed from high winds in 1986. The ASWS was reinforced with a steel frame and remained in service
until 1999 when it was dismantled. This building supported storage operations until 1997 when all
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accessible waste was moved into RCRA-compliant storage buildings. Activities at the closed pads are
limited to monitoring and maintenance until the soil-covered waste is removed.

3.1.3.2.2 Transuranic Storage Area Retrieval Enclosure—The TSA-Retrieval
Enclosure, Building 636, constructed from 1994 to 1996, is a metal building that extends over the TSA
Pad 1 and R areas. An adjacent annex extends over Cells 1, 1A, and 2 of TSA Pad 2. The enclosure
provides a work area that allows year-round retrieval of contact-handled TRU waste presently stored on
these three Pad Areas. In 2001, the building was transferred to the Advanced Mixed Waste Treatment
Project, and preparations are under way to retrieve the soil-covered stored waste.

3.1.3.2.3 Waste Storage and Examination Facilities—The EPA issued a Notice of
Noncompliance to DOE in 1990 for deficiencies in the configuration of stored waste at the TSA (EPA
1990). Subsequently, seven RCRA-approved Type 2 storage modules, designated WMF-628 to -634,
were constructed between 1994 and 1995 for interim storage.

Drum venting and testing are conducted in WMF-635, a RCRA-approved Type 1 modular
building. The building encloses the existing Drum Venting Facility, WMF-615 (see Figure 3-1). Building
WMF-635 supports drum venting operations, gas generation testing, and preparation and loading of
certified TRU waste for shipment to WIPP. One portion of the WMF-635 building is heated and insulated
to thaw waste prior to examination at SWEPP. Another area in WMF-635 is maintained above freezing to
provide a sheltered area for drum aspiration after venting. The WMF-635 building also has office space
and a lunchroom.

Erected on Pad 3 in 1984, the SWEPP facility (WMF-610) began operations in 1985 to
nondestructively examine TRU waste to ensure compliance with the WIPP waste acceptance criteria
requirements. The facility contains the real-time radiography and radioassay capabilities to support TRU
waste certification. Certification authority for SWEPP was received in August 1985. To date, more than
10,000 drums have been certified and more than 5,000 drums have been shipped to the WIPP. The
SWEPP is characterizing waste for shipment to the WIPP.

Various other facilities include maintenance, storage for propane gas, and a sanitary-waste system.
The TRUPAC Loading Station, Building WMF-618, is used for nuclear waste shipping.

3.1.3.2.4 Intermediate Level Transuranic Storage Facility—The Intermediate Level
Transuranic Storage Facility currently provides storage for remote-handled TRU waste greater than
200 mR/hour at the container surface. The facility contains a total of 256 (16-, 24-, 30-, and 48-in.)
diameter vaults, which are embedded in a compacted earth berm. These vaults were designed to store
TRU waste having exposure rates between 0.2 R/hour and 4,500 R/hour at the surface of the container. In
addition, the facility also contained 16 vaults permitted under RCRA to store mixed TRU waste from Test
Reactor Area (TRA). Receipt of off-Site generated remote-handled TRU waste was discontinued at the
facility in 1995.

In November 1997, the mixed remote-handled TRU waste was retrieved from vaults into shielded
overpacks and placed in permitted storage in WMF-628 as contact-handled TRU waste to reduce
inspection costs. In October 2000, the State of Idaho requested that the permitted vaults be closed based
on no future need having been identified for mixed remote-handled TRU waste storage (Jason Associates
2001). Vault closure was completed in 2001 and accepted by the State of Idaho in November 2001
(Bullock 2001).

3.1.3.2.5 Advanced Mixed Waste Treatment Facility—In December 1996, DOE awarded
BNFL Inc. and its partners a privatized, fixed-price contract to design, construct, and operate the
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AMWTF. The AMWTF was required by the Settlement Agreement (DOE 1995) between the DOE, the
U.S. Navy, and the State of Idaho. The Settlement Agreement requires that 65,000 m3 of TRU waste be
shipped out of Idaho for final disposition at WIPP by December 31, 2018. Phase I of the AMWTF
consisted of successfully completing all required preliminary permits and approvals by July 2000. Phase
II of the AMWTF, which began in August 2000, specified that the design, development, and construction
should be completed by December 2002. One storage module and the TSA Retrieval Enclosure were
transferred in 2001 to the AMWTF project. Phase III is planned to start in 2003 and consists of waste
retrieval, characterization, and facility operation (INEEL 2001a, 2001b).

3.1.3.3 Administration and Operations Area Activities from 1985 to the Present. The
administration and operations area includes administrative offices, security and gatehouse operations,
radiological control support, maintenance buildings, equipment storage, and miscellaneous support
facilities. A complete description of each facility is given in the RWMC Safety Analysis Report
(INEEL 2000a) and the WAG 7 Collocated Facilities Analysis (Whitaker 2002).

3.1.4 Subsurface Disposal Area Buried Waste Retrievals

Five buried waste retrievals were conducted in the SDA during 1969 and the 1970s to assess
condition of waste and waste containers, retrieve drums of TRU waste for aboveground storage, attempt
to retrieve experimental laboratory equipment, check contents of selected containers, and assess difficulty
in retrieving waste and waste containers in various stages of deterioration. Five INEEL programs have
retrieved waste from 11 locations in the SDA, as shown in Figure 3-2:

• Pit 1—Conducted in 1969, the Pit 1 project was unsuccessful at retrieving some experimental
laboratory equipment inadvertently buried in Pit 1 (Hiaring, Horton, and Schlafman 1992).

• Pits 2, 5, 10, and 11—The Solid Radioactive Waste Retrieval Test, also known today as the Allied
Chemical Corporation ACI-120 project, comprised retrieval of 16 drums from Pits 2, 5, 10, and 11
for examination in the Auxiliary Reactor Area (ARA)-I Hot Cell. Retrieval of one of three special
drums for the Atomic Energy Commission was successful (Thompson 1972).

• Pits 11 and 12—In the Initial Drum Retrieval, Project, all the drums from Pits 11 and 12 were
retrieved and transferred either to the TSA or to Pad A (known at the time as the Transuranic
Disposal Area) (Card and Wang 1976; McKinley and McKinney 1978a). A total of 20,262 drums
were retrieved with a waste volume of 4,397

• Pits 1 and 2, Trenches 1, 3, 5, 7, 8, 9, and 10—The Early Waste Retrieval Project was initiated to
investigate problems associated with large-scale removal of buried waste contaminated with TRU
elements from the SDA landfill (Card 1997; McKinley and McKinney 1978b; Bishoff and Hudson
1979). A total of 457 drums were retrieved. The total volume of waste for the project was 170.4 m3.

• Pad A—In the Penetration and Inspection Project, conducted in 1978 and 1979, the condition of
waste placed on Pad A, previously called the Transuranic Disposal Area, was examined (Bishoff
1979a, 1979b). No waste was retrieved.
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3.1.4.1 Pit 1 Retrieval. Information about the Pit 1 retrieval in 1969 is sparse. The retrieval was
conducted in the fall of 1969 in an effort to retrieve some experimental equipment that may have been
inadvertently buried in the landfill. The retrieval received one paragraph of explanation in an unpublished
draft report.b Photographs of the work appeared in A Photographic Report of Disposal and Storage
Activities at the Radioactive Waste Management Complex (Hiaring, Horton, and Schlafman 1992). The
retrieval was conducted in the fall of 1969 and apparently was not successful in locating the experimental
equipment. Undamaged drums were found to be well preserved, but boxes and other similar packaging
material had deteriorated. Pit 1 was open from 1957 to 1959; so, the waste had been buried for
approximately 10 to 12 years. The exact number of drums retrieved is not known, but photographs
indicate at least 25. The pictures show a small crew with an excavator removing drums in several
locations from what is believed to be Pit 1. The pictures do not show any environmental controls and the
men are performing the work in street clothes, coveralls, hats, and gloves. No respiratory protection is
evident. Though Pit 1 received TRU and LLW, based on the level of protection indicated in the
photographs, digging probably took place in an area containing LLW.

3.1.4.2 Solid Waste Retrieval Test Retrieval. In 1971, the Atomic Energy Commission
requested a series of solid waste retrieval tests on RFP waste buried in the SDA to gain insight into
problems that may arise from a large-scale retrieval operation. The Solid Waste Retrieval Test, also called
the ACI-120 project, was conducted by Allied Chemical Corporation and consisted of excavating and
studying contents of drums and boxes from sites within the landfill. In addition, the Atomic Energy
Commission requested retrieval of three specific drums that were suspected of containing excessive
amounts of plutonium. One of the three specific drums was located. The retrievals focused on removing
drums from Pits 2, 5, 10, and 11. Retrievals from each pit and subsequent hot cell examinations of the
retrieved waste are summarized below (Thompson 1972).

3.1.4.2.1 Pit 2—Six of the drums stacked in Pit 2 were exhumed and transported to the ARA-I
Hot Cell for sorting and sampling. Excavations at Pit 2 were complicated by drums being found along the
edge of the pit outside pit boundary markers. Previous flooding may have caused these drums to move
from their original location. Containers removed from Pit 2 had been buried for approximately 12 years
and were in the poorest condition of any encountered during the retrieval test. Some of the drums were
corroded through and sludge was leaking from them. On two occasions, clear liquid leaked from sludge
drums. Some drums were open and plastic bags typically used as inner liners at that time were not in
evidence. The general condition of the drums and potential for contamination slowed retrieval operations
markedly. Soil cover over the drums at that time was about 30 to 46 cm (12 to 18 in.). The plutonium
concentrations in the interstitial and underburden soil varied from about 1E-03 to 1E-01 nCi/g soil.
Contamination at this level made working conditions difficult because respirators and frequent changes of
protective clothing were required.

3.1.4.2.2 Pit 5—Five of the waste drums dumped in Pit 5 were exhumed and sent to the ARA-I
Hot Cell for examination. Waste containers had been buried for approximately 7 years before retrieval.
Initial efforts to open the pit with a bulldozer and scraper were not successful because the waste was not
located at the pit's edge, but was found approximately 6 m (20 ft) inside the pit boundary. The drums
were randomly oriented with large quantities of dirt interspersed among them. About one-half of the
volume of the area excavated was filled with dirt. One-fourth of the drums exhumed were damaged or
lidless. Several drums were either rebagged before removal because they were punctured during digging,

b. Appendix Ito a November 1971 unpublished draft report titled "1969 Pit 1 Retrieval, Burial Ground Chronological Historical
Development and Highlights."
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or were rebagged in place and left in the excavated area. Ten of the sixteen drums exhumed could not be
identified specifically. One sludge drum damaged during the excavation discharged a clear liquid.

Several RFP plastic-wrapped filters were found. Remnants of cardboard cartons that had contained
filters also were observed. A soil sample taken near the filter boxes showed plutonium contamination of
1.14 nCi/g. Direct radiation readings of 20 mR/hour were noted at 0.9 m (3 ft) from the filter boxes. No
attempt was made to exhume the filters because handling equipment at the excavation site was inadequate
to contain potential contamination spread and prevent unnecessary exposure to personnel.

A box was located for retrieval by investigating a surface depression. The top of the box was
missing and the wood was severely deteriorated. Health physics smears indicated about 1,000 dpm.
Because of the apparent overall high contamination levels and poor box condition, box and contents were
left in place. The report concluded, "Future excavations in dumped pits where wooden boxes are involved
probably will require special attention and the contents of the wooden boxes removed piece-by-piece"
(Thompson 1972). Plutonium concentrations in three soil samples collected from the top of the box were
5.58E-04, 2.55E-03, and 4.51E-02 nCi/g.

Soil analysis results for Pit 5 samples collected during the excavation indicate that the general
plutonium concentrations were quite low, about 1E-02 to 1E-03 nCi/g.

3.1.4.2.3 Pit 10—Pit 10 was entered with the intent of retrieving Drum No. 771-3431, one of
the specific drums requested for inspection by the Atomic Energy Commission. Though disposal records
indicated that Pit 10 received this drum, neither Drum No. 771-3431 nor any other drum from the same
load was found in Pit 10. About one-half of the drums were without identification, and about one-fourth
were lidless or crushed.

Random placement of the drums, which resulted from dumping, greatly complicated and slowed
digging operations. Many seriously damaged drums were found, some of which were open with the inner
liner ruptured. Loose material—protective mask canisters, tags, plastic material, and drum lids—was
observed. The main cause of loose material and damaged drums appears to have been the practice of
dumping drums. This practice also resulted in large portions of the pit volume, approximately 50%, being
filled with dirt instead of waste. Because it was necessary to hand-dig and lift the drums, only 24 drums
were exhumed over a 3-day period. The Pit 10 excavation was the first project where dust respirators
routinely were required to protect personnel. Whole-body counts of the two laborers who did most of the
manual work showed no detectable plutonium. All the drums suffered physical damage caused by heavy
equipment used to level and cover during and after burial. Corrosion, though present, did not appear to be
a significant factor in overall drum condition.

A soil sample taken before the excavation showed plutonium concentrations of 6.22E-04 nCi/g
contamination (Thompson 1972, Figure 18). However, a special sample taken from excavated soil
showed a plutonium concentration of 2.28E-01 nCi/g.

3.1.4.2.4 Pit 11—Disposal records indicated that Pit 11 contained two of the drums specifically
requested by the Atomic Energy Commission to be retrieved. Five additional drums also were scheduled
to be removed from Pit 11 for examination in the ARA-I Hot Cell. Drum No. 771-7285 was found close
to the area designated by SDA records. Retrieval of this container was relatively straightforward. Topsoil
was removed with a backhoe and the drums in the pit, which had been buried for approximately
18 months, were lifted out using a chain-hook-lifting device and crane. Drum No. 771-16500, the next
drum to be retrieved, was part of a large backlog of 5,000 drums stored aboveground because of
inclement weather during the winter of 1970. As conditions and weather permitted, this backlog of drums
was moved and stacked in Pit 11. As a result, the shipment that contained Drum No. 771-16500 became
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scattered. Thirty of the 152 drums in this shipment were located but the rest could not be found, including
Drum No. 771-16500. Five drums of waste material selected at random were removed from Pit 11 and
transported to the ARA-I Hot Cell for sorting and sampling. The five drums included one sludge drum
and four drums of miscellaneous waste and scrap that had been buried for approximately 1 year. Nine soil
samples were taken between and under the drums, and plutonium concentrations were 2E-03 nCi/g or
less. Movement of plutonium contamination in the soil caused by leaching and infiltration was not
addressed by the Solid Waste Retrieval Test Project (Thompson 1972). Samples were collected from
excavated soil and from soil between and under the drums. The condition of the drums in Pits 2, 5, and 10
was reported as leaking, crushed, corroded, damaged and missing lids. Soil contamination is likely the
result of direct contact with waste.

3.1.4.2.5 Results of Hot Cell Sorting—Sixteen drums exhumed from the SDA were opened
and qualitatively examined for general drum and waste condition. Drum condition varied from excellent
(nominal corrosion) to poor (corroded through) as a result of both age and method of handling during
burial. Drums that were dumped, bulldozed, and crushed generally were in bad condition. Plastic bags
lining the drums exhibited a wide range of conditions from no liner, to sealed liners with contamination
well contained. Moisture content in the waste varied from dry to saturated with free liquid in the bottom
of the drum.

Following is a summary of observations made during the sorting and sampling phase of the test. No
previous assay data for plutonium were available for seven drums because the Rocky Flats identification
numbers were not legible. Sixteen drums averaged 80% full, two drums were 40% full, and seven drums
were 100% full. Material in the drums was composed of combustible and noncombustible waste.
Approximately 37% was noncombustible waste (e.g., metal, wire, and equipment) and 63% was
combustible waste (e.g., paper, rags, rubber gloves, plastic, and wipes). Drums that had been buried
18 months were in good condition with light surface rusting. Ring closures were removed by unscrewing
the fastening bolts. However, those drums that had been buried for 7 to 12 years were heavily rusted, with
one drum completely rusted through. Bolts holding the ring closures of these drums had to be cut off with
a hacksaw. Nine of the 16 drums were not sealed, as evidenced by rubber sealant being out of position,
obvious infiltration of water, or a bent lid. Plastic bag drum liners were in various condition. Three drums
had no liner, five liners were folded over and not taped shut, three were taped shut but were punctured or
rotted, and five were taped shut and intact. Two sets of health physics smears were taken for each drum
opened. The first set was taken from outside the drum lid before its removal, and the second was taken on
the underside of the lid and on top of the waste just after the drum lid was removed. Smears taken outside
the drum did not exceed 100 cpm. The highest smear count from inside a lid was 55,000 cpm. Four drums
had liquid standing in the bottom, and five were dry. The remaining seven drums were damp, either from
wet wipes and rags found inside or from water that leaked into the drum. The contents of the drums that
could be identified by RFP numbers were consistent with the contents listed in the RFP records.

3.1.4.3 Initial Drum Retrieval. The Initial Drum Retrieval was designed and implemented to
demonstrate safe retrieval, packaging, and transfer to interim storage of drums containing TRU waste
buried from 1968 to 1970 at the SDA. All drums from Pits 11 and 12 (the most recently buried RFP waste
drums) were retrieved, repackaged, and transferred to TSA Pad R or were placed on Pad A in the SDA.
Drums containing TRU waste were transported to TSA Pad R, and non-TRU waste drums, containing
Series-745 sludge and depleted uranium were transported to Pad A. The project started using 83-gal
overpack drums and then changed to overpack cargo containers that held 72 drums. This change
substantially reduced costs and improved productivity.

The viability of drum retrieval was demonstrated. A total of 20,262 drums was retrieved with a
waste volume of 4,397 m3. Soil contamination was not a significant problem. Soil samples were taken for
field screening, but no analytical results from contaminated soil samples were reported. Drums that were
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retrieved were mostly in good condition and soil in Pits 11 and 12 did not present a contamination
problem. The final report (McKinley and McKinney 1978a) states that about 6.1% of the drums (1,236
drums) had external alpha contamination to 120,000 cpm and these drums all came from Pit 11. Drums
from Pit 12 had no external contamination except for some fixed contamination. Approximately 2.4% of
the drums (486 drums) were breached and about one third of these drums (162 drums) leaked free liquids.
The leaking free liquid was usually uncontaminated though contamination levels up to 40,000 cpm were
found in some of the liquids. No further analysis was reported in the document.

The Initial Drum Retrieval is a good example of retrieval under practically ideal conditions. Drums
were stacked, and very little damage to them occurred during disposal. The drums had not been spread or
compacted with heavy equipment and were in excellent condition. They were buried during the period
from 1968 to 1970 and were retrieved from 1974 through 1978. The Initial Drum Retrieval project is the
most successful retrieval conducted in the SDA.

3.1.4.4 Early Waste Retrieval. The Early Waste Retrieval Project was designed and implemented
to investigate problems associated with removing TRU waste from belowground burial. Retrievals from
Pits 1 and 2 and Trenches 1, 5, 7, 8, 9, and 10 were implemented over the 3-year period of 1976, 1977,
and 1978, and are described below. The goals or objectives of the program were as follows:

• Develop methods and equipment for safe retrieval of buried TRU waste

• Develop methods for handling and repackaging retrieved TRU waste

• Determine risks and hazards involved with TRU waste retrieval

• Develop methods to minimize risks and hazards of waste retrieval

• Provide data and information for the design of future retrieval equipment and facilities

• Provide data and information for selecting a long-term waste management alternative

• Determine the extent of TRU isotope migration into the soil in pits and trenches.

The work was performed within an ASWS and a moveable confinement building. The ASWS was
a fabric structure that provided weather protection. The confinement building was a portable metal
structure with a three-cell change booth system attached to the personnel entrance door to control
contamination during entry and egress from the contaminated area. For protection, workers wore bubble
suits, which were totally enclosed personal protective equipment suits with supplied air, analogous to
Level A protective clothing currently used. Workers also wore anti-contamination clothing under the
bubble suit. Excavation was performed using manual labor and a tractor equipped with a front-end loader
and a backhoe. Exhumed waste was repackaged as required, and some drums were placed in plastic bags
or overpack containers. Loose waste was bagged and placed in drums or cardboard containers. Operations
during the summer experienced some problems with heat stress for workers in bubble suits. This was
mitigated with vortex cooling air from the supplied air line and by managing duration of work periods.

The total waste volume for the Early Waste Retrieval Project was 170.4 m3. The Early Waste
Retrieval Project was a successful retrieval operation and demonstrated that waste in Pits 1 and 2 and
Trenches 1, 5, 7, 8, 9, and 10 could be retrieved safely. The project also determined that maintaining
environmental control could be extremely challenging and that techniques applied during the Early Waste
Retrieval were slow and methodical.
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3.1.4.4.1 1976 Early Waste Retrieval—In 1976, Early Waste Retrieval activities included
deployment of a plastic-coated fabric ASWS and a smaller, portable confinement building to enclose the
excavation area inside the ASWS.

The ASWS and the confinement building were erected and retrieval began approximately 140 m
(460 ft) west of the southeast corner of Pit 2 (Thompson 1972, Figures 3 and 4). Retrieval of waste began
in May 1976 and a total of 42 m3 of waste was retrieved by the end of September 1976. The retrieval
included 80 drums and 25 m3 of loose waste and soil. Five drums were damaged or were missing covers
but contained no free liquid. Ten drums leaked liquids when removed from the landfill and four leaking
drums contained contaminated liquids, but only one resulted in soil contamination. Contamination was
totally contained within the confinement building

The confinement building was moved during July from the west end to the east end of the ASWS,
remaining over Pit 2. When retrieval was resumed, 12 drums of waste were retrieved in the routine
manner without encountering high contamination. Two drums leaked a clear liquid contaminated with
Pu-238 to 2E+06 cpm. The drums were bagged and placed in overpack containers. Contamination in the
soil was very mobile and was spread by air currents. However, cleanup operations personnel discovered
that water spray would help control contamination if water was sprayed in the air and allowed to settle on
the contaminated area, while direct application tended to mobilize the contaminants. Contamination was
contained in the confinement building, but cleanup took several days. The area from which the drums
were removed was covered with plastic and soil and the retrieval operation continued in another area
within the confinement building. This incident proved that contamination, difficult to contain and
requiring special procedures to handle safely, could be encountered during retrieval operations.

3.1.4.4.2 1977 Early Waste Retrieval—Waste retrieved from Pit 2 and Trenches 8 and 10
during the Early Waste Retrieval in 1977 consisted of drums, loose waste, and contaminated soil. The
total waste for the effort comprised 240 drums representing a total of 50 m3 of waste, 21.2 m3 of loose
waste, 6.4 m3 of contaminated soil, and 12.9 m3 of waste generated from retrieval operations. The
generated waste included bubble suits, decontamination materials, and anti-contamination clothing. The
total waste volume was 90.5 m3. Seventy percent of drums retrieved from Pit 2 and Trench 10 and all
drums retrieved from Trench 8 were severely breached. Free liquid leaked from about 9% of drums, and
5% were externally contaminated. Though alpha-contamination levels greater than 2E+06 cpm were
frequently encountered, available equipment and established safety and operating procedures were
effective in protecting personnel and the environment.

The 1977 Early Waste Retrieval Project also included peripheral studies related to buried-waste
retrieval. A TRU isotope migration study (Humphrey and Tingey 1978) indicated that contaminant
migration (Pu-238, -239, -240 and Am-241) from waste was limited to a distance of approximately 0.6 m
(2 ft), but trace contamination as far as 1.8 m (6 ft) was found. Part of this migration may have been
caused by historical flooding. A container development study (McKinley and McKinney 1978b) resulted
in purchasing a compactor to compact loose waste into 208-L (55-gal) drums. Soil binder studies
(McKinley and McKinney 1978b) resulted in the use of fabric for dust and contamination control.

A near surface exploration of Pit 1 and Trenches 1, 5, 7, and 9 was conducted before moving the
ASWS over these areas. Near surface exploration was conducted by digging a trench 0.9 to 1 m (3 to 4 ft)
wide and perpendicular to the trenches, down to the top of buried waste. Drums in Pit 1 were stacked and
in fair to good condition. No drums were externally contaminated, and direct radiation was less than 5
mR/hour. Numerous filters and frames were found mixed with the drums. The filters were contaminated
from 2,000 cpm to greater than 2E+06 cpm and had deteriorated wooden frames. Trench 1, which was
opened on July 8, 1952, and closed on October 1, 1954, was positively identified by two drum tags, one
dated August 20, 1953, and the other dated October 1, 1954. Waste containers in Trench 1 appeared to be

3-18



almost completely disintegrated. Retrieved waste consisted of glass vials, metal filings, tubing, and
gloves. Beta-gamma contamination levels were very low, with 6,000 cpm alpha being the highest level
encountered. Trench 5, which was opened on November 4, 1955, and closed on March 29, 1956, also was
identified by drum tags dated February 2, 1955. Drums had been randomly dumped and exhibited poor
integrity. Low-level beta-gamma and alpha contamination was discovered on some contents of the drums
with direct readings noted up to 50 mR/hour. Contents appeared to be filters and graphite molds. Only a
few drums were found in Trench 7. The majority of the waste was not contained and consisted of sample
bottles, tubing, plastic, and several lengths of pipe. Waste had low-level beta-gamma contaminants, but
no alpha contamination was detected. Trench 9, which was opened on January 17, 1957, and closed on
September 6, 1957, was identified by drum tags dated May 13, 1957. Drums were randomly dumped, but
appeared to be in good condition. No external contamination was encountered on the drums.
Miscellaneous loose waste, such as tubing, bottles, gloves, and a small cart, was mixed with the drums.
Low-level beta-gamma contamination was found on these items, but no alpha contamination was
detected.

The confinement building and other support equipment were removed from the ASWS in August
1977. The ASWS was deflated and dismantled for movement over Pit 1 and Trenches 5, 7, and 9.

3.1.4.4.3 1978 Early Waste Retrieval—As part of Early Waste Retrieval activities in 1978,
the ASWS anchor blocks were relocated and the ASWS was moved and inflated over Pit 1 and
Trenches 5, 7, and 9. The confinement building and other support equipment were placed in the ASWS, a
new breathing air supply system was installed and activated, and new operating procedures and associated
training were introduced. Retrieval operations resumed in February and continued through September
1978. The project retrieved 137 55-gal drums and approximately 65% of drums were breached. These
drums had many rust holes, and several fell apart as they were being retrieved. About 3% of retrieved
drums leaked free liquid with alpha-contamination levels ranging from 2,000 to 80,000 cpm. Many drums
had fixed alpha contamination on their external surfaces that ranged from 2,000 to greater than 2E+06
cpm. One drum had radiation levels to 300 mR/hour at contact. Retrieved loose waste was partially
contained in deteriorated wooden boxes. Alpha-contamination levels on the loose waste ranged from
4,500 to 2E+06 cpm. Loose waste, including metal cylinders and glass vials, exhibited beta-gamma
contamination. An analysis of contamination in Trench 7, including the liquid in vials, indicated Sr-90
and Cs-137 to levels of 200 mR/hour. Approximately 4.9 m3, or 17% of the retrieved volume excluding
self-generated waste, comprised alpha- and beta-contaminated soil. The volume of self-generated waste
from retrieval operations was 4.3 m3 or 15% of the retrieved waste volume.

During the 1978 retrieval, 457 drums were retrieved with a volume of 94.5 m3. Retrieved loose
waste and contaminated soil amounted to 34.4 and 24.3 m3, respectively. The self-generated waste from
retrieval operations was 17.2 m3.

3.1.4.5 Pad A Penetration and Inspection. Penetration and inspection activities conducted in
1978 and 1979 were performed to check the condition of waste placed on the Transuranic Disposal Area,
known today as Pad A. Pad A penetration was undertaken to retrieve drums for inspection and sample the
soil immediately surrounding them for leakage and contaminant migration. Boxes in Pad A were stacked
outside the pad, and drums were stacked inside the perimeter formed by boxes. Penetration into the side
of Pad A revealed that boxes were in an advanced state of deterioration. The deteriorated condition of the
wooden boxes and concern over safe handling precluded retrieval of any drums. Within the scope of this
project, removing drums could not be performed in a safe manner while maintaining control of the spread
of contamination.
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3.1.5 Summary of Disposals in the Subsurface Disposal Area

The life spans of the disposal units in the SDA are provided in Figure 3-3. Locations of disposals of
TRU and LLW in the SDA are shown in Figure 3-4. Transuranic waste from RFP is buried primarily in
Pits 1, 2, 3, 4, 5, 6, 9, 10, 11, and 12 and Trenches 1 through 10. Trenches 11 through 15 also may contain
TRU waste from RFP. The remainder of the SDA is generally considered LLW. The areas, volumes, and
dates of operation for SDA trenches, pits, and SVRs are provided in Tables 3-1 to 3-3. The annual and
total disposal inventories for WAG 7 COPCs are listed in Section 4.

3.1.6 Soil Cover and Surface Drainage Maintenance

The first trenches were opened for waste disposal at the SDA in 1952. Soil periodically was added
over filled trenches. Routine contact-handled waste was dumped into trenches and was not covered until
the operating week ended. Nonroutine remote-handled waste deposited into trenches was covered
immediately, but records of the earliest burials give no indication of depth of earth cover or limits on
radiation emitted after soil was added. In 1962, the standard practice was modified to limit the exposure
rate to 1 mR/hour at 0.9 m (3 ft) above the surface and to require at least 0.9 m (3 ft) of soil cover.

Neupauer (1995) discussed SDA soil-cover thickness and cited several references dealing with
modifications to soil cover in the SDA. In the most recent report on SDA soil cover, Barnes (1989),
summarized the soil cover modifications. Table 3-4 is a reproduction of a table copied from the Barnes
(1989) report and shows that soil was added from 1975 to 1979 and again from 1985 to 1987. Total
thickness of cover over the pits is a minimum of 1 m (3 ft), while minimum cover over the trenches
ranges from 0.5 to 0.9 m (1.5 to 3 ft).

3.1.6.1 Subsidence in the Subsurface Disposal Area. In addition to maintaining surface
drainage, subsidence repair is implemented, when needed, to fill holes that appear in the soil cover. Most
subsidence occurs in the spring. Subsidence is expected to continue unless measures to eliminate void
spaces in the waste zone are implemented.

Data collected for subsidence occurrences from 1996 to 2001 are presented in Table 3-5. The
number of occurrences ranges from five in 2001 to 17 in 1998. Some areas of subsidence have been long
and narrow (101 x 1 m [330 x 4 ft]) and some are almost square (12 x 11 m [39 x 35 ft]). Depths ranged
from 8 cm (3 in.) to 4 m (12 ft). Pad A is the only location in the SDA where subsidence is persistent.

Subsidence areas typically are repaired by filling holes with soil obtained from the spreading areas.
Soil is hauled to the area, dumped close to the subsidence, and pushed into the hole with a front-end
loader. The soil is compacted by hand or by driving a front-end loader over the filled area. During spring
thaw, vehicles are prohibited from driving over waste disposal areas in the SDA. Radiation levels were
measured below 100 cpm for each occurrence, except in April 2001, when 1,000 cpm was measured at
Pit 4.
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Figure 3-3. Subsurface Disposal Area life spans of trenches, pits, Pad A, and soil vault rows.
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Figure 3-4. Transuranic and low-level waste disposal locations in the Subsurface Disposal Area.



Table 3-1. Areas and volumes of Subsurface Disposal Area trenches including overburden.

Trench
Area
(ft2)

Area
(m2)

Volume
(ft3)

Volume

(ms)

1 8,043 747 110,000 3,100

2 8,015 745 110,000 3,100

3 7,777 723 110,000 3,100

4 7,812 726 120,000 3,400

5 8,155 758 110,000 3,100

6 7,826 727 110,000 3,100

7 8,120 754 110,000 3,100

8 7,826 727 110,000 3,100

9 8,610 800 120,000 3,400

10 8,092 752 110,000 3,100

11 6,279 583 89,000 2,500

12 12,502 1,162 180,000 5,000

13 5,439 505 77,000 2,100

14 10,969 1,019 150,000 4,200

15 5,495 511 78,000 2,200

16 10,801 1,003 150,000 4,200

17 4,270 397 61,000 1,700

18 7,180 667 100,000 2,800

19 9,905 920 140,000 3,900

20 7,000 650 99,000 2,800

21 2,630 244 37,000 1,000

22 2,658 247 38,000 1,100

23 3,098 288 44,000 1,200

24 2,948 274 42,000 1,200

25 7,001 650 99,000 2,800

26 3,115 289 44,000 1,200

27 7,013 652 99,000 2,800

28 3,097 288 44,000 1,200

29 2,423 225 34,000 950

30 7,014 652 100,000 2,800

31 3,104 288 44,000 1,200

32 2,457 228 35,000 980
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Table 3-1. (continued)

Trench
Area
(ft2)

Area
(m2)

Volume
(ft3)

Volume

(m3)

33 7,013 652 99,000 2,800

34 7,280 676 100,000 2,800

35 7,012 94 99,000 2,800

36 8,610 800 120,000 3,400

37 7,003 651 99,000 2,800

38 6,421 597 91,000 2,500

39 6,993 650 99,000 2,800

40 7,292 677 100,000 2,800

41 7,001 650 99,000 2,800

42 7,952 739 110,000 3,100

43 6,667 619 95,000 2,700

44 3,504 326 50,000 1,400

45 7,959 739 110,000 3,100

46 6,703 623 95,000 2,700

47 7,966 740 110,000 3,100

48 6,685 621 95,000 2,700

49 7,728 718 110,000 3,100

50 6,601 613 94,000 2,600

51 7,987 742 110,000 3,100

52 6,349 590 90,000 2,500

53 8,057 749 110,000 3,100

54 6,373 592 90,000 2,500

55 8,134 756 110,000 3,100

56 8,134 756 110,000 3,100

57 6,346 590 90,000 2,500

58 6,447 599 91,000 2,500

a. Initial estimates shown in U.S. Customary System units were obtained from Becker et al. (1996). Width of a typical trench
is about 7 ft. Areas are consistent with current GIS data. Depth of trenches is an approximation. Average depth of all the
trenches is 15.5 ft including overburden. Volumes were rounded to the closest 1,000 ft3.
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Table 3-2. Areas and volumes of Subsurface Disposal Area pits including overburden.

Pit
Area
(ft2)

Area
(m2)

Volume
(ft3)

Volume

(m
3
)

1 24,913 2,315 350,000 9,800

2 78,425 7,286 1,100,000 31,000

3 41,830 3,886 590,000 16,000

4 107,082 9,948 1,600,000 45,000

5 108,754 10,104 1,500,000 42,000

6 54,984 5,108 780,000 22,000

7 100 9 400 11

8 31,294 2,907 440,000 12,000

9 45,541 4,231 650,000 18,000

10 110,942 10,307 1,600,000 45,000

11 24,859 2,310 350,000 9,800

12 29,910 2,779 420,000 12,000

13 19,290 1,792 270,000 7,600

14 40,704 3,782 580,000 16,000

15 74,805 6,950 1,100,000 31,000

16 22,246 2,067 310,000 8,700

17 NA NA NA NA

18 NA NA NA NA

19 NA NA NA NA

20 NA NA NA NA

Acid Pit 21,291 1,978 300,000 8,400

NA = not applicable. Low-level waste disposal operations are currently ongoing in Pits 17 through 20.

Initial estimates shown in U.S., Customary System units were obtained from Becker et al. (1996). Areas are consistent with
current GIS data. Depth of the pits is an approximation. Average depth of all the pits is 14 ft including overburden. Volumes
were rounded to the closest 1,000 ft;.
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Table 3-3. Volumes of Subsurface Disposal Area soil vault rows including overburden.

Soil Vault Row
Volume
(m3)a

1 3.3

2 0.57

3 0.85

4 0.65

5 0.42

6 7.1

7 70

8 14

9 170

10 35

11 9.3

12 25

13 110

14 28

15 180

16 180

17 14

18 23

19 250

20 270

21 0.3

a. Gross volumes were taken from LMITCO (1995a).



Table 3-4. Estimated soil cover thickness.

Disposal Site

Initial Thicknessa
(ft)

Additions
1975 to 1979h

(ft)

Additions
1985 to 1987'

(ft)

Total Thicknessd
(ft)

Proposed
Addition'

(ft)

Pit 1 1.5 to 2.0 1.5 to 2.0 3.0 to 4.0 0 to 1.0

Pit 2 2.0 to 3.0 1.5 to 2.0 3.5 to 5.0 Oto 1.0

Pit 3 2.0 to 3.0 2.0 to 3.0 - 4.0 to 6.0 2.0 to 3.0

Pit 4 3.0 3.0 to 5.0 0 to 1.0 6.0 to 9.0 0 to 1.0

Pit 5 3.0 1.0 to 3.0 0 to 1.0 4.0 to 7.0 0 to 1.0

Pit 6 3.0 3.0 to 5.0 0 to 2.0 6.0 to 9.0 0 to 1.0

Pit 7 3.0 0 to 1.0 3.0 to 4.0 0 to 1.0

Pit 8 3.0 - 1.0 to 3.0 4.0 to 6.0 0 to 1.0

Pit 9 3.0 2.0 to 3.0 0 to 1.0 5.0 to 7.0 0 to 1.0

Pit 10 3.0 3.0 to 5.0 6.0 to 8.0 0 to 1.0

Pit 11 3.0 2.0 to 4.0 5.0 to 7.0 0 to 1.0

Pit 12 3.0 3.0 to 5.0 6.0 to 8.0 0 to 1.0

Pit 13 3.0 1.0 to 3.0 4.0 to 6.0 0 to 1.0

Pit 14 to 16 3.0 3.0 Oto 1.0

Trenches

1,5,7,9 1.5 to 2.0 1.0 to 3.0  2.5 to 5.0 0 to 2.0

2, 3, 4, 6, 8, 10, 1.5 to 2.0 0.5 to 4.0 2.0 to 6.0 0 to 1.0
11,13, 15

12,14 1.5 to 2.0 0 to 1.0 1.5 to 3.0 0 to 1.0

16, 19, 23, 26, 2.0 to 3.0 0.5 to 3.0 2.5 to 6.0 0 to 1.0
28, 31, 34, 36

17,58 2.0 to 3.0 1.0 to 4.0 3.0 to 7.0 0 to 1.0

18,38 2.0 to 3.0 0 to 1.0 2.0 to 4.0 0 to 1.0

20, 25, 27, 30, 2.0 to 3.0 1.0 to 2.0 3.0 to 5.0 0 to 1.0
33, 35, 37, 39

21, 22, 24, 29, 2.0 to 3.0 2.0 to 3.0 2.0 to 3.0
32

40, 42, 45, 47, 3.0 0 to 2.0 3.0 to 5.0 0 to 1.0
49,51,53,55

41, 43, 46, 48, 3.0 0 to 1.0 3.0 to 4.0 0 to 1.0
50, 52, 54, 56,
57

Acid Pit 2.0 to 3.0 2.0 to 4.0 4.0 to 7.0 0 to 1.0

Pad A 3.0 f -e ____t ___I

Soil vault rows 3.0 0 to 1.0 3.0 to 4.0 0 to 1.0

Areas between
waste

0 to 5.0 0 to 5.0 0 to 2.0

Note: Dash indicates no soil added.
Basis:
a. Initial thickness Barnes (1989) References 8, 11, 22, 42. b. 1975 to 1978 addition (Barnes 1989) Reference 20, Drawings 156168,
158246-7, 196261.
c. 1985 to 1987 addition (Barnes 1989) Reference 45 and comparison of 1980 and 1987 aerial survey contour maps.
d. Proposed addition (Barnes 1989) mark up of Drawing 356697.
e. Does not include soil added in 1970 to 1973, 1980 to 1981, or subsidence maintenance, or soil removed by erosion and animal
burrowing (Barnes 1989).
f. Pad A is above grade. Surface repairs are conducted as post-remediation maintenance pursuant to the Record of Decision for Operable
Unit 7-12 (DOE-ID 1994e). Subsidence repairs are common on Pad A (see Table 3-5). 
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Table 3-5. Subsidence data collected from 1996 to 2001 for the Subsurface Disposal Area.

Location Length Width
Average
Depth

Maximum
Depth

Exposed
Waste

April 2001

Mixed Waste (MW) Trench 1 40 in. 12 in. 24 in. 8 ft 6 in. No

Low-Level Waste (LLW)
Trench 58 8 ft 4 ft 4 in. 12 in. No

Pad A (northeast) 23 ft 3 ft 6 in. 4 in. 36 in. No

Pit 4 7 ft 6 in. 5 ft 3 in. 24 in. No

MW Trench 5 18 in. 8 in. 18 in. 24 in. No

October 2000

LLW Pit 15 fence line 115 ft 1/4 to 1/8 in. 1 in. 40 in. No

LLW Pit 15 fence line 15 in. 12 in. 10 in. 40 in. No

MW Trench 47 26 in. 24 in. 18 in. 9 ft No

March 2000

LLW Pad A (cracks) 12 ft 1/2 to 2 in. 1 to 2 in. 3 in. No

LLW Pad A (cracks) 16 ft 1/2 to 2 in. 1 to 2 in. 3 in. No

August 1999

MW Pit 4 16 ft 8 ft 12 in. 2 ft 6 in. No

June 1999

MW Trench 49 8 ft 40 in. 15 in. 5 ft. No

April 1999

MW Trench 51 179 ft 17 ft 17 in. 3 ft No

LLW Pit 15 25 ft 7 ft 3 ft 12 ft Yes

LLW Pit 16 fence line 300 ft 4 ft 6 in. 2 ft No

MW Trench 41 18 ft 20 ft 12 in. 18 in. No

MW Pit 12 18 ft 7 ft 12 in. 20 in. No

MW Trench 47 58 ft 8 ft 20 in. 4 ft No

MW Trench 36 8 ft 10 ft 6 in. 8 ft No

MW Trench 36 39 ft 35 ft 6 in. 2 ft No

MW Trench 16 36 ft 10 ft 6 in. 30 in. No

MW Pit 10 35 ft 30 ft 6 in. 10 in. No

MW Pit 10 30 ft 37 ft 6 in. 10 in. No

MW Trench 38 12 ft 6 ft 12 in. 2 ft No

MW Trench 7 26 ft 9 ft 6 in. 8 in. No

MW Trench 7 4 ft 5 ft 4 in. 12 in. No

Soil Vault Row (SVR) 18
(by Pit 13) 18 in. 16 in. 14 in. 16 in. No
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Table 3-5. (continued).

Location Length Width
Average
Depth

Maximum
Depth

Exposed
Waste

June 1998

MW Trench 7 26 in. 12 in. 11 in. 14 in. No

LLW Trench 58 24 in. 9 in. 8 in. 60 in. No

MW Trench 6 36 in. 36 in. 9 in. 9 in. No

MW Trench 6 112 in. 7 ft 20 in. 24 in. No

MW Trench 6 12 ft 6 ft 25 in. 30 in. No

MW Trench 6 3 ft 12 in. 18 in. 20 in. No

MW Trench 47 or 49 32 in. 32 in. 10 in. 19 in. No

LLW Pit 16 18 ft 36 in. 18 in. 18 in. No

MW Trench 58 8 ft 4 ft 12 in. 4 ft 6 in. No

MW Trench 14 7 ft 6 ft 6 in. 12 in. 5 ft 6 in. No

MW SVR 14 15 in. 15 in. 16 in. 16 in. No

MW SVR 14 3 ft 2 ft 6 in. 12 in. 16 in. No

MW SVR 14 4 ft 6 in. 40 in. 32 in. 32 in. No

MW Trench 45 40 ft 6 ft 8 in. 24 in. No

LLW Pad A 8 in. 14 ft. Filled Filled No

LLW Pad A 24 in. 24 in. 9 in. 24 in. No

LLW Trench 57 21 in. 21 in. 5 in. 8 in. No

MW SVR 17 5 ft 6 ft 4 in. 8in. 14 in. No

MW SVR 17 5 ft 5 ft 6 in. 6 in. No

MW SVR 17 5 ft 2 in. 5 ft 5 in. 5 in. 5 in. No

MW SVR 17 5 ft 4 in. 5 ft 5 in. 4 in. 4 in. No

MW SVR 17 5 ft. 5 in. 5 ft 10 in. 8 in. 17 in. No

MW SVR 17 5 ft 3 in. 5 ft 10 in. 8in. 8in. No

MW SVR 17 5 ft 5 ft 9 in. 9 in. No

MW SVR 17 4 ft 4 in. 5 ft 6 in. 6 in. No

MW SVR 17 5 ft 7 ft 12 in. 12 in. No

MW SVR 17 5 ft 3 in. 5 ft 10 in. 24 in. 24 in. No

MW SVR 17 6 ft 7 ft 5 in. 15 in. No

MW Trench 45 4 ft 7 in. 9 ft 9 in. 8 in. 8 in. No

Gate 26 7 ft 9 ft 12 in. 12 in. No

LLW Pad A 42 ft 19 to 29 ft 10 ft 10 ft Yes

October 1996

SVR 17 36 in. 33 in. 10 in. 1 ft No

Pad A 1 ft 17 in. 17 in. 2 ft 6 in. 3 ft No

Pad A 1 ft 6 in. 1 ft 2 ft 6 in. 3 ft No
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Table 3-5. (continued).

Location Length Width
Average
Depth

Maximum
Depth

Exposed
Waste

February 1996

SVR 17 6 ft 5 ft 2 ft 30 in No

Pit 10 4 ft 3 ft 2 ft 2 ft No

Pit 10 26 in. 18 in. 6 in. 6 in. No

Pit 10 23 ft 15 ft 18 in. 3 ft No

Pit 10 27 ft 15 ft 1 ft 29 in. No

Pit 10 28 ft 20 ft 17 in. 17 in. No

3.2 Summary of Waste Area Group 7 Operable Units

As previously mentioned, WAG 7 was subdivided for assessment using criteria that differed from
those applied to other WAGs at the 1NEEL. For example, some OUs in WAG 7 are defined in terms of
exposure pathways rather than the physical delineation of units. Site codes also were assigned differently
than for other WAGs. The other WAGs were divided into OUs that were further subdivided into sites.
Each site was assigned a unique site code. The sites within a given OU, which have similar physical
characteristics or operational histories, were grouped into OUs to expedite investigation. Operable
Unit 7-11 was the only OU out of the 14 OUs assigned to WAG 7 that was subdivided into sites. The
three sites in OU 7-11 are identified as RWMC-01, -02, and -03. The six OUs composing the SDA—
OUs 7-01, 7-02, 7-03, 7-10, 7-12, and 7-13—all were given the same site code, RWMC-04. Despite the
shared site code, different OUs are addressed with varying levels of investigative rigor (i.e., Track 1 and
Track 2 investigations, interim actions, and RI/FS). The only other WAG site code, RWMC-05, was
assigned to the Track 1 investigation of historical releases in the TSA, also known as OU 7-09. Operable
Unit 7-14, the comprehensive RI/FS, has been combined with the RI/FS for pits and trenches, OU 7-13
and is now OU 7-13/14 (see Section 1.3). Three other site codes address specific exposure pathways, and
two OUs address the vadose zone beneath the RWMC.

Three of the 14 WAG 7 OUs were designated for Track 1 investigation, six were designated for
Track 2 investigation, one was designated for interim action, and four were designated for an RI/FS. Most
OUs were evaluated to some extent before the start of work on the OU 7-13/14 comprehensive RI/FS.
Many of the investigations were initiated under the Consent Order and Compliance Agreement (DOE-ID
1987). Therefore, the Track 1 and 2 investigations were in progress when the FFA/CO (DOE-ID 1991)
was signed, and most were completed before the DOE guidance documents (DOE-ID 1992, 1994b) for
such evaluations were complete. All but OU 7-11, septic tanks and drain fields, were rolled into the
OU 7-13/14 comprehensive RI/FS. The OU sites, classifications, and brief descriptions are given in
Table 3-6. The descriptions include brief summaries of the completed CERCLA investigations.
Additional information about each WAG 7 OUs is presented in subsequent subsections.
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Table 3-6. Operable units and sites in Waste Area Group 7.

Operable
Unit Description and Summary Classification Site Code 

7-01 Subsurface Disposal Area (SDA) soil vaults. The Track 2 RWMC-04
Track 2 investigation (Burns, Becker, and Jones 1994)
evaluated only soil vault rows SVRs 1 through 13.
Assessment of SVRs 14 through 20 was deferred to the
comprehensive remedial investigation and feasibility
study (RI/FS) (Operable Unit [OU] 7-14). The
investigation, based on existing data, identified potential
unacceptable risks. Because existing data were not
sufficient to make remedial decisions, the OU was slated
for combination with the OU 7-13 or OU 7-14 RI/FS.

7-02 SDA Acid Pit. A result of the Track 2 investigation Track 2 RWMC-04
(Jorgensen et al. 1994) was identifying potential
unacceptable risks from mercury in the groundwater
ingestion pathway. The decision to roll the OU into the
transuranic (TRU) waste pits and trenches RI/FS
(OU 7-13) was based on large uncertainties in several
sensitive parameters used in the Track 2 risk assessment.
In 1997 the Acid Pit was grouted as part of a treatability
study (Loomis, Zdinak, and Jessmore 1998). The Acid
Pit was evaluated further in the Interim Risk Assessment
(IRA) (Becker et al. 1998) based on additional studies to
reduce the uncertainties, and the site was subsequently
eliminated from further evaluation (DOE-ID 1998b).

7-03 Non-TRU-contaminated waste pits and trenches. Track 1 RWMC-04
The Track 1 investigation (EG&G 1993a) evaluated
existing data for three of 18 pits, 26 of 58 trenches, and
none of the SVRs. Potential unacceptable risks were
identified for multiple radioactive and nonradioactive
constituents. Therefore, the OU was rolled into the TRU
pits and trenches RI/FS (OU 7-13).

7-04 Air pathway. The Track 2 preliminary scoping screening Track 2 None
(LMITCO 1994a) evaluated air pathway exposures for the assigned
entire SDA (pits, trenches, and soil vaults). Potential
unacceptable risks were identified for Am-241 and carbon
tetrachloride. The OU was retained for further evaluation
using more refined techniques in the pits and trenches
RI/FS (OU 7-13) and the comprehensive RI/FS
(OU 7-14).
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Table 3-6. (continued).

Operable
Unit Description and Summary Classification Site Code

7-05 Surface water pathways and surficial sediments. Track 2 None
Potential unacceptable risks by Cs-137 external exposure assigned
were identified for both occupational and residential
scenarios (Burns, Loehr, and Waters 1993). The action
determination (DOE-ID 1994c) preserved the OU for the
pits and trenches RI/FS (OU 7-13) and the comprehensive
RI/FS (OU 7-14) to ensure further evaluation for surface
water pathways and surficial sediments associated with
the SDA.

7-06 Groundwater pathway. Previously acquired Track 2 None
information and data collected under the Track 2 assigned
investigation (Burgess, Higgs, and Wood 1994) were used
to evaluate the groundwater contamination associated
with Radioactive Waste Management Complex (RWMC)
operations. The action determination (DOE-ID 1994a) for
OU 7-06 calls for continued monitoring of groundwater
and further evaluation of risk in the pits and trenches
RI/FS (OU 7-13) and the comprehensive RI/FS
(OU 7-14).

7-07 Vadose zone radionuclides and metals. The only Track 2 None
exposure pathway associated with this OU is groundwater assigned
ingestion. Unacceptable risks for total nitrogen and
several radionuclides were identified in the Track 2
investigation (LMITCO 1994b), which included a
summary of the results of the Preliminary Scoping Risk
Assessment (PSRA) (Loehr et al. 1994) and the Revised
Preliminary Scoping Risk Assessment (Burns et al. 1994).
Therefore, the OU was retained for more refined
assessment in the pits and trenches RI/FS (OU 7-13) and
the comprehensive RI/FS (OU 7-14).

7-08 Vadose zone organics. The organic contamination in RI/FS None
the vadose zone (OCVZ) RI/FS (Duncan, Troutman, and assigned
Sondrup 1993) identified unacceptable carcinogenic and
noncarcinogenic risks. A remedial action to remove
vapors using vapor vacuum extraction was implemented
and is currently in progress. Data obtained from the.
OCVZ project were incorporated into the comprehensive
RI/FS (OU 7-14).
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Table 3-6. (continued).

Operable
Unit Description and Summary Classification Site Code 

7-09 Transuranic Storage Area (TSA) releases. This Track 1 RWMC-05
Track 1 investigation (EG&G 1993b) evaluated the risk
potential from radionuclide, organic, and inorganic
contamination resulting from historical TSA operations.
Insufficient data were available to support a decision;
therefore, the OU was deferred to the OU 7-14
comprehensive RI/FS for additional evaluation.
Subsequently, however, further assessment of OU 7-09
was delayed until after the TSA facility is closed
(DOE-ID 1998b).

7-10 Pit 9 process demonstration. A preliminary risk Interim action RWMC-04
assessment (McClellan, del C. Figueroa, and King 1991)
supported the classification of Pit 9 as an interim action.
The remedy selected and documented in the Pit 9 Record
of Decision (ROD) (DOE-ID 1993) includes physical
separation, treatment, and stabilization of Pit 9 waste. The
Pit 9 ROD was modified in 1998 (DOE-ID 1998a) to a
revised, three-staged approach for implementing the
remedy. Stage I focused on subsurface characterization
and has largely been completed. Stage II, involving
limited retrieval, is ongoing. Stage III is full-scale
retrieval of TRU waste in Pit 9.

7-11 Septic tanks and drain fields. This OU comprises Track 1 RWMC-01
three septic systems within the RWMC, two in the RWMC-02
administrative area and one in the TSA. The Track 1 RWMC-03
investigation found no unacceptable risks. A no further
action determination (EG&G 1993c) was signed, and the
OU was eliminated from further study in the
comprehensive RUFS (OU 7-14).

7-12 Pad A. The Pad A RI/FS (Halford et al. 1993) identified RUFS RWMC-04
potentially unacceptable future scenario risks caused by
ingestion of nitrate-contaminated groundwater. The ROD
(DOE-ID 1994e) documented the remedial action selected
for the OU, which consisted of augmenting and
maintaining the existing soil cover, monitoring
environmental media, and continuing institutional control
indefinitely. The decision to include this OU in the
comprehensive RI/FS (OU 7-14) was based on the revised
Pad A inventory documented in the Historical Data Task
(LMITCO 1995a) and the requirement to assess
cumulative risk in the comprehensive RI/FS.
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Table 3-6. (continued).

Operable
Unit Description and Summary Classification Site Code 

7-13 Transuranic pits and trenches. The Preliminary RI/FS RWMC-04
Scoping Risk Assessment (Loehr et al. 1994) and the
Revised PSRA (Burns et al. 1994), in conjunction with
the information from the assessments of the other OUs in
WAG 7, revealed the implausibility of evaluating risks for
the SDA solely based on the exposure pathway or
segregated source terms. Therefore, this OU was
combined with OU 7-14 (Huntley and Burns 1995), for
the OU 7-13/14 comprehensive RUFS.

7-13/14 Waste Area Group 7 Comprehensive RVFS. The RUFS NA
OU 7-13 RI/FS was combined with OU 7-14 (Huntley
and Burns 1995). To become the OU 7-13/14. The
comprehensive RI/FS addresses cumulative risks
associated with the RWMC. With the exception of OUs
7-02 and 7-11, all of the OUs listed above are considered
in the evaluation.

3.2.1 Operable Unit 7-01, Subsurface Disposal Area Soil Vaults, Track 2 Investigation

In the OU 7-13/14 RI/FS Work Plan (Becker et al. 1996), 21 SVRs were identified within the SDA.
However, the OU 7-01 Track 2 investigation (Burns, Becker, and Jones 1994) addressed only those
disposals occurring from 1952 to 1983 and buried in SVRs 1 through 13. Waste generated after 1983 and
buried in SVRs 14 through 21 meets current RWMC waste acceptance criteria and is not included in the
definition of OU 7-01. The total inventory from all SVRs is evaluated in this ABRA. Except as noted
otherwise, the information below was taken from the Track 2 Summary Report (Burns, Becker, and Jones
1994), which indicated that all soil vaults would be reanalyzed in the OU 7-13/14 comprehensive RI/FS.

As discussed in Section 3.1.2.4, soil vault disposal began in 1977 to conserve the disposal space
available within the RWMC and to minimize personnel exposures to ionizing radiation (EG&G 1985).
The soil vaults were designed for the disposal of high-radiation waste, defined as materials producing a
beta-gamma exposure rate of greater than 500 mR/hour at a distance of 0.9 m (3 ft). The soil vaults are
unlined, vertical, cylindrical borings ranging from 0.4 to 2 m (1.3 to 6.5 ft) in diameter and averaging
about 3.6 m (12 ft) deep. When basalt was penetrated during drilling of the soil vault, at least 0.6 m (2 ft)
of soil was placed in the hole to cover the bedrock underlying the vault. Soil vaults are drilled in precise
rows with individual vaults separated from their neighboring vaults in the same or adjacent rows by a
minimum of 0.6 m (2 ft). The SVRs are scattered throughout the southern two-thirds of the SDA.

After waste containers are placed in a soil vault, the vault is covered with several feet of soil. Two
general requirements govern the thickness of soil cover that must be applied: (a) the soil must be at least
0.9 m (3 ft) thick and (b) the exposure rate above the covered vault must be less than 1 mR/hour at the
soil surface. According to RWMC personnel, much more than 0.9 m (3 ft) of space is usually left for the
soil cover. Though records of exact soil cover thicknesses are not maintained, most soil vaults have at
least 1.8 m (6 ft) of cover.

The Track 2 evaluation of SVRs 1 through 13 (Burns, Becker, and Jones 1994) was based on
existing inventory data and new samples were not collected from the SVRs. A semiquantitative risk
evaluation in the Track 2 investigation addressed a current occupational scenario and residential exposure
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scenarios for 30, 100, and 1,000 years in the future. External exposure to ionizing radiation was the only
exposure pathway of potential concern identified for the current occupational scenario. External exposure
to ionizing radiation and ingestion of groundwater were considered for the three residential evaluations.
All other exposure scenarios and exposure routes were eliminated from evaluation based on the Track 2
Summary Report results. Radionuclides were the only COPCs identified for OU 7-01. Curie totals were
compiled from the Radioactive Waste Management Information System (RWMIS) database and decayed
from the time of disposal to the time of evaluation. All COPCs were evaluated for the external exposure
scenarios using the computer code MICROSHIELD to estimate the exposure rates to occupational and
residential receptors. The input parameters and model output are presented in Burns, Becker, and Jones
(1994). The modeling incorporated the assumption that the vaults are covered by a minimum of 1.8 m
(6 ft) of soil. The Track 2 upper-bound risk estimate for current occupational external exposure is 7E-03
(Burns, Becker, and Jones 1994). Estimated upper-bound risks for the 30-, 100-, and 1,000-year
residential external exposure scenarios are 9E-04, 7E-07, and 6E-13, respectively.

The COPCs were screened further for the evaluation of groundwater ingestion risks based on a
calculated 50-year travel time from the soil surface to the water table. Modeling by GWSCREEN
(Rood 1994) was performed for isotopes with estimated inventories greater than 1E-10 Ci after 50 years
of decay. The groundwater transport parameters, slope factors, and model output are given in Burns,
Becker, and Jones (1994). The estimated upper-bound risk within the 30- to 1,000-year residential
evaluation period is 5E-06 for groundwater ingestion.

As a result of the Track 2 scoping activities (Burns, Becker, and Jones 1994), DOE-ID, EPA, and
IDEQ determined that OU 7-01 should be included in an RI/FS (DOE-ID 1995). The decision was based
on the potentially unacceptable risk from direct exposure to ionizing radiation and the need for further
evaluation of biotic intrusion, erosion, and deposition risk potentials. Because existing data were not
sufficient to make final remedial decisions, the OU was retained for further evaluation in the OU 7-14
comprehensive RI/FS.

3.2.2 Operable Unit 7-02, Acid Pit, Track 2 Investigation

The RWMC Acid Pit is a 1,900-m2 (20,490-ft2) area near the center of the SDA between Pits 12
and 13, and is roughly rectangular with dimensions of 60 x 32 m (197 x 104 ft). The Acid Pit was
established in 1954 outside the original 13-acre landfill. The pit was excavated down to basalt, which
ranged in depth from 4.6 to 6.4 m (15 to 21 ft) below surface. The basalt was then covered with soil to a
thickness of 0.3 to 0.6 m (1 to 2 ft) before disposal operations began. According to the RWMIS database,
liquid waste was disposed of in the Acid Pit regularly from 1954 until 1961, and the pit may have
received additional waste sporadically until the early 1970s (Jorgensen et al. 1994). Final closure
operations in 1961 included filling the pit with a soil cover of a minimum of 0.9 m (3 ft) thick to match
the local gradient and planting an overlying vegetation layer of crested wheatgrass. Additional soil up to
0.5 m (1.5 ft) thick has been placed in recent years for routine contouring and subsidence control.

The RWMC Acid Pit received liquid organic and inorganic waste. Some of the waste was
contaminated with low-level radioactivity. Though records for historical disposals are incomplete, most of
the waste buried in the Acid Pit was probably generated at the INEEL. Personnel interviews and record
searches indicate that the waste liquids include carbon tetrachloride, organic solvents, radiologically
contaminated acids, and cleaning solutions. Radiologically contaminated waste probably contains low
levels of uranium, Sr-90, Cs-137, Co-60, and TRU isotopes. Typically, liquid waste was poured directly
into the pit. Lime was sometimes added to neutralize acids. Waste disposal records were researched as
part of the Acid Pit characterization effort. All records were tabulated from shipping manifests and
evaluated under the Track 2 investigation. The complete disposal list appears in the Track 2 Summary
Report (Jorgensen et al. 1994).
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The Track 2 evaluation (Jorgensen et al. 1994) was conducted before the Track 2 guidance
document (DOE-ID 19940 was available. Uncertainties associated with several parameters required for
fate and transport modeling led to numerous conservative assumptions, producing a hazard quotient (HQ)
of 1,210 associated with the ingestion of mercury-contaminated groundwater. The surrogate mercury
compound used in modeling and the distribution coefficient or Kd value used in risk calculations
represented a mercury species that is soluble with virtually no partitioning to subsurface soil (Jorgensen
et al. 1994). Based on the Track 2 evaluation, DOE-ID, EPA, and IDEQ concluded that the Acid
Pit should be investigated further in an RI/FS. The Action Determination (DOE-ID 1994b) was based on
the uncertainties associated with the HQ of 1,210 for the ingestion of mercury-contaminated groundwater.

At that time, OU 7-02 was included for additional study and refined risk assessment in the OU 7-13/14
comprehensive RI/FS.

The Icis and contaminant concentrations used in the Track 2 investigation were reviewed.` The
sample and concentration data indicated that mercury is not mobile in the Acid Pit environment,
according to the review conclusion.

While the assumptions used in the Track 2 evaluation bounded the risk, the results were overly
conservative to the degree they may drive a remedial action for the Acid Pit that is not warranted
(DOE-ID 1994b). Substantial evidence supports the conclusion that Acid Pit risks should be assessed in
the OU 7-13/14 comprehensive evaluation using a more realistic contaminant concentration and a more
appropriate Kd (Jorgensen et al. 1994).

Additional studies included assessing the chemical form of mercury in the Acid Pit through
secondary ion mass spectrometry,d reviewing the disposal mass, and identifying a more appropriate Kd.
The conclusion of these studies was that the unidentified chemical forms of mercury in the Acid Pit have
limited mobility. The results were used to support the development of the IRA (Becker et al. 1998). As a
consequence, mercury was eliminated as a COPC for WAG 7 and the Acid Pit was eliminated from
further evaluation in the OU 7-13/14 comprehensive RI/FS. The various studies associated with the Acid
Pit are summarized in the IRA (Becker et al. 1998).

In 1997, a CERCLA treatability study (Loomis, Zdinak, and Jessmore 1998) was conducted at the
Acid Pit. The areas of highest mercury concentration were targeted and immobilized by grouting. A

4.3 x 4.3-m (14 x 14—ft) section near the center of the pit was treated. The average bottom depth in the
area was about 4.9 m (16 ft). Approximately the lower 2.1 m (7 ft) were grouted. The total volume of
grout applied, through 68 penetrations of the subsurface, was 12, 473 L_(3,295 gal). Following a curing
period, 10 core holes were drilled to evaluate the success of the grouting. The cored material was tested
by a toxicity characteristic leaching procedure for mercury and was evaluated for extent of mixing. The
area was covered with soil and contoured to prevent ponding. The area was then planted with grass. In
2002, all that remains of most of the contamination at OU 7-02 is a grout monolith. Complete details
about the Acid Pit grouting are available in the treatability study report (Loomis, Zdinak, and
Jessmore 1998).

c. Dicke, C. A., Interdepartmental Communication to K. J. Holdren, May 6, 1997, "Review of the Track 2 Summary Report for

the Radioactive Waste Management Acid Pit and Interpretation of the Acid Pit Secondary Ion Mass Spectrometry Analysis,"
CAD-01-97, Idaho National Engineering and Environmental Laboratory, Lockheed Martin Idaho Technologies Company,
Idaho Falls, Idaho.

d. Groenewold, G. S., 1997, Interdepartmental Communication to D. K. Jorgensen, March 21, 1997, "Scoping Studies to Identify

Forms of Mercury in Acid Pit Soil Samples," GSG-10-97, Idaho National Engineering and Environmental Laboratory, Lockheed

Martin Idaho Technologies Company, Idaho Falls, Idaho.
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3.2.3 Operable Unit 7-03, Nontransuranic-Contaminated Waste Pits and Trenches,
Track 1 Investigation

Historical waste disposal records were examined to classify pits and trenches according to the
category of waste in them. Disposal areas with TRU concentrations greater than 10 nCi/g were assigned
to OU 7-13 and combined with the comprehensive RI/FS as OU 7-13/14. Those with TRU concentrations
no greater than 10 nCi/g were assigned to OU 7-03 and evaluated according to Track 1 guidance
(DOE-ID 1992). The OU 7-03 Track 1 investigation (EG&G 1993a) focused on evaluating existing data
for two of the 18 pits and 26 of the 58 trenches, which comprised Pits 7 and 8 and Trenches 18, 21
through 25, 27 through 31, 33, 35 through 38, 40 through 44, 46, 50, 53, 54, 57, and 58. The SVRs were
not addressed.

Most of the waste in the non-TRU pits and trenches was generated at the INEEL. The historical
disposal practices discussed in Section 3.2 are descriptive of the OU 7-03 disposals. Typically, soil was
excavated to basalt, soil underburden was placed before the disposal process began, and a final soil cover
was added when each disposal site was closed. The opening and closing dates are listed in Figure 3-3, and
the areas and volumes for each excavation are listed in Tables 3-1 through 3-3.

Radioactive constituents were evaluated in the Track 1 investigation (EG&G 1993a). Existing data
were not sufficient to quantify risk from nonradioactive hazardous substances, but the Track 1 risk
summary report (EG&G 1993a) indicated that soil-gas data and other information suggested that
contaminants might be migrating from OU 7-03. Radioactive constituent quantities were taken from the
RWMIS database and adjusted for decay. The estimated concentration for each COPC was compared to
the soil concentration that would generate a 1E-06 risk in each standard Track 1 pathway and scenario
specified in the Track 1 guidance (DOE-ID 1992). If an estimated concentration was greater than the
calculated risk-based soil concentration, a potential unacceptable risk was identified.

Potential unacceptable risks were identified for multiple radioactive constituents in a variety of
pathways and scenarios. Therefore, the Action Determination, signed by representatives of DOE-ID,
EPA, and IDEQ and attached to the Track 1 risk summary (EG&G 1993a), assigned the OU to further
evaluation in the OU 7-13 TRU pits and trenches RI/FS.

3.2.4 Operable Unit 7-04, Air Pathway, Track 2 Investigation

Operable Unit 7-04, described as the air pathway, represents an exposure pathway rather than a
discrete site. A summary report was not prepared for OU 7-04. Instead, the Track 2 evaluation was
limited to the preparation of an abbreviated scoping package (LMITCO 1994a). All of the pits, trenches,
and soil vaults in the entire SDA, were considered in the evaluation except Pad A, which was assessed
under OU 7-12. Two release mechanisms were addressed: (a) volatilization of volatile organic
compounds (VOCs) to the atmosphere and (b) biotic transport of contaminants from the waste to the
surface followed by suspension of radionuclide-contaminated surface soil.

The Track 2 investigation (LMITCO 1994a) included only a summary of existing data and
previously conducted risk assessments, except for the risk from radon gas. The maximum risk from radon
gas was determined to be 3E-06. The VOC source term and risk assessment were taken from the Organic
Contamination in the Vadose Zone (OCVZ) RI/FS report (Duncan, Troutman, and Sondrup 1993). The
remaining source term, consisting of non-VOC hazardous contaminants and inventories of radioactive
isotopes, came from a draft version of the Historical Data Task (HDT). The HDT addressed disposals
only through 1983 and did not include Pad A. The risk analysis for the HDT source term came from the
Preliminary Scoping Risk Assessment (PSRA) (Loehr et al. 1994), which was superseded by the Revised
PSRA (Burns et al. 1994) for the SDA. The Revised PSRA was based on modified HDT inventory.
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Surface soil concentrations available for windborne transport of fugitive dust were provided by the
sampling conducted in support of a study of the OU 7-05 surface water and surficial sediment pathway
(Burns, Loehr, and Waters 1993).

Potential risks from VOCs were estimated in the OCVZ RI/FS (Duncan, Troutman, and
Sondrup 1993). The OCVZ RI/FS addressed occupational and residential exposure scenarios using
standard parameters to estimate carcinogenic and noncarcinogenic risks from VOCs. Potential
unacceptable risks were identified for both occupational and residential receptors for inhalation pathways.
Though carbon tetrachloride was the only contaminant identified in the Track 2 evaluation with a
carcinogenic risk in excess of 1E-06 or an HQ greater than 1, the OCVZ RI/FS also identified
trichloroethylene (TCE) as a COPC. For the occupational scenario, the maximum inhalation risk and HQ
for carbon tetrachloride were 6E-05 and 2, respectively. The maximum occupational inhalation risk for
TCE was 4E-06. A TCE HQ could not be estimated because reference doses were not available. The
maximum inhalation risks for the residential scenario were 3E-05 and 8E-06 for carbon tetrachloride and
TCE, respectively. The residential HQ for carbon tetrachloride was 5.

The PSRA modeled biotic transport of nongaseous radionuclides from a waste disposal location to
the ground surface followed by suspension and transport of airborne fugitive dust. Residential risks were
estimated for 30-year intervals every 100 years for the period of 100 to 1,000 years in the future.
Occupational risks were estimated for the 100-year institutional control period (DOE M 435.1-1).
Standard Track 2 exposure parameters were applied. The Track 2 Summary Report (LMITCO 1994a),
citing the results from Loehr et al. (1994) and Burns et al. (1994), indicated maximum potential risks of
1E-06 for Pu-239 and 3E-06 for Am-241. Estimated inhalation pathway risks for all other radionuclides
were less than 1E-06. Details on the risk assessment are available in the PSRA reports (Loehr et al. 1994;
Burns et al. 1994).

Because of the potential unacceptable risks discussed above, the air pathway OU was retained for
further evaluation. As stated in the Action Determination attached to the Track 2 evaluation, the air
pathway is to be assessed in the BRA of the OU 7-13/14 RI/FS (LMITCO 1995c).

3.2.5 Operable Unit 7-05, Surface Water Pathways and Surficial Sediments, Track 2
Investigation

Operable Unit 7-05 comprises the surficial sediments to a depth of 0.3 m (1 ft) and deeper sediment
sequences deposited by surface water run-off within the local drainage basin of the RWMC. Elements of
the Track 2 investigation (Burns, Loehr, and Water 1993) included examining historical data, designing a
sample plan based on the historical studies, sampling surficial sediments within WAG 7, and assessing
risk based on the Track 2 samples.

Radionuclide and nonradioactive data were available from previous investigations. Analyses of soil
samples for hazardous nonradioactive constituents did not yield evidence of contamination. However,
alpha- and gamma-emitting radionuclides were detected at sufficiently high levels to warrant further
evaluation (Burns, Loehr, and Waters 1993). Therefore, the Track 2 sampling focused on the collection of
sediment samples from drainage and ponding areas not addressed in previous sampling programs.

Soil samples were collected from 42 locations within WAG 7 and analyzed for alpha- and
gamma-emitting isotopes by spectroscopy. Because beta-emitters were not identified as COPCs for
OU 7-05, beta analysis was not performed. Alpha-emitting isotopes Pu-239 and Pu-238/Am-241,
Pu-238/Am-241 (Pu-238 and Am-241 were reported together in the Track 2 investigation) at three of
42 sample locations were detected at concentrations above Track 1 guidance background values
(DOE-ID 1992). Compared to the Track 1 Pu-239 background value of 0.13 pCi/g, concentrations
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ranging from 0.18 to 0.93 were detected. The isotopes Pu-238/Am-241 were detected in a range from
0.126 to 0.49 pCi/g compared to the Track 1 background values of 0.0024 pCi/g for Pu-238 and
0.008 pCi/g for Am-241. Concentrations of Th-230 and Th-232 also were detected in concentrations
slightly above background values. Concentrations of all other alpha-emitting isotopes were consistent
with background values. One location yielded a Cs-137 concentration of 2.23 pCi/g. The Track 1
background value for Cs-137 is 1.3 pCi/g. All other gamma-emitting isotopes were below background
concentrations.

Cesium-137, Pu-239, Pu-238, and Am-241 were considered in the Track 2 risk evaluation for
OU 7-05. Evaluation of Th-230 and Th-232 was deferred to WAG 10. Estimated risks from external
exposure to Cs-137 for the occupational and residential scenarios were 3E-05 and 2E-05, respectively.
Estimated risks for all other contaminants, regardless of the exposure scenario or pathway, were less than
1E-06 (Burns, Loehr, and Waters 1993).

Because a potential for unacceptable risks was identified, DOE-ID, EPA, and IDEQ retained
OU 7-05 for further evaluation. The action determination for OU 7-05 (DOE-ID 1994c) specified that the
surface water pathway (see Section 4 for updated monitoring data) would be assessed in the OU 7-13 pits
and trenches RI/FS and OU 7-14 comprehensive RI/FS.

3.2.6 Operable Unit 7-06, Groundwater Pathway, Track 2 Investigation

The characteristics of an exposure pathway rather than potential risks from a discrete source were
examined in the OU 7-06 Track 2 investigation. However, the focus of the OU 7-06 Track 2 investigation
was unique. Rather than estimating potential risks, the evaluation was designed to identify groundwater
pathway data gaps, determine optimal data collection schemes to address the data gaps, and initiate data
collection programs. Risks from groundwater were evaluated both in the PSRAs (Loehr et al. 1994; Burns
et al. 1994) and in the WAG 7 Groundwater Pathway Track 2 Summary Report (Burgess, Higgs, and
Wood 1994). The overall objectives of the OU 7-06 preliminary scoping discussed in the summary report
were to establish a groundwater-monitoring network to characterize any contamination migrating from
the SDA to the SRPA and to determine whether the monitoring network fulfilled regulatory requirements.
The previously existing data, an analysis of data gaps, Track 2 fieldwork designed to fill data gaps,
results, and recommendations for future work are discussed in the Track 2 Summary Report (Burgess,
Higgs, and Wood 1994). Though the Track 2 Summary Report (DOE-ID 1994a) offers some
interpretations of the previously existing and newly acquired data, the risk assessment for the
groundwater ingestion pathway was deferred to the OU 7-14 comprehensive RI/FS.

Track 2 groundwater pathway characterization efforts addressed three areas of interest:
groundwater, the vadose zone, and local geology. Groundwater data gaps included variability in the
direction of groundwater movement (i.e., flow reversals), vertical gradients, effects of fractured basalt
preferential flow paths, the extent of contamination, and characterization of upgradient contaminant
concentrations. Vadose zone data gaps included the extent and distribution of radiochemical, organic, and
inorganic contaminants. Geologic data gaps addressed the physical properties of vadose zone media,
stratigraphic variability, and the thickness of the aquifer.

Six additional aquifer-monitoring wells and six vadose zone boreholes were constructed within
WAG 7 to address groundwater and vadose zone data gaps. Commonly designated the M-series wells, the
new aquifer monitoring wells were located next to the six OU 7-08 OCVZ boreholes to satisfy the needs
of both the groundwater Track 2 investigation and the OCVZ RI/FS. In addition, an existing well,
USGS-118, was improved to allow monitoring of soil vapor and groundwater. The Track 2 scope
included constructing the wells, collecting the first round of sample data, and establishing an ongoing
monitoring program (see Section 4 for current monitoring results).
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To address the geologic data gaps, the drilling of a continuous corehole to a depth of 366 m
(1,200 ft) in an upgradient location to the northeast of the RWMC was prescribed in the OU 7-06 Track 2
Summary Report (Burgess, Higgs, and Wood 1994). An initial hole, called Cl, was discontinued at a
depth of 171 m (560 ft). An alternate core, C 1A, was completed to a depth of 550 m (1,805 ft) at a
distance of 10.3 m (34 ft) from Cl. Plans included caliper, video, natural-gamma, density, neutron,
dielectric constant, formation-temperature, magnetic-susceptibility, and resistivity logging by the USGS.
Though most of the logs were generated, the analyses were not completed and documented. However,
visual descriptions of the core were used to assess the variability of WAG 7 stratigraphy. Fifty-three
individual basalt flows and eight sedimentary interbeds were identified in Coreholes Cl and CIA.
Fourteen of the basalt flows and two of the sedimentary interbeds did not appear in both locations.

The only exposure pathway associated with OU 7-06 was groundwater ingestion. Risks for total
nitrogen and several radionuclides were identified in the Track 2 investigation, which summarized the
results of the PSRAs (Loehr et al. 1994; Burns et al. 1994). Therefore, the OU was retained for further
evaluation in the OU 3-13 pits and trenches RI/FS and the OU 3-14 comprehensive RI/FS
(DOE-ID 1994a).

3.2.7 Operable Unit 7-07, Vadose Zone Radionuclides and Metals, Track 2
Investigation

Potential migration of contaminants through the vadose zone and into the aquifer was addressed in
OU 7-07. Like several OUs in WAG 7, OU 7-07 represented an exposure pathway rather than a
contaminant source. Groundwater ingestion was the only pathway addressed. Contaminants of potential
concern were limited to radionuclides, metals, and specified inorganic compounds. Though the OU did
not include the waste buried at the SDA, contaminants included constituents migrating from the buried
waste. The Track 2 evaluation was limited to the preparation of a scoping package (LMITCO 1994b) that
summarized the results of the previous groundwater risk assessment presented in the PSRA reports
(Loehr et al. 1994; Burns et al. 1994). Based on the HDT, the PSRAs were limited to disposals through
1983. According to the OU 7-07 Track 2 Preliminary Scoping Report (LMITCO 1994b), Pad A
inventories and disposals subsequent to 1983 would be evaluated in the OU 3-14 comprehensive RI/FS.

The PSRAs were based on contaminant release and transport modeling rather than detected
contaminant concentrations from vadose zone samples. The modeling did not implement the Track 2 risk
assessment methodology, which incorporates the assumption that all contaminants are available for
immediate release to the environment. Instead, the PSRAs applied differential release modeling that
accounted for containment and the physical and chemical forms of waste. The Disposal Unit Source
Term (DUST) computer code (Sullivan 1992) was used to model various release mechanisms
(i.e., surface-to-water partitioning, metal corrosion, and equilibrium solubility of liquids and solids). The
buried waste, though not included in the definition of OU 7-07, constituted the source volume and area
used for contaminant release modeling. Transport through the vadose zone into the aquifer was modeled
with GWSCREEN (Rood 1994) using the source mass flux from the DUST model. Simulations estimated
the peak groundwater concentrations regardless of time.

Residential risk from ingestion of contaminated groundwater was evaluated for two periods
following 100 years of institutional control, as defined in DOE M 435.1-1: 100 to 1,000 years in the
future and after 1,000 years. Standard EPA default parameters were used to calculate intake and exposure.
Groundwater risks for 19 radioisotopes, beryllium, cadmium, mercury, and total nitrogen (the sum of
contributions from various nitrogen compounds including nitrate, nitric acid, and ammonia) were
evaluated. Risks were below 1E-06 and HQs were less than 1 for beryllium, cadmium, and mercury. An
HQ of 2 was estimated for total nitrogen, but the maximum concentration in groundwater was predicted
to occur at least 50 years before the end of the 100-year institutional control period assumed for the
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assessment. The simulated HQ was 4E-07 at the end of 100 years. Therefore, metals and nitrogen
compounds were not identified as groundwater risk drivers. However, risk estimates were greater than
1E-06 for several radioisotopes. Risks estimates for C-14, 1-129, and Tc-99 were 4E-03, 1E-02, and
1E-04, respectively, for the period of 100 to 1,000 years. Risk estimates between 1E-04 and 1E-06 were
observed for Am-241, Ni-59, Np-237, U-234, U-235, and U-238 for the post-1,000-year period.

Empirical evidence supported the conclusion from the modeling results that contaminants could be
migrating. Observations and analytical data from the 1974 Initial Drum Retrieval Project indicated
minimal radiological contamination (see Section 3.1.4.3). The 1976 Early Waste Retrieval Project
indicated that many buried drums had lost integrity. Soil samples yielded positive detections of
Pu-239/240, Am-241, and Cs-137 in the soil beneath the waste and above the first basalt interface (see
Section 3.1.4.4). Boreholes also were drilled and sampled intermittently between 1971 and 1987. A total
of 273 samples at various depths within the vadose zone down to the C-D interbed (approximately 73 m
[240 ft]) were statistically analyzed (Dames & Moore 1994). Vadose zone background values were
developed by analyzing samples from six wells located outside the SDA. Analytical results from vadose
zone sediment samples from 32 wells within the SDA were evaluated to determine whether radionuclides
were migrating downward from the buried waste. Data supported the conclusion that anthropic Am-241,
Pu-238, Pu-239/240, and U-235 existed in the vadose zone, though the detection frequencies were low
(see Section 4) for updated monitoring results. Operable Unit 7-07 was retained for further evaluation in
the OU 7-14 comprehensive investigation, based on the Track 2 evaluation (LMITCO 1994b).

3.2.8 Operable Unit 7-08, Organic Contamination in the Vadose Zone Remedial
Investigation/Feasibility Study

Organic contamination in the vadose zone was identified for an RI/FS in OU 7-08 (DOE-ID 1994d)
in the FFA/CO. The OU 7-08 RI/FS addressed the OCVZ that had been released from the SDA disposal
pits and trenches, from land surface to the top of the SRPA, which is at a depth of approximately 177 m
(580 ft). The OU 7-08 RI/FS addressed OCVZ generated by the disposal of containerized 743-series
sludgee from the RFP (Duncan, Troutman, and Sondrup 1993). The amount of VOCs in 743-series
organic waste was originally estimated by Kudera (1987) to be 334,627 L (88,400 gal) comprising
approximately 171,328 L (45,260) gal of Texaco Regal Oil, 92,413 L (24,413 gal) of carbon tetrachloride,
and 70,886 L (18,726 gal) of miscellaneous organic compounds. Analysis of data obtained since the
OU 7-08 RI/FS has resulted in a much larger source estimate for carbon tetrachloride, 530,000 L
(140,000 gal) (Miller and Varvel 2001). Effects of the larger inventory were used for this ABRA (see
Sections 3.3.2.3 and 4.8).

In the OU 7-08 RI/FS (Duncan, Troutman, and Sondrup 1993), both existing and newly acquired
data were considered that showed VOCs had been detected in soil vapor, surficial soil, perched water, and
the SRPA. Interpretation of the sample data supported the conclusion that VOCs were migrating from the
disposal pits into the vadose zone and continuing to move both laterally and vertically in the subsurface.
Concentrations of carbon tetrachloride have been detected above the maximum contaminant level (MCLs)
in the aquifer near the SDA. The baseline risk assessment portion of the OU 7-08 RI/FS addressed
occupational and residential exposure scenarios for three time intervals: the current industrial period
(1992 to 2021), the institutional control period (1992 to 2091), and the post-institutional control period
(2092 to 2121). Carcinogenic risks greater than 1E-06 but less than 1E-04 were estimated for all three
time periods for both occupational and residential exposures. The HQs for noncarcinogenic effects,

e. The waste is called 743-series sludge because it was processed into sludge in the Rocky Flats Plant (RFP) Building 774 and
was later coded at the Idaho National Engineering and Environmental Laboratory (INEEL) as Content Code 3 organic waste to
distinguish it from other types of waste from RFP Building 774 that were shipped to the INEEL.
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particularly from the inhalation and ingestion of contaminated groundwater, were much more significant.
The estimated HQs were as high as 6 for resident children during the modeled 100-year institutional
control, 5 for post-institutional resident children, and 2 for current workers. Additional information is
contained in the OU 7-08 RI/FS (Duncan, Troutman, and Sondrup 1993).

Considered in conjunction with the concentrations of VOCs detected in perched water and aquifer
samples, the results of the OU 7-08 RI/FS supported a decision to remediate organic compounds in the
vadose zone. A vapor vacuum extraction (VVE) treatability study was conducted in 1993 to evaluate
VVE technology for application at the SDA (Lodman et al. 1994). The study included several tests to
optimize VVE performance and to evaluate hydraulic characteristics of the vadose zone. The study
successfully demonstrated that VOCs were effectively captured from extracted vapor using carbon
adsorption beds. The 1993 demonstration recovered approximately 1,340 kg (2,900 lb) of VOCs (Lodman
et al. 1994). The VVE method was compared to other remedial options and identified as the preferred
remedial alternative for OCVZ.

Completion of the OU 7-08 RI/FS eventually led to the OU 7-08 Record of Decision (ROD)
(DOE-ID 1994d), specifying remediation of the OCVZ using extraction and destruction of these organic
contaminant vapors accompanied with vadose zone and aquifer monitoring.

The major components of the selected remedy include the following:

• Installation and operation of five vapor extraction wells (including an existing vapor extraction
well) at the RWMC as a part of Phase I operations. The selected remedy includes options to expand
the number of vapor extraction wells during Phase II and III operations.

• The installation and operation of off-gas treatment systems to destroy the organic contaminants
present in the vapor removed by the extraction wells.

• The addition of soil vapor wells to monitor the performance of the vapor extraction wells and
verify the attainment of OU 7-08 remedial action objectives (RAOs). Soil vapor monitoring also
will provide information to evaluate the need for potential modifications to the selected remedy as
treatment proceeds.

The objectives of the selected remedy are to reduce the human health and environmental risks
associated with the organic contaminants present in the vadose zone and to prevent federal and state
drinking water standards from being exceeded. The selected remedy does not address the buried waste in
the SDA. The remaining buried waste could extend the timeframe required to achieve RAOs using the
selected remedy, because the remaining organic mass in the source term could act as a continued source
of vadose zone organic contamination (DOE-ID 1994d). Because carbon tetrachloride had been detected
above the MCL prior to the start of the selected remedy, additional wells are planned to characterize the
extent of VOCs in the vadose zone and aquifer beneath and surrounding the SDA.

The primary OU 7-08 RAO, as identified in the ROD (DOE-ID 1994d), is to ensure that risks to
future groundwater users are within acceptable guidelines and that future contaminant concentrations in
the aquifer remain below federal and state MCLs. The RAOs also include preliminary remediation goals
(PRGs), which are based on the results of fate and transport modeling using the PORFLOW model. The
PRGs were the estimated soil vapor concentrations that could remain after remediation and not result in
future groundwater concentrations above MCLs. Detailed information is contained in the OU 7-08
sampling report (Bauer and Ovink 2000).
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A vapor vacuum extraction with treatment system, comprising three treatment unit and extracting
from up to five wells, was constructed and began operating January 1996. Since the beginning of Phase I
operations in January of 1996, approximately 121,899 lbs of total VOCs have been removed and treated
through September 5, 2002. The total VOCs removed include approximately 76,930 lbs of carbon
tetrachloride, 18,285 lbs of TCE, 6,095 lbs of PCE, 5,961 lbs of 1,1,1-trichloroethane (TCA), and
14,628 lbs of chloroform. Initially, extraction was to be conducted in three 2-year phases. Though
progress toward achieving cleanup goals has been realized, the original schedule appears to have been
overly optimistic, necessitating extensions for Phase II and III operations. Reasons for the extensions are
that the subsurface may contain a large reservoir of VOC mass and that active release from the buried
waste is still occurring.

The OU 7-08 remedial action, as described in the OU 7-08 ROD (DOE-ID 1994d), is designed to
add additional phases, as needed, to ensure the selected remedy achieves RAOs. The intent was to operate
the system for 2 years, evaluate the performance of the system, and make modifications and
improvements, as necessary. The ROD stated that the actual duration of each phase would depend on
elements such as equipment procurement and installation that may be involved with each potential phase
transition. In addition, organic waste remaining in the pits could extend the timeframe required to achieve
RAOs using the selected remedy because the remaining organic waste could act as a long-term source of
organic contamination in the vadose zone. Operations and monitoring for Phase II are expected to
continue until active extraction is no longer required to ensure that RAOs will be met. Project lifecycle
planning incorporates the assumption that the source of the organic contamination will be eliminated or
reduced such that active extraction from the vadose zone beneath the SDA will not be required beyond
2014. This estimate is based on the following assumptions:

• The OU 7-13/14 ROD will be finalized in 2008

• The selected remedy for OU 7-13/14 will be implemented in 2010

• The selected remedy for OU 7-13/14 will reduce or eliminate the source of the organic
contamination by 2012

• Once the source of the organic contamination is reduced or eliminated (i.e., the buried waste is
treated or removed), no more than 2 years (i.e., 2012 to 2014) will be required to extract and treat
organic vapors remaining in the vadose zone. Monitored vapor concentrations must satisfy the
conditions required for shutdown of active extraction (INEEL 2002e).

Once the decision has been reached to shut down active extraction, the remedial action will
transition into Phase III. During Phase III, a compliance verification period of one year will be
implemented to determine if continued operation is warranted. If verification confirms that the system can
be shut down, the remedial action will terminate and the long term monitoring phase will begin. A
minimum of one year for compliance verification (i.e., 2015) is anticipated; therefore, Phase III could be
completed in a minimum timeframe of one year, the duration of the verification, but is anticipated to
continue for at least 4 years (i.e., 2018). During the long-term monitoring phase, the extraction with
treatment systems will remain shut down and vapor monitoring will be conducted less frequently than
during operations or compliance verification periods.

Soil vapor studies have been conducted to assist in characterizing the nature and extent of VOC
sources at the SDA. In lieu of a direct inspection of subsurface waste, shallow soil-gas surveys have been
conducted to observe source release traits and trends. Shallow soil-gas surveys were conducted in 1987,
1992, 1999, 2000, and 2001 to provide comparative shallow soil-gas data and will be used in identifying
source locations and characteristics (Housley and Sondrup 2001).
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3.2.9 Operable Unit 7-09, Transuranic Storage Area Releases, Track 1 Investigation

Operable Unit 7-09 was identified in the FFA/CO Action Plan (DOE-ID 1991) as historical
contaminant releases to the environment from the TSA. Therefore, the source term for this OU is not the
waste stored at the TSA. All waste accumulated at the TSA eventually will be retrieved and moved to the
WIPP or another approved permanent federal repository. The Track 1 investigation (EG&G 1993a)
considered the risk potential from radionuclide, organic, and inorganic contamination from possible
secondary sources such as asphalt and soil that may have been contaminated by past releases.

The TSA consists of TRU waste in boxes and drums that are stacked on asphalt pads and, on TSA
Pad R, the waste also is covered with earth. The only evidence of contaminant release from the TSA was
discovered in April 1988 during a routine transfer of a waste box from TSA Pad R to the now-
decommissioned Certification and Segregation Building (WMF-612) at the RWMC. A breached box was
discovered and subsequent radiological surveys revealed alpha contamination on the surfaces of some
other waste boxes, the asphalt floor on part of Pad R, and part of the floor of this building. The breached
box was resealed, contaminated box surfaces were decontaminated, and contamination was fixed in place
on the asphalt using surface sealers. During the radiological surveys and inspections that followed, two
other breached boxes were discovered and similar cleanup actions were taken.

A soil-gas survey conducted over the TSA earthen berms detected elevated concentrations of
volatile organics in noncontiguous areas on the edges of the survey area. These data suggested some
volatilization of organics to the atmosphere from waste stored at the TSA. As part of the OCVZ remedial
action, a monitoring well was drilled between the SDA and the TSA to determine whether historical TSA
releases may have contributed to the volatile organic plume detected during soil-gas surveys. Data were
not conclusive.

The Track 1 investigation (EG&G 1993a) concluded that no apparent unacceptable risks were
generated by historical releases of contaminants; however, sufficient uncertainty existed about the
cleanup of Pad R and potential VOCs in TSA soil to retain OU 7-09 for further evaluation in the OU 7-14
comprehensive RI/FS.

Subsequently, DOE-ID, IDEQ, and EPA determined that the evaluation of OU 7-09 should be
deferred until the TSA operations have been terminated and the facility has been closed under RCRA
(DOE-ID 1998b). The strategy is to identify target analytes for soil samples collected under the RCRA
closure action in cooperation with DOE-ID, IDEQ, and EPA under the CERCLA program and to
determine an appropriate CERCLA response based on the results.

3.2.10 Operable Unit 7-10, Pit 9 Process Demonstration Interim Action

Operable Unit 7-10 encompasses Pit 9, an active disposal pit from November 1967 through
June 1969. The pit, located in the northeastern corner of the SDA (see Figure 3-1), comprises
approximately 0.4 ha (1 acre) and is roughly trapezoidal in shape with areal dimensions of 115 by 40 m
(379 by 127 ft) (McClellan, del C. Figueroa, and King 1991). The average depth to basalt within the pit is
5.3 m (17.5 ft). The original excavation was completed to basalt, and then backfilled with approximately
1.1 m (3.5 ft) of soil before disposal operations commenced. The pit contains approximately 7,080 m3
(250,000 ft3) of overburden, 4,250 m3 (150,000 ft3) of packaged waste, and 9,910 m3 (350,000 ft3) of
underburden and interstitial soil (DOE-ID 1993).

Between February 1968 and September 1968, waste shipments containing VOCs, TRU
radionuclides, and metals were transported from the RFP in Colorado for burial in Pit 9. Pit 9 also
received waste shipments from various INEEL facilities while the pit was open (INEEL 2000b).
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The RFP waste includes drums of sludge contaminated with a mixture of TRU elements and
organic solvents, boxes of assorted solid waste, and cardboard boxes containing empty contaminated
drums (DOE-ID 1993). The RFP waste in Pit 9 contains approximately 29 kg of plutonium and 0.94 kg of
americium (Einerson and Thomas 1999). Backfill soil was placed over the waste after each disposal and a
final soil layer up to about 1.8 m (6 ft) thick covers the entire pit.

In a preliminary risk evaluation of Pit 9 (McClellan, del C. Figueroa, and King 1991), the
upper-bound risks for only the occupational scenario were estimated. Because this preliminary risk
modeling did not reflect physical conditions at Pit 9, subsequent evaluations relied on soil and water
sample data to describe the nature and extent of the contamination (DOE-ID 1992).

Trace amounts of plutonium and americium were detected in the subsurface at the SDA
(DOE-ID 1993). Aquifer samples yielded detectable concentrations of CC14, chloroform, TCA and TCE.
With the exception of CC14, all detected groundwater concentrations were less than the MCLs. An
August 11, 1987, analysis detected 6 mg/L of CC14 in Well USGS-090, which was slightly above the
5-mg/L MCL (Mann and Knobel 1987).

A combination of physical separation, chemical extraction, and stabilization to recover
contaminants and reduce the source of contamination is specified in the Pit 9 ROD (DOE-ID 1993),
which documented the preferred remedial alternative. Implementation of the preferred alternative,
according to the Pit 9 ROD, is contingent upon successful demonstration that the cleanup criteria and
other performance objectives can be met.

The initial effort to implement the Pit 9 ROD was through a fixed price, privatized subcontract with
Lockheed Martin Advanced Environmental Systems. Based on difficulties during the design and
construction phase, original OU 7-10 milestones were missed and project delays resulted. The delays led
to an informal dispute resolution process under the INEEL FFA/CO for OU 7-10 that was conducted in
1997. A revised path forward for the project, consisting of contingency planning, was reached through the
dispute process. The contingency plan was prepared to accomplish the agreed-to scope of work and was
documented in a revised Remedial Design/Remedial Action Scope of Work (LMITCO 1997) and a
subsequent Explanation of Significant Differences (DOE-ID 1998a). The revised RD/RA Statement of
Work, Explanation of Significant Differences outline a three-staged approach for Pit 9:

• Stage I: A subsurface sampling phase, which in part was to be used for determining the location of
the Stage II effort within the Pit 9 area and subsurface exploration to obtain materials for bench-
scale studies and allow for characterization.

• Stage II: Excavation and retrieval of TRU waste from a 6.1 x 6.1-m (20 x 20-ft) area within Pit 9.
A remedial action report describing how the cleanup objectives established by the Pit 9 Record of
Decision were met would be completed at the conclusion of Stage II. The limited retrieval and
excavation would be conducted to obtain materials for pilot-scale treatability studies, in situ and ex
situ treatment tests, and characterization of waste and soil.

• Stage III: Full-scale excavation and retrieval of TRU waste in the entirety of Pit 9.

Significant progress has been made in accomplishing the Stage I objectives outlined in the 1997
RD/RA Statement of Work and 1998 Explanation of Significant Differences. Stage I implementation led
to the definition of two phases. Phase I consists of installing probes and downhole geophysical logging.
Phase II consists of coring, sample retrieval and analysis, and bench-scale treatability studies.
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Stage II implementation was also initiated in 1997 leading to the submittal of a draft 90% design' in
accordance with the enforceable deadline in June of 2000. Schedule and cost considerations associated
with the approach described in that document led to a modified approach for Stage II, referred to as the
OU 7-10 Glovebox Excavator Method Project, that is currently being implemented (INEEL 2001c). The

longer-than-anticipated schedule associated with the Stage II RD/RA Work Plan submittal has led to an
ongoing formal dispute resolution under the FFA/CO.

On February 15, 2002, DOE submitted notification of Critical Decision 1 (DOE 0 413.3), approval

to proceed from conceptual design to preliminary design, to the Idaho Department of Environmental
Quality (IDEQ) and EPA based on the design outlined in the Waste Area Group 7 Analysis of OU 7-10

Stage II Modifications (INEEL 2001c), which set forth an expedited plan for completion of Stage II, and
approval, and the OU 7-10 Glovebox Excavator Method Project Conceptual Design Report for Critical
Decision 1 (INEEL 2002a).

However, on April 16, 2002, an Agreement to Resolve Disputes was reached between DOE, the
State of Idaho, and EPA (DOE 2002), which requires the completing the following activities and
schedule, superseding previous FFA/CO milestones for OU 7-10:

Stage II

• Submit Notification of Critical Decision 2/3, approval to proceed to procurement and construction
by no later than August 30, 2002

• Submit Stage II remedial design (completed project design) by no later than October 31, 2002

• Commence construction of Stage II by no later than November 30, 2002, and submit notification to
IDEQ and EPA of commencement of construction, "substantial continuous onsite physical
construction."

• Submit notification of Critical Decision 4 (operations phase) by February 28, 2004

• Commence Stage II excavation, substantial continuous onsite physical waste retrieval and
packaging operations" by March 31, 2004, and notification to IDEQ and EPA

• Complete Stage II excavation by October 31, 2004, and a draft remedial action report

Stage III

• Submit Stage III 10% design by September 2005

• Complete remedial design for Stage II and commence construction by March 31, 2007

• Commence Stage II operations within 6 months of construction.

The status of work completed on Stages I, II, and III is delineated in the next section.

f. The 90% design was presented in a draft remedial design document that was never finalized, "Draft Operable Unit 7-10

(OU 7-10) Staged Interim Action Project, Stage II, RD/RA Work Plan Primary Deliverable Submittal," Binder I-A, "Remedial

Design/Remedial Action Work Plan for Stage H of the Operable Unit 7-10 (OU 7-10) Staged Interim Action Project,"
DOE/ID-10767.
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3.2.10.1 Stage I, Phase I Progress. A 12 x 12-m (40 x 40-ft) study area was selected to meet the
objectives of Stage I based on a review of inventory records and the results of geophysical surveys of the
pit. A historical record search was conducted, including earlier studies of the surface geophysical
characteristics, to identify the most likely areas of the pit that contain the target Rocky Flats Plant waste.
The results of this search led to the selection of the 12 x 12-m (40 x 40-ft) study area in the southwest
portion of Pit 9 as the site for Stage I probing and coring activities.

The following Stage I activities have been completed:

• Project objectives and data quality objectives were developed to define the Stage I activities.

• Noninvasive geomagnetic techniques were used to identify significant concentrations of ferrous
materials (e.g., drums or drum residue) within Pit 9. Based on the analysis of this information, an
area of high metallic concentration was selected as the study area for the project.

• In December of 1999, a commercially available sonic drill rig was used to drive tipped steel
casings into the designated area of Pit 9. In the initial campaign, twenty of these casings, referred to
as Type A probes (see Section 3.6.4), were driven through the soil and waste until refusal occurred.
These probeholes provided access to place logging instrumentation inside the casing at various
depths.

Subsurface geophysical and radiation detection logging in the cased probeholes was completed.
The instruments used to accomplish this were passive gamma and passive neutron detectors for
identifying Pu-239 and other TRU; a shielded, directional, passive gamma detector to identify the
azimuthal location of gamma-emitting sources; a neutron-gamma (n, gamma) tool to detect the prompt
gamma-rays from chlorine (a potential indicator for halogenated hydrocarbons), and a neutron-neutron
soil moisture gauge to measure soil moisture content.

Two additional probing campaigns were completed in 2000. The first campaign was located on the
east side of the pit in an area determined from the shipping records to include graphite debris. The second
was in the northern half of the pit in an area determined from shipping records to include ventilation
filters.

The following observations and conclusions have been developed based on analysis of the
information gained during this probing campaign:

• The vertical waste zone boundaries can be estimated within approximately 1 ft.

• Measurements of plutonium and americium correlate reasonably with disposal records.

• High concentrations of radionuclides are easily measured.

• Probing resolves some of the ambiguities existing in the current geophysical data. Specifically, the
geophysical data indicate the probable location of metal drums, but no indication of the contents.
Probing data unambiguously identify overburden and waste regions in the vicinity of each
probehole. In addition, logging provides indications of the depths of the waste.

• Under certain conditions, specifically the absence of interfering signals from multiple waste forms
within the detection range of the sensors, specific waste forms can be identified.

• Chlorine can be located at concentrations exceeding 300 ppm and 20 wt%.
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• Soil moisture measurements above and below the waste zone can be accurately determined.

3.2.10.2 Stage I, Phase II Progress. The second phase of Stage I was to obtain core samples from
six locations selected from the results of Phase I. Activities completed included development of Technical
and Functional Requirements (INEEL 2002b), a Preliminary Safety Assessment (INEEL 2000d), design
disclosure documents, and mockup testing of specific parts. In April 2000, work on the coring system was
discontinued in favor of an alternate probehole method identified by OU 7-13/14 to acquire similar data
(see Section 3.6.4). Instrumented probes were used to obtain information from within the waste in the
SDA.

3.2.10.3 Stage II Progress. Based on the results of analysis conducted to expedite Stage II
(INEEL 2001c), the glovebox excavator method will be the approach used for the Stage II retrieval
demonstration. The objectives of the glovebox excavator method retrieval demonstration are the
following:

• Demonstrate waste retrieval

• Provide information on any contaminants of concern present in the underburden

• Characterize waste for safe and compliant storage

• Package waste in containers acceptable for transfer to the AMWTF.

The Glovebox Excavator Method Project's retrieval system consists of a fabric weather enclosure
structure, steel confinement structure, a standard excavator, ventilation system, and other supporting
equipment. The excavator boom and bucket are housed inside the steel confinement structure, while the
operator and other excavator components are located outside the confinement structure but inside the
fabric weather enclosure. Locating the excavator operator and material packaging and handling personnel
outside the confinement structure reduces worker radiological and chemical exposure and risk.

The glovebox excavator method will include removal of the overburden to a specified depth by the
excavator. The excavator arm, contained within the confinement structure, then will be used to excavate a
semicircular swath of waste zone material. The retrieved waste zone material will be placed in a transfer
cart by the excavator bucket. The cart will be used to transport waste zone materials inside gloveboxes
where the material will be inspected, categorized, and sampled. Each of three gloveboxes is equipped
with three drum bagout stations for packaging the material into 55- and 85-gal drums. It is estimated that
approximately 350 55-gal drums and 150 85-gal drums will be generated and transferred to the AMWTF
for processing.

3.2.10.4 Stage III Progress. Stage III activities are outlined in the 1997 RD/RA Work Plan
(LMITCO 1997) and 1998 Explanation of Significant Differences (DOE-ID 1998a) for OU 7-10.
Implementation of work scope directly related to Stage III has not occurred at this time because Stage III
milestones depend on the progress of Stages I and II.

3.2.11 Operable Unit 7-11, Septic Tanks and Drain Fields, Track 1 Investigation

Operable Unit 7-11 comprises three septic systems within the RWMC, two in the administrative
area, and one within the TSA. All three systems received sanitary waste discharges from various
buildings in administrative control areas of the RWMC. All the septic systems were analyzed for
radiological constituents (e.g., barium, methyl ethyl ketone, and cresols) as part of the Track 1
investigation. No radiological contamination was detected and all detected constituents were below
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regulatory limits. Therefore, the Track 1 investigation concluded that the septic systems do not pose any
significant risk. A no further action determination (EG&G 1993c) was signed, and the OU was eliminated
from further study in the OU 7-14/ comprehensive RI/FS.

3.2.12 Operable Unit 7-12, Pad A, Remedial Investigation/Feasibility Study

Pad A is an aboveground asphalt pad (73 x 102 m x 5 to 7.6 cm [240 x 335 ft x 2 to 3 in.] thick). It
was constructed for disposal of packaged solid mixed waste (hazardous waste contaminated with
radioactive material) primarily from RFP. Originally called the Engineered Waste Storage Area, this pad
was later called the Transuranic Disposal Area and is now known as Pad A. The pad was constructed in
1972 within the SDA in an area unsuitable for subsurface disposal because of shallow surficial sediments.

More than 20,000 waste containers including 18,232 55-gal drums and 2,020 1.2 x 1.2 x 2-m
(4 x 4 x7-ft) plywood boxes, were placed on the pad between September 1972 and August 1978. Most
containers were double-lined with polyethylene but some containers were only single-lined.
Approximately 40% of the pad was covered with waste when Pad A was closed in 1978 (DOE-ID 1994e).

Primarily nitrate salts, depleted uranium, and sewage sludge are disposed of on Pad A. The specific
components of the approximately 13,341 yd3 of waste are listed below:

• About 9,483 yd3 of evaporator salts, primarily sodium nitrate and potassium nitrate from RFP that
are contaminated with less than 10-nCi/g levels of TRU isotopes

• Approximately 2,943 yd3 of waste from RFP consisting primarily of uranium oxides, uranium
castings waste, beryllium foundry waste, and machining waste, which is a mixture of depleted
uranium and beryllium foundry waste

• Dry sewage from RFP that is contaminated with less than 10 nCi/g levels of TRU isotopes

• Miscellaneous INEEL-generated radioactive waste such as laboratory waste, radiological
instrument counting sources, and uranium standards.

Miscellaneous waste at Pad A includes salts, soil, concrete, and other materials. The evaporator
salts (i.e., nitrates) have been reviewed against 40 Code of Federal Regulations (CFR) 261.21(a)(4) and
49 CFR 172.151 and appear to exhibit the properties of an oxidizer and, therefore, can have the
characteristic of ignitability. The radionuclides include plutonium, americium, thorium, uranium, and
K-40. All but two waste shipments disposed of on Pad A contained TRU alpha-emitting radioisotopes
with concentrations less than 10 nCi/g and exposure rates less than 200 mR/hour at the container surface.
The other two shipments, consisting of a total of 10 drums, contained waste with concentrations greater
than 100 nCi/g (DOE-ID 1994e).

According to information from the RWMIS, about 10,143,000 lb of inorganic salts from RFP are
contained in 1,275 plywood boxes and 15,400 drums at Pad A. The total inorganic salt waste consists of
approximately 60% sodium nitrate, 30% potassium nitrate, and 10% chloride, sulfate and hydroxide salts.
The salts comprise 71% of the total waste volume at Pad A (MK-FIC 1994).

The Pad A RI/FS (Halford et al. 1993) consisted mainly of compiling, documenting, and evaluating
existing data because substantial monitoring, sampling, and drum retrieval information was available. The
risk assessment identified potentially unacceptable future scenario risks from ingestion of
nitrate-contaminated groundwater by sensitive receptors (e.g., infants and children).

3-52



Documented in the Pad A ROD (DOE-ID 1994e), the remedial action selected for Pad A included
limited action consisting of augmenting and shaping the existing soil cover, slope correction, maintaining
institutional controls indefinitely, and maintaining and monitoring the soil cover indefinitely. The goal of
the limited action was to continue to prevent contact with the Pad A waste under the soil cover.
Remediation activities were classified into two components: (a) recontouring the Pad A soil cover and
(b) installing environmental monitoring equipment (Parsons 1995).

The waste pile was covered with a soil layer 0.9 to 1.8 m (3 to 6 ft) thick and was completed at the
end of the 1994 field season. In November 1994, the area was seeded with crested wheat grass to
minimize soil erosion and covered with rock armor in February 1995. Monitoring equipment installed
during the Pad A limited action included one horizontal and five vertical boreholes for lysimeters and one
horizontal and several vertical neutron access tubes. The horizontal neutron access tube did not provide
any useful data and the horizontal lysimeter did not work correctly. Use of the vertical NATs was
discontinued in 1996. Vertical lysimeters, however, are monitored routinely. The monitoring data are
used on an ongoing basis to assess the potential migration of moisture and contamination through Pad A
to the subsurface. The post-remedial action 2-year review of Pad A was completed in 1997 by IDEQ and
EPA (Koch 1997), and the 5-year review is scheduled for completion in 2002.

3.2.13 Operable Unit 7-13, Transuranic Pits and Trenches Remedial
Investigation/Feasibility Study

The PSRAs, in conjunction with the information from the assessments of the other OUs in WAG 7,
revealed the implausibility of evaluating risk for the SDA solely on the basis of the exposure pathway or
segregated source terms. Based on the information, the regulators determined that the TRU pits and
trenches should not be assessed independently, but should be combined with the OU 7-14 comprehensive
RI/FS into one all-encompassing risk assessment. Therefore, the TRU pits and trenches OU was
combined with OU 7-14, becoming the OU 7-13/14 comprehensive RI/FS for WAG 7 (Huntley and
Burns 1995).

3.2.14 Operable Unit 7-13/14 Comprehensive Remedial Investigation/Feasibility Study

The TRU pits and trenches, OU 7-13, and the WAG 7 comprehensive RI/FS, OU 7-14, were
combined into the OU 7-13/14 comprehensive RI/FS. The OU 7-13/14 comprehensive ABRA, which
constitutes the remedial investigation part of the RI/FS, is contained in this report.

3.2.15 Active Low-Level Waste Disposal Operations

The OU 7-13/14 comprehensive RI/FS includes analysis of the ongoing disposals in the active
low-level waste disposal pit comprising Pits 17 through 20 in the SDA. Current plans indicating that
disposal operations will continue until 2020 (McCarthy et al. 2000) are being reviewed and LLW disposal
may be terminated in 2009. Waste placed in the pit through 1999 is explicitly considered in this ABRA.
Projected disposal inventories equivalent to the maximum inventories allowed under the current
Performance Assessment for the SDA (Case et al. 2000) are addressed in the uncertainty analysis in
Section 6.

3.3 Source Term Assessment

Because of the heterogeneous nature of the waste buried at the SDA, sampling is not sufficient to
characterize the SDA source term. Therefore, existing disposal records were used to develop the source
term inventory as described below.

3-53



3.3.1 Historical Data Task

The function of the HDT (LMITCO 1995a) project was compiling a comprehensive inventory of
waste that was buried in the SDA from 1952 through 1983. The inventory information is organized
according to waste generator and divided into waste streams for each generator. Waste information
available in facility operating records, technical and programmatic reports, shipping records, and
databases were included in the inventory. Additional information was obtained by reviewing the plant
operations that originally generated the waste, interviewing personnel employed as operators, and
performing nuclear physics and engineering calculations. The SDA disposal units covered in the project
include TRU-contaminated pits and trenches, non-TRU contaminated pits and trenches, the Acid Pit, and
SVRs that were open from 1952 through 1983. Total best-estimate, upper-bound, and lower-bound
quantities were generated for each contaminant, covering all waste streams from all generators for the
time from 1952 to 1983. The development of the HDT is further summarized in the IRA (Becker et al.
1998) and is described in detail in the HDT report (LMITCO 1995a).

3.3.2 Recent and Projected Data Task

The Recent and Projected Data Task (RPDT) (LMITCO 1995b), though similar to the HDT
inventory, addressed the waste inventory buried from 1984 to 1993 and disposal estimates projected
through 2003. The development of the RPDT is further summarized in the IRA (Becker et al. 1998,
Section 3) and is described in detail in the RPDT report (LMITCO 1995b).

3.3.2.1 Inventory Revisions and Updates. The HDT and RPDT disposal inventories have been
modified to correct errors, incorporate new information about historical disposals, and replace projected
disposal data with actual disposal information. The updated inventories were used to support the risk
assessment in Section 6. Specific modifications are summarized below.

3.3.2.2 Supplement to the Recent and Projected Data Task. To assess completeness, actual
disposal data at the SDA for 1994 through 1999 were evaluated, and the findings were published in the
Supplement to the RPDT (Little et al. 2001). In most cases, scaling factors were applied to develop
inventories for radionuclides that are not typically reported on waste disposal forms but are expected in
the waste streams generated by specific processes. The modified actual disposal data replaced the
projected disposal data for 1994 through 1999 in this ABRA. Details of the development of the
inventories included in these disposals are presented in the Supplement to the RPDT.

3.3.2.3 Supplement to the Historical Data Task. Revisions to inventory data in the HDT focus
on volatile organic compounds received from RFP and radioactive waste received from TRA, NRF, and
ANL-W. A supplement to the HDT report that incorporates recent information is still under development
and will be finalized before the OU 7-13/14 record of decision is drafted. Currently available
modifications to inventories have been included in this ABRA and are reflected in inventories reported in
Section 4.

Revisions to the volatile organic compound inventories associated with RFP 743-series sludge
were identified. Carbon tetrachloride inventories are approximately eight times higher than originally
reported (Miller and Varvel 2001), while inventory estimates for PCE and methylene chloride were
reduced (Varvel 2001). Radionuclide inventory corrections for the RFP 743-series sludge were not
identified.

Probable errors were identified in the IRA for the reported TRA inventories during the HDT
timeframe. These inventories were corrected and will be included in the supplement to the HDT.
Corrected inventories have been incorporated into this ABRA.
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Corrections for NRF and ANL-W inventories currently are being assessed and also will be
included in the supplement to the HDT. If significant inventory revisions are identified, appropriate
recommendations will be developed before remedial decisions for WAG 7 are finalized.

3.3.2.4 Contaminant Inventory Database for Risk Assessment. Taken together, the HDT
and RPDT and the revisions to them describe the SDA source term for the OU 7-13/14 comprehensive
RI/FS. All waste in the SDA, including all pits, trenches, and soil vaults, the Acid Pit, and Pad A, is
captured in the Contaminant Inventory Database for Risk Assessment (CIDRA). Disposal dates for the
waste range from 1952 through 1999. Some examples of information presented in CIDRA include types
of buried contaminants, amounts of individual contaminants contained in each waste stream, dates of
waste-stream disposal, the originator of each waste stream, contaminant physical and chemical forms, and
types of containers used during waste-stream disposal. A major limitation of the HDT and RPDT reports,
and consequently CIDRA, is a lack of complete disposal information, especially for disposals that
occurred during the first two decades of RWMC operations. Historical shipping records rarely defined
which pits or trenches received waste, and volumes either were missing from shipping manifests or were
estimated based on the shipment weight rather than the waste-stream volume.

3.3.3 WasteOScope

WasteOScope is a customization of the Arc View Geographic Information System (GIS) software
package. WasteOScope provides a means to merge existing physical spatial data or historical disposal
data at the RWMC and visualize the information on a computer screen or printed graphics (INEEL 2002c,
2001d). The user is able to query, explore, analyze, and then visualize a wide range of waste
characterization and inventory data (INEEL 2002d).

Originally, WasteOScope was developed to compare historical disposal data consisting of manifest
shipping information from waste generators and trailer load lists received at the RWMC with known
burial location data. The waste generator data include type of waste container, number of waste
containers, type of waste, radiological data, and origin. Waste generators include INEEL facilities
(e.g., TRA, INTEC, TAN, NRF, ANL-W), and off-Site operations (e.g., Rocky Flats). These data sets
were then used to create maps detailing where different waste types from different generators were
located. Additional information such as waste container and waste volume also has been added.

Geophysical data were added to the system to compare existing pit and trench survey boundaries
with subsurface data to verify buried waste locations shown on maps. The results compared very well
and, in some cases, were used to relocate pit or trench boundaries. The system has been expanded to
include topographic, soil-vapor, surface cover elevations, basalt bedrock contours, aerial photographic
data, well locations, Type A and B probe locations, and monitoring data. These other data sets can be
viewed while querying historical waste disposal data and can be included on printed graphical
representations.

3.4 Contaminant Screening for the Baseline Risk Assessment

Contaminant screening is an iterative process that has been performed to focus the OU 7-13/14
comprehensive RI/FS on contaminants with the greatest potential for causing adverse human health or
environmental effects. Key contaminants were identified initially in the PSRAs (Loehr et al. 1994; Burns
et al. 1994). The potential for unacceptable risks to groundwater from highly mobile and long-lived
radionuclides such as C-14, Tc-99, and 1-129 was identified. Potential for unacceptable risks from biotic
intrusion into waste and translocation of contaminants to the surface for eventual human exposure also
was identified. Additional contaminant screening was included in the OU 7-13/14 RI/FS Work Plan
(Becker et al. 1996), the IRA (Becker et al. 1998), and by Hampton and Becker (2000). The analysis of
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the nature and extent of contamination that follows in Section 4 and the modeling and risk assessment
presented in Sections 5 and 6 are based on the final lists of COPCs. Human health and ecological
contaminant screening are summarized below.

3.4.1 Human Health Contaminant Screening for the Baseline Risk Assessment

Human health contaminant screening based on the PSRAs is presented in the OU 7-13/14 RI/FS
Work Plan (Becker et al. 1996, Appendix A). The screening was applied to constituents identified in the
SDA source term inventory (LMITCO 1995a, 1995b; Little et al. 2001). More than 200 contaminants
initially were evaluated to identify those with the greatest potential for causing adverse effects. Three
screening criteria were considered:

1. The summary of SDA sampling investigations presented in the HDT report (LMITCO 1995a,
Appendix A) was used to identify contaminants that have been detected in SDA surface soil,
sedimentary interbed material, perched water, and groundwater. All contaminants that have been
detected in one or more of these media failed the first screening criterion.

2. The computer code GWSCREEN (Rood 1994) was used to estimate maximum future groundwater
concentration for each contaminant in the SRPA beneath the SDA. All contaminants with predicted
groundwater concentrations exceeding MCLs (EPA 1996) failed the second screening criterion.

3. Preliminary risk and HQ values were calculated for each contaminant. These calculations were
based on conservative assumptions about future contaminant concentrations and about exposures
that might be received by future human receptors. All contaminants that had a predicted risk
greater than 1E-07 or a predicted HQ greater than 0.1 failed the third screening criterion.

Preliminary screening based on the above criteria reduced the COPC list to 86 constituents:
42 radioisotopes and 44 nonradionuclides, with uranium included in both categories, for the IRA.
However, five radionuclides, Ac-227, Pa-231, Pb-210, Ra-225, and Th-228, were returned to the list
because they have half-lives greater than 1 year. Therefore, a total of 91 COPCs were evaluated in the
IRA. Sufficient inventory data and risk assessment parameters were available to quantitatively evaluate
53 COPCs. The remaining COPCs were addressed qualitatively.

Results of the IRA modeling and risk assessment were used to further refine the list of COPCs for
analysis in the OU 7-13/14 comprehensive RI/FS (DOE-ID 1998b). Contaminants with carcinogenic risk
estimates greater than 1E-06, a hazard index greater than 0.5, or for which risk curves were 1E-07 and
still increasing at the end of 1,000 years were retained for further evaluation. Twenty-five quantitatively
evaluated contaminants were retained for risk analysis: 20 radionuclides and five nonradionuclides.
Subsequently, total uranium was eliminated from further analysis because the hazard index was reported
erroneously in the IRA as 1E+01 instead of 1E-01. However, five uranium isotopes were retained for
analysis of carcinogenic risk. Nine qualitatively evaluated contaminants in the IRA also were designated
for further analysis if new inventory or toxicity data became available to support assessment in the
OU 7-13/14 comprehensive RI/FS: chloroform; dibutylethylcarbutol; nitrocellulose; organic acids;
organophosphates; toluene; trichloroethylene; 1,1,1 trichlorethane; and xylene. Because additional
information has not been developed, these contaminants will not be reevaluated. The 24 contaminants
assessed for human health in this ABRA are listed below.
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1. Ac-227 5. Cs-137 9. Pa-231 13. Ra-226 17. U-234 21. Carbon tetrachloride

2. Am-241 6. 1-129 10. Pb-210 14. Sr-90 18. U-235 22. Methylene chloride

3. C-14 7. Nb-94 11. Pu-239 15. Tc-99 19. U-236 23. Nitrates

4. C1-36 8. Np-237 12. Pu-240 16. U-233 20. U-238 24. Tetrachloroethylene

3.4.2 Ecological Contaminant Screening for the Baseline Risk Assessment

Forty-four nonradionuclide and 12 radionuclide ecological COPCs were identified in the
preliminary ecological contaminant screening developed by Hampton and Becker (2000). Soil
concentrations for contaminants evaluated in that screening were estimated using upper-bound inventories
and DOSTOMAN code (Root 1981) simulations. Estimated concentrations were compared to
ecologically based screening levels. When the estimated concentration was greater than the ecologically
based screening level, the contaminant was identified as an ecological COPC.

Disposal inventories for 32 radionuclide and four nonradionuclide COPCs evaluated in preliminary
screening by Hampton and Becker (2000) subsequently were revised (see Section 3.3). Therefore, a final
contaminant screening for this ABRA was conducted to assess the result of those inventory modifications.

Soil concentrations calculated from revised, best-estimate inventory quantities were compared to
INEEL ecologically based screening levels. Those COPCs for which soil concentration exceeded the
ecologically based screening level (EBSL) were evaluated in the ecological risk assessment (see
Section 6.6). The results of the final ecological contaminant screening are discussed below for
radiological and nonradiological contaminants.

3.4.2.1 Radionuclide Ecological Contaminants of Potential Concern. Soil concentrations
using revised source term inventories were estimated using DOSTOMAN for 32 radionuclides originally
evaluated in Hampton and Becker (2000). Estimated concentrations were then compared to INEEL
ecologically based screening levels, as shown on Table 3-7. Calculated concentrations for the
12 radionuclide COPCs shown in bold text on Table 3-7 exceeded ecologically based screening levels.
Three of 11 ecological COPCs, Am-243, Cm-244, and Pu-242, were not identified as COPCs in the
preliminary screening (Hampton and Becker 2000). Three COPCs, Np-237, Po-210, and Zn-65, were
identified as COPCs in Hampton and Becker (2000), but were eliminated in this screening (see
Table 3-7).

Concentrations calculated for Co-60, Eu-154, H-3, Ni-63, Pu-241, Tc-99, Th-228, and U-232 using
best-estimate inventory values exceeded the EBSLs (see Table 3-7, footnote e). However, these eight
COPCs previously were eliminated by DOSTOMAN modeling results based on the upper-bound
inventory estimates (Hampton and Becker 2000, Table 3). The upper-bound inventory quantities used in
the DOSTOMAN model (Hampton and Becker 2000) were larger than the best-estimate inventory used in
this ABRA (Table 3-8). Modeled surface and subsurface soil concentrations generated from upper-bound
inventory quantities were below the EBSL for each COPC (Hampton and Becker 2000, Table 3). Because
best-estimate inventory quantities are smaller than upper-bound quantities (Table 3-8), modeled
concentrations based on the best-estimate inventory would also be smaller than the EBSLs. Therefore,
these eight COPCs were not analyzed further.
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Table 3-7. Comparison of estimated soil concentrations based on revised best-estimate inventories to

ecologically based screening levels for radionuclide contaminants of potential concern.

Contaminant of
Potential Concern'

Best-estimate
Inventoryb

(Ci)

Calculated Soil
Concentration'

(pCi/g)
Ecologically Based
Screening Levels

Ac-227 5.12E-07 1.11E-06 2.04E+05

Am-241 1.83E+05 3.98E+05 1.78E+01

Am-243 1.34E+02 2.92E+02 1.85E+01

C-14 5.00E+02 1.09E+03 3.94E+04

CI-36 1.11E+00 2.41E+00 7.84E+03

Co-60' 2.20E+06 4.79E+06 1.18E+03

Cm-244 5.24E+04 1.14E+05 1.68E+01

Cs-137 6.17E+05 1.34E+06 4.95E+03

Eu-154e 3.00E+03 6.53E+03 2.48E+03

H-3' 1.50E+06 3.26E+06 3.43E+05

1-129 1.58E-01 3.44E-01 4.76E+04

Nb-94 1.00E+03 2.19E+03_ 1.87E+03

Ni-63e 1.32E+06 2.87E+06 1.14E+05

Np-237 2.64E+00 5.75E+00 1.94E+01

Pa-231 8.64E-04 1.88E-03 2.37E+01

Pb-210 5.10E-07 1.11E-06 2.74E+05

Po-210 9.10E-06 1.98E-05 1.84E+01

Pu-238 1.71E+04 3.72E+04 1.78E+01

Pu-239 6.49E+04 1.41E+05 1.89E+01

Pu-240 1.71E+04 3.72E+04 1.89E+01

Pu-241' 9.74E+05 2.12E+06 3.73E+05

Pu-242 1.65E+01 3.58E+01 2.00E+01

Ra-226' 6.00E+01 1.30E+02 2.04E+01

Ra-228 1.08E-05 2.35E-05 1.97E+05

Sr-89 4.10E+02 8.92E+02 3.34E+03

Sr-90 6.44E+05 9.84E+05 3.34E+03

Tc-99' 6.05E+01 1.32E+02 2.32E+04

Th-228' 1.02E+01 2.22E+01 1.81E+01

Th-229 6.81E-06 1.48E-05 3.60E+01

Th-230 3.13E-02 6.81E-02 2.09E+01

Th-232 1.34E+00 2.93E+00 2.43E+01

U-232' 1.06E+01 1.60E+01 1.54E+01

U-233 1.51E+00 3.28E+00 2.03E+01

U-234 6.74E+01 1.47E+02 2.05E+01
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Table 3-7. (continued).

Best-estimate Calculated Soil

Contaminant of Inventoryb Concentrationc Ecologically Based

Potential Concern' (Ci) (pCi/g) Screening Levels

U-235 5.54E+00 1.21E+01 2.27E+01

U-236 2.86E+00 6.23E+00 2.17E+01

U-238 1.17E+02 2.55E+02 2.32E+01

Zn-65 1.36E+03 2.60E+03 5.21E+03

a. The ecological contaminants of potential concern (COPCs) in bolded text exceeded ecologically based screening levels and,

therefore, were evaluated in the ecological risk assessment (see Section 6.6)

b. These values reflect revised disposal inventory quantities unless otherwise noted. Revisions to disposal inventory quantities are

discussed in Section 3.3.

c. Soil concentrations were calculated by distributing the inventory amount over a volume of soil 181 x 669 x 2.53 m (594 x

2,195 x 8.3 ft) deep with a bulk density of 1.5 g/cm3 (Becker et al. 1996). The volume represents an estimate of the combined

volumes for Subsurface Disposal Area pits, trenches, and vaults.

d. The minimum ecologically based screening level across receptor groups was selected for radionuclide contaminants and the

smallest level between internal and external exposures was used (DOE-ID 1999).

e. This contaminant was eliminated even though the maximum concentration derived from best-estimate inventories exceeds the

ecologically based screening level. The contaminant was eliminated in the preliminary screening because soil concentrations

generated by the DOSTOMAN model for upper-bound inventory quantities were below the ecologically based screening level

(Hampton and Becker 2000). Best-estimate inventories are smaller than upper-bound inventories and less conservative

DOSTOMAN assumptions (e.g., average values instead of maximum values for rooting and burrowing depths) are used in this

analysis. Revised modeled soil concentrations would be even smaller than those generated in the preliminary screening. Therefore,

this COPC was not analyzed further.
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Table 3-8. Comparison of best-estimate inventories and modeled concentrations to upper-bound
inventories and modeled concentrations.

Contaminant of
Potential Concern

Best-estimate
Inventory
(Ci or g)a

Upper-bound
Inventory"
(Ci or g)

Best-estimate
Concentrationa

(pCi/g or mg/kg)

Upper-bound
Concentration'

(pCi/g or mg/kg)

Co-60 2.20E+06 9.39E+06 4.79E+06 2.04E+07

Eu-154 3.00E+03 2.07E+04 6.53E+03 4.50E+04

H-3 1.50E+06 3.80E+06 3.26E+06 8.27E+06

Ni-63 1.32E+06 2.24E+06 2.87E+06 4.87E+06

Pu-241 9.74E+05 9.84E+05 2.12E+06 2.14E+06

Ra-226 6.00E+01 8.86E+01 1.30E+02 1.93E+02

Tc-99 6.05E+01 1.33E+03 1.32E+02 2.89E+03

Th-228 1.02E+01 1.56E+01 2.22E+01 3.39E+01

U-232 1.06E+01 1.37E+01 1.60E+01 2.98E+01

a. Best-estimate values taken from Table 3-7.
b. Upper-bound inventory quantities are from the Interim Risk Assessment (Becker et al. 1998, Table 4-1). These inventory
values were used to produce DOSTOMAN screening concentrations for surface and subsurface soil (Hampton and Becker 2000).
All modeled screening concentrations for this group of COPCs were below ecologically based screening levels (see Table 3 of
Hampton and Becker 2000).
c. Soil concentrations were calculated by distributing the inventory amount over a total volume of soil formed by an area of

181 x 669 m2 and a soil depth of 2.53 m (594 x 2,195 x 8.3 ft) with a bulk density of 1.5 g/cm3 (Becker et al. 1996). The total
volume represents an estimate of combined volumes for all disposal units within the Subsurface Disposal Area.

The 12 radionuclide ecological COPCs listed below were retained for evaluation in the ecological
risk assessment (see Section 6.6).

1. Am-241 5. Nb-94 9. Pu-242

2. Am-243 6. Pu-238 10. Sr-90

3. Cm-244 7. Pu-239 11. U-234

4. Cs-137 8. Pu-240 12. U-238

3.4.2.2 Nonradionuclide Ecological Contaminants of Potential Concern. The
nonradionuclide COPCs identified in the preliminary screening (Becker et al. 1996) are presented on
Table 3-9. With the exception of nitrates (see Section 4.7.1), carbon tetrachloride (see Section 4.8.1), and
methylene chloride (see Section 4.8.2), nonradionuclide inventory quantities evaluated in the preliminary
screening were not revised for this ABRA (see Section 3.3). In addition, toxicity data and information on
disposal quantities are uncertain or not available for 25 nonradionuclide contaminants assessed in the
preliminary screening (Hampton and Becker 2000). Consequently, nonradionuclide COPCs identified in
the preliminary screening were not reevaluated here. Rather, concentrations based on upper-bound or
revised best-estimate inventory quantities for a subset of nonradionuclide COPCs listed on Table 3-9 were
incorporated in the ecological risk assessment (see Section 6.6).
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Table 3-9. Nonradionuclide ecological contaminants of potential concern identified by comparing
estimated soil concentrations based on upper-bound inventories to ecologically based screening levels. 

Minimum
Ecologically Based
Screening Leveld

(mg/kg)

None

Ecological
Contaminant of

Potential Concerna

1,1,2-Trichloro-1,2,2-

Upper-bound
Inventor?

(g)

9.5E+06

Calculated Soil
Concentration'

(mg/kg) 

2.07E+01
trifluoroethane

3-Methylcholanthrene

Alcohols

Aluminum nitrate

Asbestos

Beryllium oxide

Unknown

Unknown

2.40E+08

4.80E+06

Unknown

Unknown

Unknown

5.23E+02

1.05E+01

Unknown

None

None

4.87E+01, see total nitrates

2.17E+02

None

Cadmium 2.30E+06 5.01E+00 2.36E-03

Carbon tetrachloride 1.30E+08 2.83E+02 9.71E+00

Chloroform' 3.70E+01 8.06E-05 1.54E+01

Copper (total)e.f 4.52E+04 9.93E-02 2.11E+00

Dibutylethylcarbutol Unknown Unknown None

Versenes (EDTA) Unknown Unknown None

Ether Unknown Unknown None

Ethyl alcohol' 2.8E+04 6.10E-02 1.59E+00

Hydrofluoric acid 9.40E+06 2.05E+01 5.26E+00

Lead 7.80E+08 1.70E+03 9.94E-01

Lithium hydride Unknown Unknown None

Lithium oxide Unknown Unknown None

Manganese Unknown Unknown 1.05E+01

Magnesium oxide Unknown Unknown None

Mercury (total)''' 1.96E+06 4.27E+00 6.21E-03h, 4.18E+001

Methylene chloride 1.50E+07 3.27E+01 1.00E+00

Nitrate (total)''k 4.35E+08 1.35E+03 1.84E+01

Nitrobenzene Unknown Unknown 1.95E+00

Nitrocellulose Unknown Unknown None

Nitric acid' 6.10E+07 1.33E-1-02 3.28E+01

Organic acids
(ascorbic acid)

Unknown Unknown None

Organophosphates
(tributylphosphate)

Unknown Unknown 3.99E+01

Potassium chloride 9.10E+07 1.98E+02 2.10E+01

Potassium hydroxide 4.30E+07 9.36E+01 1.66E+00

Potassium nitrate 2.40E+09 5.23E+03 5.52E+01
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Table 3-9. (continued).

Ecological
Contaminant of

Potential Concerna

Upper-bound
Inventoryb

(g)

Calculated Soil
Concentration`

(mg/kg)

Minimum
Ecologically Based
Screening Levels

(mg/kg)

Potassium phosphate 1.30E+07 2.83E+01 1.88E+01

Potassium sulfate 9.10E+07 1.98E+02 3.25E+01

Sodium chloride 1.80E+08 3.92E+02 9.35E+00

Sodium cyanide e 1.90E+03 4.14E-03 1.43E-01

Sodium nitrate' 4.60E+09 3.48E+03 None, see total nitrate

Sodium phosphate 2.70E+07 5.88E+01 5.23E+01

Sodium-potassium 2.30E+06 5.01E+00 None

Sulfuric acid 1.50E+05 3.27E-01 1.20E-01

Tetrachloroethylene 2.90E+07 6.32E+01 3.33E+00

Toluene e 2.50E+05 5.44E-01 6.04E+01

Trimethylpropane-triester 1.60E+06 3.48E+00 1.30E-01

Xylene 9.80E+05 2.13E+00 2.78E-01

EDTA = ethylenediaminetetraacetic acid
a. The contaminants of potential ecological concern originally were identified in the preliminary screening (Hampton and
Becker 2000).
b. Upper-bound inventory quantities were taken from (Becker et al. [1996], Tables 3 and 4 of Appendix B).
c. Upper-bound concentrations were calculated by distributing the inventory amount over a soil volume 181 x 669 x 2.53 m
(594 x 2,195 x 8.3 ft) deep with a bulk density of 1.5 g/cml (Becker et al. 1996). The volume represents an estimate of the
combined volumes for Subsurface Disposal Area pits, trenches, and soil vaults.
d. The minimum ecologically based screening level across receptor groups was selected for nonradionuclide contaminants
(DOE-ID 1999).
e. The indicated disposal quantity for this contaminant is suspected to be smaller than the actual amount disposed of
(Becker et al. 1998).
f. Total includes copper and copper nitrate.
g. Total includes mercury and mercury nitrate monohydrate.
h. The value shown is the ecologically based screening level for organic mercury.
i. The value shown is the ecologically based screening level for inorganic mercury.
j. Total includes aluminum nitrate, ammonia, copper nitrate, mercury nitrate monohydrate, nitric acid, potassium nitrate, sodium
nitrate and uranyl nitrate.
k. A best estimate rather than upper-bound disposal quantity was used to calculate concentrations for this contaminant of
potential concern.
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3.5 Geophysical Investigations

The SDA has been in operation since 1952 receiving various types of waste for subsurface burial
(see Section 3.1). As described in Section 3.1.2.1, the boundaries of original waste burial locations
initially were marked using metal tags affixed to perimeter fencing. Later, concrete monuments replaced
metal tags, but these monuments periodically were disturbed by SDA maintenance operations. Repeated
disturbances eventually produced uncertainty about the true position of some pit and trench boundaries.
Geophysical investigations using magnetic and electromagnetic methods have been used to delineate pit
and trench boundaries, and the seismic refraction method has been used to estimate soil depth.

Magnetic and electromagnetic methods permit accurate mapping of metallic objects in the
subsurface. These methods rely on the magnetic properties of iron and steel and on the contrast between
the electrical current-conducting properties of metals and nonmetallic soil and waste. Magnetic and
electromagnetic methods are highly selective and sensitive for detecting buried waste that contains metal
objects.

Seismic methods rely on the contrast between the acoustic properties of soil and bedrock. Seismic
refraction methods take advantage of the fact that sound waves propagate much faster through competent
bedrock than through soil or waste. At the SDA, basalt bedrock occurs at depths of 3 to 9 m (10 to 30 ft).
The shallow bedrock and overlying soil make an ideal environment for seismic refraction studies.

Table 3-10 provides a list of 10 surface geophysical studies conducted at the SDA since 1989. The
geophysical surveys range in scale from single pit surveys to surveys of the full SDA. Digital data have
been preserved for some of these surveys in electronic databases. In other cases, report tables and
graphics provide the only record of field measurements.

Because metallic objects (including 55-gal drums) are prevalent components of many SDA waste
shipments, magnetic and electromagnetic mapping has been used successfully for large-scale definition of
SDA burial locations. Figures 3-5 and 3-6 are maps indicating strong geophysical anomalies used to
identify features in the subsurface that have a different metallic content compared to the general
surroundings. Boundaries of metal-bearing waste for most pits and trenches in the northern SDA are
readily apparent. In the southern SDA, pits and trenches are not as easily defined, probably because fewer
metallic objects are present (Josten and Thomas 2000).

In combination with waste disposal data in WasteOScope (see Section 3.3.3), high-resolution
geophysical surveys have been used to target the location of specific waste shipments or groups of
shipments. As an example, geophysical data were used at SVR-12 to locate stainless steel reactor
components to be investigated as potential sources of C-14 release. Approximate locations of the target
reactor components based on inventory records were plotted on high-resolution geophysical maps (see
Figures 3-7 and 3-8). The number and spacing of the combined magnetic and electromagnetic
geophysical anomalies roughly correspond with the number and spacing of recorded disposals. A
geophysical anomaly is a portion of a geophysical survey that is different in appearance from the survey
in general (Sheriff 1973). A one-to-one relationship between geophysical anomalies and specific waste
shipments was apparent after evaluating inventory descriptions. The geophysical anomalies were then
used to establish the actual position of stainless steel reactor components and to locate Type B lysimeter
and vapor probes to monitor for C-14 release.

Other recent applications of surface geophysical data at the SDA include defining the following
locations:

• Pit 9 boundary delineation

3-63



• Operable Unit 7-10 retrieval site

• Pit 9 preliminary probing campaign demonstrating probe installation

• Pit 9 40 x 40-ft probing campaign

• Pit 9 Probing Campaign 1 installing additional probes north of the 12 x 12-m (40 x 40-ft) area

• Pit 9 Probing Campaign 2 investigating high-efficiency particulate air (HEPA) filter and graphite
target areas in Pit 9

• Pit 10 southwest boundary

• Depleted uranium focus area in Pit 10

• Americium and neptunium focus area in Pit 10 (see Section 3.7.7)

• Organic sludge focus area in Pit 4 (see Section 3.7.6)

• Activated metal focus area at SVR-12 and —20 (see Section 3.7.9)

• Installing deep soil vapor monitoring and extraction wells

• Installing tracer ports on north boundary of Pit 10

• Installing a well at Pad A

• Individual soil vaults in SVR-9, -10, and -13

• Individual waste shipments in Trenches 1 through 10.
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Table 3-10. Summary of Subsurface Disposal Area surface geophysical surveys.

Performer Date Methods Survey Area

Digital
Data

UNC Geotecha 1989 Magnetic, electromagnetic, and
seismic

Pit 9 and the Acid Pit No

Buried Waste Roboticsb 1991 Electromagnetic Pit 9 No

EBASCO Environmental' 1992-93 Magnetic and electromagnetic Entire Subsurface Yes
Disposal Area (SDA)

EG&G Idahod 1992 Magnetice Pit 9 Yes

S. M. Stoller Corporationf 1995 Magnetic, electromagnetic, and
seismic

Pit 9 No

Geo Senseg 1998 Magnetice and electromagnetice Pit 9 Yes

U.S. Geological Survey' 1999 Electromagnetice Pit 9 No

Harding Lawson
Associates'

1999 Magnetic,e electromagnetic,e and
seismic

Pits 4, 6, and 10 Yes

Sage Earth Science' 1999 Magnetice and electromagnetice Pits 2, 3, and 5; Soil Yes
Vault Rows (SVRs) -1,
-2, -3, -4, -5, -6, -7, -8, -
9, -10, -11, -12, and -14

Sage Earth Sciencek 2001 Magnetice and electromagnetice SVR-20 Yes

a. Hasbrouck (1989)

b. Griebenow (1992)

c. Ebasco Environmental (1993)

d. Roybal, Carpenter, and Josten (1992)

e. Indicates high-resolution surveys. Stoller Corporation (1995)

g. GeoSense 1999

h. Wright, Smith, and Abraham (1999)

i. Harding Lawson Associates (1999)

j. Sage Earth Science (1999)

k. Carpenter, Glen, Sage Earth Science, Letter Report to Jason L. Casper, Idaho National Engineering and Environmental Laboratory,
September 4, 2001, "Subject: SVR-20 Geophysical Survey," Idaho Falls, Idaho.
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3.5.1.1 Soil Cover Thickness Estimates Based on Surface Geophysics Data. A

high-resolution geophysical survey of Pits 4, 6, and 10 was completed in 1999. Information available

from the survey includes vertical gradient magnetic data and induction electromagnetic data. A summary

of soil cover thickness estimates based on the magnetic and electromagnetic data is presented in

Table 3-11 (Harding Lawson Associates 1999). Estimates are based on empirical methods and apply only

to metallic objects. These geophysical estimates of soil cover thickness correlate very well with historical

data (see Section 3.1.6).

Table 3-11. Minimum, maximum, and average soil cover thickness for Pits 4, 6, and 10 based on surface

geophysical data.

Pit Method Number
Minimum

(ft)a
Maximum

(ft)a
Average

(ft)a
Estimateb

(ft)

Pit 4 Magnetics 21 2.8 14.2 6.7 6 to 9
Electromagnetic 22 2.8 8.9 6.9

Pit 6 Magnetics 7 4.5 12.8 7.2 4 to 7
Electromagnetic 4 6.8 10.5 8.3

Pit 10 Magnetics 33 3.6 17.0 7.7 6 to 8
Electromagnetic 21 2.3 7.5 5.8

a. Harding Lawson Associates (1999).
b. Barnes (1989).

3.6 Summary of Soil Sampling from 1959 to 1970

Studies were conducted at various locations across the INEEL between 1959 and 1970 to

determine if radionuclides had migrated from buried waste into the environment. Schmalz (1972)
describes these early studies, including several conducted in and around the SDA. Soil core and water

samples were collected around Pits 1, 2, and 10 and Trenches 1, 9, and 48, and water samples were
collected in 10 cased monitoring holes. Overall, results from the SDA suggested that contamination was
detectable beneath some of the areas sampled. Schmalz (1972) hypothesized that periodic flooding of the

SDA may have facilitated transport of contamination to a depth of one foot. However, radioanalytical
data cited in the report do not include uncertainty values, sample-specific detection limits, laboratory
quality control test results, or laboratory blank results; thus, results are not of acceptable quality.
Qualitative results from Schmalz (1972) are summarized in Table 3-12.
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Table 3-12. Summary of qualitative results from studies conducted at the Subsurface Disposal Area
between 1959 and 1970.

Location Media Sampled Sample Location

Western SDA Water that collected in the
bottom of cased boreholes

Ten monitoring holes
throughout western part of
SDA

Pit 1 Soil Adjacent to Pit 1

Pit 2 Soil from two cores Bottom of the Pit 2
(0 to 12 in depth)

Interstitial sediments taken In Pit 2, between waste
from between the barrels barrels

Pit 10 Soil from a core
(0 to 8 ft depth)

Soil from a core
(0 to 14 ft depth)

Soil from six cores
(0 to 8 in depth)

Trench 1 Soil

Trench 9 Soil

Trench 48 Soil from a core
(0-20 ft depth)

Soil from a core
(0 to 20 ft depth)

4 ft from edge of Pit 10

55 ft from edge of Pit 10

Bottom and side of Pit 10

Adjacent to Trench 1

Adjacent to Trench 9

4 ft from edge of Trench 48

45 ft from edge of
Trench 48

a. Analytical data were not qualifiable and, therefore, concentrations are not presented.

Findingsa 

Periodic cesium and
strontium in some
monitoring holes

Uranium and plutonium

Possible uranium and
plutonium

Possible uranium and
plutonium

No contamination

No contamination

Uranium, plutonium, and
americium

Possible uranium and
fission activation products

No contamination

Possible Ce-144, Cs-137,
Zr, Nb-95

No contamination
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3.7 Probing in the Subsurface Disposal Area

From December 1999 through November 2001, 337 probes were installed in the SDA to collect
monitoring data directly from the waste zone. Unlike any monitoring equipment previously deployed in
the SDA, most probes penetrate into buried waste to provide direct or immediately proximal monitoring
capabilities. A sonic drill was used to install two kinds of probes, called Type A and Type B probes.
Type A probes are hollow, bottom-sealed tubes that allow safe access into the waste zone with nuclear
logging instruments. Type B probes are units equipped with various instruments or access ports to
provide additional monitoring capabilities in and immediately beneath the waste. Instruments in the
Type B probes include tensiometers, suction lysimeters, vapor ports, and soil moisture detectors. A
special set of transparent polycarbonate tubes for visual examination of buried waste also is classified as
Type B probes.

The following discussions provide information about probing in the SDA. Some information is not
yet available in published reports and is provided here in detail, while other topics are summarized.
Documents cited in the summaries are listed in Section 3.10. Topics below include descriptions of
probing strategy; Type A and Type B probes; probing activities in Pit 9 and five focus areas in Pits 4, 5,
and 10 and SVR-12 and -20; soil moisture monitoring; cover and waste zone thicknesses; and continued
data collection from the SDA probes.

3.7.1 Probing Background

The probing strategy implemented in Pits 4, 5, and 10 in the SDA is described in the OU 7-13/14
Probehole Plan (INEEL 2000c), which outlined the scope and objectives for the OU 7-13/14 probing. A
companion field sampling plan (Salomon 2001) provided specific sampling and monitoring requirements
for data collection from Type B probes. The probing in Pit 9 was conducted in accordance with
requirements of the Pit 9 Interim Action RD/RA Work Plan (LMITCO 1997). Objectives of the probing,
strategy used to site probes to meet objectives, and selection of probing locations and configurations are
presented below.

3.7.1.1 Probing Objectives. Data gathered from the probing are being used to support assessment
of the following parameters:

• Locations of waste types, distributions of radionuclides in buried waste near the probeholes, and
thicknesses of soil and waste layers

• Radiological fingerprints for identifying different waste streams

• Infiltration rates through the cover, buried waste, and underburden soil at the SDA

• Release rate and solubility of uranium

• Release rate of C-14

• Mass of the VOC source remaining in buried waste.

3.7.1.2 Probing Strategy. The overall project strategy was to extract existing information from
WasteOScope (INEEL 2001d) to identify candidate locations for waste types of interest (see
Section 3.3.3). This information, summarized in the OU 7-13/14 Probehole Plan (INEEL 2000c), was
used to select focus areas. Type A probes were installed in some of these focus areas during the first
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phase of the SDA probing project. Results from nuclear logging of Type A probes then were used to site
most of the clusters of Type B probes in the second phase.

Five probing focus areas were defined for Pits 4, 5, and 10 and two soil vault rows to investigate
specific waste types. To increase the likelihood of encountering a target waste stream, Type A probes
typically were installed in lines, called transects, across an area of interest. Type A probes subsequently
were logged, and the results were used to select optimal sites for clusters of probes. Probe clusters are
collocated Type A and Type B probes deployed to study contaminant and moisture conditions in specific
focus areas. The primary purpose for installing probes in clusters was to acquire information about the
spatial relationships of the source mass, the net infiltration, and the leachate concentrations as a function
of time.

3.7.1.3 General Probe Locations and Configurations. The following quantities and types of
probes were installed in the SDA:

• 135 Type A probes (excludes 10 probes not logged because of shallow completions less than 1.9 m
[6.3 ft] and includes five replacements for the shallow probes)

• 66 tensiometers

• 78 soil moisture probe instruments (51 physical probes, some being multi-instrumented)

• 30 vapor ports

• 18 lysimeters

• 10 visual probes.

The suite of probes used in this investigation is illustrated in Figure 3-9. The following sections
provide more detail about the probe types and the criteria used for selecting their locations, the type of
probe installed, and monitoring activities. An entire suite of Type B probes is represented in Figure 3-10;
however, most probe configurations, or clusters, did not include every available probe type.

Specific types of probes and various configurations of probe placement in specific areas of the
SDA are discussed in the following sections:

• Section 3.7.4

• Section 3.7.5

• Section 3.7.6

• Section 3.7.7

• Section 3.7.8—

• Section 3.7.9—

Section 3.7.10

—the Pit 9 study area

—the depleted uranium focus area in Pit 10

—the organic sludge focus area in Pit 4

—the americium and neptunium focus area in Pit 10

uranium and enriched uranium focus area in Pit 5

activated metal investigations at SVR-12 and -20

—waste zone moisture monitoring array.
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Figure 3-9. Probe suite used in the Subsurface Disposal Area probing project.
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Figure 3-10. View of a typical probe suite deployed in the Subsurface Disposal Area.
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3.7.2 Type A Probes and Logging Instruments

Type A probes are sealed, steel casing with a 14-cm (5.5-in.) outside diameter installed directly
into the buried waste in the pits. A total of 135 Type A probes were installed in the SDA. The soil and
waste adjacent to the Type A probes were characterized with nuclear logging instruments. The first set of
Type A probes were placed in lines, called transects, and spaced approximately 1.8 to 2.1 m (6 to 7 ft)
apart. Many Type A probes were successfully driven to the underlying basalt while some Type A probes
met refusal at an interim depth in the buried waste. Subsequent probe installations included placing Type
A probes between some of the original transects to form a grid, and installing close-spaced Type A probes
in clusters around original Type A probes to evaluate source characteristics.

Type A probes were monitored with the following five commercially available logging
instruments:

• Passive spectral gamma detector for identifying gamma-emitting radionuclides

• Neutron activation instrument to detect prompt gamma rays from neutron activation of C1-35, an
indicator for halogenated hydrocarbons (e.g., chlorine containing volatile organic compounds like
carbon tetrachloride)

• Neutron-neutron detector to evaluate soil moisture

• Passive neutron detector for sensing spontaneous fission and alpha-neutron reactions (e.g., TRU
constituents)

• Shielded, directional gamma detector to identify azimuthal location of gamma-emitting sources.

Detailed descriptions of these tools and results of the logging are presented in the OU 7-13/14
Probehole Plan (INEEL 2000c). Section 4 contains summaries of the results and interpretations of the
nuclear logging in the waste zone for specific contaminants.

3.7.3 Type B Probes and Instrumentation

The installation and monitoring of the Type B probes is described in the Type B Probe Field
Sampling Plan (FSP) (Salomon 2001). Type B probes include tensiometers, suction lysimeters, vapor
ports, soil moisture detectors, and visual probes. Though geochemical probes were specified in the
Probehole Plan (INEEL 2000c), the instruments did not meet development criteria and their deployment
was discontinued. Instead, lysimeters and vapor ports will be used to collect data for evaluating oxidation-
reduction conditions. The remainder of this section provides a brief description of various Type B probe
instruments and types of data generated by the Type B probes.

3.7.3.1 Tensiometers. Tensiometers are used to measure either the matric potential of a porous
medium under unsaturated conditions or the pressure head if saturated conditions form. Tensiometers
were placed in location to provide data on the variability of moisture in the waste zone, quantify the
amount and timing of moisture infiltration, and define the presence and extent of saturated conditions
(Salomon 2001). Construction and design specifications of the tensiometers are described in
Grover (2001).

A total of 66 tensiometers were installed throughout the SDA in nested groups of three. The upper
group was placed near the overburden and upper waste contact, the middle group was placed in the upper
third of the waste zone, and the lower group was placed at the underburden and waste contact or in
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contact with the underlying basalt, as conditions allowed. In most instances, the tensiometers were paired
with soil moisture probes. Data generated by these instruments were collected on data loggers, typically
taking measurements at 2-hour intervals.

3.7.3.2 Soil Moisture Probes. Soil moisture probes indirectly measure the moisture content of soil
using the relationship between the soil dielectric constant and the moisture content. Probes also perform
resistivity measurements of the electrical contrasts between different geologic media and indicate the
temperature of surrounding material. Specifications of the soil moisture probes installed for this
investigation are detailed in Anderson (2001a).

A total of 51 soil moisture probes were installed in the SDA, with 78 soil monitoring instruments.
Some of these soil moisture probes have multiple instruments attached to them. As many as three soil
moisture instruments were installed on some probes. In most instances, the soil moisture probes were
paired with tensiometers. Probes often were nested in groups of three. The upper instruments were placed
near the overburden and waste contact, the middle instruments were placed in the middle of the waste
zone, and the lower instruments were placed at the underburden and waste contact or in contact with the
underlying basalt, as conditions allowed. Soil moisture probes are being used to describe the following
characteristics (Salomon 2001):

• Relative changes in moisture over time to corroborate and supplement matric potential
measurements from tensiometers

• Extent of infiltration to corroborate and supplement matric potential measurements

• A lower-bound order of magnitude for net infiltration and drainage at the depth of the probe.

3.7.3.3 Lysimeters. Suction lysimeter probes collect soil moisture samples through application of a
partial vacuum to a porous cup that is in contact with soil. Construction and design specifications of the
suction lysimeters installed for this investigation are described in Clark (2001a). Lysimeter probes
typically were installed in pairs using the following guidance:

• In or just below the targeted waste for that area

• At the waste and underburden contact or at the contact with underlying basalt.

A total of 18 lysimeter probes were installed-16 in Pits 4, 5, and 10 and two near SVR-12. The
analytical suites for lysimeter samples are described in the Type B Probe FSP (Salomon 2001). Samples
collected from the pits are analyzed for a broad range of radionuclides, VOCs, nonradioactive metals, and
other inorganic constituents, depending on available sample volume. Lysimeter samples collected near the
soil vaults are analyzed for a smaller suite of radionuclides to focus on those typically associated with
activated metallic waste.

3.7.3.4 Vapor Ports. Commercially available vapor ports were combined with Type B probes and
installed to collect soil gas from waste zones and the area surrounding soil vaults in the SDA.
Specifications of vapor ports installed for this investigation are detailed in Clark (200 lb). Vapor ports
usually were bundled in threes and installed generally at the following three vertical horizons:

• Just below the overburden and waste contact

• Middle of the waste zone or in close proximity to a desired source in the waste

• Slightly above the waste and underburden contact.
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A total of 30 vapor ports were installed-16 in Pits 4, 5, and 10 and 14 near SVR-12 and -20. One
vapor port in Pit 4 malfunctioned and subsequently was abandoned. Samples collected from the pits are
being analyzed in accordance with the Type B Probe FSP (Salomon 2001). All vapor samples from the
pits are analyzed for VOCs. In addition, some vapor samples are analyzed to evaluate subsurface
reduction/oxidation (redox) conditions by assessing 02, CO2, H2, and methane. All samples collected
from vapor ports surrounding soil vaults are analyzed for C-14. Samples collected at SVR-20 also are
analyzed for tritium.

3.7.3.5 Visual Probes. Visual probes were installed to allow observation and investigation of the
soil overburden and waste zone. Visual probes are transparent polycarbonate tubes reinforced with an
internal steel cage. A miniature video camera is lowered through the visual probe to visually observe the
waste and subsurface conditions. The videos are interpreted by personnel familiar with historical
waste-generating processes such as at RFP and historical waste disposal operations at the RWMC.

Construction and design specifications of visual probes installed for this investigation are described
in Clark (2001c). Visual probe video logs, used in conjunction with other probing data, are used to
evaluate conditions in the waste zone. The following subsurface conditions can be observed:

• Location of the top and bottom of the overburden and underlying sediment

• Thickness of sediment beneath the waste

• Relative grain size of the geologic media (i.e., cobbles, pebbles, sand, silt, clay) next to the probe

• Stratification in the sediment beneath the waste or disturbance in the sediment

• Color of sediment beneath the waste for oxidation and reduction indication

• Amount of sediment versus waste adjacent to the tube in the waste zone

• Visual indication of moisture movement

• Evidence of how tightly the tube is sealing

• Condition of the drums

• Void spaces caused by drum placement or lack of material

• Presence of cellulose material (i.e., boxes, wood, paper)

• Waste form identification (e.g., sludge, graphite, combustibles, nitrate salts, or noncombustibles).

Though the video logs improved with each deployment of the video camera, several future
improvements have been proposed for visual examination. The improved format and output expected
from future digital video-logging activities would greatly expedite interpretation of the videos.

3.7.4 Pit 9 Study Area

Operable Unit 7-10 comprises Pit 9, which was an active disposal pit from November 1967 through
June 1969 (see Section 3.2.9). The pit is approximately 4 ha (1 acre) in size and is roughly trapezoidal in
shape with areal dimensions of 115 x 40 m (379 x 127 ft) (McClellan, del C. Figueroa, and King 1991).
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A total of 49 Type A probes (excluding five probes with shallow penetrations) and three Type B
visual probes were installed in Pit 9, as illustrated in Figure 3-11. The approach to probing in Pit 9 is
described in the RD/RA Work Plan (LMITCO 1997) and summarized below.

• Pit 9 Preliminary Campaign—The Pit 9 preliminary campaign, conducted in June 1999,
involved installing and logging three Type A probes outside the southeast Pit 9 boundary.
Moisture and n-gamma logging was conducted in these probes to assess general soil conditions
with particular emphasis on soil moisture (INEEL 2000c). The Pit 9 preliminary probing campaign
was undertaken to help address safety concerns before probe installation in waste areas.

• Pit 9 40 x 40-ft Campaign—An area in Pit 9, measuring approximately 12 m (40 ft) on each
side was selected for detailed subsurface investigation (see Figure 3-11). Known as the 40 x 40-ft
study area, the location was selected based on waste inventory information and surface
geophysical data assessed using WasteOScope (INEEL 2001d). Records indicated that the area
contained a high percentage of drums containing plutonium from RFP. Twenty Type A probes
were installed and logged using the full suite of geophysical logging tools, including several
azimuthal logs. The primary objective of logging data analysis was to select a location in the
12 x 12-m (40 x 40-ft) area to perform a limited excavation and waste retrieval (Beitel et al. 2000;
Josten and Okeson 2000).

• Pit 9 Campaign 1—Pit 9 Campaign 1 involved installing eight additional Type A probes to the
north of the 40 x 40-ft area to evaluate conditions in the northern part of the pit. This area was a
candidate location for the Pit 9 waste excavation and retrieval. Five probes could penetrate no
further than depths of 1.5 m (5 ft) or less and were replaced by new probes located several feet
away. All Campaign 1 probes were logged with the full standard logging suite.

• Pit 9 Campaign 2—Pit 9 Campaign 2 consisted of two Type A probe arrays, one located in the
northern part of Pit 9 and one located along the southeast pit boundary. The northern array
included eight probes and was intended to explore for Pu-239-bearing HEPA filters. These probes
have "P9-F1-xx" designators in Figure 3-11. The southern array consisted of seven probes and was
intended to explore for Pu-239-bearing graphite molds, and have "P9-GR-xx" designators in
Figure 3-11. Both search locations were selected by the combined use of waste inventory records
and surface geophysical data in WasteOScope. All Campaign 2 probes were logged with the full
standard logging suite.

• P9-20 Investigation—Six additional Type A probes were installed in a circular pattern around
the P9-20 probe. Initial passive gamma logging data from the Type A probe at the P9-20 location
indicated a significant zone of Pu-239. This zone had a maximum apparent concentration nearly
three times the next highest Pu-239 detection in Pit 9 and an order of magnitude greater than the
next highest reading for Pu-239 detection in any other Type A probe in the SDA. The specific
objective of the additional six cluster Type A probes was to obtain detailed information needed to
evaluate criticality potential.

• Data from the six additional Type A probes showed a decrease of one to two orders of magnitude
in Pu-239 levels than observed in P9-20. Furthermore, the data indicated that the Pu-239 source
was contained entirely in the circle of probes, and that the source volume and mass are much
smaller than previously speculated. The spectral data indicate that a point or small distributed,
concentrated source exists. This interpretation of the probe data is consistent with historical
WasteOScope records that drums containing graphite molds were disposed of in the area Graphite
molds could have had plutonium fixed to their surfaces or wedged in cracks in the molds.
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Figure 3-11. Probes installed in the Pit 9 study area.
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3.7.5 Depleted Uranium Focus Area

Depleted uranium from RFP is the dominant uranium waste form in the SDA. Depleted uranium
material, called roaster oxide, was exposed to a flame and roasted (i.e., oxidized), allowing for safe
shipping and storage of this otherwise pyrophoric material. Information from WasteOScope (INEEL
2001d) indicated that the west end of Pit 10 contained depleted uranium. Geophysical surveys indicated
that metallic objects were present in this area. Type A probes were first installed along two transects in
the depleted uranium focus area and later additional Type A probes were installed between the transects
(see Figure 3-12). Probes DU-01 through DU-08 compose the two original probe transects. Interpreted
results from these probes are documented in the Type B Probe FSP (Salomon 2001, Appendix D).

Locations for Type B probe clusters were identified from the Type A logging data. The highest
concentrations of uranium detected in the depleted uranium focus area were found at locations DU-10 and
DU-14, indicating that the locations were optimal for Type B probe clusters. The Type A probes were
then logged using a directional gamma detector to identify azimuthal location of gamma-emitting sources
in May 2001. A third cluster also was deployed in the depleted uranium focus area because geophysical
logging results indicated that it was an excellent site to monitor neptunium waste. This site, DU-08, is
described under the discussion on the americium and neptunium focus area in Section 3.7.7.

In addition, a depleted uranium source was identified in the organic sludge focus area in the east
end of Pit 4. The highest level of U-238 detected in any Type A probe was found at Probe 743-08. This
probe also was selected as the origin of a probe cluster to characterize organic sludge and, thus serves for
both depleted uranium and organic sludge characterization. The primary clusters and probes used to
characterize depleted uranium waste are listed in Table 3-13, which includes the probes in Probe
Cluster 743-08.

3.7.6 Organic Sludge Focus Area

Organic compounds buried in the SDA include carbon tetrachloride, methylene chloride, TCE,
TCA, PCE, heavy lubricating oils, polychlorinated biphenyls, chlorofluorocarbons, alcohols, organic
acids, ethylenediaminetetraacetic acid (EDTA, also known as Versenes) and nitrobenzene. The primary
contributors to potential risk in the IRA (Becker et al. 1998) from organic sludge were carbon
tetrachloride, methylene chloride, and PCE. Ninety-eight percent of the CC14 was originally contained in
RFP 743-series sludge. Information from WasteOScope (INEEL 2001d) indicated that the east end of
Pit 4 contained a large number of drums containing 743-series sludge. High VOC soil gas concentrations

3-80



Shipments 6
from
WasteOScope
Database

Current
Pit 10
Boundary

Vicinity Map

0 4 S

0 20

Data Drawn: August 30, 2002

12 Meters

40 Feet

19

21

M4-4

Legend

Currant Pit 10
my

FEstcrical Fit 10
Boundary

waste Disrekuti
Bcainclarica

Type A Prone

Tensinmete_r

Sail Mniaure Prol,

Lysioirtur

Vapor Port

Visual link

DU Cluster Area

MOM Moisture Mcnitaring Network
Cluster Area

Path: ip rojects/rwmcia • bu i jecus_a rea s/
File N ma: du Inc sarea- .01_113

Figure 3-12. Probe clusters installed in and around the depleted uranium focus area in the west end of Pit 10.



Table 3-13. Probe completions, by cluster, in the west end of Pit 10 and the east end of Pit 4 supporting depleted uranium waste assessment. 

Probe Type

Type A Probe Tensiometer Soil Moisture Probe Lysimeter Vapor Port Visual Probe

Cluster Probe
Name Name

Probe
Depth
(ft)

Probe
Name

Instrument
Depth
(ft)

Probe
Name

Instrument
Depth
(ft)

Probe
Name

Port
Depth
(ft)

Probe
Name

Port
Depth
(ft)

Probe
Name

Probe
Depth
(ft)

DU-10 DU-10 17.3 DU-10-T3 9.1 DU-10-M' 9.2 DU-10-L1 9.8 DU-10-VP1 11.5 DU-10-V 7

DU-10-A 17.0 DU-10-T2 6.7 DU-10-M2 6.6 DU-10-L2 7.0 DU-10-VP2 10.0

DU-10-B 17.2 DU-10-T1 4.0 DU-10-M3 4.0 DU-10-VP3 6.2

DU-10-MD 6.7

DU-14 DU-14 17.3 DU-14-T3 15.3 DU-14-M' 15.2 DU-14-L1 16.0 DU-14-VP1 16.0 DU-14-V 10.5

DU-14-A 17.5 DU-14-T2 9.0 DU-14-M' 9.8 DU-14-L2 7.9 DU-14-VP2 11.7

w DU-14-B 17.6 DU-14-T1 3.7 DU-14-M' 4.5 DU-14-VP3 4.9

oc
t.) 743-08 743-08 25.3 743-08-T3 22.4 743-08-M1 22.3 743-08-L1 23.3 743-08-VP1 20.2 743-08-V 13.6

743-08-1 25.6 743-08-T2 13.0 743-08-M1 13.9 743-08-L2 9.0 743-08-VP2 13.4

743-08-2 25.0 743-08-T1 5.6 743-08-M1 6.6 743-08-VP3 4.9

743-08-3 26.3

743-08-4 24.1

743-08-5 25.0

743-08-6 25.1



that have been detected over the east end of Pit 4 corroborated that drums containing 743-series sludge

were buried there. The VOC concentration was corroborated further from results of Type A logging. Most

of these probes logged with the n-gamma tool indicated elevated chlorine detections across the focus area.

Chlorine is indicative of chlorine-bearing wastes such as VOCs and polyvinyl chloride plastic.

Investigation in the east end of Pit 4 was undertaken primarily to collect data to evaluate the mass
of VOCs remaining in the buried waste, using a combination of shallow and waste zone vapor probes,
nuclear logging of the Type A probes, flux chamber measurements, and modeling. A long transect of
Type A probes first was installed in the eastern side of Pit 4 (see Figure 3-13). The area investigated
contained a significant quantity of organic sludge. The probe transect was designed to originate in an area
where VOC-containing waste drums were heavily concentrated, and extend to an area with minimal
VOC-containing waste. The transect passed through 30 delineated waste shipments recorded for the area
in Pit 4. Of these disposals, 26 originated from Rocky Flats and contained 743-series sludge, which
contains high concentrations of VOCs. The 30 disposals contained approximately 2,819 drums, of which
1,077 (38%) were drums of 743-series sludge (INEEL 2000c). Using WasteOScope, shallow soil gas and
geophysical data were used to aid in the placement of the transect.

Figure 3-14 is an example of a recent soil gas survey and shows that high levels of carbon
tetrachloride are in the northeast corner of Pit 4, which corresponds well with the disposal records
described above. The survey was conducted after placement of the original probe transect and is given
here because the data set is more current than the original shallow soil gas survey data. Figure 3-15
represents an electromagnetic geophysical survey conducted over the same area. This survey indicates the
presence of metallic objects, probably drums, in a wide area of the eastern section of Pit 4 and also
indicates substantially less metallic material in the southern portion of the pit. Data from these types of
surveys supported the plan to place probes over a transect covering a high to low concentration of
VOC-bearing waste.

Multiple disposals of organic sludge were concentrated in the east end of Pit 4. Accordingly,
precision was less important in choosing locations for the Type B clusters. The three primary probe
cluster locations were chosen to cover a large areal extent of the transect and also to cover a range of
chlorine detections generated from nuclear logging data.

Location 743-03 was chosen as the origin of a probe cluster because it had the highest chlorine
signature collected from any Type A probe along the transect. According to WasteOScope, this location
also contained numerous organic sludge disposals and previous soil gas surveys indicated elevated VOC
concentrations. Location 743-08 was selected for much the same reason. In addition, this location
contained the largest detection of U-238 daughter products and, thus, was able to provide valuable
information about depleted uranium characteristics in addition to data about the organic sludge.
Location 743-18 was selected because it is in the transition area between disposals that contain organic
sludge and those that do not. Type A logging data indicated the presence of chlorine, but at substantially
lower concentrations than identified at 743-03 and 743-08. The data interpretations used to locate the
Type B probe clusters are given in the Type B Probe FSP (Salomon 2001, Appendix D). The types and
completion depths of probes used to form clusters in the organic sludge focus area are listed in
Table 3-14.

3.7.7 Americium and Neptunium Focus Area

The primary source of Am-241 and Np-237 in the SDA is the RFP 741-series sludge (i.e., first

stage wastewater sludge). An area in the central part of Pit 10 was identified as the americium and
neptunium focus area. Disposal numbers' 195, 196, 205, 206, and 207 in that location were of special

g. Disposal numbers are artifacts of early versions of WasteOScope and were applied in probehole planning documents, figures,

and other aspects of the probing implementation. These numbers no longer appear in WasteOScope.

3-83



Probe Probe
Name Type

Probe
Depth (It)

743-01 'Tyje A 17.2
7431@ nye A 7117
743-03 TM A 115
743-04 TWA 25.5
743-05 Type A 271
74346 Type A26.2
743-07 TIP A 253
743-01 EA 25.3
743-01 1 A 25.6
743- 08- 2 A 25.0
743-01326.3
743-034 r/ 25.1
743-05-5 A 25.0
743-01-6 A 751
743-09 A 24-3
743- 10251
743- 11 111: 255
743.12 Tyyze A25.0
743-13 EA 25.6
743-14 A734
743-15 A 21.9
743-16 EA 16.2
743-17 A 20.7
74318 A 210
743- L94.2

3-74 212 IZ 1 163
743-21 TyFe A 14.6
743-22A 21.4
743-23 

 A
8_4

743-24 TiRe A 235
74325 A 171
743-32 A 17_1
743-33 Tyre A 12-1
743-34 4' 11.9
743-35 .it 16.4
74136 TyFe A 150
743-37 Type A259
743-38 EA 135
743-39 A 191
743-40 A 18.4
743-41 Tyr A 215
743-42 A 72.2
743-03-V ViialPielx 13.6
743-01 V Vioal Plebe 13.6
743- 18-V Varna  Probe 12

Probe
Name

Probe Sensor/Port %Wm
Type Depth from Surface (ft)

743-03- Ll Lyeleptier
7410112 Llama
74308-L1 LpEreers
743-01 12 Loleenee
743- 11 LI Lyskreis
743- 1112 lokaceer
741 03- 11 Sea Mime Mete
743-01141 Set Mewl' =Prot*
743031E SPA Molise Pate
743- WIG Soitlaresere Prate
743-01111 SiAldiaime Peak
741 C13- /41 Spa MON= Pidx
743- 01 101 S41Mhi taAuk
743- 18- 111 NAlicistee Pie
743- 18- 111 Ee Per&
743-03- T1
743 03- 12
743-03-13 Teedemeler
743-0111 Teetiomeier
743-0171 TenefeeMer
743.01 T3 Temiesealer
743- 18-11 Teoleamer
710- 1& T2 Teneforder
74.11&73 Teuiesnoler
743-03- VP1 VsFrPcm
743-03- VP1 Vim Pat
743-03- VP3 VapxPot
74101 VP1 VaFrPot
743- 011- VP2 VeforPaa
743-08- VP3 VaporPort
743- 15- Almilmed VeporPtut
743- 18- VP1 VaperPort
743- 18- VP3 Vigo-Pee
743-18- VP4 VapixPtet

743-26 e

743-23 45

743-24

118
91
733
90
12.1
121
19.1
123
14
223
13.9
6.6
192
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6.5
53
112
115
5.6
iao
72.4
5.5
141
9.2
ISA
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48
23.2
13.4
4.9
14,3
231
76
14.6
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Figure 3-13. Probes installed in the organic sludge focus area in the eastern end of Pit 4.
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3-85



Table 3-14. Probe completions, by cluster, in the organic sludge focus area in the east end of Pit 4.

Probe Type 

Cluster
Name

Type A Probe Tensiometer Soil Moisture Probe Lysimeter Vapor Port Visual Probe

Probe
Name

Probe
Depth
(ft)

Probe
Name

Instrument
Depth
(ft)

Probe
Name

Instrument
Depth
(ft)

Probe
Name

Port
Depth
(ft)

Probe
Name

Port
Depth
(ft)

Probe
Name

Probe
Depth
(ft)

743-03 743-03 19.5 743-03-T3 18.5 743-03-M1 19.1 743-03-L1 12.8 743-03-VP! 18.0 743-03-V 13.6

743-03-T2 11.2 743-03-M1 12.3 743-03-L2 9.8 743-03-VP2 13.3

743-03-T1 5.3 743-03-M1 3.4 743-03-VP3 4.8

743-08 743-08 25.3 743-08-T3 22.4 743-08-M1 22.3 743-08-L1 23.3 743-08-VP1 20.2 743-08-V 13.6

743-08-1 25.6 743-08-T2 13.0 743-08-M1 13.9 743-08-L2 9.0 743-08-VP2 13.4

743-08-2 25.0 743-08-TI 5.6 743-08-M1 6.6 743-08-VP3 4.9

743-08-3 26.3

743-08-4 25.1

743-08-5 25.0

743-08-6 25.1

743-18 743-18 21.0 743-18-T2 14.9 743-18-M1 19.2 743-18-L2 12.8 743-18-VP1 20.0 743-18-V 12

743-18-T3 9.2 743-18-M1 12.8 743-18-L1 12.1 743-18-VP3 7.6

743-18-T1 5.5 743-18-M1 6.5 743-18-VP4 14.6



interest for two reasons: (a) the disposals contain relatively large numbers of 741-series drums, and
(b) because the 741-series drums occur in high ratios relative to other types of waste drums in the same
disposals. For example, Disposals 195 and 196 contained a total of 301 drums and 169 of those drums
contained 741-series sludge. Similarly, Disposals 205, 206 and 207 contained 293 drums, of which 137
contained 741-series sludge. Specific contents of the shipments are listed in the OU 7-13/14 Probehole
Plan (INEEL 2000c). The Probehole Plan also gives rationale and figures derived from past geophysical
surveys to support placement of the probes in this focus area. Historical disposal information was used to
demarcate a general area, then geophysical survey data were used to refine the probe location selection.
Initial probe data were evaluated to further refine additional probe locations.

The americium and neptunium focus area was investigated to determine a fingerprint of this
high-activity waste stream in the SDA environment. Both Am-241 and Np-237 were identified as COPCs
in the IRA (Becker et al. 1998). Though the waste may have contained Np-237 at the time of disposal,
some Np-237 is produced through decay of Am-241. The primary waste stream containing Am-241 is the
741-series sludge, which contains more than 80% of the Am-241 buried in the SDA. Disposal of this
waste stream occurred from 1954 to 1970.

Locations of probes installed in the americium and neptunium focus area are shown in Figure 3-16.
Location 741-08 had higher observed concentrations of Pu-239, Am-241, and Np-237 than other locations
in this focus area. In addition, DU-08 in the depleted uranium focus area (see Figure 3-12) contained an
excellent source for monitoring neptunium waste. The primary clusters and probes used to characterize
the americium and neptunium focus area are listed in Table 3-15.

As noted in Section 3.6.5, the other Type A probe used to establish a probe cluster to study
americium and neptunium waste was identified in the depleted uranium focus area. Nuclear logging data
from this probe indicated that the highest concentration of neptunium-bearing waste was detected at
DU-08. A cluster was installed there to monitor this type of waste. The probes installed at DU-08 are
given in Figure 3-12, which shows the depleted uranium focus area in the west end of Pit 10.

3.7.8 Uranium and Enriched Uranium Focus Area in Pit 5

Three areas in Pit 5 were investigated to locate areas of enriched uranium and other uranium waste
streams. One area in the north part of Pit 5 was selected based on monitoring data. The other two areas
were selected using WasteOScope. The probe names and the location and completion intervals for probes
installed in this investigation are provided in Table 3-16 and Figure 3-17. The individual areas probed in
Pit 5 are discussed below.

Pit 5-TW1. Type B probes, including a lysimeter, were located in Pit 5 next to lysimeter TW-1,
where both U-236 and enriched uranium (i.e., anthropic uranium) had been previously detected in soil
moisture collected from a depth of approximately 31 m (102 ft) (Roback et al. 2000). The area
surrounding TW-1 also exhibits a topographic depression on the upper basalt surface (see Figure 3-17).
This geologic feature may cause local infiltration around Pit 5 and Pad A to move in the direction of
TW-1. Therefore, Type B probes were located in this area. The sampling port on the Type B lysimeter
Pit 5-TW1-L1 was completed at 3.7 m (12.2 ft) and is assumed to be next to the contact with the
underlying basalt. To date, however, the lysimeter has not yielded soil moisture samples.

Pit 5-1. Type A probes were placed in an area shown by WasteOScope to contain two collocated
disposals of U-233 waste from RFP Building 881. Building 881 focused on enriched uranium
manufacturing and recovery through the mid-1960s. However, Building 881 also housed numerous
special projects, some of which involved U-233. Thirty-nine of the 370 drums reported for two disposals
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Figure 3-16. Probes installed in the americium and neptunium focus area in the central part of Pit 10.
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Table 3-15. Probe completions, by cluster, supporting americium and neptunium waste assessment in Pit 10.

Cluster
Name

Probe Type

Type A Probe Tensiometer Soil Moisture Probe Lysimeter Vapor Port Visual Probe

Probe
Name

Probe
Depth (ft)

Probe
Name

Instrument
Depth

(ft)

Probe
Name

Instrument
Depth

(ft)

Probe
Name

Port
Depth (ft)

Probe
Name

Port
Depth (ft)

Probe
Name

Probe
Depth (ft)

DU-08 DU-08 18.7 DU-08-T3 16.4 DU-08-M1 17.9 DU-08-L1 16.1 DU-08-VP2 15.8 DU-08-V 17.6

DU-08-A 18.1 DU-08-T2 10.2 DU-08-M1 11.5 DU-08-L2 14.1

DU-08-B 17.6 DU-08-T1 5.3 DU-08-M1 6.1

741-08 741-08 22.3 741-08-T3 19.9 741-08-M1 19.9 741-08-L1 15.2 741-08-V 13.5

741-08-A 20.8 741-08-T2 10.6 741-08-M1 11.5 741-08-L2 7.8

741-08-B 21.8 741-08-T1 3.6 741-08-M1 4.1



Table 3-16. Probe completions, by cluster, supporting uranium waste assessment in Pit 5.

Cluster
Name

Probe Type

Type A Probe Soil Moisture Probe Lysimeter

Probe
Name

Probe
Depth
(ft)

Probe
Name

Instrument
Depth
(ft)

Probe
Name

Port
Depth
(ft)

Pit 5-1 Pit 5-1-1 7.8

Pit 5-1-2 7.8

Pit 5-1-3 9.1

Pit 5-1-4 8.5

Pit 5-1-5 3.8

Pit 5-1-6 11.7

Pit 5-1-7 16.0

Pit 5-1-8 13.6

Pit 5-4 Pit 5-4-1 16.5 Pit 5-4-M 10.2 Pit 5-4-L1 10.6

Pit 5-4-2 16.4 Pit 5-4-MB 8.2

Pit 5-4-3 16.3 Pit 5-4-MB 2.8

Pit 5-4-4 12.7

Pit 5-4-5 10.5

Pit 5-4-6 16.5

Pit 5-4-7 14.1

Pit 5-TW1 Pit 5-TW1-M 10.2 Pit 5-TW1-L1 12.2

Pit 5-TW1-MB 8.2

Pit 5-TW1-MB 2.9
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in the area contained U-233 waste from Building 881. Another three drums from these two disposals were
reported in WasteOScope (INEEL 2001d) to contain U-233 from Building 771. Another important
consideration in selecting this site for investigation is its disposal location along the southern perimeter of
Pit 5. Confidence is higher for disposal location information near the pit boundary compared to
information for disposals near the center of a large pit like Pit 5. Eight Type A probes were installed along
two transects in Pit 5.

Pit 5-4. Type A probes were placed in an area shown by the WasteOScope to contain 14 of
147 drums that originated from RFP Building 886, a building established to perform criticality testing on
highly enriched uranyl nitrate. In addition, all but 16 of the drums in this disposal originated from RFP
uranium processing facilities (i.e., Building 881, 883, or 886), thus increasing the likelihood of detecting
the targeted uranium. Rocky Flats personnel' indicated that two enriched uranium-contaminated
gloveboxes and associated piping were disposed of from Building 886, but the time of disposal could only
be described as many years ago. WasteOScope (INEEL 2001d) was queried and a Rocky Flats disposal
was found that described glovebox deactivation, decontamination, and decommissioning-type waste and
selected combustibles originating from Building 886. This waste likely would contain significant
concentrations of enriched uranium. Rocky Flats personnel (see footnote h) also noted that numerous
spills containing highly enriched uranyl nitrate occurred in Building 886, and often were mopped up. If
these mops, classified as combustible waste, were disposed of, they would contain significant U-235
activity, as well. Seven Type A probes, two soil moisture probes, and one lysimeter were installed in this
area.

3.7.9 Activated Metal Investigations

This investigation primarily was focused on evaluation of C-14. Carbon-14, as an activation
product, is a byproduct of reactor operations. The amount of C-14 disposed of and its release rate are
uncertain. An effort is ongoing to refine the inventory of C-14 in the SDA. Using the current assumptions
on the release rate, preliminary evaluations of potential risks from the IRA (Becker et al. 1998) indicate
that C-14 amounts still could be above acceptable risk levels.

Most C-14 inventory in the SDA is from disposal of activated metal. Some of this disposal
inventory is in the form of reactor core components, including beryllium reflector blocks and end pieces
from reactor cores. The remaining activity is mostly in ion exchange resins. Typical C-14-bearing waste
was disposed of in the SVRs (or possibly in the trenches) in the earlier years of operation (see
Sections 3.1.2.4.2 and 3.2.1).

Type B probes were installed near soil vaults indicated by WasteOScope to contain C-14-bearing
waste. These probes were placed to yield information about release and potential transport of C-14 in the
subsurface. Carbon-14 can be transported in both vapor and dissolved phases. Moisture monitoring also
was conducted near the vaults to assess the moisture state of surrounding soil. Two activated metal
disposal sites were evaluated during the probing project investigation. One site, SVR-12, contained
activated stainless steel and the other site, SVR-20, contained activated beryllium. Detailed criteria used
to select each site for investigation are given in the Type B Probe FSP (Salomon 2001).

3.7.9.1 Activated Metal (Stainless Steel) Investigation at Soil Vault Row 12. Soil vault
Row 12 was selected to monitor activated stainless steel because disposal information indicated that the
SVR had the target material and did not contain other interfering materials (e.g., beryllium) that could

h. J. Anderson, radiological engineer and current Building 886 facility manager, Rocky Flats Plant, telecommunication with Hopi
Salomon, Washington Group International, Idaho Falls, Idaho, November 2000.

3-92



greatly complicate subsequent analyses. WasteOScope data (INEEL 2001d) indicated the disposal of
highly irradiated waste at this site. Further investigation indicated that the waste contained disposals of
highly irradiated stainless steel end pieces from spent Experimental Breeder Reactor II fuel elements
(Salomon 2001). This highly irradiated stainless steel probably was disposed of in scrap cask inserts that
were open at the top and perforated on the bottom, allowing contact with surrounding soil
(Salomon 2001). Because of shallow soil conditions at SVR-12, these disposals were made using an
excavator in lieu of an auger rig to create the hole for burying the scrap cask inserts. The disposals of
interest were handled remotely, using a free air transfer technique. As a result, exact positioning of the
disposed waste was not possible.

Historical information identified in the Type B Probe FSP indicated that the SVR-12 disposal area
was no deeper than 2 to 4 m (8 to 12 ft) belowground surface at time of disposal (Salomon 2001).
However, because of subsequent flooding, RWMC operations personnel placed approximately 3 m (10 ft)
of fill in an area close to where these shipments were buried. Results of the probing did not support this
because the greatest depth at which a probe could be installed at SVR-12 was only 3.81 m (12.5 ft)
belowground surface (Probe SVR12-2-VP1). Specifics about waste disposal at SVR-12 and the rationale
used for selecting probe placement are given in the FSP (Salomon 2001). Probe type and completion
intervals for probes placed at SVR-12 are represented in Table 3-17. Physical placement of the probes at
SVR-12 is represented in Figure 3-18. Samples collected from vapor ports at SVR-12 are being analyzed
for the radioactive gas C-14, while samples collected from lysimeters are being analyzed for gamma
spectroscopy and a suite of radionuclides (i.e., C-14, H-3, Nb-94, Ni-59, Ni-63, and Tc-99) to support
modeling activated metal release characterization. These results will be used to evaluate the validity of the
assumptions used in the IRA.

Table 3-17. Probe completions supporting activated metal assessment.

Cluster
Name

Probe Type

Tensiometer Soil Moisture Probe Lysimeter Vapor Port

Probe
Name

Instrument
Depth (ft)

Probe
Name

Instrument
Depth (ft)

Probe
Name

Port Depth
(ft)

Probe
Name

Port Depth
(ft)

SVR-1 2 SVR-12-M

SVR-12-MB

SVR-12-MB

11.4

8.4

4.3

SVR12-1 SVR12-1-T3 10.8 SVR12-1-L1 11.1 SVR12-1-VP1 11.7

SVR12-1-T2 8.4 SVR12-1-L2 5.8 SVR12-1-VP2 7.6

SVR12-1-T1 3.6 SVR12-1-VP3 2.7

SVR1 2-2 SVR12-2-VP1 11.9

SVR12-2-VP2 7.7

SVR12-2-VP3 2.6

SVR1 2-3 SVR12-3-VP1 11.8

SVR12-3-VP2 7.6

SVR12-3-VP3 2.5

SVR-20 SVR-20-M 17.4

SVR-20-MB 13.8

SVR-20-MB 4.4

SVR20-1 SVR20-1-T3 16.4

SVR20-1-T2 12.7

3-93



Table 3-17. (continued).

Probe Type

Tensiometer Soil Moisture Probe Lysimeter Vapor Port

Cluster Probe Instrument
Name Name Depth (ft) 

SVR20-1-T1 8.3

SVR20-3

SVR20-5

Probe
Name

Instrument Probe Port Depth Probe Port Depth
Depth (ft) Name (ft) Name (ft)

S VR20 -3 -VP1 6.3

S VR20 -3 -VP2 12.9

SVR20-3-VP3 15.0

SVR20-5-VP3 17.2
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3.7.9.2 Activated Metal (Beryllium) Investigation at Soil Vault Row 20. Six
neutron-activated beryllium reflector blocks from the INEEL Advanced Test Reactor were buried in
SVR-20 in 1993. The blocks contained significant tritium and C-14 activity. Section 3.8 contains a
summary of beryllium disposals at SVR-20, as well as previous monitoring activities conducted nearby.

Before the SDA probing project, a monitoring array was established to characterize the migration
of tritium and C-14 at SVR-20. The monitoring array installed as part of the probing project augments the
monitoring that began in 1994. Vapor ports have been installed to enhance lateral monitoring for tritium
and C-14 at a greater distance from the source than previously installed vapor ports. Moisture monitoring
also is being conducted near the vault because the moisture state of the surrounding soil affects sampling
and evaluation of soil gas data. Probes installed for the probing project investigation at or adjacent to
SVR-20 are included in Table 3-18 and Figure 3-18.

Vapor ports installed around SVR-20 are being sampled with a dedicated system for tritium sample
collection. The system consists of a vacuum pump, control unit, and desiccant-filled moisture traps to
monitor tritium in the vapor phase, which was not an objective of sampling at any other site.

3.7.10 Waste Zone Moisture Monitoring Array

Three moisture monitoring transects and an additional array were established by pairing
tensiometers and soil moisture probes at various locations and depths in and immediately adjacent to
some SDA pits. The primary purposes for these transects were to identify the amount of water that
infiltrates through the waste, to investigate the effects of cover material on reducing infiltration, evaluate
the influence of existing ditches on moisture movement, and to determine whether local conditions could
enhance contaminant release. Results of modeling are extremely sensitive to the infiltration rates used in
the simulations. Not only does infiltration provide the mechanism for contaminant migration, it also
influences the corrosion rate of metal containers and eventual release from the waste form. Though Site-
specific infiltration rates are implemented in this ABRA (see Section 5), the moisture monitoring
transects were deployed to further validate the OU 7-13/14 comprehensive RI/FS model parameters and
to enhance the infiltration data set for any future analysis of the SDA.

Three north-to-south trending probe transects were installed in and adjacent to the north side of
Pit 4, and an additional array of probes was placed in the west end of Pit 10. In each Pit 4 transect, three
clusters of probes were installed. The first cluster in each transect was installed near the drainage ditch
north of Pit 4, the middle clusters were established near the north boundary of the pit, and the third,
(southernmost) clusters were installed well into the waste in Pit 4 (see Figure 3-19). In most probe
clusters, three pairs of tensiometers and soil moisture probe instruments were installed to monitor three
different depths. As field conditions allowed, a tensiometer and soil moisture detector were paired near
the contact between the overburden and waste, near the middle of the waste zone, and near the contact
between the waste and the underburden or near the basalt contact. The instruments in the middle of the
waste were installed with the tensiometer completed in the upper third of the waste zone and the soil
moisture detector completed lower in the middle of the waste zone to increase coverage in the waste.
Final instrument completions in the moisture monitoring transects are given in Table 3-18.

The location of the transect known as MM1 was selected to monitor the effect of water that flows
through a culvert under the east-west road (see Figure 3-19). The MM2 transect is centrally located along
the northern edge of Pit 4. The MM3 transect is located just east of the 1-3 monitoring well pair, which
showed wet conditions above the B-C interbed at a depth of approximately 27.4 m (90 ft) during previous
investigations.
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Table 3-18. Probe completions in the waste zone moisture monitoring array at Pit 4 and Pit 10.

Probe Type

Cluster
Name

Tensiometer Soil Moisture Probe

Cluster
Name

Tensiometer Soil Moisture Probe

Probe
Name

Instrument
Depth

(ft)

Probe
Name

Instrument
Depth

(ft)

Probe
Name

Instrument
Depth

(ft)

Probe
Name

Instrument
Depth

(ft)

MM1-1 MM1-1-T3 17.7 MM1-1 17.8 M M3-2 MM3-2-T3 8.4 MM3-2 8.5

MM1-1-T2 10.5 MM1-1B 11.6 MM3-2-T2 6.6 MM3-2B 7.0

MM1-1-T1 5.6 MM1-1B 5.5 MM3-2-T1 5.0 MM3-2C 4.0

MM1-2 MM1-2-T3 14.0 MM1-2 13.9 M M3-3 MM3-3-T3 17.0 MM3-3 17.0

MM1-2-T2 9.3 MM1-2B 10.7 MM3-3-T1 14.0 MM3-3B 13.8

MM1-2-T1 5.6 MM1-2B 6.0 MM3-3-T2 4.6 MM3-3B 7.5

MM1-3 MM1-3-T3 11.7 MM1-3 11.5 M M4-1 MM4-1-T3 18.5 MM4-1 19.4

MM1-3-T2 8.4 MM1-3B 9.7 MM4-1-T2 14.9 MM4-1B 14.7

w
MM1-3-T1 5.1 MM1-3B 4.9 MM4-1-T1 5.7 MM4-1B 6.3

oc M M2-1 MM2-1-T3 16.0 MM2-1 16.0 MM4-1D 16.7

MM2-1-T2 11.9 MM2-1B 12.5 M M4-2 MM4-2-T3 15.8 MM4-2 17.4

MM2-1-T1 6.7 MM2-1B 7.3 MM4-2-T2 11.4 MM4-2B 12.1

M M2-2 MM2-2-T3 9.2 MM2-2 10.8 MM4-2-T1 4.9 MM4-2B 4.7

MM2-2-T2 8.6 MM2-2B 9.1 M M4-3 None installed MM4-3 9.1

MM2-2-T1 4.9 MM2-2B 4.0 MM4-3B 6.2

M M2-3 MM2-3-T3 6.6 MM2-3B 7.0 MM4-3C 4.8

MM2-3-T2 5.1 MM2-3B 1.7 M M4-4 MM4-4-T3 9.5 MM4-4 10.3

MM2-3-T1 3.8 MM2-3 3.0 MM4-4-T2 8.2 MM4-4B 8.7

M M3-1 MM3-1-T3 9.7 MM3-1 9.7 MM4-4-T1 3.6 MM4-4B 4.2

MM3-1-T2 7.1 MM3-1B 7.6 MM4-4D 10.9

MM3-1-T1 4.9 MM3-1C 4.5 M M4-5 MM4-5-T3 13.5 MM4-5 13.9

MM4-5-T2 9.7 MM4-5B 9.7

MM4-5-T1 4.1 MM4-5B 4.4



An additional array of probes, MM4, was installed to form an array around the depleted uranium
focus area in the west end of Pit 10. Some probes were located in a potential topographic depression on
the underlying basalt surface (Salomon 2001). Several probes in this location are located near a drainage
ditch that borders the southwest corner of Pit 10. The MM4-3 cluster is located in a slight topographic
depression, while the MM4-2 cluster is located in an area that has higher relative surface elevation with
good surface water runoff. This location is biased toward an area of suspected low infiltration to monitor
moisture behavior in an area with less favorable infiltration potential.

Additional information concerning upper basalt topography and locations where water tends to
accumulate on the surface from snow melt and precipitation (e.g., ditches) was considered when selecting
the locations for moisture monitoring. Upper basalt surface topography indicates a possibility for
infiltrating water to move laterally toward Pits 4 and 10 from both the north and the south. Areas in the
SDA that had significant ponding during a February 1995 thaw are shown in Figure 3-20 (Bishop 1996).
This melting and water accumulation pattern was similar to ponding that occurred in 1993, 1994, and
1996. Water temporarily standing in ditches nearly surrounding the perimeter of Pits 4, 6, and 10 is
shown in Figure 3-20. Moisture monitoring probes were placed to determine the extent of lateral
movement away from these ditches into the waste zone.

Locations where water accumulated
during FY-95 spring snowmelt

Figure 3-20. Locations at the Subsurface Disposal Area showing significant temporary accumulations of
surface water during February 1995.

3.7.11 Type A Logging Results Used to Estimate Cover and Waste Zone Thickness

Results generated from nuclear logging of Type A probes have provided additional information to
assess thicknesses of the soil cover and the waste zone. Vertical waste zone thickness and boundaries
were interpreted assuming that the waste zone contains less soil, more void spaces, and increased amounts
of hydrogen, iron, and chlorine compared with the overburden and underburden soil. Neutron-neutron
moisture logging data were used to interpret the top and bottom of the waste zone in each Type A
probehole, based on the assumption that low density, void spaces, and the presence of neutron absorbing
elements found in typical waste can combine to cause sharp reductions in measured instrument response.
Sharp decreases in the moisture tool response were first observed during Pit 9 logging in 1999. The
decreased tool response occurred consistently at about the expected depth of the top of the waste zone at
1.2 to 1.8 m (4 to 6 ft) and indicated very low soil moistures of about 0 to 5% by volume below that
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depth. In some cases, the moisture tool response was observed to increase sharply near the bottom of the
probehole, returning to typical soil moisture values. For these reasons, the neutron-neutron tool response
appears to be a valuable aid in determining vertical limits of the waste zone.

Neutron-neutron moisture logging data were the primary data set used to interpret vertical waste
zone boundaries. Silicon, calcium, potassium, and thorium levels, measured using other logging tools,
also were considered in cases where the moisture tool response was ambiguous. The logging methods
used for the various waste zone indicators are shown in Table 3-19. Logging data from each probe were
examined for sharp decreases and increases in neutron-neutron tool response. Decreases in response
indicate the top of the waste and increases in tool response indicate the bottom of the waste. Depths were
chosen at the approximate middle of the decrease or increase and were rounded to the nearest 0.15 m
(0.5 ft). Interpreted boundaries then were compared against contamination indicators, such as gross
gamma, gross neutrons, and chlorine, to ensure consistency and to recognize signal interference.

Table 3-19. Logging methods used to interpret the vertical waste boundaries.

Logging Method Waste Zone Indication

Neutron-neutron (moisture)

Passive spectral gamma

Activated spectral gamma

Reduced response resulting from low density, void space, and
neutron absorbing elements in waste

Reduced response resulting from reduced K-40 and Th-232
compared with native soil

Reduced response resulting from reduced silicon and calcium
compared with native soil

Preliminary evaluations of logging data to determine overburden and waste zone thickness are
summarized in Table 3-20. The waste zone thickness estimated in Table 3-20 may be greater than the
value indicated because no lower waste boundary was recognized during interpretation of some logging
results. In a few cases, the lower boundary of the waste zone was assumed to lie below the maximum
logged depth; and, therefore, results are defined as the minimum waste zone thickness. In some logs, no
indicators of waste or presence of a waste zone were indicated. Data from these probes were excluded
from thickness calculations because the respective data were likely from probes installed at pit boundaries
and are not representative.

Table 3-20. Overburden and waste zone thickness estimates from Type A logging data.

Number of Probes Used
Pit to Determine Estimate

Overburden Thickness
(ft)

Minimum Waste Zone
Thickness

(ft)

Pit 4 38 7.6 11.6

Pit 5 13 5.3 7.3

Pit 9 47 5.2 5.8

Pit 10 30 6.3 8
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The overburden thickness estimates listed in Table 3-20 were compared to previous evaluations
conducted to estimate cover or overburden thickness. Section 3.1.5 provides information on overburden
thickness summarized from Neupauer (1995) and Barnes (1989). Section 3.1.6 provides geophysical
interpretation on overburden thickness estimates at selected pits within the SDA. The cover thickness
estimates based on interpretations of Type A logging results correlate well with previously developed
estimates.

3.7.12 Continued Data Collection in the Subsurface Disposal Area Probes

Installation of the last SDA probes was completed in November 2001 and the data collection
system used to monitor the moisture monitoring array is estimated to be finished during the spring of
2002. Data have been generated from nuclear logging of Type A probes; however, interpretation of these
data is still in the preliminary stages. To date, limited numbers of physical samples have been collected.
Though water samples have been collected from several lysimeters, the recovered sample volume has
been small, typically less than 20 mL per sample, resulting in limited analysis and high analytical
detection limits. These small sample volumes are likely the result of relatively dry subsurface conditions
in the SDA following installation and initial sampling. Samples collected following the 2002 spring snow
melt may provide additional sample volume, which could enhance analytical performance by lowering
detection levels and increasing the number of analytical parameters evaluated.

Data generated by ongoing probe sampling and monitoring may be used to validate or refute results
of the modeling in this ABRA and, thus, assist in developing remedial decisions for the SDA. Data also
could provide additional information useful during RD/RA. Tentative planning for OU 7-13/14 calls for
continued probe data collection. Additional tasks could be considered to expand the knowledge generated
by the unique monitoring capability that the probes provide. Though not an exhaustive list, the tasks
below are tentatively planned for ongoing monitoring and data interpretation for the SDA probes:

• Contaminant Mass Estimate—Reevaluate existing nuclear logging data to determine the mass
of total VOCs and specific radioisotopes (i.e., Am-241, Np-237, Pu-239/240, U-235, U-238,
Th-228, and Th-232) remaining in the buried waste around probe clusters and to support future
RD/RA.

• Waste Type Definition—Reanalyze existing nuclear logging data to evaluate each spectral peak.
Current interpretation has relied on analysis of only seven to ten peaks. However, each probe
spectral data file contains upwards of seventy peaks that can be used to assess the presence of
different contaminants and waste types. These data would substantially improve confidence in
WasteOScope and can be used to support future RD/RA.

• Moisture Movement—Evaluate tensiometer and soil moisture probe data to improve
understanding of moisture infiltration through the cover soil and the SDA waste zone, validate
assumptions on moisture content, define moisture gradients, assess the rates of moisture flux
parameters for source release and transport models, and establish future RD/RA performance
objective.

• Contaminant Migration—Evaluate data generated from lysimeters and vapor ports to obtain
specific contaminant concentrations in water and vapor in the waste zone to validate transport
models and establish future RD/RA performance objectives.

• Contaminant Release—Using Type A and future Type B data, evaluate the mass of
contaminant in an area, in combination with the localized moisture state and contaminant
concentrations. Information on the waste mass, conditions affecting moisture movement through
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the system, and the contaminant concentrations could be used to validate source release modeling
and provide data to establish RD/RA performance objectives.

• Waste Condition—Improve video logging techniques and review the video logs to enhance
understanding of the physical nature of the waste. Subject matter experts, including personnel
familiar with historical waste-generating processes and past disposal operations should be
consulted to interpret the videos. This information would be used in conjunction with other data to
evaluate the waste zone, increase confidence in WasteOScope, and support the development of
RD/RA.

3.8 Actinide Retardation Studies

A series of experiments was conducted in laboratories at Clemson University (Fjeld, Coates, and
Elzerman 2000) to measure radionuclide retardation parameters for application to risk assessment at the
SDA. The experiments focused on the actinide elements uranium, neptunium, plutonium, and americium.
Experiments were conducted mainly with composite interbed sediments, with a few studies conducted
with basalt. Recently, experiments have been conducted on materials collected from discrete intervals in
sedimentary interbeds. Laboratory studies consisted of batch measurements, column elution experiments,
and measurement of adsorption isotherms. Test solutions were made up to resemble the chemistry of
groundwater near the SDA.

The objective of these experiments was to quantify the partitioning of radionuclides between
vadose zone water and sedimentary interbed material from the SDA. Most experiments were designed to
measure a linear, reversible partition coefficient referred to as IQ. The IQ parameter is defined as the ratio
of the quantity of a contaminant sorbed onto a solid phase, such as sediment or basalt, to the quantity of
the contaminant remaining in the water:

K = 
C

sKd
Cw

where

(3-1)

Kd = linear, reversible partition coefficient (mL/g)

C, = quantity of the contaminant on a solid (pCi/g, mg/g)

• quantity of the contaminant in water (pCi/mL, mg/mL).

In column experiments, retardation of the movement of a radionuclide relative to the rate of water
movement through the column was measured. The retardation of a radionuclide is related to the Kd by

R =l+iKd

where

p

• retardation factor (unitless)

• bulk density of sediment in the column (gram/milliliter)

(3-2)
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9 = water content of the column (milliliter/milliliter).

Rearranging Equation (3-2), IQ can be calculated from

Kd = 1)3 1 (1 —R)

(3-3)

Equation (3-3) is used in this section to calculate Kd values from retardation factors reported from
column experiments.

Between 1993 and 1995, a series of batch adsorption experiments and a few column elution
experiments were conducted at Clemson University and at the INEEL using uranium, plutonium, and
americium (Newman et al. 1996). Nine sedimentary interbed samples from multiple depths in Wells M6S
and M7S, which were drilled near the RWMC, were mixed to form a composite interbed material. The
composited material was sieved to a size range less than 0.25 mm. A few tests were conducted on a
crushed INEEL basalt and an intact core of basalt. Tests were conducted in a synthetic groundwater with
a composition similar to groundwater in the Snake River Plain Aquifer near the RWMC (pH = 8.0;
HCO3 = 96.6 mg/L). Column tests were conducted in packed columns 20 to 25 cm (8 to 10 in.) in length.
Batch partition experiments were conducted following American Society for Testing and Materials
(ASTM) Method D4319, "Standard Method for Distribution Ratios by the Short-Term Batch Method."

For column tests on basalt, uranium transport was reasonably well explained by a Kd type model,
with about 100% recovery. Retardation, as defined in Equation (3-2), was about 2 for uranium, translating
to a IQ of about 0.2 to 0.3 mL/g (see Table 3-21). Plutonium (total) and americium showed an enhanced
mobility fraction of about 2% with a retardation factor, as defined in Equation (3-2), of about 2 for
crushed

Table 3-21. Summary of batch and column measurements of americium, plutonium, and uranium partition
coefficients from Newman et al. (1996).

Isotope Media
Batch IQ
(mL/g)

Column Kd
(mL/g)

Enhanced
Mobility Kd
(mL/g)

Americium Basalt 70 to 280 Greater than 60a 0.2

Americium Interbed 450 to 1100 Greater than 48a Present"

Plutonium(V) Basalt 70 to 130

Plutonium(V) Interbed 5,100 to 7,900

Plutonium(V) Surface soil 7,800 to 22,000

Plutonium(VI) Basalt 12 to 24

Plutonium(VI) Interbed 110 to 690

Plutonium(VI) Surface Soil 1,800 to 4,900

Plutonium (total) Basalt >60a 0.25

Plutonium (total) Interbed >48a Present"

Uranium Basalt 4 to 6 0.2 to 0.3 Not present

Uranium Interbed 3 to 6 7 to 10 Not present

a. Breakthrough did not occur, and so it is only known that the Kd is greater than the reported value.

b. An enhanced mobility fraction was present, but at too small of a concentration to quantify a Kd.

3-103



basalt columns. The remaining 98% of plutonium and americiurrydid not emerge from the crushed basalt
column, indicating that retardation exceeded 200. Based on the bulk density and porosity of the column, a
retardation value greater than 200 gives a Kd value greater than 60 mug (see Table 3-21). In columns
containing packed composited interbed sediment, uranium was slightly retarded during transport through
the column with 90% to 100% recovery of the tracer. Retardation ranged from 30 to 43, yielding Kd
values between 7 and 10 mL/g (see Table 3-21). Plutonium and americium showed a very small fraction
of enhanced transport, with more than 99% of the plutonium and americium remaining in the column
indicating, a IQ greater than 48 niL/g.

A wide range of Kd values was measured for plutonium in batch adsorption experiments (see
Table 3-21). For comparable materials, higher Kd values were measured when the plutonium initial
oxidation state was plutonium(V), and lower when the starting oxidation state of plutonium was
plutonium(VI) (see Figure 3-21). Most batch partition experiments were conducted at a
water-to-solid-weight ratio of 4:1 as specified in ASTM D4319. In the vadose zone, the water-to-solid-
weight ratio is closer to 1:5, as calculated with a soil bulk density of 1.5 g/cm3 and a moisture content of
0.3 cm3/cm3 (Barraclough, Robertson, and Jantzer 1976), which is substantially different from the
laboratory results. Oxidation state determinations on plutonium in batch experiments showed that when
the solid-to-liquid ratio in experiments more closely resembled natural conditions in the vadose zone,
plutonium(V) and plutonium(VI) were reduced to plutonium(IV).
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Figure 3-21. Frequency distribution of batch plutonium Kd values measured by Newman et al. (1996)
differentiated by the valence state of plutonium in the starting solution.

Additional column studies were conducted at Clemson University on thorium, uranium, neptunium,
plutonium, and americium to further define transport mechanisms and parameters (Fjeld, Coates, and
Elzerman 2000). These studies were conducted on composite interbed material in synthetic water solution
designed to resemble perched water at the RWMC (pH = 8.2; HCO3 = 750 mg/L). All of the experiments
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were column elution experiments. This series of tests included variations in water chemistry to evaluate
the effects of actinides complexing with ligands in solution.

Trivalent and quatravalent actinides, americium(III), thorium(IV), and plutonium(IV) were found
to have a very small (less than 0.01%) enhanced mobility fraction with a retardation factor between 1 and
6 and a Kd less than 0.5 mL/g. Americium(III) and plutonium(IV) showed a continuous small
breakthrough during the experiment. However, 99.9% of the americium(III), 98.8% of the plutonium(IV)
and 99.9% of the thorium(IV) were retained in the columns with a Kd greater than 250 mL/g (see
Table 3-22). Plutonium(V) showed the same behavior as plutonium(IV), with a small fraction being
released from the column with little retardation, and 99.8% of the plutonium(V) remaining in the column.
Plutonium(VI) was not tested.

Neptunium experiments on the column were conducted using neptunium in the neptunium(V)
valence state. About half of the neptunium migrated through the columns with a retardation factor of 100
and a Kd of 25 mL/g (Table 3-22). The other half of the neptunium did not emerge from the column. Fjeld
and coworkers hypothesized that some of the neptunium was being reduced from the +V to the +IV
valence state in the column. A column was oxidized with hydrogen peroxide, and a breakthrough test
repeated. All of the neptunium was recovered, indicating that reduction was a factor in neptunium
transport. A similar experiment with plutonium(V) did not result in breakthrough of plutonium. Reduction
of plutonium in the soil is strong enough that, even after treatment of the soil with hydrogen peroxide, the
soil can reduce plutonium(V) to plutonium(IV).

Column experiments were conducted using the hexavalent form of uranium. Uranium(IV) can be
expected to have similar geochemical characteristics as the other quatravalent actinides (Seaborg and
Loveland 1990). Under reducing conditions, where uranium(IV) predominates, uranium would be
strongly bound to sediments with Kd values greater than 250 mL/g, similar to values measured for
thorium and plutonium(IV). Hexavalent uranium was completely recovered from the columns with a
retardation factor of 3.2 to 8.2 and a Kd from 0.54 to 1.8 mL/g (Table 3-22). Experiments with water
chemistry composition showed that complexing of uranium with carbonate ion was a very important
factor in the transport of uranium. When carbonate ions were removed from the synthetic groundwater,
the retardation factor jumped to 560 to 690 and the Kd jumped to 140 to 170 mL/g.

Complexing with organic complexing agents also was found to appreciably enhance migration of
actinides. Quatravalent actinides were not mobile in the absence of complexing agents. When EDTA was
added to test solutions, 27% to 61% of the quatravalent actinide became mobile with retardation factors
from 16 to 79 and Kd values from 4 to 20 mL/g (see Table 3-22). Organic complexing agents were
disposed of in the SDA (INEEL 1998), including unknown quantities of EDTA contained in RFP TRU
waste. According to the HDT, a reasonable upper limit on the unknown quantity of EDTA from RFP is
7.1E+04 kg (LMITCO 1995a, Table 4-1). Hypothetically, the presence of these agents could enhance the
mobility of actinides. However, because detections of actinides in the vadose zone are relatively sparse,
the hypothesis has not been confirmed by RWMC vadose zone monitoring results (see Section 4).

During the fall of 2000, adsorption isotherms for uranium and neptunium were measured on
14 discrete interbed samples collected from boreholes drilled inside and adjacent to the SDA (Grossman
et al. 2001). An adsorption isotherm is measured by a series of batch adsorption experiments carried out
with different initial solution concentrations. If adsorption follows a linear adsorption isotherm (Kd), the
ratio of sorbed to dissolved concentrations will be the same at all concentrations. Sediment samples from
both the B-C and C-D interbeds were assessed. Experiments were again conducted in synthetic
groundwater (pH = 8.2; HCO3- = 220 mg/L).

3-105



Table 3-22. Summary of retardation and Kd values measured in column experiments.

Element
Special Test
Conditions

Column
Retardation

Factor
Column Kd
(mL/g)

Fraction of
Initial Spike

Retained in the
Column

Enhanced Mobility
(Fraction Released/

Pore Volume)

Effective Kd
of Enhanced

Mobility Fraction

(mL!g)

Americium >1000 > 250' 0.999 7.9E-5 4.5

Americium With EDTAe 16 4 0.50 7.7E-5 Continuousb

Thorium >1000 >250 0.999 2.6E-5 Continuous

Thorium With EDTA 23 5.75 0.73 2.3E-5 Continuous

Plutonium(IV) >1000 >250 .98 6.2E-6 Continuous

Plutonium(IV) With EDTA 35 to 79 8.8 to 20 0.42 1.7E-4 Continuous

Plutonium(V) >1000 >250 .999 1.7E-4 Continuous

Plutonium(V) With EDTA >1000 >250 .999 3.6E-5 Continuous

Plutonium(V) Oxidized
sediments

>1000 >250 .999 Not determined

Neptunium 97 to 156 24 to 39 0.32 to 0.60 1.5E-4 0.3 to 0.9

Neptunium With EDTA 58 to 80 14.5 to 20 0.33 to 0.43 1.5E-4 0.6

Neptunium No carbonates 195 to 310 49 to 78 0.19 to 0.33 Not present N/A

Neptunium Oxidized
sediment

265 to 434 66 to 108 -0 Not present N/A

Uranium 3.2 to 8.2 0.5 to 2 0.04 to 0.08 Not present N/A

Uranium With EDTA Not tested

Uranium No carbonate 560 to 690 140 to 170 0.55 1.3E-4 3

EDTA = ethylenediaminetetraacetic acid N/A = not applicable
a. Breakthrough did not occur, and the only conclusion that can be drawn is that the Kd is greater than the reported value.
b. An enhanced mobility fraction was present, but release was more or less continuous, not as a discrete peak.
c. Simulated perched water with EDTA added.
d. Hydrogen peroxide was used to oxidize the sediment column before the test.
e. Carbonate was left out of the recipe when the simulated perched water was mixed.

For neptunium and uranium, isotherms showed distinct nonlinearity. However, a good fit for both
actinides was obtained using a Freundlich isotherm (see Figure 3-22). The Freundlich isotherm is defined
by the following equation:

Cs = Kf Cn

where

Kf Freundlich adsorption coefficient (mL/g)

Freundlich exponential coefficient (unitless).

(3-4)

The K values of the Freundlich isotherm showed a large amount of variation, but exponents of the
isotherms n were very similar for all samples (see Table 3-23). When plotted on a log-log graph, the
Freundlich isotherm becomes linear with n being the slope of the line. Parallel lines on the log-log plot
indicate how similar the Freundlich n values are (see Figure 3-23).

Most of what is known about actinide transport parameters applicable to the RWMC comes from 8 years
of work at Clemson University and the INEEL (Newman et al. 1996; Fjeld, Coates, and Elzerman 2000;
Grossman et al. 2001). Based on these experiments, the transport of uranium and neptunium occurs in the
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dissolved phase in the vadose zone, and can be represented by an adsorption type of conceptual model.
Uranium, in particular, demonstrates classic breakthrough curves for column tests suggesting a reversible
adsorption mechanism. Neptunium in natural waters is present in the pentavalent(V) valence state
(Seaborg and Loveland 1990). An adsorption model for neptunium can be shown to be conservative
because at least some of the neptunium is irreversibly adsorbed in column elution experiments.
Experimental results from Clemson suggest that reduction of some of the neptunium(V) to neptunium(IV)
causes the adsorption. Test results from Clemson indicate that adsorption isotherms for uranium and
neptunium are nonlinear. As the uranium and neptunium concentration in solution increases, the
partitioning ratio decreases. Sorption will not be as efficient for retarding the movement of uranium and
neptunium at higher concentrations as it is at lower concentrations. A Freundlich nonlinear adsorption
isotherm would, therefore, be a better approach for uranium and neptunium sorption than a constant Kd
approach.

Plutonium(VI) is not stable in natural waters (Seaborg and Loveland 1990; Choppin, Bond, and
Hromadka 1997; Runde 2000; Skipperud, Oughton, and Salbu 2000). Plutonium(V) is the stable
oxidation state of dissolved plutonium in natural systems; however plutonium(V) is reduced to
plutonium(IV) through interaction with solid minerals and soil organic matter in natural systems
(Skipperud, Oughton, and Salbu 2000). Based on the findings of the Clemson batch experiments and on a
review of the literature, the batch adsorption experiments at high water-to-solid ratios using
plutonium(VI) as a starting material are concluded to fail to be representative of conditions expected in
the subsurface at the RWMC. Some experiments where plutonium Kd values are measured using
plutonium(V) as a starting material, and at low water-to-solid ratios, are more representative of the vadose
zone environment. Under those conditions, a plutonium Kd over 5,000 mL/g is indicated.
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Figure 3-22. Neptunium adsorption on Sample I1S-INEEL-109 comparing the fit of Freundlich,
Langmuir, and linear isotherms to the laboratory data.
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Table 3-23. Measured Freundlich and linear isotherm parameters for neptunium and uranium (Grossman
et al. 2001).

Sample ID
Neptunium
Freundlich K

Neptunium
Freundlich n

Neptunium
Kd

(mL/g)
Uranium Uranium Uranium Kd

Freundlich K Freundlich n (mL/g)

7DS001011CD 246 0.59 100 74 0.81 37

7DS003011CD 91 0.62 27 53 0.78 21

7DS00901KD 100 0.59 25 17 0.78 6

7DS007011CD 24 0.65 6 46 0.76 16

7DS00501ICD 155 0.56 37 37 0.81 17

7DS017011CD 133 0.56 34 40 0.77 14

7DS023011CD 109 0.56 28 35 0.81 15

125-INEEL-105 52 0.65 15 40 0.78 15

I1S-INEEL-109 280 0.58 98 35 0.78 13

14D-INEEL-234 86 0.54 16 23 0.76 7

14D-1NEEL-231 124 0.53 27 33 0.76 11

I1D-INEEL-234 95 0.60 25 40 0.87 22

14D-INEEL-224 162 0.54 41 31 0.81 13

13D-1NEEL-229 256 0.57 85 27 0.77 9

Average 137 0.58 40 38 0.79 16
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Figure 3-23. Laboratory neptunium adsorption data for three soil samples showing the similar slopes
when fit with a Freundlich isotherm.
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For americium and plutonium, however, transport in the dissolved phase may not be an important
mechanism. Attempts to measure adsorption isotherms for americium and plutonium were unsuccessful
because americium and plutonium formed insoluble mineral precipitates and could not be kept in solution
in the simulated groundwater. This result is consistent with the solubility of solid plutonium and
americium minerals in the synthetic water composition. Without a dissolved aqueous phase, a liquid-solid
partitioning coefficient could not be measured. A better conceptual model for americium and plutonium
seems to be the formation of an insoluble solid phase that is mostly filtered out of solution during batch
adsorption experiments, which gives the appearance of a large Kd value in batch experiments. In column
experiments, the particulate material is mostly filtered out of solution by the sediment in the column, also
giving the appearance of a large Kd value for more than 98% of the plutonium.

In column experiments, however, small, but continuous release of trivalent and quatravalent
actinides (thorium, plutonium, and americium) occurs, in a particulate form that migrates as fast or almost
as fast as the water. This was seen in earlier column experiments conducted by Miner, Evans, and Polzer
(1982) as well as in two generations of studies at Clemson University (Newman et al 1996; Fjeld, Coates,
and Elzerman 2000). A continuous, slow release of a very small fraction of the actinide occurs over time.
Even in the packed sediment columns where material had been sieved to sizes less than 0.25 mm, there is
measurable transport of particulate actinides. Because of this characteristic, a tiny fraction of the trivalent
and quatravalent actinides could be moving with little or no retardation through the vadose zone.

A final factor affecting mobility of actinides identified by the Clemson University studies (Fjeld,
Coates, and Elzerman 2000) is the effect of organic complexing agents. Laboratory tests using EDTA, an
organic complexing agent, showed that EDTA could greatly enhance the mobility of actinides. An
inventory of complexing agents (e.g., EDTA) used at RFP (INEEL 1998) indicates that organic
complexing agents are likely to be present in the waste. The quantities of EDTA from RFP are reported as
unknown, but a reasonable upper limit of 7.1E+04 kg is suggested in the HDT (LMITCO 1995a,
Table 4-1).

3.9 Carbon-14 Characterization

Modeling of release and migration of carbon-14 for OU 7-13/14 has been limited to dissolved-
phase approaches. However, C-14 can be released and migrate as a vapor, particularly in carbon
dioxide (CO2). Recent modeling to estimate the quantities and concentrations of radioactivity in beryllium
blocks, and monitoring at a beryllium disposal in SVR-20 and an activated metal disposal in SVR-12 are
summarized below.

3.9.1 Estimated Activity in Beryllium Blocks Buried in the Subsurface Disposal Area

Research reactors at the INEEL TRA, including MTR, the ETR, and the ATR, use beryllium
reflectors. The beryllium is used as a neutron reflector to intensify the neutron flux in the reactor core.
The amount of beryllium used as a reflector varies in each reactor (Mullen et al. 2002). The ATR
reflector assembly consists of a set of eight beryllium blocks and 16 outer shim control cylinders
(Figure 3-24). Each block is 129.5 cm (51 in.) long, approximately 40.6 cm (16 in) square and weighs
81,420 g (179.5 lb). When all eight blocks are assembled, they have a cross section approximately 127 cm
(50 in) in diameter. For the ETR, the reflector assembly was essentially four slabs that surrounded the
core while the MTR reflector assembly was much more complex.

Historically, reflector assemblies from the test reactors periodically were replaced every 8 to
10 years because of swelling. The majority of irradiated beryllium reflector waste was disposed of in the
SDA in three major events: 1976, 1977, and 1993. A total 5,309 kg (11,703 lb) of beryllium was
disposed of from the ATR, ETR, and MTR (Table 3-24) (Mullen et al. 2002). Early characterization
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efforts of the beryllium blocks relied on modeling alone to develop the isotope inventories, and there was
a concern that certain key nuclides were overestimated. In an effort to reduce the conservatism in the
inventory estimates samples were taken from stored irradiated beryllium blocks at TRA. The analysis was
necessary to determine C-14 content. Limitations on C-14 content for LLW destined for disposal in the
SDA are defined in the WAC (DOE-ID 2001) based on the LLW operation Performance Assessment
(Maheras et al. 1994, Case et al. 2001). Similar analysis had not been required for previous beryllium
disposals because earlier versions of the WAC did not limit C-14.

The sampling showed that the initial models were indeed conservative with regard to C-14 but
substantially underestimated Nb-94 (Mullen et al. 2002). The sample results also revealed that trace
impurities in the beryllium blocks, when subjected to neutron flux in a reactor, transmute to other
elements. Uranium is transmuted into plutonium and other transuranic isotopes, and gold is transmuted
into mercury. Modeling based on reactor burn-up histories and estimates of concentrations of impurities
in the beryllium has shown that the irradiated beryllium blocks contain sufficient transuranic content to be
classified as TRU waste. Table 3-24 provides estimates of the C-14 and transuranic concentrations in
beryllium blocks buried in the SDA. Figure 3-25 illustrates the locations of the beryllium blocks in the
SDA.
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Figure 3-24. Photograph and cross-sectional view of an Advanced Test Reactor beryllium reflector block.
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Table 3-24. Summary of the Advanced Test Reactor, Engineering Test Reactor and Materials Test Reactor transuranic and C-14 concentrations in irradiated beryllium reflector waste disposed of in the Subsurface Disposal Area as of the
indicated disposal date.

Reactor and Beryllium Waste
Disposed of by Serial

Number or Core Position

Materials Test Reactor

Engineering Test Reactor

Advanced Test Reactor

Block NW-L

NW-R

NE-L

NE-R

SW-L

SW-R

SE-L

SE-R

Block NE-L

NE-R

SW-L

SW-R

SE-L

SE-R

Block 018L

013R

015L

019L

014R

011R

Nine Outer Shim Control
Cylinders

Total

NA = not applicable
BGT = burial ground trench
SDA = Subsurface Disposal Area
L = left
R = right
SRV = soil vault row
TRU = transuranic
NW = northwest
NE = northeast
SW = southwest
SE = southeast

Initial
Irradiated

Date

Final
Irradiated

Date Core
Reactor
Position

Total Core
(MWd)

Metal
Mass

(g)

Metal
Volume

(m3)

Disposal
Date

Disposal
Location a

Total
C-14 Activity

(Ci)

Estimated C-14
Concentration

(Ci/m3)

Estimated
Transuranic
Concentration

(nCi/g)

Total
Transuranic
Activity
per Item
(Ci)

3/31/52 7/1/69 1 NA 108,000 2,610,000 1.41 1977 BGT 58 3+10-20 to 3+40-50 3.78 2.68 1,000 2.61

10/15/57 3/1/70 1 NA 424,313 580,500 0.3137 1970b'e b 3.64 11.6 575 0.334

2/1/68 9/9/72 1 NW 28,894 81,420 0.044 1976 BGT 58 200+05-15 0.9997 22.72 321.97 0.026

2/1/68 9/9/72 1 NW 28,894 81,420 0.044 1976 Same as above 0.9997 22.72 321.97 0.026

2/1/68 9/9/72 1 NE 27,960 81,420 0.044 1976 BGT 58 200+25-35 0.9679 22.34 321.12 0.026

2/1/68 9/9/72 1 NE 27,960 81,420 0.044 1976 Same as above 0.9679 22.34 321.12 0.026

2/1/68 9/9/72 1 SW 27,978 81,420 0.044 1976 Same as above 0.9683 22.01 321.13 0.026

2/1/68 9/9/72 1 SW 27,978 81,420 0.044 1976 Same as above 0.9683 22.01 321.13 0.026

2/1/68 9/9/72 1 SE 28,017 81,420 0.044 1976 Same as above 0.9696 22.04 321.23 0.026

2/1/68 9/9/72 1 SE 28,017 81,420 0.044 1976 BGT 58 200+25-35 0.9696 22.04 321.23 0.026

2/5/73 4/11/77 2 NE 23,625 81,420 0.044 1977 BGT 58 3+10-20 1.264 18.61 191.90 0.016

2/5/73 4/11/77 2 NE 23,625 81,420 0.044 1977 Same as above 1.264 18.66 191.90 0.016

2/5/73 4/11/77 2 SW 36,285 81,420 0.044 1977 Same as above 1.254 28.50 197.52 0.016

2/5/73 4/11/77 2 SW 36,285 81,420 0.044 1977 Same as above 1.254 28.50 197.52 0.016

2/5/73 4/11/77 2 SE 24,357 81,420 0.044 1977 Same as above 0.8441 19.18 193.52 0.016

2/5/73 4/11/77 2 SE 24,357 81,420 0.044 1977 BGT 58 3+40-50 0.8441 19.18 193.52 0.016

8/9/77 2/2/86 3 NW 53,924 81,420 0.044 1993 SVR 20 0+315 1.853 42.11 387.15 0.032

8/9/77 2/2/86 3 NW 53,924 81,420 0.044 1993 Same as above 1.853 42.11 387.15 0.032

8/9/77 2/2/86 3 NE 47,259 81,420 0.044 1993 Same as above 1.627 36.98 406.25 0.032

8/9/77 2/2/86 3 SW 60,205 81,420 0.044 1993 Same as above 2.066 46.95 370.37 0.032

8/9/77 2/2/86 3 SW 60,205 81,420 0.044 1993 Same as above 2.066 46.95 370.37 0.032

8/9/77 2/2/86 31 SE 72,984 81,420 0.044 1993 Same as above 2.497 56.75 340.98 0.032

2/5/77 4/11/77 1/21 NA
unknown

165,928d 489,881e 0.2648f 1987 SVR 17 0+10,
0+18, 1+00, 1+56

15.91 60.08 377.54 0.185

5,308,781 49.8272 3.625

RWMC = Radioactive Waste Management Complex
a. Coordinates refer to the distance from the disposal unit boundary monument.
b. The disposal date and location at the SDA could not be determined from available records.
c. The final irradiation date is assumed to be the SDA disposal date.
d. Total exposure for nine outer shim control cylinders (OSCCs).
e. Total mass for nine OSCCs.
f. Total volume for nine OSCCs.



3.9.2 Beryllium Reflector Block Monitoring

Six beryllium reflector blocks from the Advanced Test Reactor were buried in SDA Soil Vault
Row (SVR)-20 in 1993 (see Figure 3-18) (Ritter and McElroy 1999). The blocks contained a total of
293,000 Ci of tritiated hydrogen gas and approximately 20 of C-14. Both radionuclides form mobile
compounds. About one-fifth of the total C-14 inventory in the SDA is associated with the beryllium.
Carbon-14 was identified as a COPC in the IRA (Becker et al. 1998) and as a risk driver in the RWMC
Performance Assessment (Case et al 2000) and the INEEL Composite Analysis (McCarthy et al. 2000).
Tritium, though not a risk driver, was identified as a contaminant of interest because of its potential as a
model calibration target for vapor phase transport.

Dedicated monitoring to characterize the migration of tritium and C-14 from beryllium reflector
blocks buried began in 1994. Results of environmental monitoring characterizing releases and
environmental conditions around the beryllium blocks in SVR-20 are summarized below.

3.9.2.1 Airborne Tritiated Water Vapor. Ambient air samples were collected 30 cm (1 ft), 1 m
(3.3 ft), and 2 m (6.6 ft) aboveground near SVR-20 (see Figure 3-18) during summer and early fall of
2000 and 2001. Samples were collected weekly because the emission rate can vary substantially over
relatively short periods. Passive airborne tritium samplers are used to collect the samples. Prior to 2000,
samples were collected by several organizations, including the INEEL and Idaho State University for the
INEEL Oversight Program. Results for all beryllium sampling are shown in Figure 3-27. Typically, the
concentration of tritiated water vapor (HTO) in air ranged over several orders of magnitude each year
with the peak concentrations occurring in late summer. Usually the maximum concentrations persisted
over a period of a few weeks each year, but the peak concentration occurred over a period of only 4 days
during 1997. The estimated annual tritium release to the atmosphere range from less than 1 Ci in 1998 to
over 100 Ci in 1995 and 1996. The variation is probably caused by year-to-year differences in soil
conditions that affect gas phase permeability and by possible changes in the rate of release of tritium from
the blocks by corrosion. Monitoring data do not show any long-term trend in air concentration or
emission, though the seasonal variability of the emission rate is evident.

3.9.2.2 Tritiated Water Vapor in Soil Gas Samples. Since 1996 soil gas samples have been
collected approximately 60 to 100 cm (23 to 39 in.) from the buried beryllium blocks in SVR-20. Soil gas
data through June 28, 2001, are summarized in Figures 3-28, 3-29, and 3-30. The maximum
concentrations of HTO in soil moisture were 3.4, 0.28, and 0.70 µCi/mL at depths of 2.7, 4.5, and 6.2 m
(9, 15, and 20 ft), respectively. Correlation of the concentrations at 4.5 and 6.2 m (15 and 20 ft) is
depicted in Figure 3-31. The concentration of HTO in soil moisture appears to fluctuate over the course of
each year, with lower concentrations occurring during cool months.
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3.9.2.3 Carbon-14 in Soil Gas. The specific activity of C-14 in CO2 (i.e., the C-14 activity per
gram of total carbon) was measured in grab samples of soil gas collected from the three GSP-1 ports and
SVR20-5-VP3 at various depths. Samples collected through 1997 used a caustic solutions in bubblers and
samples collected after 1997 used the Tedlar bag method . The two sampling methods are assumed to
produce comparable data; however, the bag sampling and analysis procedures and calibration are still in
development, and will be finalized in FY-2003. Sample results are summarized in Table 3-25. Based on a
review of all results for the 1999 to 2002 monitoring, C-14 specific activity (pCi of C-14 per gram of
carbon in CO2) in soil gas near buried beryllium has increased by a factor of 5 to 10 since the late 1990s.
A similar increase in HTO concentrations in soil water is evident over the same period.

Table 3-25. Summary of carbon-14 specific activity (pCi of carbon-14 per gram of carbon) in carbon
dioxide in soil gas samples collected at Soil Vault Row 20.

Date GSP-1 at 2.7 m GSP-1 at 4.5 m GSP-1 at 6.2 m SVR20-5-VP3 at 5.4 m

6/5/1996 1.70E+04 2.30E+04

7/2/1996 3.40E+04 2.50E+04

12/12/1996 1.30E+05 4.20E+04 3.30E+04

11/12/1997 4.40E+04 2.00E+04 1.20E+04

11/15/2001 3.64E+05 1.58E+05 2.45E+05 8.28E+04

2/20/2002 2.85E+04

5/2/2002 1.71E+05 1.45E+05 1.33E+05

5/23/2002 3.10E+04

8/23/2002 1.34E+05 1.33E+05 1.37E+05 3.67E+04

3.9.2.4 Chloride and Bromide in Soil Moisture. Suction lysimeters were installed at depths of
2 and 6 m (7 and 20 ft) near buried beryllium blocks in SVR-20 to collect samples of soil moisture for
chemical and radiological analysis. Attempts to draw samples from the 2-m (7-ft) -deep lysimeter have
been unsuccessful because of limited sample recovery. The vapor ports are either plugged or the soil
surrounding the vapor ports has very low permeability. Samples were successfully collected from the
6-m (20-ft) -deep lysimeter during 1997 and 2000. Chloride was tested for in the sample analysis because
magnesium chloride dust suppressant was applied on the SDA roadways in 1984 and 1985, and again in
1992 and 1993. Dissolved magnesium chloride in soil pore water would accelerate corrosion of the buried
beryllium. Bromide analysis also was conducted on the 2000 sample because dust suppressant was found
to have a relatively high, constant bromide-to-chloride ratio, thus being a further indicator of the impact
of the dust suppressant.

The 1997 sample showed chloride concentrations in soil moisture near the beryllium blocks of
about 650 ppm. This is substantially greater than the 20 to 30 ppm chloride concentrations expected in
soil moisture at INEEL', but less than the 2,650 ppm estimate used to derive the beryllium corrosion rate
for the RWMC Performance Assessment (Maheras et al. 1994). Elevated chloride concentrations

i. Hull, Laurence, Interdepartmental personal communication with Paul Ritter, Idaho National Engineering and Environmental
Laboratory, Bechtel BWXT Idaho, LLC, Idaho Falls, Idaho, March 2002.
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measured around the beryllium blocks in 1997 are interpreted to be related to use of magnesium chloride
dust suppressant on the SDA roads.

The chloride concentration in the 2000 sample was 35.5 ppm, and the reported bromide
concentration, 0.2 ppm, was below the detection limit for the analysis (Ritter and McElroy 1999). Results
suggest that the chloride-bearing water present near the lysimeter in 1997 migrated downward or laterally
and was replaced by water with near-background chloride concentrations.

3.9.2.5 Type B Probes. Several Type B probe vapor ports were installed at SVR-20 in 2001 to
augment the three existing sampling locations at the GSP-1 borehole (Figure 3-18). Only Type B probe
SVR20-5-VP3 is currently functioning. Type B Probe SVR20-5-VP3 is approximately 3.5 m (15 ft) from
the centerline of the buried beryllium with vapor ports at a depth of 5.4 m. This probe is farther from the
buried beryllium than the preexisting monitoring points at GSP-1 and is expected to provide useful
information concerning the lateral migration of tritium and C-14. As of March 2002, several sets of soil
vapor samples have been collected for C-14 analysis as part of method development for long-term C-14
monitoring.

3.9.3 Activated Metal Monitoring

A large fraction of the total SDA inventory of C-14 is present in activated steel. The rate of release
of C-14 from activated steel, accelerated by corrosion, is being studied at Soil Vault Row (SVR)-12
(Figure 3-18). Because SVR-12 is parallel to the interior perimeter road along the east edge of the SDA, it
is not likely to be affected by roadway activities such as snow clearing or MgC12 dust suppressant. The
area is not in an obvious runoff path, and there is little vegetation.

Highly-irradiated, activated stainless steel end pieces from spent Experimental Breeder Reactor II
(EBR-II) fuel elements were disposed of in SVR-12. Spent fuel elements from EBR-II were sent to the
INTEC for processing after use. The stainless steel end pieces were physically separated from the fuel in
underwater basins at INTEC and sent to the SDA in 10 shipments. Personnel familiar with the subject
disposals indicated that the end pieces were placed in open-top cask inserts that were perforated at the
bottom to allow for draining upon removal from the storage basin (Salomon 2001).

Type B probes with vapor ports were installed near SVR-12 in 2001 (Figure 3-18). The Type B
probes at SVR 12 include both vapor sampling ports and tensiometers. Tensiometers were installed to
measure soil matric potential near activated metal in SVR-12 to determine hydraulic gradients, and the
direction and rate of flow of soil moisture. Vapor ports were installed to provide information that could be
used to characterize release and lateral migration of C-14 from the activated steel. Soil gas samples have
been collected quarterly from the SVR-12 Type B probes since November 2001. In general, the specific
activity of C-14 in CO2 near the activated steel is at least 2 orders of magnitude less than the specific
activity measured near activated beryllium in SVR-20. Compared to beryllium, activated stainless steel
corrodes slowly and is a much less intense source of C-14.
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Figure 3-28. Concentrations of tritiated water in soil moisture collected from a depth of 2.7 m (9 ft) near activated beryllium in Soil Vault Row 20.



Date

Figure 3-29. Concentration of tritiated water in soil moisture collected from a depth of 4.5 m (15 ft) near activated beryllium in Soil Vault Row 20.
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Figure 3-30. Concentration of tritiated water in soil moisture collected from a depth of 6.2 m (20 ft) near activated beryllium in Soil Vault Row 20.
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Figure 3-31. Correlation of concentrations of tritiated water in soil moisture collected from depths of 4.5 and 6.2 m (15 and 20 ft).



3.10 Preliminary Criticality Analysis
for the Radioactive Waste Management Complex

The Criticality Safety Study' of the SDA was prepared to support the OU 7-13/14 comprehensive
RI/FS. The study was performed in 2001 to assess postulated plutonium criticality scenarios in the SDA.
The study was designed to first define waste configurations that would enhance the probability of a
criticality event, then to assess sensitivity of critical configurations to various parameters affecting critical
systems.

Criticality is the condition in which a nuclear fission chain reaction becomes self-sustaining.
Certain isotopes will fission more readily than other isotopes do. Isotopes that tend to fission easiest are
often called fissile. Plutonium is a fissile isotope that was buried in the SDA. An approximate cumulative
total of 1,100 kg of Pu-238, Pu-239, and Pu-240, with an approximate combined activity of 9.9E+04 Ci
was buried in the SDA. The criticality analysis was initiated because of the random manner that waste
was disposed of at the SDA and the uncertainty if a criticality (a self-sustaining nuclear reaction) could
occur in the buried waste.

A criticality occurs under an extremely limiting set of circumstances. Large masses of fissile
material in the appropriate configuration and in the presence of a moderator (i.e., water or some other
substance that slows neutrons to enhance fission) can cause a nuclear chain reaction. Parameters affecting
criticality in a fissile system include (a) the mass of fissile material present, (b) the presence of
moderating material, (c) the geometric configuration, (d) the presence of diluents and neutron poisons,
(e) the reflection conditions around the system, and (f) the concentration and distribution of the fissile
material in the waste. Each of these parameters and the effects they have on reactivity were evaluated.

Most of the plutonium waste contained in the SDA was received from RFP. No criticality concerns
would exist if the buried waste complied with the fissile material disposal limits that were set at RFP. The
limits were 200 g of fissile material per drum or 5 g of fissile material per cubic foot with a total loading
not to exceed 350 g per box. However, SWEPP assays of stored waste at TSA indicated that some RFP
drums exceed the disposal limits, or are overloaded, with respect to plutonium (Ravio et al. 1995).

Three RFP waste streams were chosen for analysis based on the perception that they could contain
enough plutonium to result in a criticality in the SDA. The waste streams were identified based on limited
historical SWEPP assay data from stored waste at TSA and engineering judgment, and included glovebox
HEPA filters, graphite molds, and magnesium oxide waste. The HEPA filters were chosen because
overloaded drums containing this waste matrix have been discovered in the aboveground storage
operations at TSA. In addition, HEPA filters historically have higher fissile loading. Graphite molds were
chosen based on historical data indicating the possibility of high fissile loading and on the moderation
properties of graphite. Graphite is a good neutron-moderating material in large systems that consist of
somewhat homogeneous distributions of fissile material. Magnesium oxide also was chosen because
overloaded waste drums containing this waste matrix have been discovered in the aboveground storage
operations at TSA.

Sludge waste from RFP was not considered because of the sludge waste forms and the historically
low fissile loading in the sludge matrices. Most of the sludge contains a large amount of carbon
tetrachloride, which is a very good neutron poison. The chlorine in the carbon tetrachloride is an excellent

j. The study, document INEEL/EXT-01-01294, is still undergoing expert review and will be released
in 2003.
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neutron absorber that effectively lowers reactivity of the system by removing neutrons, thus reducing the
likelihood of criticality. In addition, sludge inhibits the optimum conditions required for the formation of
a critical system.

The analysis considered combinations of dumped containers and stacked containers with mass and
geometry defined to enhance the probability of criticality. Regular stacking of containers would provide a
more reactive geometry than randomly dumped containers, according to the analysis. Following the
analysis of geometry, the amounts of moderation, neutron reflection, and neutron poison were varied to
assess the potential for a configuration that could achieve criticality. The extremes of perfect neutron
reflection and perfect moderation were assessed. None of the configurations analyzed was conducive to
spontaneous criticality. The postulated configurations analyzed were designed to create near ideal
conditions and are more reactive than the actual waste conditions within the SDA.

In summary, to achieve criticality with minimal mass, several conditions must occur
simultaneously:

• The mass of plutonium must be larger than 520 g

• Water must be present in sufficient amounts to initiate a reaction

• The plutonium must be homogenously distributed within the fissile volume

• Diluting material or neutron poisons cannot be present in the system.

Clearly, within the SDA, the optimal system for criticality does not occur. The waste is intermixed
with neutron poisons, such as chlorinated solvents, sludges, and other waste debris. The geometry is not
optimal because the plutonium present in the waste is in isolated small masses. Substantial quantities of
water necessary to moderate and sustain a reaction are not present. In addition, the metallic plutonium
originally contained in the waste when it was buried would not remain in the metallic form but would
transform to plutonium oxide in the environment, diminishing the likelihood of a criticality even further.
Soil mixed with the waste would dilute the plutonium concentrations and the soils contain additional
neutron poisons.
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4. NATURE AND EXTENT OF CONTAMINATION

The purpose of this section is to assess available monitoring data to identify the distribution of
COPCs in the RWMC environment. The emphasis in Section 4 is on the human health COPCs identified
in the IRA (Becker et al. 1998), but some discussion also is provided about the occurrence of ecological
COPCs that are not human health risk drivers (Hampton and Becker 2000). The discussions focus on the
results from routine aquifer and vadose zone monitoring conducted by the INEEL and the USGS. The
INEEL subsurface data used for this analysis were compiled from limitations and validation reports
generated from laboratory analyses, with the exception of the data used for the analysis of carbon
tetrachloride. Carbon tetrachloride data were assembled from several sources as cited in Section 4.8.1.
The INEEL surface monitoring data (e.g., surface soil, vegetation, and runoff) were primarily obtained
from the INEEL annual monitoring reports (as cited). The USGS data were obtained from the USGS.

The occurrence of each human health COPC in the following regions is discussed in subsequent
sections, as indicated below and shown in Figure 4-1:

• Waste zone—contaminant inventories contained in waste at the time of disposal; waste streams
that give rise to additional COPC inventories through radioactive decay and ingrowth, and waste
zone nuclear logging data

• Surface—environmental monitoring data for soil, runoff water, and vegetation

• Vadose zone—environmental monitoring data for soil moisture, perched water, interbed
sediments, or subsurface basalt samples

• Aquifer—environmental monitoring data for the aquifer.

Discussions are tailored to address any trends or patterns in the data. Graphs, tables, and
illustrations of the patterns of COPCs in the environment are presented when data sets are large enough.

4.1 Waste Zone Data

The waste zone is generally defined by the boundaries of the disposal units (e.g., pits and trenches)
within the SDA, with a vertical profile extending to the first basalt layer beneath the SDA. Waste zone
data include disposal and inventory records of waste buried in the SDA and shallow nuclear logging data
collected within the SDA from the Type A probe network. Data collected outside the pits and trenches are
discussed in Section 4.3 as components of the vadose zone data set.

4.1.1 Inventory Data and Disposal Information

The two primary databases maintained for disposal information are CIDRA and WasteOScope. The
CIDRA contains the inventory information reflected in the tables for each COPC. The database was
originally based on the HDT (LMITCO 1995a) and RPDT (LMITCO 1995b) reports, which contained
inventory estimates and waste characteristics developed in cooperation with the waste generators
(e.g., RFP and INEEL facilities). Several corrections and updates have been incorporated into CIDRA
since the HDT and RPDT reports were published. The best-estimate SDA inventories currently contained
in CIDRA are presented in Table 4-1 for radionuclides and Table 4-2 for nonradionuclides.
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Figure 4-1. Depth intervals analyzed in the evaluation of the nature and extent of contamination for Waste
Area Group 7.

The WasteOScope database reflects the information provided on the shipping manifests, including
numbers of containers, disposal location, and contact dose rate. For waste generated at the RFP,
WasteOScope contains waste types and drum weights taken from the RFP shipping manifests and trailer

load lists. Though work continues to refine the contents of WasteOScope, the database is as complete as
practicable for RFP. Continued refinements focus primarily on INEEL waste shipments to the SDA.

To model the release of contaminants from the waste, the inventory information within C1DRA
was combined with the disposal location information in the WasteOScope database to determine where
COPCs had been disposed of. The details of this process are provided in Section 3.
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Table 4-1. Annual inventories (curies) of radionuclide contaminants of potential concern and associated
long-lived decay chain products at the time of disposal in the Subsurface Disposal Area from 1952 to
1999.

Contaminant' 1952 1953 1954 1955 1956 1957 1958 1959

Ac-227 1.49E-10 1.49E-10 1.49E-10 1.49E-10 1.49E-10 1.49E-10 1.49E-10 1.49E-10

Am-241 b 1.09E+00 1.09E+00 3.64E+02 1.13E+03 2.26E+03 3.37E+03 8.23E+03 8.98E+03

Am-243' 3.06E-06 3.06E-06 3.06E-06 3.06E-06 2.43E-04 1.97E-04 2.52E-04 1.36E-02

C-14 5.99E+00 5.99E+00 5.99E+00 6.61E+00 6.61E+00 6.61E+00 6.61E+00 6.61E+00

C1-36 0.00E+00 0.00E+00 0.00E+00 5.09E-08 5.09E-08 5.09E-08 5.09E-08 5.09E-08

Cs-137 7.47E+01 7.47E+01 7.47E+01 4.72E+03 4.72E+03 4.72E+03 6.08E+03 6.20E+03

1-129 1.25E-05 1.25E-05 1.25E-05 1.25E-05 4.12E-03 3.34E-03 4.04E-03 4.07E-03

Nb-94 1.32E+00 1.32E+00 1.32E+00 8.13E+00 8.13E+00 8.13E+00 8.13E+00 8.13E+00

Np-237 8.20E-04 8.20E-04 8.20E-04 8.20E-04 2.36E-02 1.92E-02 3.57E-02 3.50E-02

Pa-231 4.08E-09 4.08E-09 4.08E-09 4.08E-09 4.08E-09 4.08E-09 4.08E-09 4.08E-09

Pb-210 9.88E-15 9.88E-15 9.88E-15 9.88E-15 9.88E-15 9.88E-15 9.88E-15 9.88E-15

Pii-2384 3.20E-01 3.20E-01 3.09E+00 1.41E+01 6.73E+01 7.21E+01 1.35E+02 1.43E+02

Pu-239 134E-02 1.34E-02 9.45E+01 4.72E+02 9.52E+02 1.38E+03 3.20E+03 3.51E+03

Pu-240' 8.67E-03 8.67E-03 2.11E+01 1.06E+02 2.13E+02 3.08E+02 7.16E+02 7,86E+02

Ra-226 7.28E-14 7.28E-14 7.28E-14 7.28E-14 7.28E-14 7.28E-14 7.28E-14 7.28E-14

Sr-90 5.12E+01 5.12E+01 5.12E+01 5.12E+01 1.90E+04 1.54E+04 1.86E+04 1.88E+04

Tc-99 4,73E-02 4.73E-02 4,73E-02 5.37E-02 2.65E+00 2.15E+00 2.59E+00 2.61E+00

Th-229 1.71E-12 1.71E-12 1.71E-12 1.71E-12 1.71E-12 1.71E-12 1.71E-12 1.71E-12

Th-230 1.43E-10 1.43E-10 1.43E-10 1.43E-10 1.43E-10 1.43E-10 1.43E-10 1.43E-10

Th-232 3,32E-14 3.32E-14 3.32E-14 3.32E-14 3.32E-14 3.32E-14 332E-14 3.32E-14

U-233 1.37E-08 1.37E-08 1.37E-08 1.37E-08 1.37E-08 1.37E-08 1.37E-08 1.37E-08

U-234 1.02E-03 1.02E-03 2.01E+00 2.01E+00 2.03E+00 2.01E+00 2.03E+00 2.03E+00

U-235 1.61E-04 1.61E-04 1.02E-01 1.02E-01 1.34E-01 1.28E-01 1.34E-01 1.33E-01

U-236 9.22E-04 9.22E-04 5.57E-02 5.57E-02 1.45E-01 1.28E-01 1.54E-01 1.51E-01

U-2381 2.74E-06 2.74E-06 4.24E+00 4.24E+00 4.24E+00 4.24E+00 4.24E+00 4.24E+00

a. Green shading indicates a contaminant of potential concern identified in the Interim Risk Assessment Becker et al. 1998); yellow
shading indicates a long-lived decay chain product of a contaminant of potential concern; and blue shading indicates a long-lived
parent of a contaminant of potential concern.

b. Am-24l inventories include the annual contributions from its short-lived parent, Pu-241. which total 9.74E+05 Ci.

c. Am-243 is the long-lived parent of Pu-239 and is explicitly modeled (see Section 5).

d. Pu-238 is the long-lived parent of U-234 and is explicitly modeled (see Section 5).

e. Pu-240 inventories include the annual contributions from its short-lived parent, Cm-244, which total 5.24E+04 Ci.

f. U-238 inventories include the annual contributions from its parent. Pu-242. which total 1.65E+01 Ci.
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Table 4-1. (continued).

Contaminant" 1960 1961 1962 1963 1964 1965 1966 1967

Ac-227 1.49E-10 1.49E-10 1.49E-10 1.49E-10 1.49E-10 1.49E-10 1.49E-10 1.49E-10

Arn-241t' 1.05E+04 9.74E+03 1.24E+04 1.54E+04 1.31E+04 1.87E+04 2.28E+04 8.99E+03

Am-243' 7.98E-02 1.34E-02 2.34E-02 1.53E-01 1.39E-02 1.34E-02 2.34E-02 1.39E-02

C-14 662E+00 6.78E+00 6.92E+00 6.79E+00 7.93E+00 7.84E+00 7.85E+00 7.78E+0()

C1-36 5.09E-08 1.57E-01 1.57E-01 5.09E-08 1.47E-07 1.47E-07 1.47E-07 1.47E-07

Cs- I 37 1.53E+04 2.63E+04 7.02E+04 2.56E+04 8.72E+03 2.77E+04 1.22E+04 8.23E+03

1-129 1.20E-04 1.20E-04 1.20E-04 1.20E-04 1.20E-04 1.20E-04 1.20E-04 1.20E-04

Nh-94 8.13E+00 8.13E+00 8.14E+00 8.13E+00 2.09E+01 2.09E+01 2.09E+01 2.09E+01

Np-237 2,34E-02 9.47E-02 3.80E-01 1.34E-01 2.65E-02 1.51E-01 4,16E-02 1.53E-02

Pa-231 4.08E-09 4.08E-09 4.08E-09 4.08E-09 4.08E-09 4.08E-09 4.08E-09 4.08F-09

Pb-210 9.88E-15 9.88E-15 9.88E-15 9.88E-15 9.88E-15 9.88E-15 9.88E-15 9.88E-15

Pu-238 1 1.52E+02 1.18E+02 2.01E+02 5.90E+02 1,58E+02 2.26E+02 3.10E+02 1.08E+02

Pu-239 4.17E+03 3.82E+03 5.20E+03 6.24E+03 5.16E+03 7.42E+03 9.08E+03 3.52E+03

Pu-240e 9.30E+02 8.52E+02 1.33E+03 1.57E+03 1.16E+03 1.66E+03 2.04E+03 7.87E+02

Sr-90 5'.11E+02 1.15E+03 1.92E+03 1.79E+03 1.07E+03 9.40E+02 3.40E+03 3.27E+03

Tc-99 1.09E-01 1.09E-01 1.09E-01 1.09E-01 1.21E-01 1.21E-01 1.21E-01 1.21E-01

Th-229 1.71E-12 1.71E-12 1.71E-12 1.71E-12 1.71E-12 1.71E-12 1.71E-12 1.71E-12

Th-230 1.43E-10 1.43E-10 1.43E-10 1.43E-10 1.43E-10 1.43E-10 1.43E-10 1.43E-10

Th-232 2.10E-03 5.49E-01 5,30E-01 2.16E-01 5.00E-10 3.32E-14 2.00E-02 3.32E-14

U-233 1.37E-08 1.37E-08 1.37E-08 1.37E-08 1.37E-08 1.37E-08 1.37E-08 5.40E-01

U-234 3.69E+00 5,28E+00 9.27E+00 2.22E+00 2.05E+00 2.26E+00 2.08E+00 2.03E+00

U-235 1.96E-01 2.78E-01 4.08E-01 1.66E-01 1.11E+00 1,15E-01 1.11E-01 1.10E-01

U-236 7.12E-02 1.15E-01 2.95E-01 1.38E-01 7.29E-02 1.50E-01 8.61E-02 6.60E-02

U-2381 4,70E+00 5.44E+00 5.33E+00 4.28E+00 4.26E+00 4.26E+00 4,29E+00 4.92E+00

a. Green shading indicates a contaminant of potential concern identified in the Interim Risk Assessment (Becker et al. 1998); yellow
shading indicates a long-lived decay chain product of a contaminant of potential concern; and blue shading indicates a long-lived

parent of a contaminant of potential concern.

b. Am-241 inventories include the annual contributions from its short-lived parent, Pu-241, which total 9,74E+05 Ci.

c. Am-243 is the long-lived parent of Pu-239 and is explicitly modeled (see Section 5).

d. Pu-238 is the long-lived parent of U-234 and is explicitly modeled (see Section 5).

e. Pu-240 inventories include the annual contributions from its short-lived parent, Cm-244, which total 5.24E+04 Ci,

f. U-238 inventories include the annual contributions from its parent, Pu-242. which total 1.65E+01 Ci. 
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Table 4-1. (continued).

Contaminant' 1968 1969 1970 1971 1972 1973 1974 1975

Ac-227 1.49E-10 1.08E-07 1.63E-07 1.49E-10 5.78E-08 1.49E-10 1.49E-10 1.49E-10

Am-241b 1.81E+04 1.13E+04 8.68E+03 4.85E+01 5.43E+01 4.78E+01 4.76E+01 7.15E+03

Am-243' 1.34E+01 1.98E-02 2.30E-02 1.34E-02 1.68E-02 1.34E-02 1.34E-02 6.64E+01

C-]4 7.78E+00 2.52E+01 3.40E+01 7.78E+00 1.71E+01 5.08E+01 7.78E+00 7.78E+00

C1-36 1.47E-07 1.22E-01 1.84E-01 1.47E-07 6.53E-02 1.47E-07 1.47E-07 1.47E-07

Cs-137 1.11E+04 4.52E+04 9.45E+03 8.84E+03 1.30E+04 8.85E+03 8.92E+03 1.10E+04

1-129 8.61E-02 1.26E-04 1.29E-04 1.20E-04 1.23E-04 1.20E-04 1.20E-04 4.28E-02

Nh-94 2.09E+01 2.09E+01 2.09E+01 2.09E+01 2.09E+01 6.79E+01 2.09E+01 2.09E+01

Np-237 4.49E-01 2.28E-01 2.28E-02 2.37E-02 5.08E-02 2,44E-02 2.37E-02 2.31E-01

Pa-231 4.08E-09 1.41E-06 2.12E-06 4.08E-09 7.54E-07 4.08E-09 4.08E-09 4.08E-09

Pb-210 9.88E-15 1.07E-10 1.62E-10 9.88E-15 5.72E-11 9.88E-15 9.88E-15 9.88E-15

Pu-238d 8.31E+03 1.41E+02 1.04E+02 3.83E+00 5.09E+00 3.86E+00 3.85E+00 4.11E+03

Pu-239 2.38E+03 4.41E+03 3.42E+03 2.01E+00 3.21E+00 1.27E+00 1.25E+00 4.12E+02

Pu-240' 1.90E+03 9.89E+02 7.65E+02 1.02E+00 1.22E+00 1.01E+00 1.10E+01 7.72E+02

Ra-226 6.25E-02 5.50E-02 3.42E-02 1.71E-03 2.50E+00 2.31E-01 1.00E+00 1.71E-03

Sr-90 9.88E+04 7.46E+03 3.29E+03 1.87E+03 1.81E+03 1.80E+03 1.95E+03 4.95E+04

Tc-99 2.79E+01 1.23E-01 1.24E-01 1.21E-01 1.22E-01 1.51E-01 1.21E-01 1.39E+01

Th-229 1.71E-12 5.01E-08 7.55E-08 1.71E-12 2.67E-08 1.71E-12 1.71E-12 1.71E-12

Th-230 1.43E-10 6.08E-09 9.09E-09 1.43E-10 3.31E-09 1.43E-10 1.43E-10 1.43E-10

Th-232 1.00E-05 5.61E-08 1.11E-04 1.09E-04 4.02E-06 3.99E-06 2.31E-05 2.58E-05

U-233 1.37E-08 1.79E-04 6.00E-01 1.37E-08 9.52E-05 1.37E-08 1.37E-08 1.37E-08

U-234 2.23E+00 7.07E+00 1.26E+00 1.42E+00 2.08E+00 7.30E-01 7.11E-01 7.11E-01

U-235 1.30E-01 2.68E-01 3.51E-01 8.00E-02 1.83E-01 5.41E-02 5.34E-02 5.64E-02

U-236 2.33E-01 1.97E-01 4.97E-02 5.46E-02 6.97E-02 1.74E-02 1.69E-02 9.45E-02

U-238' 5.43E+00 4.36E+00 2.64E+00 4.14E+00 6.40E+00 3.60E-F00 3.61E+00 4.01E+00

a. Green shading indicates a contaminant of potential concern identified in the Interim Risk Assessment (Becker et al, 1998); yellow
shading indicates a long-lived decay chain product of a contaminant of potential concern; and blue shading indicates a long-lived parent
of a contaminant of potential concern.

b. Am-241 inventories include the annual contributions from its short-lived parent, Pu-241, which total 9.74E+05 Ci.

c. Am-243 is the long-lived parent of Pu-239 and is explicitly modeled (see Section 5).

d. Pu-238 is the long-lived parent of U-234 and is explicitly modeled (see Section 5).

e. Pu-240 inventories include the annual contributions from its short-lived parent. Cm-244, which total 5.24E+04 Ci.

f, U-238 inventories include the annual contributions from its parent, Pu-242, which total 1.65E+01 Ci. 

4-5



Table 4-1. (continued).

Contaminant' 1976 1977 1978 1979 1980 1981 1982 1983

Ac-227 1.49E-10 4.11E-08 1.49E-10 1.49E-10 1.49E-10 1.49E-10 1.49E-10 1.49E-10

Am-241b 1.38E+03 8.72E+01 3.91E+01 3.91E+01 3.91E+01 1.67E+01 1.60E+01 2.96E-02

Am-243c 5.42E+01 3,15E-03 1.25E-05 1.25E-05 1.48E-05 1.48E-05 1.48E-05 1.48E-05

C-14 1.22E+01 3.26E+01 1,22E+01 1.22E+01 1.22E+01 9.52E+00 9.52E+00 9.35E+00

C1-36 2,27E-07 1.40E-01 2.27E-07 2.27E-07 2.27E-07 1.36E-07 1.36E-07 1.36E-07

Cs-137 2.98E+04 7.37E+04 3.15E+04 3.13E+04 3.11E+04 2.72E+04 2.65E+04 2.54E+04

1-129 5.31E-03 9.65E-05 8.83E-05 8.83E-05 8.83E-05 8.83E-05 8.83E-05 8.83E-05

Nb-94 3.17E+01 3.17E+01 3.17E+01 3.17E+01 3.17E+01 1.97E+01 1.97E+01 2.15E+01

Np-237 1.89E-01 2.98E-01 2.38E-02 2.35E-02 2.37E-02 1.42E-02 1.04E-02 1.15E-03

Pa-231 4.08E-09 5.82E-07 4.08E-09 4.08E-09 4.08E-09 4.08E-09 4.08E-09 4.08E-09

Pb-210 9.88E-15 5.12E-11 9.88E-15 9.88E-15 9.88E-15 9.88E-15 9.88E-15 9.88E-15

Pu-238d 2.08E+03 1.49E+01 3.41E+00 3.40E+00 3.40E+00 2.43E+00 2.25E+00 1.61E+00

Pu-239 5.55E+01 1.21E+01 7.00E-01 5.89E-01 6.32E-01 4.62E-01 2.90E-01 1.26E-01

Pu-240" 1.66E+02 1.54E+00 2.87E-01 2.54E-01 3.13E-01 1.82E-01 1.65E-01 6.47E-02

Ra-226 i.71E-03 1.71E-03 4.58E-03 4.58E-03 2.53E-01 2.53E-01 2.51E-01 2.51E-01

Sr-90 1.66E+05 3.18E+04 3.17E+04 3.18E+04 3.19E+04 3.15E+04 3.13E+04 3.13E+04

Tc-99 3.26E+00 1.23E-01 1.20E-01 1.20E-01 1.20E-01 1.09E-01 1.09E-01 1.09E-01

Th-229 1.71E-12 1.94E-08 1.71E-12 1.71E-12 1.71E-12 1.71E-12 1.71E-12 1.71E-12

Th-230 1.43E-10 2.59E-09 2.98E-03 2.98E-03 2.98E-03 2.98E-03 2.98E-03 2.98E-03

Th-232 3.99E-06 4.17E-06 6.07E-05 2.37E-04 1.35E-04 1.35E-04 1.35E-04 1.35E-04

U-233 9.47E-03 7.38E-05 1.37E-08 1.37E-08 1.05E-05 1.05E-05 1.05E-05 1.05E-05

U-234 1.07E+00 1.35E+00 9.07E-01 2.32E-01 2.04E-01 1.56E-01 1.50E-01 1.35E-01

U-235 4,61E-01 7.17E-02 6.19E-02 1.56E-02 2.52E-02 2.33E-02 2.32E-02 2.28E-02

U-236 1.03E-01 1.86E-01 1.80E-02 1.78E-02 1.78E-02 1.04E-02 8.05E-03 2.02E-03

U-238f 4.05E+00 4.15E+00 4.07E+00 5.22E-01 4.41E-01 4.41E-01 4.40E-01 4.40E-01

a. Green shading .ndicates a contaminant of potential concern 'dentified in the Interim Risk Assessment (Becker et al. 1998); yellow

shading indicates a long-lived decay chain product of a contaminant of potential concern; and blue shading indicates a long-lived parent

of a contaminant of potential concern.

b. Am-241 inventories include the annual contributions from its short-lived parent, Pu-241, which total 9.74E+05 Ci.

c. Am-243 is the long-lived parent of Pu-239 and is explicitly modeled (see Section 5).

d. Pu-238 is the long-lived parent or U-234 and is explicitly modeled (see Section 5).

e. Pu-240 inventories include the annual contributions from its short-lived parent, Cm-244, which total 5.24E+04 Ci.

f. U-238 inventories include the annual contributions from its parent, Pu-242, which total 1.65E+01 Ci. 
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Table 4-1. (continued).

Contaminant' 1984 1985 1986 1987 1988 1989 1990 1991

Ac-227 1.49E-10 1.49E-10 7.09E-08 6.45E-08 1.49E-10 1.49E-10 1.49E-10 1.49E-10

Am-241 b 1.91E-01 1,34E-01 1.14E+00 1.64E+00 7.96E-02 7.79E-02 4,10E-02 3.12E+00

Ain-243' 1.25E-05 1.23E-05 1.48E-02 1.35E-02 1.23E-05 1.23E-05 1.23E-05 1.23E-05

C-14 4.89E+00 4.89E+00 1.92E+01 4.89E+00 4.89E+00 1.36E+01 1.36E+01 1.36E+01

C1-36 1.67E-07 1.67E-07 9.60E-02 1.67E-07 1.67E-07 4.41E-07 4.41E-07 4.41E-07

Cs-137 1.59E+02 3.12E+02 1.77E+02 7.34E+02 4.02E+01 5.88E+01 1.31E+03 8.03E+01

1-129 8.90E-05 8.90E-05 9.43E-05 8.90E-05 8.90E-05 8.90E-05 3.58E-04 8.90E-05

Nb-94 2.26E+01 2.26E+01 2.26E+01 2.26E+01 2.26E+01 5.92E+01 5.92E+01 5.92E+01

Np-237 1.01E-03 9.83E-04 9.38E-04 4.43E-03 9.19E-04 9.15E-04 9.14E-04 9.13E-04

Pa-231 4.08E-09 4.08E-09 6.70E-07 6.10E-07 4.08E-09 4.08E-09 4.08E-09 4.08E-09

Pb-210 9.88E-15 9.88E-15 2.30E-10 2.10E-10 9.88E-15 9.88E-15 9.88E-15 9.88E-15

Pu-2381 1.65E+00 1.62E+00 2.08E+00 2.19E+00 1.62E+00 1.58E+00 1.58E+00 1.58E+00

Pu-239 3.01E-01 3.01E-01 3.45E-01 4.86E-01 2.89E-01 1.70E-01 1.63E-01 1.62E-01

Pu-240' 1.43E-02 1.40E-02 6.12E-02 7.25E-02 8.49E-03 4.46E-03 4.57E-03 4.43E-03

Ra-226 2.20E-01 2.20E-01 2.20E-01 2.20E-01 2,20E-01 7.28E-14 7.28E-14 7.28E-14

Sr-90 4.41E+02 4.03E+02 4.03E+02 4.94E+02 4.01E+02 4.18E+02 4.31E+02 3.99E+02

Tc-99 1.65E-01 1.65E-01 1.67E-01 1.65E-01 1,65E-01 2.00E-01 2.03E-01 2.00E-01

Th-229 1.71E-12 1.71E-12 5.08E-08 4.62E-08 1.71E-12 1.71E-12 1,71E-12 1.71E-12

Th-230 1.43E-10 1.43F-10 5.14E-09 4.69E-09 1,43E-10 1,43E-10 1.43E-10 1.43E-10

Th-232 3.32E-14 3.32E-14 2.09E-08 1.91E-08 3.32E-14 3.32E-14 3.32E-14 3.32E-14

U-233 1.37E-08 1.37E-08 8.52E-05 7.75E-05 1.37E-08 1.37E-08 1.37E-08 1.37E-08

U-234 3.96E-01 3.96E-01 3.98E-01 4.24E-01 5.16E-01 3.13E-01 2.54E-01 3.24E-01

U-235 2.29E-02 1.71E-02 1.72E-02 1.84E-02 2.26E-02 1.38E-02 1.14E-02 1.43E-02

U-236 2.07E-03 2.03E-03 2.00E-03 4.15E-03 1.99E-03 1.98E-03 1.98E-03 1.98E-03

U-2381 8.22E-02 7.79E-02 8.28E-02 1.56E-01 4.98E-01 2,62E-01 5,32E-02 3,00E-01

a. Green shading 'ndicates a con aminant of potential concern identified in the Interim Risk Assessment (Becker et al. 1998); yellow
shading indicates a long-lived decay chain product of a contaminant of potential concern: and blue shading indicates a long-lived parent
of a contaminant of potential concern.

h. Am-241 inventories include the annual contributions from its short-lived parent, Pu-241, which total 9.74E+05 Ci.

c. Am-243 is the long-lived parent of Pu-239 and is explicitly modeled (see Section 5).

d. Pu-238 is the long-lived parent of U-234 and is explicitly modeled (see Section 5).

e. Pu-240 inventories include the annual contributions from its short-lived parent, Cm-244, which total 5.24E+04 Ci.

1. U-238 inventories include the annual contributions from its parent, Pu-242, which total 1.65E+01 Ci.
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Table 4-1. {continued].

Contaminant
a

1992 1993 1994 1995 1996 1997 1998 1999 Total

Ac-227 1.49E-10 1.49E-10 1.49E-10 1.49E-10 1.49E-10 1.49E-10 1.49E-10 1.49E-10 5.12E-07

Am-241'' 2.95E-02 3.71E-02 1.20E+00 1.24E-01 3.04E-02 3.48E-01 2.88E-01 1.09E-01 1.83E+05

Am-243c 1.23E-05 1.23E-05 3.06E-06 4.50E-06 3.33E-06 4.91E-06 3.09E-06 6.23E-06 1.34E+02

C-14 1.36E+01 1.36E+01 8.62E+00 1.47E+00 1.60E+00 1.46E+00 1.59E+00 1.47E+00 5.00E+02

C1-36 4.41E-07 4.41E-07 8.37E-02 3.22E-02 2.78E-02 2.39E-02 1.16E-02 4.95E-03 1.11E+00

Cs-137 1.97E+02 1.75E+01 5.39E+00 1.40E+01 8.06E+00 8.82E+00 1.59E+01 2.28E+01 6.17E+05

1-129 8.90E-05 8.90E-05 1.57E-03 4.57E-05 2.65E-05 9.34E-04 2.06E-03 4.21E-05 1.58E-01

Nb-94 5.92E+01 5.92E+01 3.86E-0] 1.13E-01 1.98E-01 1.30E-01 2.75E-02 3.79E-04 1.00E+03

Np-237 9.13E-04 9.13E-04 8.41E-03 7.70E-04 2.06E-04 2.79E-04 6.06E-04 2.47E-04 2.64E+00

Pa-231 4.08E-09 4.08E-09 6.77E-09 4.18E-09 4.21E-09 7.75E-09 7.32E-08 8.58E-04 8.64E-04

Pb-210 9.88E-15 9.88F-15 9.88E-15 9.88E-15 9.88E-15 2.73E-08 4.81E-07 1.05E-09 5.10E-07

Pu-238d 1.58E+00 1.58E+00 3.26E-01 2.93E-01 2.87E-01 3.33E-01 2.97E-01 2.99E-01 1.71E+04

Pu-239 1.62E-01 1.62E-01 2.02E-02 3.13E-02 5.33E-03 5.12E-02 5.03E-02 3.20E-02 6.49E+04

Pu-240' 4,43E-03 4.43E-03 8.50E-03 5.96E-03 2.78E-03 5.13E-02 2.37E-02 1.98E-02 1.71E+04

Ra-226 7.28E-14 7.28E-14 7.28E-14 7.28E-14 1.20E-03 3.95E-03 5.57E-02 1.83E-02 6.00E+01

Sr-90 5.04E+02 3.89E+02 4.15E+00 6.43E+00 8.58E+00 1.09E+01 1.79E+01 1.04E+01 6.44E+05

Tc-99 2.00E-01 2.00E-01 7.10E-03 2.29E-01 8.00E-03 3.98E-02 4.78E-01 1.34E-01 6.05E+01

Th-229 1.71E-12 1.71E-12 6.17E-11 1.71E-12 3.93E-06 8.38E-08 2.52E-06 9.94E-09 6.81E-06

Th-230 1.43E-10 1.43E-10 5.66E-07 1.33E-05 7.57E-06 2.47E-03 1.08E-02 9.21E-05 3.13E-02

Th-232 3.32E-14 3.32E-14 1.70E-05 9.43E-03 2.42E-04 1.42E-02 1.85E-03 8.00E-05 1.34E+00

U-233 1.37E-08 1.37E-08 2.59E-01 6.81E-02 4.50E-04 1.19E-03 2.05E-02 7.24E-03 1.51E+00

U-234 2.55E-01 2.54E-01 4.39E-01 1.04E-01 3.96E-04 1.83E+00 5.26E-02 6.74E-02 6.74E+01

U-235 1.11E-02' 1.11E-02 2.92E-02 7.22E-03 4.20E-04 4.70E-02 1.86E-01 5.89E-03 5.54E+00

U-236 1.98E-03 1.98E-03 3.85E-02 1.04E-02 9.31E-04 5.57E-04 3.20E-03 5.17E-03 2.86E+00

U-2381 5.54E-02 5.43E-02 2.00E+00 5.41E-01 6.93E-04 8.00E-01 3.00E-01 2.56E-01 1.17E+02

a. Green shading indicates a contaminant of potential concern (COPC) identified in the interim Risk Assessment (Becker et ai. )998);

yellow shading indicates a long-lived decay chain product of a COPC; and blue shading indicates a long-lived parent of a COPC.

h. Am-241 inventories include the annual contributions from its short-lived parent. Pu-241. which total 9.74E+05 Ci.

c. Am-243 is the long-lived parent of Pu-239 and is explicitly modeled (see Section 5).

d. Pu-238 is the long-lived parent of U-234 and is explicitly modeled {see Section 5).

e. Pu-240 inventories include the annual contributions from its short-lived parent, Cm-244, which total 5.24E4-04 Ci.

f. U-238 inventories include the annual contributions from its parent, Pu-242, which total 1.65E+0 l Ci. 
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Table 4-2. Annual inventories (grams) of nonradionuclide contaminants of potential concern buried in the
Subsurface Disposal Area from 1952 to 1999.

Contaminant 1952 1953 1954 1955 1956 1957 1958 1959

Carbon
tetrachloride

0.00E+00 0.00E+00 4.99E+04 2.06E+05 4.05E+05 5.81E+05 1.33E+06 1.46E+06

Methylene
chloride

0.00E+00 0.00E+00 2.11E+04 1.06E+05 2.13E+05 3.08E+05 7.16E+05 7.86E+05

Tetrachloro-
ethylene

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00F.+00 0.00E+00

Nitrates 0.00E+00 0.00E+00 2.92E+06 2.92E+06 2.92E+06 2.92E+06 2.92E+06 2.92E+06

Contaminant 1960 1961 1962 1963 1964 1965 1966 1967

Carbon
tetrachloride

1.73E+06 1.58E+06 2.06E+06 2.50E+06 2.15E+06 3.08E+06 1.76E+08 1.74E+08

Methylene
chloride

9.30E+05 8.51E+05 1.11E+06 1.35E+06 1.16E+06 1.66E+06 2.03E+06 7.80E+05

Tetrachloro-
ethylene

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.12E+07 2.12E+07

,
Nitrates 2.92E+06 2.94E+06 2.94E+06 2.94E+06 3.49E+06 2,88E+06 2.88E+06 3.45E+07

Contaminant 1968 1969 1970 1971 1972 1973 1974 1975

Carbon
tetrachloride

1.73E+08 1.74E+08 1.06E+08 8.61E+00 8.61E+00 8.61E+00 8.61E+00 8.61E+00

Methylene
chloride

3.37E+05 9.80E+05 7.60E+05 0.00E+00 0,00E+00 0.00E+00 0.00E+00 0.00E+00

Tetrachloro-
ethylene

2.12E+07 2.12E+07 1.30E+07 0.00E+00 0.00E+00 0,00E+00 0.00E+00 0.00E+00

Nitrates 3.45E+07 3.45E+07 2.21E+07 2.18E+07 5.35E+07 3.26E+07 3.26E+07 3.26E+07

Contaminant 1976 1977 1978 1979 1980 1981 1982 1983

Carbon
tetrachloride

8.61E+00 8.61E+00 8.61E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Methylene
chloride

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Tetrachloro-
ethylene

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Nitrates 3.26E+07 3.26E+07 3.26E+07 0.00E-F00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table 4-2. (continued).

Contaminant 1984 1985 1986 1987 1988 1989 1990 1991

Carbon
tetrachloride

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Methylene
chloride

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Tetrachloro-
ethylene

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Nitrates 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Contaminant 1992 1993 1994 1995 1996 1997 1998 1999 Tot al

Carbon
tetrachloride

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.21E+08

Methylene

chloride
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.41E+07

Tetrachloro-
ethylene

0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00F+00 0.00E+00 0.00E+00 0.00E-F00 9.78E-F07

Nitrates 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0 00E+00 4.15E+08

4.1.2 Ingrowth

Waste in the SDA contributes radionuclides to the source term inventory either directly through
disposals (see Table 4-1) or over time through ingrowth. Ingrowth is incremental accumulation of
daughter products generated by decay of the parent. Of the 25 radionuclides listed in Table 4-1, 1 I of
them are members of decays chains: Am-241, Ac-227, Np-237, Pa-231, Pb-210, Ra-226, U-233, U-234,
U-235, U-236, and U-238. Three decay chain series, named after the initiating nuclide, occur naturally:
the thorium, uranium, and actinium series. A fourth decay chain, the neptunium series, has not occurred
naturally since the creation of the cosmos.

Decay chain members for the four series are listed in the sequences they occur in Table 4-3 for the
thorium series, Table 4-4 for the neptunium series, Table 4-5 for the uranium series, and Table 4-6 for the
actinium series, as documented by Shleien (1992). Two nuclides in the same row of the table indicate
that both can emanate from the parent nuclide listed above. Typically, the first decay product is common
and the second is rare. The exception is the Po-211 and T1-207 pair near the termination of the actinium
series. Half-lives also are listed. The COPCs identified in Becker et al. (1998) and discussed in this report
are shaded green in Tables 4-3 through 4-6. The inventories of these COPCs are significantly affected
over time as the parent nuclides decay and daughters accumulate. For some COPCs, such as Np-237, the
inventory from ingrowth exceeds the inventory from disposal, while other COPCs such Am-241 generate
risk through radioactive decay. Throughout Section 4, the contributions to COPCs from parents via
ingrowth are identified in the waste stream tables for the affected nuclides. The ingrowth amounts
identified in the tables were calculated by assuming that the contributing parent isotope completely
decays away and the daughter COPC only accumulates.
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Table 4-3. Decay chain for the thorium decay series, including anthropic predecessors from weapons
manufacturing or reactor operations. 

Anthropic Predecessor Decay Chain Series
(Half-Life) Isotope (Half-Life)

Pu-240
(6560 years)

U-236
(2.342E+07 years)

Th-232
(1.4E+10 years)

Ra-228
(5.75 years)

Ac-228
(6.13 hours)

Th-228
(1.913 years)

Ra-224
(3.66 days)

Rn-220
(56.6 seconds)

Po-216
(0.15 seconds)

Pb-212
(10.64 hours)

Bi-212
(1.009 hours)

Po-212 T1-208
(305 nanoseconds) (3.07 minutes)

Pb-208
Stable
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Table 4-4. Decay chain for the neptunium series.

Nuclide
(Half-Life)

Pu-241
(14.4 years)

Am-241 U-237
(432.2 years) (6.75 days)

Np-237
(2.14E+06 years)

Pa-233
(27.0 days)

U-233
(1.59E+05 years)

Th-229
(7.34E+03 years)

Ra-225
(14.8 days)

Ac-225
(10.0 days)

Fr-221
(4.8 minutes)

At-217
(0.03 seconds)

Bi-213
(45.7 minutes)

Po-213 T1-209
(4.2 microseconds) (2.2 minutes)

Pb-209
(3.25 hours)

Bi-209
Stable
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Table 4-5. Decay chain for the uranium series and anthropic predecessors from weapons manufacturing or
reactor operations.

Anthropic Predecessor Decay Chain Series Isotope
(Half-Life) (Half-Life)

U-238
(4.47E+09 years)

Th-234
(24.1 days)

Pa-234m
(1.17 minutes)

Pa-234
(6.7 hours)

Pu-238
(87.7 years)

U-234
(2.45E+05 years)

Th-230
7.7E+04 years

Ra-226
(1,600 years)

Rn-222
(3.823 days)

Po-218
(3.05 minutes)

Pb-214 At-218
(26.8 minutes) (2 seconds)

Bi-214
(19.9 minutes)

Po-214 T1-210
(164 microseconds) (1.3 minutes)

Pb-210
(22.3 years)

Bi-210
(5.01 days)

Po-210 11-206
(138.4 days) (4.20 minutes)

Pb-206
Stable
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Table 4-6. Decay chain for the actinium series, including predecessors from weapons production or
reactor operations. 

Anthropic Predecessor
(Half-Life)

Decay Chain Series
Isotope (Half-Life)

Am-243 Np-239 Pu-239 U-235
(7.37E+03 years) (2.355 days) (2.41E+04 years) (7.04E+08 years)

Th-231
(25.5 hours)

Pa-231
(3.276E+04 years)

Ac-227
(21.44 years)

Th-227 Fr-223
(18.72 days) (21.8 minutes)

Ra-223
(11.43 days)

Rn-219
(3.96 seconds)

Po-215
(1.78 milliseconds)

Pb-211
(36.1 minutes)

At-215
(0.10 milliseconds)

Bi-211
(2.14 minutes)

Po-211 T1-207
(0.516 seconds) (4.77 minutes)

Pb-207
Stable

4.1.3 Nuclear Logging of the Waste Zone

Nuclear logging data were gathered to provide information on the physical, chemical, and
radiological conditions within the SDA waste zone. Beginning in December 1999, 142 cased steel
probeholes were installed in waste-bearing portions of Pits 4, 5, 9, and 10 of the SDA (see Figure 4-2).
Type A probes within these probeholes provide the ability to conduct in situ characterization of
subsurface soil and waste material by lowering nuclear logging tools into the probehole. The nuclear
logging tools measures soil moisture, gamma radiation flux, neutron radiation flux, and chemical
characteristics within the soil and waste surrounding the probeholes. Table 4-7 gives a brief description of
the logging tool suite.
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Table 4-7. Description of Type A probe logging tools.

Tool Detector Type Detection Capabilities

Spectral gamma log Germanium gamma detector.

Passive neutron log He-3 neutron detector.

Moisture log Americium/beryllium neutron
source combined with neutron
detector.

Activated gamma
(n-gamma) log

Cf-252 neutron source combined
with germanium gamma
detector.

Azimuthal spectral Germanium gamma detector
gamma log with slotted shield.

Gamma-emitting radionuclides.

Fissile radionuclides.

Total hydrogen.

High neutron capture cross-section
elements such as chlorine, iron, silicon,
and calcium.

Rotated in probes to determine direction
of maximum gamma flux.

4.2 Surface Sample Data

Samples of the SDA overburden, nearby surface soil, surface water runoff, and vegetation in the
RWMC area are classified as surface data. Only the top 6 cm (2 in.) of soil is sampled. Because the SDA
has been recontoured with clean soil several times between 1986 and the mid 1990s, comparison of recent
surface soil data (1997 to 2000) to data collected before 1997 to assess trends is not meaningful.

All samples are analyzed by gamma spectroscopy, and selected samples based on activity are
analyzed using radiochemistry. Surface soil samples are collected around the RWMC every 3 years and
analyzed by gamma spectroscopy for selected radionuclides. The sample locations for the RWMC soil
samples are shown in Figure 4-3, with the SDA-specific samples shown in Figure 4-4 and TSA-specific
locations shown in Figure 4-5. Vegetation samples are collected in the areas shown in Figure 4-6.
Vegetation samples are collected annually, with crested wheatgrass and perennials collected in odd years
and Russian thistle collected in even years. Surface water runoff samples, if available, are collected
quarterly in the locations shown in Figure 4-7.

4.3 Vadose Zone Data

The vadose zone is defined as the unsaturated interval between the land surface and the aquifer.
The primary sources of data used to describe contaminants in the vadose zone were suction lysimeter
network samples, perched water samples, and soil and rock core.

4.3.1 Suction Lysimeter Network

Lysimeter sampling is conducted to characterize the soil moisture (i.e., water that accumulates in
soil pores) in the vadose zone. A network of suction lysimeters was installed around the RWMC to allow
repeated samples to be collected from the sediments near the buried waste and from the underlying
interbeds. Though the first lysimeter samples were collected at the INEEL in 1985 (Hubbell et al. 1985),
routine lysimeter sampling did not begin until 1997. The network of lysimeters installed within the
vadose zone around the RWMC is shown in Figures 4-8 and 4-9.
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Figure 4-4. Surface soil sampling locations at the Subsurface Disposal Area.

4-18



Administrative
and Operational
Facility Area

•
19

20
•

100
Meters

GE99 0139

Figure 4-5. Surface soil sampling locations at the Transuranic Storage Area.

Active areas 1=1 Area 1

Pad A M Area 2

Inactive areas DE Area 3

Flooded areas n Area 4
Transuranic Storage Area I=1 Area 5

Railroad
spur

GA05-50283-01

Figure 4-6. Vegetation sampling areas at the Radioactive Waste Management Complex.

4-19



Original
NRTS burial
ground

Road
-------, into

dministrative ,./ RWMC
and OperationaW

TSA-2 Facility Area ,X
0, /i TSA-3

.... SWEPP

TSA-1 ., ,,,i4 building
Pit 9 SDA Q- 

‘ 

- C&S storage

Pad A 

t le,‘

N pump - building
:

f--- Subsurface disposal
Area (SDA) 

Pit 17 

1 :4 01,to vsA pads \

300 Intermediate Level
I Transuranic

Meters Storage Facility (ILTS

Transuranic Storage Area
Retrieval (TSA-R)

• Current surface water sampling locations

Transuranic Storage
Area (TSA)

GZOO 0501

Figure 4-7. Surface water runoff sampling locations at the Radioactive Waste Management Complex.

SCALE FEET
0 500 1000 1500 2000

250 500
SCALE METERS

Figure 4-8. Shallow lysimeters located at depths from 0 to 35 ft.
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Figure 4-9. Lysimeters located in the intermediate vadose zone at depths ranging from 35 to 140 ft.

Very small volumes of soil moisture, typically 0 to 200 mL, are usually obtained from lysimeters,
and 50 mL of that total volume is generally allotted for each separate analysis. The detection limits vary
with the sample volume available for analysis. Detection limits increase (i.e., are less sensitive) as sample
volumes decrease because of the difficulty associated with precision measurement of small amounts of
sample matrix. When the soil is relatively dry, a soil moisture sample cannot be collected from the
lysimeter. Analyses are prioritized to obtain the most essential data first.

Though risk-based standards and regulatory limits do not apply to the soil moisture data,
comparison to such limits provides a frame of reference, particularly for radionuclides that are naturally
occurring. Therefore, results from soil moisture analyses are evaluated against one of the parameters
listed below:

• Maximum contaminant levels (MCLs) for groundwater

• When MCLs were not available (e.g., Am-241), or were not specific to an isotope (e.g., plutonium
and uranium isotopes) data were compared to the aquifer risk-based concentrations (RBCs)
equivalent to an increased cancer risk of 1E-05

• Background concentrations when available.

The soil moisture results are discussed by depth interval as follows:

• Shallow vadose zone with depths ranging from 0 to 35 ft (0 to 10.9 m) (see Figure 4-8).

• Intermediate interval from 35 to 140 ft (10.9 to 42.7 m) corresponding roughly to the interval
between the A-B and B-C interbeds (see Figure 4-9).

• Deep vadose zone at depths greater than 140 ft (42.7 m). The deep vadose zone is sampled by
bailers and suction lysimeters at the locations shown in Figure 4-10.
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Figure 4-10. Lysimeters and bailers located in the deep vadose zone at depths greater than 140 ft.

4.3.2 Perched Water Sampling with a Bailer

Perched water is present in isolated lenses above the sediments comprising the B-C and C-D

interbeds. Samples from the water perched above the C-D interbed are obtained with a bailer from

Wells USGS-92 and 8802D. Well USGS-92 was installed in 1972 and Well 8802D in 1988. These

perched water wells have slow recharge rates and thin depths of water, often limiting the volume of water

sample that can be collected in the bailer. Generally, samples can be collected at Well USGS-92, but

success is sporadic at Well 8802D.

4.3.3 Core Sampling

Nine core investigations have been conducted at the RWMC between 1971 and 2000. The

investigations were conducted by the USGS (1971 to 1972), the DOE (1975), and various INEEL

contractors (1976 to 1977, 1978, 1979, 1986 to 1987, 1993, 1994, and 1999 to 2000). Cores were

extracted from numerous locations around the RWMC (see Figure 4-11). Many cores extend to the

aquifer, with several depth intervals per core targeted for analyses. Core results are compared with

calculated 1E-05 RBC for soil.

4.4 Aquifer Data

Most of the aquifer data come from INEEL and USGS sampling around the RWMC. Fifteen

aquifer monitoring wells are monitored by the INEEL and eight additional aquifer wells are monitored by

the USGS. The locations of the aquifer monitoring wells are shown in Figure 4-12. The INEEL wells

around the RWMC were installed between 1992 and 2000. The USGS wells near the RWMC were

installed between 1971 and 1987.
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Figure 4-12. Radioactive Waste Management Complex aquifer monitoring wells.
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Quarterly monitoring is typically planned for the INEEL and USGS wells each year, though

sometimes only three rounds of samples are collected from the RWMC wells by the INEEL in any given

year because of funding constraints. When the INEEL performs its quarterly sampling, the USGS and

state oversight program also sample a few specified RWMC wells. Typically, the USGS and state

oversight program sample Wells M1S and M3S in conjunction with the INEEL. Recently the USGS

began cosampling Wells M7S, M11S, M 12S, M13S, and M14S with the INEEL. The USGS shares their

analytical data with the INEEL. The state oversight program also shares its analytical data with the

INEEL when detections occur. The INEEL does not maintain records of state oversight program

analytical data. When detections occur, the INEEL, USGS and state oversight program generally

corroborate to confirm detections and to resolve analytical anomalies.

4.5 Data Interpretation Considerations

Accurate interpretation of analytical data requires an understanding of the limitations of analytical

methods, such as the impact of sample preparation and potential errors associated with the measurements.
Some of the key issues affecting data interpretation for the aquifer monitoring samples are discussed in
the following sections.

4.5.1 Quality Assurance

Several quality assurance steps are implemented to ensure that aquifer data are of the highest
possible quality and that the reported concentrations are representative of the concentrations in the
samples. These steps include the following:

• Laboratory subcontracting—Laboratories analyzing INEEL samples undergo a very rigorous
evaluation, certification, qualification, and approval process. The laboratory must satisfy the
requirements of the national integrated contractor purchasing team and audits by the DOE national
environmental monitoring and consolidated auditing program.

• Intercomparison quality control performance programs—Subcontracted laboratories are
required to routinely participate in national intercomparison program quality control testing. The

test results provide an indicator of a laboratory's analytical abilities, performance, and reliability.

• Performance evaluation samples—Blind performance evaluation samples are prepared with

each quarterly round of aquifer samples by a separate certified and authorized laboratory and

submitted to the laboratory analyzing the INEEL aquifer samples. The prepared samples are spiked

with known concentrations to assess the accuracy and precision being achieved by the laboratory

for routine analytical measurements. If the results do not agree with the known concentrations, all

results for the affected analyte are flagged in accordance with data validation procedures as either

questionable or rejected.

• Laboratory control sample—The laboratory is required to prepare and analyze a laboratory

control sample concurrently with each batch of aquifer samples. The control sample is a spike
containing known quantities of the analyte of interest prepared by the laboratory, and the control

sample is processed with each batch of field samples. This sample provides a means of measuring
laboratory performance and the accuracy of the analytical method. The results also are used to

indicate whether the laboratory's radiochemical procedure is capable of recovering the contaminant

of interest. If the percent recovery for the control samples is unsatisfactory, the rest of the aquifer
sample results for the affected analyte are flagged as either questionable or rejected, in accordance

with the percent recovery test criterion defined in the data validation procedures.
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• Matrix spikes—The laboratory is required to prepare a matrix spike and matrix-spike duplicate
from an aliquot of an INEEL aquifer sample. The aliquot is spiked by the laboratory with known
quantities of pertinent analytes and is processed with each batch of aquifer samples. The results
provide information about the effect of the sample matrix on the sample preparation and analytical
processes. If the percent recovery for the matrix spike is unsatisfactory, the rest of the results for
that particular analyte are flagged as either questionable or rejected, in accordance with data
validation procedures.

• Method blank—The laboratory is required to run a laboratory-generated blank sample
(i.e., method blank) with each round and batch of aquifer samples. This test is used as a means of
determining the existence and magnitude of contamination resulting from the sample preparation
and analysis process (e.g., from chemical reagents, laboratory glassware, laboratory equipment, or
instruments). If the method blank has detectable contamination, the rest of the aquifer sample
results for that particular analyte are flagged as either questionable or rejected, with consideration
given to the magnitude of the difference between the blank result and the field sample results.

• Laboratory duplicate—The laboratory is required to prepare a laboratory-generated duplicate
(i.e., split) from one of the INEEL field samples. Duplicate analyses can indicate analytical
variability and laboratory precision or the homogeneity of the sample. The duplicate results must
satisfy relative percent difference criteria and mean-difference criteria. If the criteria are not
satisfied, either the duplicate sample results or the rest of the aquifer sample results for that
particular analyte are flagged as either questionable or rejected, in accordance with the
mean-difference test criterion defined in data validation procedures, which depends on the sample
matrix and known sample homogeneity for that particular matrix.

• Field duplicate—A field duplicate is a second sample collected in the field from the same well as
each quarterly round of samples. The field duplicate provides information about the
representativeness, homogeneity, and variances associated with each field sampling and monitoring
event. If the relative percent difference and mean-difference criteria are not satisfied, the rest of the
aquifer sample results or only the duplicate sample results (for that particular analyte) are flagged
as questionable or rejected, in accordance with the mean difference test criterion defined in data
validation procedures, which depends on the sample matrix and known sample homogeneity for the
particular matrix.

• Field blank—A field blank is a container of clean deionized water that is prepared and collected in
the field. The field blank container accompanies the samplers throughout the entire sampling event.
At each wellhead, the container is opened, and a small amount of the clean deionized water is
poured into the blank container. The field blank is submitted to the laboratory and analyzed with
each set of aquifer samples. The field blank provides information that is used to assess whether any
sample contamination was introduced by field operations and conditions. If the field blank has
detectable contamination, the rest of the aquifer samples for the detected contaminant are flagged
as questionable or rejected, depending on the magnitude of the difference between the blank result
and the field sample results. The mean difference test criteria are defined in data validation
procedures.

• Performance evaluation blank—A performance evaluation blank is prepared by a certified and
authorized performance evaluation sample laboratory. The blank is sealed at the preparation
laboratory and never opened until it is received by the analyzing laboratory for INEEL aquifer
samples. The blank provides information that is used to assess whether any sample contamination
was introduced at the laboratory. If the blank has detectable contamination, then the rest of the
aquifer samples for the detected contaminant are flagged as either questionable or rejected,
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depending on the magnitude of the difference between the blank result and the field sample results.

The mean-difference test criteria are defined in the data validation procedures.

• Equipment rinsate—Water is poured over, around, and through the sampling equipment after use.

This sample is analyzed with each set of aquifer samples. It provides information used to assess

whether any sample contamination was introduced by the sampling equipment. If the rinsate blank

has detectable contamination, the rest of the aquifer samples for the detected contaminant are

flagged as either questionable or rejected, depending on the magnitude of the difference between

the blank result and the field sample results. The mean difference test criteria are defined in the

data validation procedures.

• Reanalysis—When an aquifer sample contains a concentration of a radionuclide greater than 2a

(see Section 4.5.2), the laboratory is required to pull another aliquot from the sample container and

analyze it. Reanalysis of the same sample can confirm a detection and also can provide information

about sample inhomogeneity. Both results are reported. If the reanalysis result is a nondetect, the

sample result is not considered a confirmed detection.

• U.S. Geological Survey sampling—The USGS routinely collects samples from a subset of wells

that are simultaneously sampled by the INEEL. The USGS validates their results and provides

them to the INEEL. The two sets are compared to help assess and confirm low-level detections.

• Laboratory performance evaluation program—The performance of each subcontracted

laboratory using various performance indicators is continually assessed and tracked by the INEEL

using a formalized and documented plan (PLN) -491, "Laboratory Performance Evaluation

Program Plan, INEEL Sample Management Office." This program ensures that INEEL project

sample analyses are performed by the best performing subcontracted laboratories.

4.5.2 Radiological Uncertainty

When radioactive materials decay, they emit alpha particles, beta particles, or photons (i.e., X-rays

and gamma-rays). Emissions from the parent atoms are random and erratic and cannot be precisely

measured. If the rate of radioactive decay is fast, then many particles or photons are being emitted and the

radioisotope has a short half-life. Conversely, if the emission rate is slow, few particles are emitted and

the radioisotope has a long half-life. The lower the emission rate, the longer the half-life and the higher

the measurement uncertainty. For environmental level radioactivity, where the emissions typically occur

less frequently, a much longer measurement interval is required to obtain an accurate count of the

emissions and quantify the amount of radioactivity present.

Radiological uncertainty is a reported value that accompanies the reported concentration, and also

follows a known probability distribution. The uncertainty value reported with each measured result is a

total of all the recognized errors in the entire analytical process and is referred to as the total propagated

uncertainty. The laboratory-reported uncertainty for each sample is given by the statistical standard

deviation symbol, the Greek lower-case sigma (a). All laboratories subcontracted through the INEEL are

required to report uncertainties at the la confidence level. Radioanalytical results are reported as a

measured concentration plus or minus its uncertainty. The uncertainty measure is a function of the

standard deviation and identifies a range of values that bracket the true sample value with a specified

level of confidence. The standard deviation associated with each radioanalytical measurement is a very

predictable value because the statistical probabilities associated with the radioactive decay processes are

very well understood.
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The reported uncertainty value is used to define the confidence interval for the measurement. The
confidence interval for a single measured value simply defines where a specified percentage of the data
would occur on repeated measurements. The 68.3% confidence interval for a value is formed by plus or
minus la.

Examples for la, 2a, and 3a are shown in Table 4-8. For example, a value of 10 with a = 3
(i.e., 10 ± 3) indicates that, upon repeated measurements, 68.3% of the results would fall between 7 and
13. Another way of looking at a value of 10 ± 3 is that it specifies with 68.3% certainty that the true value
lies somewhere between 7 and 13. Similarly, ±2a defines the 95.4% confidence interval, while the 99.7%
confidence interval is defined by ±3a. For the example above, 1 to 19 (i.e., 10 ± 9) is the 99.7% result.
The result would be considered a positive detection because the measured value (10) is greater than
3a (9), and the entire confidence interval, 1 to 19, is greater than 0. The second example has a larger
uncertainty value of 4, indicating a statistical detection at the 95.4% confidence interval but not a positive
detection at the 99.7% confidence interval. The 95.4% confidence interval is greater than 0, but the 99.7%
confidence interval is not. Thus, confidence that the value is greater than 0, indicating a positive
detection, is low.

Table 4-8. Example of the application of uncertainty measurements to radiological data.

Measured
Value

Uncertainty
(la)

Uncertainty
Level

Measured Value
± Uncertainty

Range
Confidence

Level
Confidence
Interval

10 pCi/L 3 pCi/L la 10 ± 3 68.3% 7 to 13 pCi/L

2a 10 ± 6 95.4% 4 to 16 pCi/L

3a 10 ± 9 99.7% 1 to 19 pCi/L

10 pCi/L 4 pCi/L la 10 ± 4 68.3% 6 to 14 pCi/L

2a 10 ± 8 95.4% 2 to 18 pCi/L

3a 10 ± 12 99.7% -2 to 22 pCi/L

10 pCi/L 6 pCi/L la 10 ± 6 68.3% 4 to 16 pCi/L

2a 10 ± 12 95.4% -2 to 22 pCi/L

3a 10 ± 18 99.7% -8 to 28 pCi/L

The result from a sample measurement is declared as (a) a nondetection, (b) a statistical detection,
or (c) a positive detection, depending on its magnitude relative to its uncertainty. If the measured value is
between 2a and 3a, it is a statistical detection and qualified with a "J" validation flag to indicate the
detections are questionable and should only be used as estimated quantities. If the measured value is
greater than the sample-specific minimum detectable activity and is more than three times greater than its
uncertainty, it is a positive detection. Otherwise, the result is a nondetection. The data quality associated
with statistical detections (i.e., 20 < x 3a) does not satisfy criteria for reportable detections; however,
statistical detections are evaluated closely for early indication of developing trends or sudden changes.

One of the misconceptions of confidence level is that it expresses a 68.3%, 95.4%, or 99.7%
certainty that the measured value is correct. This is not what confidence level implies. Confidence level
only implies that we are 68.3%, 95.4%, or 99.7% certain that the true value lies somewhere between the
defined confidence intervals.
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The confidence level also defines the percentage of results that are expected to be outside the

defined confidence interval. For example, at the 99.7% confidence level, 0.3% of the results are expected

to fall outside the 3a confidence interval when the measurement is repeated. Therefore, the probability

that a positively identified result is actually a false positive result is 0.3%. The opposite can also occur,

where the reported value is not a positive detection at the 99.7% confidence interval, but the probability is

0.3% that such a results could be incorrect (i.e., false negative).

Before 1998, Technical Procedure (TPR) -80, "Radioanalytical Data Validation," defined a

radionuclide detection as a result that was greater than the sample-specific minimum detectable activity

(MDA) and greater than 2a. After a comparison was made to the detection standards used by other

agencies (i.e., USGS, IDEQ, and the INEEL Oversight Program), the detection criteria were changed to

greater than the minimum detectable activity and greater than 3a to be consistent with the results reported

by other agencies. All results identified as positive detections in this ABRA were assessed with the

3a criterion.

The MDA is defined as the minimum amount of radioactivity in a sample that can be detected with

confidence given a defined set of background, sample, instrument, analytical and measurement

conditions. The MDA is a probabilistic approach to determine whether radioactive material is present in a

sample. The MDA is derived from the sample measurement, and represents the 95% probability that

radioactivity is present in a sample. The MDA is defined as 2.71 + 4.65 (B) h̀, where B is the

instrument/ambient background, and 2.71 and 4.65 are probabilistic based values. This equation was

derived by Currie (1968), and is a standard method for computing the MDA throughout the analytical

industry. All laboratories subcontracted through the INEEL Sample Management Office use this method

of computing the MDA.

Beginning in 2002, statistical hypothesis testing to compare sample results to background levels is

a planned addition to the radioanalytical data validation process. The hypothesis testing will provide

additional information for determining the presence or absence of radioactivity in aquifer samples and

will expedite early identification of significant changes or potential developing trends.

4.5.3 Nitrogen Species

Nitrogen is a redox element, and its chemical form in the environment is dependent on the presence

or absence of electrons. In reducing environments (e.g., swamps), nitrite (NO3) is most common, and

nitrate (NO3) prevails in oxidized environments. Although nitrite might be present in notable quantities in

some waste environments, nitrate is the predominant species in INEEL soil, soil moisture, and aquifer

samples.

Nitrogen analyses are generally accomplished by ion chromatography (EPA Method 9056),

colorimetry (EPA Method 353.1 or 353.2), or spectrophotometry (EPA Method 353.3 or 354.1). When

samples are analyzed by ion chromatography, nitrite and nitrate species are individually quantified. When

samples are analyzed by spectrophotometry or colorimetry, the samples are generally treated with a

reducing agent (e.g., cadmium or hydrazine) to reduce nitrate to nitrite, and the analysis is run on the

nitrite. If requested, the laboratory will run a nitrite analysis before reducing the nitrate, then quantify the

nitrate species by subtraction, but generally the combined nitrate/nitrite results are reported.

Historically, nitrogen reporting requirements for the INEEL-contracted analytic laboratories were

project-specific. Generally, the laboratory reported the combined nitrite/nitrate results as nitrogen, which

were input into the Environmental Restoration Information System (ERIS) database as it appeared on the

laboratory forms. Sometimes, in cases where it was unclear what the species were, the result may have
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been assigned one or more nitrogen codes in ERIS. For example, a sample with 4.2 pg/L nitrate result
may have been archived as 4.2 pg/L nitrate, 4.2 pg/L ammonia, and 4.2 pg/L total nitrogen.

All the nitrogen data used for this report were reviewed against the original supporting
documentation (e.g., laboratory reports), and only the nitrogen species reported by the laboratories are
presented in the tables. However, it is unclear if the results have been converted to total nitrogen or are
reported as nitrogen species in ERIS.

The consequences of this issue on the risk assessment are insignificant. Nitrate is ubiquitous in the
environment, and reliable background concentrations have not been established. Therefore, discriminating
the possible contribution from the SDA from other sources (e.g., fertilizer) would be problematic even if
RWMC monitoring data were more certain. In addition, the quantities of nitrogen-bearing compounds in
the buried waste were converted as described in Section 5 for modeling and risk assessment. The
concentrations detected in the environment were not used to assess risk.

4.5.4 Nuclear Logging Data

Waste zone data are being collected from a network of probeholes in selected locations throughout
the SDA. The probeholes are equipped with up to five different detectors shown in Table 4-7. The
spectral gamma and neutron-neutron moisture logging tools were calibrated for a set of standard
conditions corresponding to soil having a moisture content, bulk density, average atomic number, and
average mass number similar to typical SDA soil (Beitel et al. 2000; Josten and Okeson 2000). The
results are based on an assumed homogenized, large volume sample (approximately 10 to 15 L
[2.6 to 3.9 gal]) and are representative to the extent that the probehole environment meets these
conditions. If it is confirmed that these conditions are met, then these tools will be able to provide a
quantitative estimate of soil moisture content and radionuclide concentration to assess source term
estimates and support remedial design for the SDA. The passive neutron, n-gamma, and azimuthal tools
were not quantitatively calibrated and provided only a relative measure of the targeted subsurface
characteristics.

For all the tools, measurements are influenced not only by the amount of the contaminant of
interest but also by the uniformity of the distributions of the contaminant, the soil, and other waste in the
vicinity of the probehole. Therefore, interpretation of the logging response is subject to uncertainty,
because the medium characteristics are typically heterogeneous. Nonetheless, the logging data reveal
useful information that inventory records cannot provide about the physical, chemical, and radiological
conditions at specific locations.

4.5.5 Early 1970s Data

In the early 1970s, the Atomic Energy Commission sponsored a hydrogeologic study of the
RWMC area to determine whether waste buried in the SDA threatened the quality of the SRPA. The
objectives of the study were to (a) evaluate the geologic, hydrologic, and geochemical variables that
control the potential for subsurface migration of radionuclides from burial trenches to the water table,
(b) determine the amount and reach of past radionuclide migration, and (c) construct wells to monitor the
groundwater in the SRPA in the vicinity of the burial ground (Barraclough et al. 1976). The study
incorporated sampling of sediments, cores, and water.

Core data from this study contained numerous inexplicable detections, which have not been
corroborated by subsequent sampling events nearby. Barraclough et al. (1976) discuss the perplexity of
the data, and identify the potential for "artificial contamination" at the borehole or elsewhere. The report
indicates a "possibility that artificial contamination, analytical error, and statistical error are responsible
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for some of the positive results. However, there are no apparent artificial contamination mechanisms that

could reasonably account for all the observed values." The report also indicates that the detection of

multiple contaminants in a single sample discounts the likelihood that the detections were attributable to

analytical or statistical error, and stressed that the contaminant levels measured were too high to be

artificial contamination.

Most perplexing was that some of the exterior borehole samples unexpectedly contained elevated

Cs-137 and Sr-90, as well as detectable plutonium. The authors indicated that a portion of the detected

concentrations might have been artificially introduced by the drilling method used (cable-tool method,

discussed below). However, the authors also indicated that it was unlikely that the detected contamination

could have been accounted for solely by the contamination introduced by drilling or sampling methods,

citing that a substantial amount of contamination down hole would have been required to attain the

concentrations that were actually measured. Barraclough et al. (1976) state that for the Well 93 air-blown

samples from 97 to 105 ft, the 50 pounds of sediment blown up through the annular well space would

have to be mixed with at least 5 lb of soil with a Pu-239/240 concentration of 2.4 pCi/g, or 0.5 lb soil with

Pu-239/240 concentrations of 24.0 pCi/g, to acquire the average contaminant levels measured

(0.24 pCi/g). It is also unlikely that the contamination is real, because there is no plausible source of such

levels of contamination in the immediate vicinity.

A fraction of the measured contamination could have been attributable to artificial contamination

introduced by the sampling method, samplers, or surface contamination blown into the hole. The four

boreholes drilled outside the SDA (USGS-87, -88, -89, and —90) were drilled using the cable-tool method.

The cable-tool method is a percussion technique where a heavy bit of hard steel is suspended on a cable

and rhythmically raised a few feet and dropped on the formation at the bottom of the borehole. Repeated

hammering breaks up the formation. Usually, a couple feet of water is maintained in the bottom of the

borehole to cool the bit. Every several feet the tool is retracted to the surface and a bailing tool (hollow

cylinder) is lowered to the bottom of the hole on a cable. The bailer is surged up and down in the slurry

(water and cuttings) at the bottom of the hole, and a trap door valve on the bottom of the bailer allows the

water and suspended rock cuttings to enter. The cuttings are removed from the hole by bringing the bailer

to the surface and dumping the contents. Sediment core samples with a 4 in. diameter were obtained with

a split spoon, drive core sampling tool. The sediment samples may have contained drilling water. Basalt

samples or drill cuttings were a composite mixture of basalt cuttings, drilling water, sediments, and

possibly caved material from higher levels within the well (Barraclough et al. 1976). Each of these

exterior wells took four to five months of drilling time, with frequent movement of drilling tools in and

out of the boreholes. Surface contamination and fallout particles were probably introduced to subsurface

samples using this method.

Six boreholes inside the SDA (USGS-91 through USGS-96) were drilled with the dry air rotary

drill, which did not require water to cool the bit and probably introduced less contamination than the cable

tool method. Samples were collected using a variety of techniques (e.g., Shelby, sediment sampler, air

blown) depending on the circumstances. The air-rotary method cuts the borehole by means of rotating a

bit, which is pressed against the formation at the bottom of the hole. During drilling, the bit requires

cooling and the cuttings must be removed from the hole. Both are accomplished by pumping compressed

filtered air down the inside of the drill rod, out and around the bottom of the turning bit, and back up

along the annular space between the rod and the borehole wall. Artificial contamination from this method

was probably less than that from the cable-tool method; however, surface contamination could be

introduced to subsurface samples by contaminating the drill, particles falling into the hole, or during air-

blown sample collection at the wellhead.

Despite the possibilities of artificial contamination, Barraclough et al. (1976) indicated that these

explanations were not adequate to account for the levels of contamination reported in the samples.
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Barraclough et al. (1976) state "...there simply is no credible source for those quantities of contamination
to make contact and blend with the samples". Such statements point to the possibility of laboratory errors
or uncertainties, but adequate quality assurance data (e.g., blanks and spikes) are not available to evaluate
this vector. The radionuclide data from 1971 and 1972 provide evidence of contaminant transport to the
interbeds, especially in the older parts of the SDA; however, the data from that time period remain
questionable (see also DOE-ID 1983; Burgus and Maestas 1976).

As summarized by Barraclough et al. (1976), data are questionable because of conflicting evidence.
Data collected in the 30 years following the early 1970s do not support the concept of widespread
contamination within and outside of the SDA in the vadose zone. Contamination could have been
introduced to the subsurface prior to sampling by the water used in the cable-tool drilling process, by
windblown or upper borehole sediments falling into the hole, with any of these possibilities exacerbated
by the multiple trips up and down the hole to ream the hole and install casing. In addition, statistical
(counting) error could account for some of the radionuclide concentrations.

The questionable data include the perched water and aquifer samples collected after the wells were
completed. In particular, the aquifer samples from USGS-87 through —90 are questionable because these
wells were drilled with the cable-tool method and sampled with a thief sampler. Barraclough et al. (1976)
state that there was opportunity for contaminated surficial sediments to enter the four exterior wells, and
the concentration patterns in samples from these four wells suggest that artificial sample contamination
occurred. Subsequent samples from these wells through 2000 have only sporadically contained
radioactive contaminants above background.

Though some degree of uncertainty will always be associated with the issue of sample
contamination during well drilling, improved techniques were applied to prevent sample contamination in
each subsequent well drilling activity. In 1978, the sampling procedure was changed to include split
samples that were analyzed independently of one another (Dames & Moore 1994). Protocol required that
positive results had to be obtained in both samples (i.e., splits) to confirm the presence of radionuclides.
In the 1970s, results were considered positive if they exceeded the 2a (95.4%) confidence interval
(Dames & Moore 1994). In addition, the criteria for reporting positive detections have also tightened. In
the 1980s, a 3a (99.7%) detection criterion replaced the 2a used previously; however, some data
interpreters continued to report 2a results as positive detections. Thus, positive detections were defined
with inconsistent protocol. In 1998, the radioanalytical data validation protocol officially adopted and
implemented the 3a confidence interval to define a positive detection (see Section 4.5.2). This criterion
was consistent with that applied by the USGS, IDEQ, and the INEEL Oversight Program.

Dames & Moore (1994) compiled and statistically reanalyzed most of the subsurface drilling and
coring investigation data collected between 1971 and 1987. The core data presented in this report include
data from sampling campaigns from 1971 to 2000. The 1993 investigation involved the sampling and
analysis of previously unsampled, stored cores to obtain additional subsurface information.

4.5.6 Lysi meter Data

Lysimeters are used to obtain samples of soil moisture from unsaturated sediments or rock. The
sample is drawn through a porous membrane or cup on the end of the lysimeter, which is usually
imbedded in a silica flour backfill within the vadose zone material. Organic compounds generally are lost
during the lysimeter sampling process (Wood et al. 1981). Early researchers noted that a ceramic
membrane could interact and influence the chemistry of the material being sampled. Studies of soil water
containing common anions, cations, and nutrients demonstrated that the porous membranes could modify
the geochemistry of fluids by either sorbing or adding ions (Haines, Wade, and Topp 1982; Lord and
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Shepherd 1993). Typically, the chemistry is affected by sorption of ions on the membrane, but several

investigations have noted the addition of several trace constituents.

Few data relate to sampling for radionuclides with suction lysimeters. A laboratory partitioning

study was conducted to evaluate the influence of the silica flour backfill and the porous cup in the suction

lysimeters on sorption of selected radionuclides (Fjeld, Coates, and Elzerman 2000). The study suggests

that Sr-85 and U-233 are not significantly attenuated; while Am-241 and Pu-239(IV) are attenuated by

contact with the silica flour used to backfill the instruments. Tests were conducted on the sorption of

radionuclides contained in a simulated groundwater while being passed through the ceramic porous

membrane of a suction lysimeter. After 5 hours of contact with the porous cup, approximately 99.9% of

the americium, 89% of the plutonium, 33% of the neptunium, and 3% of the uranium was retained in the

ceramic. These data indicate the soil moisture collected in porous ceramic suction lysimeters will have

lower concentrations of some radionuclides than the soil moisture in the surrounding undisturbed

geologic media within the first five hours of sampling. Most of the lysimeters installed before 1999 had

the porous ceramic cup.

Suction lysimeters with porous stainless steel were installed in the B-C and C-D interbeds in 1999

and 2000. The stainless steel should be less reactive than the ceramic membranes but may contribute trace

metals to the samples.

4.5.7 Aquifer Data

The analysis of water samples collected from the deep wells outside the SDA in 1971 to 1974

showed trace quantities of waste radionuclides in some samples from all four wells. According to the

authors of the report containing these data, "...the drilling and well construction techniques, the water-

sample-collection methods, and the uniform distribution of positive results in all four wells suggest

artificial contamination. Though these data could be the result of some waste migration to the aquifer,

they are considered inconclusive evidence at this time" (Barraclough et al. 1976). The data uncertainties

introduced by drilling and well construction techniques are described in Section 4.5.6. For water

sampling, the static thief sampler is implicated in Barraclough et al. (1976) as causing some of the sample

contamination, however, further explanation is not offered.

Samples from USGS-88 in the 1971 to 1972 contained anomalous concentrations of dissolved

solids, magnesium, hydroxide, and high pH, suggesting cement contamination in the well. In addition,

significant radionuclides were detected in samples from USGS-89 and USGS-90, which were not

confirmed by later sampling, pointing to artificial contamination in these samples. Barraclough et al.

(1976) deemed that the data from the 1971 to 1974 sampling events were unreliable. Dedicated

submersible pumps were installed in USGS-87, -88, -89, and —90 in October 1974, and sampling methods

were developed that included purging three well volumes from the wells before collecting the sample.

After implementation of these changes, radionuclides in the wells outside the SDA were not detected.

4.6 Radiological Results

The radionuclide COPCs, tritium (H-3), and additional isotopes of plutonium are discussed in this

section. Each radioisotope is evaluated for the waste zone, the surface, the vadose zone media (i.e., soil

and rock in core collected during well drilling, soil moisture, and perched water), and the aquifer. Positive

detections in the environment are evaluated against comparison concentrations such as RBC and MCLs.

Details of the interpretation of radiological uncertainty associated with radiological results are provided in

Section 4.5.2.
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4.6.1 Actinium-227

Actinium-227 exists in nature in very small concentrations from the decay of naturally-occurring
U-235, and is an anthropic radioisotope that is a decay product of Pu-239. Actinium-227 decays by the
emission of alpha and beta particles, has a 21.77-year half-life, and was identified in the IRA as a COPC,
primarily for the groundwater ingestion exposure pathway (Becker et al. 1998).

Though not typically analyzed for, the presence of Ac-227 can be inferred by the presence of its
gamma-emitting progeny (i.e., Th-227) in routine gamma-spectrometric analysis. The results would be
reported if it were present at concentrations above the gamma-spectrometric analysis detection limit,
which is approximately 10 pCi/L. The comparison concentrations for Ac-227 are presented in Table 4-9.

Table 4-9. Comparison concentrations for actinium-227 in soil and groundwater.

Surface Soil Maximum Risk-Based
Background Risk-Based Soil Aquifer Contaminant Aquifer
Concentration Concentration' Background Level Concentration'

(pCi/g) (pCi/g) Concentration (pCi/L) (pCi/L) 

Not established 6.8 Not established 15 (total alpha) 0.98
a. Calculated risk-based concentration equivalent to an increased cancer risk of 1E-05. 

4.6.1.1 Waste Zone. Approximately 5.12E-07 Ci of Ac-227 were originally disposed of in the
SDA. The waste streams containing Ac-227 at the time of disposal are identified in Table 4-10.

Table 4-10. Actinium-227 waste streams and parent isotopes.

Waste Stream
Code or
Generator Waste Stream Description

Activity
(Ci)

Proportion
of Total

(%)

CFA-690-1 Combustibles, animal carcasses, scrap metal, sources,
sand, and gravel.

2.43E-07 47.5

TRA Beryllium blocks. 1.76E-07 34.3

CFA-RWM-1 Central Facilities Area Sewage Treatment Plant
unpainted concrete rubble, drying beds soils, clarifier
piping, and trickle filter bricks.

7.20E-08 14.1

D&D-ARA-1 Low-level waste from the decontamination and
demolition of the Auxiliary Reactor Area facilities.

1.82E-08 3.6

Waste stream consists primarily of contaminated metal
and debris.

Miscellaneous Miscellaneous minor streams. 2.86E-09 0.6

Total Disposals 5.12E-07 100

U-235 ingrowth Half-life equals 7.04E+08 years. See Section 4.6.19 1.79E+08 NA

Pu-239 ingrowth Half-life equals 2.41E+04 years. See Section 4.6.13 7.17E+07 NA

Am-243 ingrowth Half-life equals 7.38E+03 years. See Section 4.6.3 4.55E+04 NA
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Additional quantities of Ac-227 are being generated over time through ingrowth (see

Section 4.1.2). Table 4-6 also includes the amount of Ac-227 that would be produced if all of the parent

decayed. Because of the long half-lives of the parent nuclides, substantial ingrowth requires many

thousands of years. However, for completeness, the waste streams that contain parent nuclides also are

listed in Table 4-6. Percentages of the total Ac-227 from parent isotopes are not given because the amount

of Ac-227 present is dependant on the timeframe assessed.

Spectral gamma logging in the SDA provides no information about the distribution of Ac 227 in

the waste zone. Distributions of parent nuclides are discussed in their respective subsections indicated in

Table 4-6.

4.6.1.2 Surface. Actinium-227 has not been measured in routine surface sampling.

4.6.1.3 Vadose Zone. No data for Ac-227 are available from vadose zone core samples or from

lysimeters. Though samples were not analyzed specifically for Ac-227, its presence can be inferred by

concentrations of its Th-227 progeny. Routine gamma spectrometric analysis did not detect Th-227 above

the minimum detectable activity.

4.6.1.4 Aquifer. Actinium-227 has not been detected in the aquifer. Though aquifer samples were

not analyzed specifically for Ac-227, its presence can be inferred by concentrations of its Th-227

progeny. Routine gamma spectrometric analysis did not detect Th-227 above the minimum detectable

activity.

4.6.2 Americium-241

Americium-241 is an anthropic, transuranic radioisotope that is a decay product of Pu-241. It

decays by the emission of alpha particles, has a 432.7-year half-life, and was identified in the IRA as a

COPC, primarily for the groundwater ingestion exposure pathway (Becker et al. 1998).

Because Am-241 is a surface pathway COPC, surface data are most significant to the Am-241

discussion. Americium-bearing waste in the SDA and the available Am-241 monitoring data for all media

are summarized below. The sampling data in this section are evaluated against the comparison

concentrations in Table 4-11.

Table 4-11. Comparison concentrations for americium-241 in soil and the aquifer.

Surface Soil Maximum Risk-Based

Background Risk-Based Soil Aquifer Contaminant Aquifer

Concentration' Concentrationb Background Level Concentration'

(pCi/g) (pCi/g) Concentration (pCi/L) (pCi/L) 

0.011 36.6 Not established 15 (total alpha) 4.6

a. Upper 95% tolerance limit with 95% confidence for composited surface soil (Rood, Harris, and White 1996).

b. Calculated risk-based concentration equivalent to an increased cancer risk of 1E-05. 

4.6.2.1 Waste Zone. Approximately 1.83E+05 Ci of Am-241 were disposed of in the SDA, with

the majority being disposed of between the years of 1960 and 1972. The waste streams containing the

majority of Am-241 activity are identified in Table 4-12.
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Table 4-12. Waste streams containing americium-241.

Waste Stream
Code or Generator Waste Stream Description

Activity
(Ci)

Proportion
of Total
Activity

(%)
RFO-DOW-3H Uncemented sludge. 1.46E+05 80.0

RFO-DOW-4H Combustibles-paper, rags, plastic clothing,
cardboard, wood and polyethylene bottles

2.52E+04 13.8

(Codes 330, 336, 337, 900, and 970).

RFO-DOW-12H Dirt, concrete, graphite, ash, and soot. 4.85E+03 2.6

INEEL Idaho National Engineering and Environmental 4.01E+03 2.2
Laboratory reactor operations waste.

Miscellaneous Miscellaneous minor streams. 2.56E+03 1.4

Total Disposals 1.83E+05 100

Pu-241 ingrowth Half-life equals 14.4 years. See Section 4.6.13 3.25E+04 NA

Additional quantities of Am-241 are being generated over time through ingrowth (see
Section 4.1.2). Table 4-6 also includes the amount of Am-241 that would be produced by decay of the
parent if all of the parent decayed. Because Pu-241 has a short half-life, the contribution to the Am-241
inventory occurs during the time period of evaluation. Percentages of Am-241 from the parent Pu-241 are
not given because the amount of Am-241 present is dependent on the timeframe assessed. In addition,
Am-241 will decay and produce substantial inventories of the daughter products Np-237, U-233, and
Th-229.

The spectral gamma-logging tool detected Am-241 based on the 662 and 722 keV gamma rays. Of
the 135 probeholes logged using this tool, 76 (56%) showed the presence of Am-241 above the noise
level. Of the 4,863 total measurements (i.e., all probes and all depths), 1,068 (22%) showed the presence
of Am-241 above the noise level. The Am-241 detection limit was approximately 35 nCi/g for the
662 keV gamma rays and 65 nCi/g for the 722 keV gamma rays. The maximum and average observed
Am-241 levels were 30,449 and 841 nCi/g, respectively. The detection limit, maximum concentration,
and average concentration are based on the assumption that Am-241 is uniformly distributed in the
vicinity of the measurement points.

4.6.2.2 Surface. A total of 186 soil samples were collected between 1994 and 2000 from in and
around the RWMC. Based on gamma spectrometric analytic results, 76 samples were evaluated for
Am-241. There were 55 positive detections of Am-241, ranging from (1.02 ± 0.34)E-02 pCi/g at Pad A
(LMITCO 1999) to 1.6 ± 0.2 pCi/g at Pad A (LMITCO 1995c).

A total of 124 vegetation samples were collected between 1990 and 2000 from the RWMC and
control locations. Of about 30 samples analyzed for Am-241, eight were positive detections ranging from
(1.04 ± 0.33)E-03 pCi/g (LMITCO 1998) to (1.14 ± 0.20)E-01 pCi/g (LMITCO 1998).

A total of 210 surface run-off water samples were collected between 1991 and 2000 from the
RWMC and control locations. Based on gamma spectrometric analytic results, about 93 samples were
evaluated for Am-241, resulting in eight positive detections. The positive results ranged from
(6.62 ± 1.59)E-02 pCi/L (LMITCO 1999) to 3.8 ± 0.7 pCi/L (EG&G 1992). All run-off concentrations
were less than the aquifer RBC of 4.6 pCi/L used for comparison.
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4.6.2.3 Vadose Zone. The distributions of Am-241 in vadose zone core, soil moisture, and perched
water in the various depth intervals are discussed below.

4.623.1 Vadose Zone Core Samples-A total of 321 core samples were collected during
well drilling and analyzed for Am-241 between 1971 and 2000 with 34 positive detections (see
Table 4-13). The number of detections associated with each depth interval is shown in Table 4-14.

Table 4-13. Positive detections of americium-241 in vadose zone core samples.

Borehole
Identification

D02

4E

76-3

76-4A

78-2

79-2

USGS-93

USGS-96

TW1

I-1S

I-1D

I-2S

I-4D

Sample Depth Concentration ± la
(ft) (pCi/g)

1.2 to 1.7 1.52 ± 0.06
15.5 to 16.0 0.050 ± 0.005

10.0 to 22.5 9.6 ± 0.7

97.5 to 97.8 0.0084 ± 0.0014

23.5 0.021 ± 0.003
97.8 0.0064 ± 0.0017

226.0 0.023 ± 0.003

235.7 0.033 ± 0.003

99.1 to 99.9 0.031 ± 0.003
99.1 to 99.9 0.022 ± 0.002
99.9 to 101.7 0.013 ± 0.003
99.9 to 101.7 0.018 ± 0.002
101.7 to 103.0 0.024 ± 0.003
101.7 to 103.0 0.020 ± 0.003

13.8 to 14.0 0.012 ± 0.003a
101.0 to 103.0 0.063 ± 0.010 a
101.0 to 103.0 0.15 ± 0.02a
103.0 to 105.0 0.045 ± 0.004 a

110.0 to 112.9 0.030 ± 0.006 a

101.0 to 101.2 0.44 ± 0.02
101.0 to 101.2 0.47 ± 0.02
101.2 0.103 ± 0.008
101.2 0.106 ± 0.009
101.2 0.137 ± 0.011
101.2 0.908 ± 0.008
101.2 0.107 ± 0.009
101.2 0.085 ± 0.009

105.5 0.022 ± 0.006
110.6 to 111.0 0.021 ± 0.006

237.6 to 238.0 0.016 ± 0.005

99.0 to 100.0 0.021 ± 0.006
111.0 0.019 ± 0.005
112.5 to 113.0 0.031 ± 0.008

237.5 to 238.0 0.021 ± 0.007

Date 

1987
1987

1994

1976

1976
1976
1976

1978

1979
1979
1979
1979
1979
1979

1972
1972
1972
1972

1972

1987
1987
1987
1987
1987
1987
1987
1987

1999 to 2000
1999 to 2000

1999 to 2000

1999 to 2000
1999 to 2000
1999 to 2000

1999 to 2000

a. Data from 1972 through 1974 must be used with discretion. They are questionable because of cross-contamination concerns
(see Section 4.5.5).
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Table 4-14. Americium-241 detections in vadose zone core samples from each depth interval.

Depth Interval
(ft)

Number of Detections/
Number of Samples

(%)

Concentration
Range
(pCi/g)

Wells or Boreholes
with Detections

0 to 35 5/30 (16.7) 0.012 to 9.6 4E, 76-4A, D02, USGS-93

35 to 140 25/139 (18.0) 0.006 to 0.908 76-3, 76-4A, 79-2, TW1,
I-1S, I-2S

140 to 250 4/142 (2.8) 0.016 to 0.033 76-4A, 78-2, I-ID, I-4D

>250 0/10 (0) Not applicable Not applicable

Of the 34 positive detections, 32 exceeded the surface soil background concentration of
0.011 pCi/g (Rood, Harris, and White 1996). Detection rates were similar in the 0 to 35-ft and 35- to
140-ft depth intervals, 16.7 and 18.0%, respectively. The detection rate of 2.8% was considerably lower
for samples collected at depths greater than 140 ft. Many of the Am-241 detections (i.e., 21 of 34) were
corroborated by detections of other actinides such as Pu-238 and Pu-239. None of the four detections in
the 140- to 250—ft depth interval were accompanied by detections of other actinides.

Six of the 13 cores with detectable Am-241 were located on the west end of the SDA, and three of
the 13 occurred near Pad A and Pit 5. Eight analyses from TW1 at the 101-ft depth detected
concentrations of Am-241, which provide confirmation that Am-241 is present at that location and depth.
The results from Well 4E at 10 ft deep and from Well D02 at 1.5 ft deep, exceeded the surface soil
background concentration but are lower than the calculated 1E-05 RBC for soil of 36.6 pCi/g.

4.6.2.3.2 Lysimeter Samples at Depths of 0 to 35 ft—A total of 106 shallow lysimeter
samples were analyzed by INEEL for Am-241 between 1997 and May 2001, with five positive detections
(see Table 4-15). The occurrence of the detections relative to other sampling events is shown in
Figure 4-13.

Table 4-15. Positive detections of americium-241 in shallow lysimeters in the 0- to 35—ft depth interval.

Lysimeter
Depth
(ft)

Concentration ± Its
(pCi/L)

Confirmation
Flaga Date

W23-L09 7.7 0.8 ± 0.2 A November 1998

PA01-L15 14.3 9 ± 2" B April 1998

PA03-L33 10 4.2 ± 0.7 A February 1998

98-5L39 (SDA-10) 10.5 0.8 ± 0.2 B December 1998
0.30 * 0.09 B March 2000

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.
B = Reanalysis performed, no confirmation.

Note: Concentration in red bold indicates that the value exceeds the 1E-05 aquifer risk-based concentration (4.6 pCi/L),
which is not applicable to lysimeter samples but is presented as a basis of comparison.
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Lysimeter

Year Quarter
98-1
L35

98-4
L38

98-5
L39

PA01 -
LI 5

PA02-
L 1 6

PA03-
L33

W06-
L27

W08-
L 1 3

W08-
L14

W23-
LO8

W23-
L09

W25-
L28

1997

I

2

3

4

1998

1 4.2

2 9

3

4 0.8 0.8

1999

1

2

3

4

2000

I 0.30

2

3

4

2001

l

2

.

4

Key

Analysis was performed for Am-241 but none was detected.

Am-241 was detected (pCi/L).

If more than one positive detection occurred in a well in a single quarter. only the highest concentration is
listed.

Figure 4-13. Shallow lysimeter monitoring results for americium-241.

The concentration of 9 ± 2 pCilL in Lysimeter PA01-L15 is relatively high compared to the
positive detections in the other samples. The 9 + 2 p/Ci/L were yielded by one of two duplicate samples
taken from Lysimeter PA01-L15 on the same day. The other sample did not contain detectable Am-241.
In addition, seven other sampling events have been performed in Lysimeter PAW -L15 since April 1998,
with no other detections. The detection of 4.16 ± 0.66 pCi/L in Lysimeter PA03-L33 was not confirmed
with a reanalysis, and the detection was not followed by any positive detections in subsequent sampling
events. At least two subsequent samples have been collected following detections from the other wells
through May 2001, with no positive detections. Lysimeters 98-5L39 and W23-L09 are located on the
west end of the SDA, and Lysimeter PA03-L33 is located near Pad A.

The low concentrations of Am-241 in the lysimeter samples next to vadose zone core samples with
detectable Am-241 may be interpreted as evidence of migration. The relatively high detections of
Am-241 around Pad A in Lysimeters PA03-L33 and PA01-L15 are comparable to the 1E-05 RBC for the
aquifer. The sample results may be biased low because of possible Am-241 retention in the porous
ceramic cup in the lysimeters (see Section 4.5.6).

4.6.2.3.3 Lysimeter Samples at Depths from 35 to 140 ft—A total of 40 lysimeter
samples from 13 locations were analyzed for Am-241 between 1997 and May 2001, with three positive
detections as listed in Table 4-16. The occurrence of detections relative to nondetections is shown in
Figure 4-14,
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Table 4-16. Positive detections of Am-241 in lysimeter samples from 35 to 140 ft.

Am-241
Depth Concentration ± la Confirmation

Lysimeter (ft) (pCi/L) Flag' Date

D06-DLO1 88.0 0.8 ± 0.2 A December 1998

TWI-DLO4 102.0 1.9 ± 0.5 A March 2000

D15-DLO6 98.0 2.4 ± 0.7 A April 1998

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.

Lysimeters

Year Quarter
D06-
DLO1

DOG-
DLO2

D15-
DLO6 I- I S 1-2S 1-3S !-4S I-5S 0-25 0-35 0-4S 0-58

TWI -
DLO4

[997

1

2

3

4

1998

1

2 2.4

3

4 0.8

1999

I

2

3

4

2000

I

1 1.9

2

3

4

2001

l

2

3

4

Key

Analysis was performed for Am-241 but none was detected.

Am-241 was detected tpCi/L).

If more than one positive detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-14. Intermediate-depth (35 to 140 ft) lysimeter monitoring results for americium-241.

The positive sample results could not be confirmed by reanalysis because of the limited water
sample obtained from lysimeters. Subsequent samples collected from these three wells through May 2001
have not yielded positive detection of Am-241. Two of the three detections (i.e., Wells D06 and TW I)
occurred in the vicinity of Pad A and Pit 5, and the third (Well D15) is located outside the SDA boundary
on the southwest end of the site.
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Developing trends in the intermediate-depth lysimeter data are not apparent. All three Am-241
detections over a 4-year period were less than the 1E-05 RBC for the aquifer of 4.6 pCi/L used as a basis

of comparison. The porous ceramic cup on the lysimeter may be retaining a fraction of the Am-241 (see

Section 4.5.6), thus introducing a low bias to the sample results. Therefore, Am-241 could be present in

higher concentrations than measured.

Lysimeter and Perched Water Samples at Depths Greater than 140 ft—
Including USGS analyses, a total of 52 perched water samples, 10 filtered sediment samples, and five

deep suction lysimeter samples were analyzed for Am-241 between 1974 and December 2000. Two

positive detections of Am-241 occurred, both in Well USGS-92 as shown in Table 4-17. Neither sample
exceeded the aquifer 1E-05 RBC of 4.6 pCi/L used for comparison. Well USGS-92 is not near locations
where Am-241 was detected in vadose zone core samples or in the other lysimeter samples. The detection
rate for the deep lysimeter and perched water samples was 3.8% (i.e., two out of 52 samples).

Table 4-17. Positive detections of americium-241 in deep perched water.

Depth Concentration ± la
Well (ft) (pCi/L) Date

USGS-92 214 0.041 ± 0.012 October 1976
0.14 ± 0.04 October 1992

Subsequent water samples collected from Well USGS-92 through December 2000 have not shown

Am-241 detections. Perched water samples are filtered because they typically contain sediments. The
filtered sediments also were analyzed for Am-241 with no positive detections.

4.6.2.4 Aquifer. A total of 261 aquifer samples from INEEL wells were analyzed for Am-241

between 1992, when aquifer monitoring for Am-241 began, and April 2001 with five positive detections.

None of the detections exceeded the calculated aquifer 1E-05 RBC of 4.6 pCi/L, as shown in Table 4-18.
The distribution of Am-24l detections in the INEEL aquifer samples is shown in Figure 4-15. Only the

October 1997 sample result was confirmed by reanalysis of the original sample. Subsequent samples
collected from these wells through April 2001 have not shown positive detections.

Table 4-18. Positive detections of americium-241 in the aquifer.

Aquifer Well Concentration ± lo (pCi/L) Confirmation Flaga Date

M1 IS 0.026 ± 0.008 B April 1999

MIS 1.13 ± 0.13 D October 1997
1.03 ± 0.08 D October 1997
1.97 ± 0.13 B May 1998

M3S 0.027 ± 0.008 B September 2000

a. Confirmation flag:
B = Reanalysis performed, no confirmation.
D = Detection confirmed by reanalysis.

Note: Highlighted values are the original and the confirmatory analyses. Positive detection was confirmed.

In addition to the RWMC monitoring aquifer wells managed and routinely sampled by the INEEL,

the USGS manages, controls, and routinely samples eight other aquifer wells in the vicinity of the
RWMC (see Section 4.4), and also collects samples from some of the INEEL wells. A total of 489 USGS

aquifer well samples in the vicinity of the RWMC were analyzed for Am-241 between 1972 and
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October 2000, with 23 detections (see Table 4-19). Results from the USGS and INEEL aquifer sampling

from 1992 through 2001 are shown in Figure 4-15. Samples collected by the USGS in Wells M1S and

M3S from 1997 through 2000 did not verify the positive detections yielded in the INEEL samples. The

USGS does not collect samples from Well Ml1S.

All but two of the USGS detections occurred between 1972 and 1974, shortly after the wells were

drilled and installed (see Figure 4-16). The 1972 and 1974 detections are suspect because of possible
contamination problems associated with early well drilling and well construction techniques and the types

of sampling methodology employed at that time (Barraclough et al. 1976) (see Section 4.5.5). Subsequent

samples collected from the USGS wells from 1975 through 2000 have shown only two positive Am-241
detections, one in 1981 and one in 1982. Numerous sampling events since these detections have not
identified Am-241. The concentrations of Am-241 detected are well below the aquifer 1E-05 RBC of

4.6 pCi/L.

Summary of Americium-241. Americium-241 is a COPC because it poses a risk in the 1,000-year
simulation period from soil ingestion, inhalation, external exposure, and crop ingestion pathways (Becker

et al. 1998). Approximately 1.83E+05 Ci of Am-241 were disposed of in the SDA, with about 80% of
that being in the form of uncemented sludge from RFP. Americium-241 has been detected in about 56%

of the waste zone probeholes examined with the spectral gamma logging tool, and has been detected in
surface soil, vegetation, and run-off samples (see Table 4-20).

Approximately 17 to 18% of the vadose zone core samples collected in the 0- to 35-ft and 35- to
140-ft depth intervals contain detectable amounts of Am-241, compared with approximately 3% in the

depth interval from 140 to 250 ft. The Am-241 detection rate in soil moisture samples is less than 8% in

all depth intervals, and the Am-241 concentrations in the lysimeter samples may be biased low by
Am-241 retention on the ceramic cups in the lysimeters (see Section 4.5.6).

Spatially, there appears to be a cluster of Am-241 detections in both vadose zone core samples and

soil moisture samples in the 0- to 35-ft and 35- to 140-ft depth intervals in the region below Pad A and

Pit 5 and at the western end of SDA near Pits 1 and 2. However, the detections in soil moisture samples

are sporadic and do not exhibit temporal trends. Americium-241 was detected in aquifer samples from

Well M1S south of Pits 1 and 2 in 1997 and 1998, and from Wells M3S and Ml1S, which are both
upgradient of the SDA. The distribution of Am-241 detections in the various depth intervals is depicted in

Figure 4-17.

The aquifer detection rate is very low at 2%. All detections are less than the aquifer RBC of

4.6 pCi/L with the exception of one USGS sample from the questionable 1972 data set.
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Table 4-19. Positive detections of americium-241 in aquifer wells monitored by the U.S. Geological
Survey. 

Aquifer
Well

Concentration ± lo
(pCi/L) Date

USGS-87

USGS-88

USGS-89

USGS-90

0.040 ± 0.0103
0.30 ± 0.02'
0.11 ± 0.02'
0.13 ± 0.02'

0.045 ± 0.008'
0.13 ± 0.02'
0.07 ± 0.02'
0.08 ± 0.02'
0.07 ± 0.02'
0.020 ± 0.006

5 ± I a'
0.011 ± 0.002a
0.07 ± 0.02'
0.14 ± 0.03'
0.09 ± 0.02'
0.11 ± 0.02"
0.027 ± 0.002'
0.09 ± 0.02'

1.5 ± 0.43
0.17 ± 0.02"
0.07 ± 0.02'
0.13 ± 0.03'
0.14 ± 0.04

a. The 1972 to 1974 data must be used with discretion. They arc questionable
(see Section 4.5.5).
Note: Concentration in red hold indicates that the value exceeds the 1E-05 aquifer risk-based concentration of 4.6 pCi/L.

October 1972
May 1973
August 1973
September 1973

April 1973
May 1973
June 1973
August 1973
September 1973
July 1982

October 1972
June 1973
July 1973
August 1973
September 1973
September 1973
January 1974
December 1974

September 1972
April 1973
July 1973
September 1973
October 1981

because of cross-contamination concerns
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Year Quarter USGS-87 USGS-88 USGS-89 USGS-90
RWMC
Prod USGS-117 USGS-119 USGS-120 MIS M3 S M4D M6S M7S M1OS M1 1S Ml2S M13S M1 4S Ml5S MI6S M17S Al 1A31 0W-2

1992

1
.-5

3

4
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1

2

3
.

4

1994

1

2

3

4

1995

1

2

3

4

1996

1

2

3

4

1997

1

2

3

4 1.13

1998

1

2 1.97

3

4

1999
2 0.026

3

4

2000

1

2

3 0.027

4

2001

1

2

3

4

Key

Analysis was performed for Am-241, but none was detected.

Am-241 was detected (pCi/L).

If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-15. Aquifer monitoring results of americium-241 in Idaho National Engineering and Environmental Laboratory and U.S. Geological Survey wells from 1992 through 2001.



Year Quarter USGS-87 USGS-88 USGS-89 USGS-90 RWMC Prod USGS-! 17 USGS-1 19 USGS-120

1972

1
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3 1.5'

4 0.040h 5

1973
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2 0.3 0 13 0.011 0.17

3 0.13 0.08 0.14 0,13
4

1974
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2

3
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3

4
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2

3

4
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3
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3
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1
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1

2
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4 0,14
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1

2

3 0.020

4
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1

2

3

4
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1

2

3

4

198.5

1

2

3

4

1986
•-,

3

4

1987

1

2

3

4

1988

4

1989

1

2

3

4

1990

1

2

3

4

1991

1

2

3

4

Key

Analysis was performed for Am-241, but none was detected.

Am-241 was detected (pCi/L).

Note: If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

a. Value reported in Barraclough et al. (1976) is 15±0.04 pCi/L in Table IV and 0.15±0.40 pCi/L in Table A-IX. The laboratory data stored on
microfiche at the HDR are illegible, thus the value cannot be confirmed,
b. Table A-IX in Barraclough et al. (1976) report this value as 0.051-0.01 pCi/L. Laboratory data on microfiche at the HDR indicate that 0.04
pCi/L is correct.

Figure 4-16. Aquifer americium-241 monitoring results from the U.S. Geological Survey, 1972 through 1991.



Table 4-20. Frequencies of americium-241 detection in sampled media.

Media
Detection Rate

(%)
Range of Detected
Concentrations

Total Number of
Detections Higher

than the
Risk-Based

Concentrationa

Wells with
Detections Higher

than the
Risk-Based

Concentrationa

Waste zone Boreholes: 56 0.035 to 30.4 pCi/g 0 None
Measurements: 22

Surface soil 72.4 0.01 to 1.6 pCi/g 0 None

Surface runoff 8.6 0.067 to 3.8 pCi/L 0 None

Vadose zone (0 to 35 ft):
Cores 16.7 0.012 to 9.6 pCi/g 0 None
Soil moisture 4.8 0.30 to 9 1 PA01

Vadose zone (35 to 140 ft):
Cores
Soil moisture 18.0 0.006 to 0.908 pCi/g 0 None

7.5 0.8 to 2.4 pCi/L 0 None

Vadose zone (140 to 250 ft):
Cores
Soil moisture 2.8 0.016 to 0.033 pCi/g 0 None

3.5 0.041 to 0.14 pCi/L 0 None

Vadose zone (>250 ft):
Cores 0 Not analyzed 0 None

Aquifer-Idaho National 1.9 0.011 to 1.97 pCi/L 0 None
Engineering and
Environmental Laboratory

Aquifer-U.S. Geological 4.7 0.01 to 5 pCi/L 1 USGS-89
Survey

a. The calculated 1E-05 risk-based concentration (RBC) for soil is 36.6 pCi/g. For lysimeter, perched water, and aquifer samples,
the calculated 1E-05 aquifer RBC is 4.6 pCi/L, which does not apply to perched water and lysimeter samples but is presented as a
basis for comparison.
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USGS-89 •

USGS- •

US,Pc-F7 •

SGS-90

• UITS

• Am-241 lysimeter or aquifer
sample detection
• Am-241 core sample detection

Figure 4-17. Locations of americium-241 detections in vadose zone core, lysimeters, and the aquifer.
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4.6.3 Americium-243

Americium-243 is an anthropic, transuranic radioisotope that is produced from nuclear reactor
operations and weapons manufacturing and testing. It decays by the emission of alpha particles, has a
7,370-year half-life. Americium-243 was identified as a COPC in the IRA, primarily from the external
exposure pathway (Becker et al. 1998), and because it is the long-lived parent of another COPC, Pu-239.
It was explicitly modeled to assess the affects of progeny ingrowth on fate and transport and on
cumulative risk from Pu-239. Americium-bearing waste in the SDA are summarized below.

Americium-243 has not been included on the ER Program radionuclide target list provided to the
analytical laboratories subcontracted to the INEEL. It is not essential to routinely sample and analyze for
Am-243 because (a) the presence of Am-243 can be inferred from detection of its gamma-emitting
progeny (Np-239) above the detection limit (about 10 pCi/L) by routine gamma spectrometric analysis,
(b) to analyze specifically for Am-243, a nonroutine radiometric tracer would be required, and the sample
would have to be prepared and analyzed separately from customary americium analysis,
(c) concentrations would likely be below the method detection limit, and (d) Am-243 was not retained for
further risk analysis in the IRA (Becker et al. 1998).

4.6.3.1 Waste Zone. Approximately 1.34E+02 Ci of Am-243 were disposed of in the SDA. The
waste streams containing the majority of Am-243 activity are identified in Table 4-21. Americium-243
decays to produce Pu-239, U-235, Pa-231, and Ac-227 (see Section 4.1.2). However, because of the small
initial inventory, the relative contribution to the total inventory of the daughter products is small.

Table 4-21. Waste streams containing americium-243.

Proportion
of Total

Activity Activity
Waste Stream Code or Generator Waste Stream Description (Ci) (%)

Idaho National Engineering and INEEL reactor operations waste 1.34E+02 99.6
Environmental Laboratory (INEEL)

Miscellaneous Miscellaneous minor streams —0 0.4

Total Disposals 1.34E+02 100

4.6.3.2 Summary of Americium-243. No analytical data are available for Am-243.

4.6.4 Carbon-14

Carbon-14 is a radioisotope generated by nuclear operations as an activation product. It decays by
the emission of beta particles and has a 5,715-year half-life. It also occurs naturally with low abundance
in the environment. Carbon-14 was identified in the IRA as a COPC, primarily for the groundwater
ingestion exposure pathway (Becker et al. 1998).

Carbon-14-bearing waste in the SDA and the available C-14 monitoring data for all media are
summarized below. Monitoring for C-14 began after the PSRA (Burns et al. 1994; Loehr et al. 1994) and
the LLW Radiological Performance Assessment (Maheras et al. 1994) identified C-14 as a possible
contributor to unacceptable risk or dose. The sampling data in this section are evaluated against the
comparison concentrations in Table 4-22.
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Table 4-22. Comparison concentrations for carbon-14 in groundwater and soil.

Surface Soil
Background
Concentration

(pCi/g)

Risk-Based Soil
Concentrationa

(pCi/g)

Aquifer
Background
Concentration

Maximum Contaminant
Level

(pCi/L)

Not established 2,845 Not established

a. Calculated risk-based concentration, equivalent to an increased cancer risk of 1E-05.

2,000

Risk-Based
Aquifer

Concentrationa
(pCi/L) 

307

4.6.4.1 Waste Zone. Approximately 500 Ci of C-14 were disposed of in the SDA. Waste streams

containing the majority of C-14 activity are identified in Table 4-23. Gamma spectral logging in the waste

zone provides no information about C-14.

Table 4-23. Waste streams containing C-14.

Waste Stream
Code or Generator Waste Stream Description

Activity
(Ci)

Proportion
of Total
Activity

(%)

Test Reactor Area Activation products. 2.08E+02 41.7

(TRA)

NRF-616-3H, 4H, 8H Core structural pieces. 1.07E+02 21.3

TRA Beryllium waste. 9.26E+01 18.5

CPP-603-1H Fuel end pieces. 4.58E+01 9.2

Argonne National Subassembly hardware. 1.66E+01 3.3

Laboratory-West

Miscellaneous Miscellaneous minor streams. 1.45E+01 2.9

TRA-603-1H TRA resins. 7.81E+00 1.6

ANL-785-1 Subassembly low-level waste from the Hot 7.51E+00 1.5
Fuel Examination Facility experiments.

Total Disposals 5.00E+02 100

4.6.4.2 Surface. No data are available because C-14 has not been a target analyte for surface

sampling.

4.6.4.3 Vadose Zone. The distributions of C-14 in vadose zone core, soil moisture, and perched

water in the various depth intervals are discussed below.

4.6.4.3.1 Vadose Zone Core Samples—A total of 52 core samples were analyzed for

C-14 between 1994 and 2000 and no positive detections. Previous core sampling investigations from

1971 to 1993 did not analyze for C-14 because it was not identified as a radionuclide of concern until

1994 (Burns et al. 1994; Loehr et al. 1994; Maheras et al. 1994). The distribution of samples over the

depth intervals is shown in Table 4-24.
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Table 4-24. Distribution of C-14 in vadose zone core samples in the various depth intervals.

Depth Interval
(ft)

Number of Detections/
Number of Samples

(%)

Range
(pCi/g)

Cores with
Detections

0 to 35 0/11 (0) Not detected None

35 to 140 0/25 (0) Not detected None

140 to 250 0/16 (0) Not detected None

Greater than 250 0/0 (0) Not detected None

4.6.4.3.2 Lysimeter Samples at Depths from 0 to 35 ft—A total of 59 shallow
lysimeter samples were analyzed for C-14 between 1997 and September 2000, with seven positive
detections as shown in Table 4-25. Five of the seven positive detections were from one lysimeter
(i.e., PA02-L16). The occurrence of C-14 detections in the shallow lysimeter samples is shown in
Figure 4-18.

Only the August 1997 C-14 results for Lysimeter PA02-L16 was a confirmed positive detection by
reanalysis of the original sample. The other samples that contained detectable C-14 were of insufficient
volume to perform the confirmation analyses. Concentrations in Lysimeter PA02-L16 appear to be
increasing over time, though the concentrations are still one order of magnitude below the aquifer RBC of
307 pCi/L used for comparison. The most recent sample collected from Lysimeter PA02-L16 did not
contain detectable concentrations of C-14. In fact, none of the recent lysimeter samples have shown
positive detections of C-14.

Table 4-25. Positive detections of carbon-14 in shallow lysimeters.

Lysimeter
Depth
(ft)

Concentration ± lo
(pCi/L) Confirmation Flag' Date

PA02-L16 8.7 16 ± 3 A April 1997
18 ± 4 D August 1997
19 ± 4 D August 1997
21.8 ± 1.9 A April 1998
26 ± 5 A May 1999

W06-L27 11.8 11 ± 3 A April 1997

98-4L38 (SDA-08) 17 24 ± 5 A May 1999

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.
D = Detection confirmed by reanalysis.

Note: Highlighted values are the original and confirmation analyses. Positive detection was confirmed.

4.6.4.3.3 Lysimeter Samples at Depths of 35 to 140 ft—A total of eight lysimeter
samples from the three wells were analyzed for C-14 between 1997, when C-14 monitoring began, and
November 1998, with no positive detections. Only samples from Lysimeters D06-DL02, TW1-DL04, and
D15-DLO6 were analyzed for C-14; the other lysimeter samples did not yield sufficient water volume
during sampling to perform the C-14 analysis.
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Year Quarter
98-1
L35

98-4
L38

98-5
L39

PAOI-
L15

PA02-
L16
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1

2 16 11
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4
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1

2 21.8

3

4

1999

1

2 24 26
-'

3

4
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I

2

3

4

2001

1

2

3 h

4

Key

Analysis was performed for C-14 , but none was detected.

C-14 was detected (pCi/L),

if more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-18. Occurrence of carbon-14 in shallow lysimeters (in pink).

4.6.4.3.4 Perched Water Samples at Depths Greater than 140 ft—A total of 10 water
samples and nine filtered sediment samples from the perched water wells were analyzed for C-14 between
1997 and November 1999. There were five positive detections of C-14 in the water samples and four
positive detections in the filtered sediments. None of the perched water samples exceed the aquifer RBC
of 307 pCi/L used for comparison. Results for filtered sediments from the samples were all less than
2,845 pCi/g, the 1E-05 RBC for surface soil (see Table 4-26). The RBCs do not apply to lysimeters and
are provided here only as a basis of comparison.

Well USGS-92 filtrate and filtered fractions yielded repeated detections of C-14, though three more
recent sampling events have not indicated C-14 presence in that well. The USGS does not analyze the
perched water from Well USGS-92 for C-14.

No data are available for the deep lysimeter samples because the volumes of water collected were
insufficient to perform the C-14 analysis.

The vadose zone soil moisture sample results are well below the aquifer RBC for C-14, and the
filtered sediments are below the 1E-05 RBC for surface soil. The aquifer and soil RBC are not applicable
to lysimeter results and are used only for comparison.

4-50



Table 4-26. Positive detections of carbon-14 in perched water.

Concentration
Concentration ± (la)

± (la) (pCi/g)
Depth (pCi/L) Confirmation Filtered Confirmation

Well (ft) Water Flags Sediments Flaga Date 

8802D 220 20 ± 4 A Analyzed for, None February 1998
but not

detected (ND)

USGS-92 214 12 ± 3 A 0.63 ± 0.09 A April 1997
13 ± 2 B ND None August 1997
20 ± 4 ❑ ND None February 1998
14 ± 4 D 0.51 ± 0.12 B February 1998
ND None 0.54 ± 0.15 A April 1998
ND None 3.2 ± 0.5 A March 1999

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.
B = Reanalysis performed, no confirmation.
D = Detection confirmed by reanalysis.

Note: Highlighted values are the original and confirmation analyses. Positive detection was confirmed.

4.6.4.4 Aquifer. Aquifer monitoring for C-14 began in 1994. A total of 239 samples were analyzed
for C-14 betweeri 1994 and April 2001, returning 19 positive detections as summarized in Table 4-27.
The distribution of detected concentrations of C-14 over the entire span of C-14 aquifer monitoring is
shown in Figure 4-19.

Aquifer Wells Ml2S and Ml3S, with three or more detections, are located approximately 1 to
2 miles upgradient from the SDA, Carbon-14 may be migrating from the SDA in a vapor phase or
originate from INTEC or TRA.

The concentrations of C-14 are one to two orders of magnitude below the 1E-05 aquifer RBC for
C-14, which is 307 pCi/L.

Data collected in September 1996 suggested seven other positive C-14 results that are not included
in this analysis because of unacceptable data quality. These seven results were reevaluated and classified
as either false positive or.estimated results because C-14 also was detected in the corresponding field
blank at a concentration equivalent to those in the sample results. The September 1996 data were
revalidated and a revised limitations and validations report was issue&.

The USGS does not analyze for C-14 in the eight wells that they manage, control, and routinely
sample.

a. John Schaffer, Bechtel BWXT Idaho, LLC, Letter to Kathleen Hain, U.S. Department of Energy Idaho Operations Office.
January 31, 2002, CCN 29543, Idaho National Engineering and Environmental Laboratory, Bechtel BWXT Idaho. LLC,
Idaho Falls, Idaho.
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Table 4-27. Positive detections of carbon-14 in aquifer wells.

Aquifer
Well

Concentration ± lo-
(pCi/L) Confirmation Flaga Date

M1S 4.9 t 0.6 A January 1999
2.8 ± 0.7 A July 2000

M3S 3.3 ± 0.7 A July 2000

M4D 5.7 ± 1.7 B June 1994
28 ± 5 B January 1995

M6S 5.3 ± 0.5 A October 1999

M7S 1.8 ± 0.5 B October 1999
2.2 ± 0.7 D July 2000
2.2 ± 0.7 D July 2000

MI IS 2.8 ± 0.8 B April 2001

M12S 3.0 ± 0.9 A July 1998
4.4 ± 0.5 A January 1999
2.1 ± 0.7 A July 2000
2.9 ± 0.8 A April 2001

M13S 6.7 ± 0.9 A July 1998
3.2 ± 0.7 A July 2000
3.3 ± 0.8 A April 2001

Ml4S 10.9 ± 0.7 A July 1999
4.0 ± 0.9 A September 2000

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.
B -= Reanalysis performed, no confirmation.
D = Detection confirmed by reanalysis.

Note: Highlighted values are the original and confirmation analyses. Positive detection was confirmed.

4.6.4.5 Summary of Carbon-14. Carbon-14 was identified as a COPC for the groundwater
ingestion exposure pathway (Becker et al. 1998). Carbon-14 is not included in routine surface monitoring,
but has been monitored in the vadose zone since 1997 and in the aquifer since 1994. Carbon-14 has been
detected in lysimeter, perched water, and aquifer well samples, but not in any of the vadose zone core
samples (see Table 4-28). The distribution of the C-14 detections in the various depth intervals at the
SDA is shown in Figure 4-20.

Detected concentrations of C-14 are sporadic and are two to three orders of magnitude below the
MCL of 2,000 pCi/L. Five of the seven shallow lysimeter detections were from Well PA01 near Pad A.

It appears that C-14 is present in the aquifer. The most frequent aquifer detections occur in aquifer
Wells M12S and Ml3S, which are hydrologically upgradient from the SDA. The upgradient detections of
C-14 are not yet understood, but may be caused by vapor transport from the SDA or from unidentified
upgradient sources.
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Table 4-28. Carbon-14 detection rates for the sampled media.

Media

Detection
Rate

(%)

Range of Detected
Concentrations

Total Number
of Detections
Greater than
Risk-Based

Concentration a

Wells with
Detections
Greater than
Risk-Based

Concentration

Vadose zone (0 to 35 ft):
Cores 0 Not applicable (NA) 0 None
Soil moisture 11.9 11 to 26 pCi/L 0 None

Vadose zone (35 to 140 ft):
Cores 0 NA 0 None
Soil moisture 0 NA 0 None

Vadose zone (>140 ft):
Cores 0 NA 0 None
Soil moisture 50 12 to 20 pCi/L 0 None

Aquifer 7.9 1.8 to 28 pCi/L 0 None

a. For core samples, the 1E-05 risk-based concentration (RBC) is 2,845 pCi/g. For soil moisture and aquifer samples, the RBC
applied was 307 pCi/L. The RBC does not apply to soil moisture and perched water samples, but is used here as a basis of
comparison.
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jAnalysis was conducted for C-14, but none was detected.
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If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-19. Occurrence of carbon-14 detections in the aquifer monitoring wells, 1994 through April 2001.
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Figure 4-20. Locations of wells and lysimeters with detected concentrations of carbon-14.

4.6.5 Chlorine-36

Chlorine-36 is a radioisotope that is generated by nuclear reactor operations and weapons testing. It
also is produced in extremely low concentrations in the environment by cosmic-ray interactions with
argon. It decays by the emission of beta particles, has a 30,100-year half-life, and was identified in the
IRA as a COPC, primarily for the groundwater ingestion exposure pathways (Becker et al. 1998). The
comparison concentrations for C1-36 are shown in Table 4-29.

Table 4-29. Comparison concentrations for chlorine-36 in groundwater and soils.

Surface Soil Maximum Risk-Based
Background Risk-Based Soil Aquifer Contaminant Aquifer
Concentration Concentration' Background Level Concentration'

(pCilg) (pCilg) Concentration (PCVL) (pCi/L) 

Not established 10.4 Not established 700 144

a. Calculated risk-based concentration equivalent to an increased cancer risk of 1E-05. 
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Approximately 1.11 Ci of C1-36 were disposed of in the SDA. Table 4-30 identifies the waste

streams containing the majority of C1-36 activity. Gamma spectral logging data provide no information

about C1-36.

Table 4-30. Waste streams containing chlorine-36.

Waste Stream
Code or Generator Waste Stream Description

Activity
(Ci)

Proportion of
Total Activity

(%)

Test Reactor Area Beryllium blocks 6.62E-01 59.9

OFF-UBM-1H Ore processing waste 3.43E-01 31.0

NRF-618-8R Structural components removed from 1.01E-01 9.1
Navy nuclear fuel modules (e.g., end
boxes) 1989 to 1993

Total Disposals 1.11E+00 100

No analytical data are available for C1-36. In the evaluation of vadose zone core samples collected
during well drilling from 1971 to 2000, C1-36 was not analyzed. Historically, C1-36 has not been included
on the radionuclide target list provided to the analytical laboratories subcontracted to the INEEL. In
September and December 2001, C1-36 analysis was performed on INEEL aquifer samples. Of the 15
wells sampled, none had detectable concentrations of C1-36.

4.6.5.1 Summary of Chlorine-36. Analytical data to evaluate the nature and extent of C1-36 are

not available because C1-36 has not been a target analyte for environmental monitoring.

4.6.6 Cesium-137

Cesium-137 is a radioisotope that is produced from nuclear reactor operations and weapons testing.

It decays by the emission of beta particles and gamma rays, has a 30-year half-life, and is ubiquitous in

the environment at low levels as a consequence of atmospheric bomb testing. The IRA identified Cs-137

as a COPC primarily for the external exposure pathways (Becker et al. 1998).

Cesium-137-bearing waste in the SDA and the available Cs-137 monitoring data for all media are

summarized below. The sampling data in this section are evaluated against the comparison concentrations

in Table 4-31.

Table 4-31. Comparison concentrations for cesium-137 in groundwater and soil.

Surface Soil Aquifer
Background Risk-Based Soil Background

Concentrationa Concentrationb Concentration
(pCi/g) (pCi/g) (pCi/L)c

0.82 183 0

Maximum
Contaminant

Level
(pCi/L)

200

Risk-Based
Aquifer

Concentrationb
(pCi/L) 

15.7

a. Upper 95% tolerance limit with 95% confidence for composited surface soil (Rood, Harris, and White 1996).

b. Calculated risk-based concentration equivalent to an increased cancer risk of 1E-05.

c. Knobel, Orr, and Cecil (1992). 
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4.6.6.1 Waste Zone. Approximately 6.17E+05 Ci of Cs-137 were disposed of in the SDA.
Table 4-32 identifies the waste streams containing the majority of Cs-137 activity.

Table 4-32. Waste streams containing cesium-137.

Waste Stream
Code or Generator Waste Stream Description

Activity
(Ci)

Proportion of
Total Activity

(%)
Idaho National INEEL reactor operations 1.32E+05 21.4
Engineering and
Environmental Laboratory
(INEEL)

TRA-603-15H Metal 1.04E+05 16.9

ANL-765-2H Subassembly hardware 8.94E+04 14.5

TRA-642-6H Scrap metal 6.02E+04 9.8

Miscellaneous Miscellaneous minor streams 4.75E+04 7.7

TRA-603-1H Resins 4.86E+04 7.9

ANL-785-1H Subassembly hardware 4.23E+04 6.9

TRA-603-4H Core and loop components 2.64E+04 4.3

OFF-ATI-1H Fuel 2.56E+04 4.2

TRA-603-9H Fuel 2.20E+04 3.5

ANL-765-1H Dry active waste 1.10E+04 1.8

CPP-633-1H High-efficiency particulate air filters 7.76E+03 1.3

Total Disposals 6.17E+05 100

The gamma spectral logging tool detected Cs-137 based on the 662 keV gamma rays. Of the
135 probeholes logged using this tool, 43 (32%) showed the presence of Cs-137 above the noise level. Of
the 4,863 total measurements collected from all probes at all depths, 359 (7%) showed the presence of
Cs-137 above the noise level. The Cs-137 detection limit was approximately 0.3 pCi/g. The maximum
and average observed Cs-137 levels were 141 and 5.3 pCi/g, respectively. The detection limit, maximum
concentration, and average concentration are based on the assumption that Cs-137 is uniformly distributed
in the vicinity of the measurement points.

4.6.6.2 Surface. A total of 186 soil samples collected between 1994 and 2000 from in and around
the RWMC were analyzed for Cs-137, yielding 80 positive detections. The positive results ranged from
0.07 ± 0.02 to 1.19 ± 0.10 pCi/g (INEEL 2001).

A total of 124 vegetation samples collected between 1990 and 2000 from the RWMC were
analyzed for Cs-137 resulting in one positive detection of 0.22 ± 0.06 pCi/g (LMITCO 1998).

A total of 210 surface run-off water samples collected from the RWMC between 1991 and 2000
were evaluated for Cs-137, yielding 13 positive detections. The positive results ranged from
0.7 ± 0.2 pCi/L (EG&G 1994) to 37 ± 3 pCi/L (LMITCO 1997).

4.6.6.3 Vadose Zone. The distributions of Cs-137 in vadose zone core, soil moisture, and perched
water in the various depth intervals are discussed below.
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4.6.6.3.1 Vadose Zone Core Samples-A total of 290 vadose zone core samples from

well drilling were analyzed for Cs-137 between 1971 and 2000, resulting in 13 positive detections (see

Table 4-33). None of the positive detections were greater than the 1E-05 RBC for soil or above the

surface soil background concentration for the INEEL (Rood, Harris, and White 1996). Seven of the

13 detections are associated with data from the early 1970s, which are known to be questionable

(Barraclough et al. 1976; DOE-ID 1983). The detection rates for the various depth intervals are shown in

Table 4-34.

Table 4-33. Positive detections of cesium-137 from vadose zone core samples.

Borehole Identification
Sample Depth

(ft)
Concentration ± la

(pCi/g) Date

D10 0 0.37 ± 0.04 1994

3E 3 to 5.5 0.09 ± 0.02 1994

6V 2 to 10 0.106 ± 0.019 1994

USGS-93 98.0 to 101.0 0.10 ± 0.02a 1972

78-3 226.9 0.07 ± 0.02 1978

79-1 114.8 to 121.2 0.08 ± 0.02 1979
121.6 to 223.4 0.08 ± 0.02 1979

USGS-89 241.6 to 243.2 0.040 ± 0.010a 1971

USGS-92 223.0 to 225.5 0.13 ± 0.03a 1972

USGS-94 262.3 to 264.6 0.18 ± 0.03a 1972

USGS-95 112.0 to 113.3 0.220 ± 0.010a 1972
226.8 to 229.3 0.23 ± 0.03a 1972

USGS-96 122.8 to 124.8 0.55 ± 0.04a 1972

a. The 1971 to 1972 data must be used with discretion. They are questionable because of cross-contamination concerns (see

Section 4.5.5).

Table 4-34. Summary of Cs-137 occurrences in vadose zone core samples.

Number of Cs-137
Detections/Number

Depth Interval of Samples Concentration Range
(ft) (%) (pCi/g) Cores with Detections

0 to 35 3/33 (9.1) 0.09 to 0.37 3E, 6V, D10

35 to 140 5/120 (4.2) 0.08 to 0.55 93, 95, 96, 79-1

140 to 250 4/129 (3.1) 0.040 to 0.23 78-3, 89, 92, 95

Greater than 250 1/8 (12.5) 0.18 94

Because Cs-137 is known to be present in surface soils from nuclear fallout at concentrations
approximating 0.82 pCi/g (Rood, Harris, and White 1996), the potential exists for introducing surface
contamination into samples during coring and collection. Cesium-137 was detected in the background
Well 79-1.
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4.6.6.3.2 Lysimeter Samples at Depths from 0 to 35 ft—A total of 101 shallow
lysimeter samples were analyzed for Cs-137 between 1997, when Cs-137 monitoring began, and May
2001, with two positive detections (see Table 4-35). Sample volumes were not sufficient to reanalyze and
confirm the positive detections. The high Cs-137 result obtained in September 2000 from Well 98-1L35
(SDA-01) of 1,760 ± 136 pCi/L was a single event and subsequent samples collected from this lysimeter
through May 2001 have shown no positive Cs-137 detections. The detections of Cs-137 in the shallow
lysimeters are depicted in Figure 4-21.

Table 4-35. Positive detections of cesium-137 in shallow lysimeters.

Depth Number of Analyses Concentration ± la Confirmation
Lysimeter (ft) and Sampling Events (pCi/L) Flag' Date

PA01-L15 14.3 11 analyses 324 ± 24 A April 1996
8 events

98-1L35 16.5 6 analyses 1760 ± 136 A September 2000
(SDA01) 6 events

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.

Note: Values in red bold indicate that the concentration exceeds the MCL of 200 pCi/L, The MCL does not apply to lysimeter
samples. but is used here as a basis of comparison.

4.6.6.3.3 Lysimeter Samples at Depths from 35 to 140 ft—A total of 38 samples from
12 lysimeters wete analyzed for Cs-137 between 1997, when Cs-137 monitoring began, and May 2001,
with no positive detections. Only the Lysimeters D06-DL02, TWI-DL04, and D15-DLO6 yielded enough
sample to run analyses for Cs-137. The other lysimeters did not yield enough volume of water to perform
the analysis.

4.6.6.3.4 Perched Water Samples at Depths Greater than 140 ft—A total of 53
perched water samples and five filtered sediment samples were analyzed for Cs-137 by the USGS and
INEEL between 1972 and September 2000. No positive detections of Cs-137 were identified in samples
collected from perched water Wells USGS-92 and 8802D. No data are available for the deep lysimeter
samples because the volume of water collected was insufficient to perform the analyses.
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Analysis was performed for Cs-137. but none was detected.
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If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-21, Occurrences of cesium-137 detections in the shallow lysimeters.
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4.644 Aquifer. A total of 197 samples from 16 aquifer wells around the RWMC were analyzed for
Cs-137 between 1996 and April 2001, with three positive detections of Cs-137 (see Table 4-36). Only the
sample from Well M4D was reanalyzed, and the detection was not confirmed. Subsequent samples
collected from these wells through April 2001 have not shown positive detections. Figure 4-22 shows the
occurrence of positive detections and nondetections of Cs-137 in INEEL and USGS wells.

Table 4-36. Positive detections of cesium-137 in aquifer well samples collected between the years 1996
and 2001.

Aquifer Well
Concentration ± 16

(pCiIL) Confirmation Flaga Date

M4D 20 t 6 B April 1996

Ml2S 7.8 ± 1.1 A September 2000

M13S 7.6 ± 1.2 A September 2000

a. Confirmation flag:
A = No second sample collected, no reanalysis performed
B = Reanalysis performed, no confirmation

Note: Values in red bold indicate that the concentration exceeds the 1E-05 risk-based concentration of 15.7 pei/1....

4-61



Year Quarter USGS-87 USGS-88 USGS-89 LTSGS-90
RWMC
Prod USGS-117 USGS-1 19 USGS-120 MIES M3S M4D M6S M7S M1OS MllS MI2S 11413S Ml4S Ml5S MI6S Ml7S Al 1A31 OW-2

1992

1

2

3

4

1993

1

2

3

4

1994

1

2

3

4

1995

1 1020

2

3

4

1996

1

2 N)

3

4 ___

1997

1

2

3

4

1998

1

2

3

4 .

1999

1

2

3

4

2000

1

2

3 7.8 7.6

4

2001

1

2

3

4

Key

Analysis was performed for Cs-137, but none was detected.

Cs-137 was detected (pCiJL).

If more than one detection occurred in a well: in a single quarter, only the highest concentration is listed.

Figure 4-22. Occurrences of cesium-137 detections in the aquifer monitoring wells from 1992 through 2001.



In addition to the 16 RWMC monitoring aquifer wells managed and routinely sampled by INEEL,
the USGS manages, controls, and routinely samples eight other wells in the vicinity of the RWMC. A
total of 496 USGS aquifer well samples in the vicinity of the RWMC were analyzed for Cs-137 between
1972 and October 2000, with 10 detections (see Table 4-37). The occurrence of detection and
nondetections is shown in Figure 4-23.

Table 4-37. Positive detections of cesium-137 in aquifer well samples collected by the U.S. Geological
Survey between 1972 and 2000. 

Aquifer Concentration ± la
Well (pCi/L) Date

USGS-87 90 ± 20a
1020 ± 30

USGS-88 24 ± 53
30 ± 9

USGS-89 90 ± 10a
27 ±
24 ± 7
25+6

USGS-90 30 ± 68
90 ± 10'

October 1973
January 1995

November 1972
September 1987

September 1972
October 1972
October 1976
September 1987

February 1972
October 1972

a. The data from 1972 to 1974 must be used with discretion. They are questionable because of cross-contamination concerns
(see Section 4.5.5).
Note: Values in red bold indicate that the concentration exceeds the 1E-05 aquifer risk-based concentration of 15.7 pCi/L.
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Figure 4-23. Occurrences of cesium-137 detections in the aquifer monitoring wells from 1972 through 1991.



Six of the 10 detections in the USGS wells occurred between 1972 and 1974, shortly after the wells
were drilled and installed. The 1972 to 1974 detections are suspect because of cross-contamination
problems associated with early well drilling and well construction techniques, and the types of sampling
methodology employed at that time (Barraclough, et al. 1976, Section 4.4). After 1974, only four USGS
samples have contained detectable amounts of Cs-137. The high Cs-137 result obtained from
Well USGS-87 in January 1995 (1,020 ± 30 pCi/L) was a single event and subsequent samples collected
from this well have not shown positive detections. Furthermore, Well USGS-087 is hydrologically
upgradient from the SDA.

4.6.6.5 Summary of Cesium-137. In the IRA (Becker et al. 1998), Cs-137 was identified as a
COPC for external exposure. Approximately 6.17E+05 Ci of Cs-137 were disposed of in the SDA.
Spectral gamma logging data indicate that 32% of the probeholes contained detectable Cs-137, while
Cs-137 was detected in about 5% of the vadose zone core samples (see Table 4-38) at background levels.

Two high concentrations were detected in lysimeter samples at an approximate depth of 15 ft but
the samples were not in close proximity and subsequent detections from the same lysimeters did not
occur. Overall, Cs-137 was detectable in only 2% of the shallow (i.e., 0 to 35 ft) lysimeters and none of
the intermediate depth (i.e., 35 to 140 ft) to deep vadose zone samples (depths greater than 140 ft) (see
Table 4-38). Detectable levels of Cs-137 were present in approximately 2% of the aquifer well samples,
but detections in the aquifer were sporadic.

The distribution of Cs-137 in the sampled media is shown in Figure 4-24. In general, Cs-137
occurs sporadically throughout the vadose zone and aquifer in and around the SDA, but there are no
evident spatial or temporal trends. Vadose zone samples suggest that Cs-137 has not leached deeper than
35 ft. No obvious trends are associated with Cs-137; however, occasionally Cs-137 has been detected in
samples at relatively high levels. There does not seem to be any pattern to its occurrence.

Table 4-38. Detection rates of cesium-137 in the sampled media.

Media
Detection Rate

(%)
Range of Detected
Concentrations

Total Number
of Detections

Greater than the
Risk-Based

Concentration

Wells with
Concentrations Greater
Than the Maximum
Contaminant Level

Source Probeholes: 32 0.3 to 141 pCi/g 0 None
Measurements: 7

Surface soil 43.0 0.07 to 1.19 pCi/g 0 None

Run-off water 6.2 0.7 to 37 pCi/L 0 None
Vadose zone 0 to 35 ft:

Cores 9.1 0.09 to 0.37 pCi/g 0 None
Soil moisture 2.0 324 to 1760 pCi/L 2 PA01, 98-1

Vadose zone 35 to 140 ft:
Cores 4.2 0.08 to 0.55 pCi/g 0 None
Soil moisture 0 Not applicable (NA) 0 None

Vadose zone >140 ft:
Cores 3.6 0.04 to 0.23 pCi/g 0 None
Soil moisture 0 NA 0 None
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Table 4-34. (continued).

Total Number
of Detections Wells with

Greater than the Concentrations Greater
Detection Rate Range of Detected Risk-Based Than the Maximum

Media (%) Concentrations Concentration Contaminant Level

Aquifer-Idaho National 1.5 7.6 to 20 pCi/L M4D
Engineering and
Environmental Laboratory

Aquifer-U.S. Geological 2.0 24 to 1020 pCi/L 10 USGS-87, -88, -89, -90
Survey

a. For surface soil and cores, the 1E-05 risk-based concentration (RBC) for soil is 183 pCi/g. For soil moisture and
aquifer, the values are compared to the 1E-05 aquifer RBC, which is 15.7 pCi/L. The 1E-05 aquifer RBC does not
apply to soil moisture, hut is used here only as a basis of comparison. 

USGS-890

USGS-87

USGS-88. Ili M4D

USGS-90

M135

Cs-137 lysimeter or aquifer
sample detection

N • Cs-137 coca sample detection

• min

Figure 4-24. Distribution of cesium-137 in the various sampled depths in the vadose zone and aquifer.
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4.6.7 Tritium

Tritium (H-3) is a radioisotope of hydrogen that is produced from nuclear reactor operations and
weapons manufacturing and testing. It also is produced in the environment by interactions of cosmic rays
with gases in the atmosphere. It decays by the emission of beta particles with a half-life of 12.3 years.

Though tritium was not identified in the IRA as a COPC, its nature and extent is described here
because of its potential use as a vapor-phase model calibration target for future modeling planned for
OU 7-08, the OCVZ Project. In addition, a significant H-3 trend has been observed in lysimeter
Well W06, and elevated H-3 concentrations in lysimeter Well TW1 at 102 ft. These may be connected to
a small isolated H-3 plume in the aquifer beneath the SDA. The H-3 data associated with all lysimeters
may ultimately provide valuable ancillary information about contaminant migration in the vadose zone
and the source of the isolated H-3 plume beneath the SDA. The H-3 background concentration range in
the aquifer is 0 to 40 pCi/L (Knobel, On, and Cecil 1992), and the MCL is 20,000 pCi/L.

4.6.7.1 Waste Zone. Gamma spectral logging data provide no information about tritium.

4.6.7.2 Surface. No surface data are available for H-3.

4.6.7.3 Vadose Zone. Tritium has not been detected in vadose zone core samples. The distributions
of H-3 in soil moisture and perched water in the various depth intervals are discussed below.

4.6.7.3.1 Lysimeter Samples at Depths from 0 to 35 ft—A total of 56 shallow
lysimeter samples were analyzed by INEEL for H-3 between 1997 and September 2000, with 22
detections in eight lysimeters. The positive results varied from a minimum of 129 ± 34 pCi/L (Well
W08-L14) to a maximum of 9,100 ± 1,180 pCi/L (Well W06-L27). All of the detected concentrations are
less than the aquifer MCL, and all except some samples from Well W06-L27 (11.8-ft deep) are less than
2,000 pCi/L.

Most of the detections occurred sporadically and infrequently, with the exception of samples
collected from lysimeter Wells W06 and PA02. Lysimeter Well W06 is located in the southeast corner of
the SDA, and Well PA02 is near Pad A. The H-3 in lysimeter Well W06-L27 is most likely from the TRA
beryllium blocks that are disposed of nearby. Well PA02-L16, which is located in the southern end of
Pad A at an 8.5-ft depth, also has frequent positive detections that appear to be trending upwards;
however, when combined with the nondetects, the trend is obscured. Subsequent samples collected from
the lysimeters, other than lysimeter Wells W06-L27 and PA02-L16, have not shown detectable H-3.

4.6.7.3.2 Lysimeter Samples at Depths of 35 to 140 ft—A total of eight lysimeter
samples from the three wells were analyzed for H-3 between 1997 and November 1998, with three
positive detections, all in TW1-DL04. Results ranged from 1,680 to 2,950 pCi/L, and all detections were
in 1998. Samples were only obtained from Lysimeters D06-DL02, TW1-DL04, and D15-DL06. The other
lysimeters did not yield sufficient water volume to perform analyses.

4.6.7.3.3 Perched Water Samples from Depths Greater than 140 ft—A total of 45
perched water samples and eight filtered sediment samples were analyzed for H-3 by the USGS and
INEEL between 1972 and November 1999. Eight positive detections were measured, which ranged from
169 to 1,570 pCi/L. All detected concentrations were from samples taken from Well USGS-92. None of
the results exceed the MCL of 20,000 pCi/L.
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Subsequent samples collected from Well USGS-92 in the two later sampling events (March and
November 1999) did not contain detectable H-3. The deep lysimeter well samples were not analyzed for

H-3 because the volume of water collected was insufficient to perform the analysis.

4.6.7.4 Aquifer. A total of 284 RWMC aquifer well samples were analyzed by INEEL for H-3

between 1992 and April 2001, with 107 detections. The positive results varied from 398 ± 87 pCi/L to

2,600 ± 400 pCi/L (107 measurements), with the majority of values between 1,100 to 1,800 pCi/L. Six of

the INEEL wells in the vicinity of the RWMC contain H-3 concentrations above SRPA background levels

but much below the MCL of 20,000 pCi/L. Those wells are M3S, M7S, M12S, M14S, M16S, and M17S

and have been monitored since 1992. Wells M3S and M7S are close to the SDA but the rest of the wells

are 805 m (0.5 mi) or more upgradient. Tritium concentrations in Wells M3S and M7S are trending
slightly down over time, which may be related to the decay of H-3 over time and dispersion in the aquifer.

In addition to the 16 RWMC monitoring wells routinely sampled by INEEL, the USGS manages,

controls, and routinely samples eight other wells in the vicinity of the RWMC. These eight wells have

been monitored by the USGS for H-3 since 1972. A total of 700 USGS aquifer well samples in the

vicinity of the RWMC were analyzed for H-3 between 1972 and October 2000, with 236 detections. The

most frequent detections come from the RWMC Production Well, where 90 out of 93 analyses contained
concentrations of detectable H-3; Well USGS-87, with 62 detections out of 118 samples; and
Well USGS-90, yielding 82 detections out of 111 samples. The H-3 concentrations are about an order of

magnitude below the MCL, but above background. The concentration ranges measured by the USGS
correspond with that of the INEEL well data.

The Site-wide environmental monitoring program has been sampling the RWMC Production Well

since 1995 to comply with State of Idaho drinking water monitoring requirements. A total of 23 RWMC

Production Well samples were analyzed for H-3 between 1995 and May 2001. The well routinely shows

H-3 levels above background but significantly below the MCL of 20,000 pCi/L. The positive results

varied from 1,090 ± 135 to 2,800 ± 225 pCi/L, with the majority of positive values between 1,200 and

1,800 pCi/L. These concentration ranges correspond with that of the USGS and INEEL well data.

An H-3 plume is known to extend many miles south of the TRA and INTEC facilities, though the

plume appears to have little or no impact on the aquifer directly beneath the RWMC. A small isolated H-3

plume beneath the RWMC extends to the northwest and does not appear to have any association with the

current TRA and INTEC H-3 plumes, as evidenced by the lack of H-3 detections from Wells Mils and

Ml3S .

4.6.7.4.1 Special Tritium Studies in Area of Activated Beryllium—The following

excerpts and figures are from monitoring studiesb conducted by Paul D. Ritter near the activated beryllium

buried at the RWMC.

Six activated beryllium reflector blocks from the ATR were buried in the southeast corner of the

SDA in 1993. These blocks contained a total of 293,300 Ci of tritiated hydrogen gas. The tritiated

hydrogen gas is oxidized to tritiated water in the soil surrounding the beryllium. Soil moisture monitoring

in the shallow vadose zone started in 1994 to characterize the migration of H-3 from the beryllium blocks.

b. P. D. Ritter Interdepartmental Memorandum to R. R. Seitz, October 2, 2001, "Transmittal of FY-2001 Summary Report of

Results of Monitoring Near Activated Beryllium at SVR-20," PDR-07-01, Idaho National Engineering and Environmental

Laboratory, Bechtel BWXT Idaho, LLC, Idaho Falls, Idaho.
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Figure 4-25. Tritium concentration in soil moisture at 20.3-ft depth.
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The soil moisture samples were collected approximately 2 to 3 ft from the buried beryllium at
depths of 8.9, 14.7, and 20.3 ft. The H-3 concentrations in soil moisture near the beryllium blocks showed
significant trends that reached maximum concentrations of 3.4 µCiiml (3.4E+09 pCi/L) at 8.9 ft,
0.28 µCi/m1 (2.8E+08 pCi/L) at 14.7 ft, and 0.70 µCi/m1 (7.0E+08 pCi/L) at 20.3 ft (see Figure 4-25 for
20.3-ft depth example).

The concentration of H-3 observed in soil moisture over long periods of time has a nonlinear trend.
This trend cannot continue indefinitely, but there is no indication that the concentrations will peak or
plateau over the next few years. The H-3 trend associated with lysimeter Well W06 (i.e., 197 ft) west of
borehole SVR-20) suggests a large area near the buried beryllium has been impacted by the radial
distribution (migration) of H-3 from the beryllium blocks.

Air samples also are collected a few feet above ground over the buried beryllium blocks (near
borehole SVR-20). Environmental monitoring samples are routinely collected throughout each year.
Additional intensive sampling is conducted by Waste Management Projects during summer and early fall
of each year. The H-3 concentrations measured in ambient air vary considerably during the year, with
peak concentrations occurring during the late summer months. Tritium concentrations in ambient air have
reached peak concentrations around 1E+05 to 1E+06 pCi/m3 The estimated amounts of H-3 released to
the atmosphere each year vary from less than 1 Ci to more than 100 Ci.

4.6.7.5 Summary of Tritium. Tritium is regularly detected above background in several lysimeters
and wells near the SDA (see Table 4-39). The past 4 years of H-3 data from the shallow lysimeters
(i.e., 56 analyses) do not contain sufficient evidence to conclude that H-3 in the vadose zone is
contributing to the isolated H-3 plume in the aquifer beneath the SDA. Wells upgradient from the SDA
contain detectable H-3 and it is possible that these detections are associated with a plume from upgradient
rather than from the SDA. More data are needed to define whether the aquifer occurrences are attributable
to SDA, TRA, or INTEC.
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Table 4-39. Detection rates of tritium in the sampled media.

Media

Detection
Rate

(%)

Range of Detected
Values
(pCi/L)

Total Number
of Detections Greater than the
Maximum Contaminant Level

(20,000 pCi/L)

Soil moisture: 0 to 35 ft 39.2 129 to 9,100 22

Soil moisture: 35 to 140 ft 37.5 1,680 to 2,950 0

Soil moisture: greater than 140 ft 13.3 169 to 1570 0

Aquifer-Idaho National 37.6 398 to 2600 0
Engineering and Environmental
Laboratory

Aquifer-U.S. Geological Survey 33.7 700 to 5400 0

4.6.8 Iodine-129

Iodine-129 is a radioisotope that is produced from nuclear reactor operations and weapons testing.
It also is produced in the environment in extremely low concentrations by interactions of cosmic rays with
gases in the atmosphere, and from the spontaneous fission of naturally occurring U-238 (Mann and
Beasley 1994). It decays by the emission of beta particles, has a 1.57E+07 year half-life, and was
identified in the IRA as a COPC, primarily for the groundwater ingestion exposure pathway (Becker
et al. 1998).

Iodine-129-bearing waste in the SDA and the available 1-129 monitoring data for all media are
summarized below. The sampling data in this section are evaluated against the comparison concentrations
in Table 4-40.

Table 4-40. Comparison concentrations for iodine-129 in groundwater and soils.

Surface Soil
Background
Concentration

(pCi/g)

Not established

Risk-Based Soil
Concentration'

(pCi/g)

29.3

Aquifer Maximum
Background Contaminant
Concentration Levels

(pCi/L)b

0

(pCi/L)

1

Risk-Based
Aquifer

Concentrationb
(pCi/L) 

3.2

a. Calculated risk-based concentration equivalent to an increased cancer risk of 1E-05 (Knobel, Orr, and Cecil 1992). 

4.6.8.1 Waste Zone. Approximately 0.15 Ci of 1-129 were disposed of in the SDA. Table 4-41
identifies the waste streams containing the majority of 1-129 activity. Gamma spectral logging data
provide no information regarding 1-129.

4.6.8.2 Surface. No surface data are available for 1-129 because it has not been a target analyte for
surface monitoring.

4.6.8.3 Vadose Zone. The distributions of 1-129 in vadose zone core, soil moisture, and perched
water in the various depth intervals are discussed below.
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Table 4-41. Waste streams containing iodine-129.

Waste Stream
Code or Generator Waste Stream Description

Activity
(Ci)

Proportion of
Total Activity

(%)

Idaho National Engineering and INEEL reactor operations waste 1,49E-0l 94.5
Environmental Laboratory
(INEEL)

Naval Reactors Facility Test specimens 2.67E-03 1.7

PBF-620-1 Miscellaneous scrap 1.90E-03 1.2

Total Disposals 1.58E-01 100

4.6.8.3.1 Vadose Zone Core Samples—A total of 52 core samples were analyzed for
1-129 between 1994 and 2000, with no positive detections. Samples were collected between 1994 and
2000 from the following SDA boreholes: 1-1S, I-1D, 1-2S, 1-2D, 135, 14D, 155, 0-1S, 0-1D, 0-2S, 0-2D,
0-35, 0-3D, 2E, 3E, 4E, 5E, 3V, 4V, 5V, 6V, 7V, 8V, 9V, and 10y. Previous core sampling
investigations (1971 to 1993) did not analyze for 1-129, as it was not a radionuclide of principal concern
at that time. The distribution of samples in the various depth intervals is summarized in Table 4-42.

Table 4-42. Distribution of vadose zone core samples for iodine-129 analyses.

Depth Interval Number of I-129 Detections/ Detection Rate Cores with

(ft) Number of Cores Sampled (%) Detections

0 to 35 0/11 0 None

35 to 140 0/25 0 None

140 to 250 0/16 0 None

Greater than 250 0/0 Not applicable None

4.6.8.3.2 Lysimeter Samples at Depths of 0 to 35 ft—A total of 59 shallow lysimeter
samples were analyzed by INEEL for 1-129 between 1997 and September 2000, with three positive
detections (see Table 4-43).

Table 4-43. Detected coricentrations of iodine-129 in the shallow vadose zone lysimeters. 

Lysimeter
Depth
(ft)

Concentration ± Ics
(pCi/L) Confirmation Flag' Date

98-1L35 (SDA-01) 16.5 53 ± 18 A November 1998

98-5L39 (SDA-10) 17.0 29 ± 6 A December 1998

W25-L28 15.5 22 ± 7 A June 2000

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.

Note: Values in red bold indicate that the concentration exceeds the maximum contaminant level (MCL) of 1 pCi/L. The
maximum contaminant level for the aquifer does not apply to soil moisture samples, but are used here as a basis of
comparison.
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Despite the relatively high concentrations of 1-129 in the lysimeter samples, the 1-129 detections
occur only sporadically. Figure 4-26 shows the occurrences of the 1-129 detections. None of the positive
sample results could be supported by reanalysis of the original sample. Subsequent samples collected
from these lysimeter wells through September 2000 have not shown detectable 1-129. There are no spatial
trends to the 1-129 detections. The lysimeter wells are located some distance from each other, not
clustered.

4.6.8.3.3 Lysimeter Samples at Depths of 35 to 140 ft—A total of seven samples from
three lysimeters were analyzed by INEEL for 1-129 between 1997 and November 1998, with no positive
detections. The other lysimeter wells in this depth interval were not analyzed for 1-129 because the
volume of water collected from them was insufficient to perform the analysis.

4.6.8.3.4 Perched Water Samples at Depths Greater than 140 ft—A total of nine
water samples and 10 filtered sediment samples from the perched water wells (USGS-92 and 8802D)
were analyzed by INEEL for 1-129 between 1997 and November 1999. No positive detections of 1-129
were identified. Because of the limited sample volumes, the detection sensitivity is not adequate for
comparison to the drinking water MCL of 1 pCi/L. No data are available for the deep lysimeter well
samples because the volume of water collected was insufficient to perform the analysis. The USGS does
not analyze samples from Well USGS-92 for 1-129.

4.6.8.4 Aquifer. A total of 242 RWMC aquifer well samples were analyzed by INEEL for 1-129
between 1994 and April 2001. Five positive detections were identified in more than 20 sampling
campaigns (see Table 4-44). Aquifer Well M1S was the only well with more than one 1-129 detection and
one of the detections was unusually high. Samples collected in aquifer Well M1S during the 11 sampling
events since the last detection have contained undetectable levels of 1-129.

The July 1998 sample from MIS was reanalyzed but the result was a nondetect. The other samples
with positive detections were not reanalyzed. Three of the sample results exceeded the MCL of 1 pCi/L
(i.e., aquifer Wells MIS, M7S, and MlOS). These exceedances were one-time detections.

Following routine sample collection in September 1996, seven 1-129 results were reported as
positive. On closer evaluation of the data package, it was discovered that 1-129 also was detected in the
corresponding field blank at a concentration equivalent to the sample results (3.7 ± 0.3 pCi/L). Results
from the aquifer wells sampled in this campaign (i.e., MIS, M3S, M4D, M6S, and M 10S) were declared
false positives. The September 1996 data were revalidated and the revised limitations and validation
report reissued to DOE-ID (see footnote a, p. 4-52). No USGS 1-129 data are available for comparison
because the USGS does not analyze for 1-129 in their eight RWMC wells.

The radioanalytical detection sensitivity for 1-129 is about the same as its MCL (1 pCi/L), so trends
cannot be identified before the concentration actually exceeds the MCLs. A radioanalytical laboratory that
can achieve lower 1-129 detection sensitivities (e.g., 10 times lower than the MCL [0.1 pCi/L]) is being
identified through the INEEL monitoring program. Future INEEL aquifer well samples will be sent to this
radioanalytical laboratory for low-level 1-129 analyses.
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Figure 4-26. Occurrences of iodine-129 detections in shallow lysimeter wells.

Table 4-44. Positive detections of iodine-129 in aquifer.

Aquifer
Well

Concentration ± la
(pCi/L) Confirmation Flag' Date

MIS 17.0 ± 1.5 A April 1996
1.0 ± 0.2 B July 1998

M6S 0.59 ± 0.17 A October 1997

M7S 1.5 ± 0.4 A October 1998

MlOS 1.7 ± 0.4 A April 1997

a. Confirmation flag:
A = No second sample collected, no reanalysis performed
13= Reanalysis performed, no confirmation

Note: Values in red hold indicate that the concentration exceeds the aquifer maximum contaminant level of I pCi/L. 
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4.6.8.5 Summary of Iodine-129. Because of its high mobility and toxicity, 1-129 is a risk driver;
however, the monitoring data to date do not present a clear picture of 1-129 occurrence in the vadose zone
or the aquifer well near the SDA. Only 0.16 Ci of 1-129 have been buried in the SDA and no additional

1-129 is generated from radioactive decay of other nuclides.

There is no obvious pattern or trend to the 1-129 vadose zone or aquifer well monitoring data to
suggest that 1-129 is widespread in the SDA. Detection rates are low with no detections of 1-129 in the
core samples or in soil moisture samples from intermediate and deep samples (see Table 4-45).
Monitoring results in the soil moisture show that 1-129 has been detected infrequently in the shallow (0 to
35 ft) lysimeters and in the aquifer wells but not in the deeper vadose zone. Figure 4-27 shows the
distribution of 1-129 in the sampled media. The pattern of detections in only the shallow vadose zone and
in the aquifer suggests that 1-129 may be moving around in the waste zone, but has not yet migrated
beneath the waste zone into the interbeds or perched water. Aquifer well detections are considerably

(i.e., 2 miles) upgradient, suggesting a possible upgradient source of 1-129 (e.g., INTEC).

Table 4-45. Detection rates of iodine-129 in the sampled media.

Media

Detection
Rate

(%)

Concentration
Range

Total Number
of Detections Higher than
Maximum Contaminant
Levela or Risk-Based

Concentrationa

Wells Higher
than Maximum
Contaminant

Level

Vadose zone 0 to 35 ft:
Cores 0 NA 0 None
Soil moisture 5.1 22 to 53 pCi/L 3 None

Vadose zone 35 to 140 ft:
Cores
Soil moisture

0
0

NA
NA

0
0

None
None

Vadose zone >140 ft:
Cores 0 NA 0 None
Soil moisture 0 NA 0 None

Aquifer 2.1 0.59 to 17.0
pCi/L

3 M1S, M7S,
M lOS

a. The concentrations for cores are compared to the risk-based concentration of 29.9 pCi/g. The soil moisture and aquifer results

are compared to the maximum contaminant level of 1 pCi/L. The maximum contaminant level does not apply to soil moisture

data but is used here as a basis of comparison.
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Figure 4-27. Locations where iodine-129 was detected in lysimeter and well samples.

4.6.9 Niobium-94

Niobium-94 is a radioisotope that is an activation product produced by nuclear reactor operations.
It decays by the emission of beta particles and gamma rays, has a half-life of 2.0E+06 years and was
identified in the IRA as a COPC, primarily for the external exposure and groundwater ingestion pathway
(Becker et al. 1998).

Niobium-94-bearing waste in the SSA and the available Nb-94 monitoring data for all media are
summarized below. The sampling data in this section are evaluated against the comparison concentrations
in Table 4-46.
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Table 4-46. Comparison concentrations for niobium-94 in groundwater and soils.

Surface Soil
Background
Concentration

Not established

Risk-Based Soil Aquifer
Concentrationa Background

(pCi/g) Concentration

Maximum
Contaminant Level

(pCi/L)

387 Not established 1,070

a. Calculated risk-based concentration equivalent to an increased cancer risk of 1E-05.

Risk-Based
Aquifer

Concentrationa
(pCi/L) 

61.3

No aquifer or lysimeter well data for Nb-94 are identified because it is not a routine target analyte.
However, it would have been detected and reported if concentrations were observed above the
gamma-analysis detection limit.

The calculated MCL for Nb-94 is 1,070 pCi/L based on a dose of 4 mrem/year (40 CFR 141.16).
Therefore, the gamma detection sensitivity would be more than adequate for detecting Nb-94.

4.6.9.1 Waste Zone. Approximately 1,000 Ci of Nb-94 were disposed of in the SDA. Table 4-47
identifies the waste streams containing the majority of Nb-94 activity. Gamma spectral logging data
provide no information about Nb-94.

Table 4-47. Waste streams containing niobium-94.

Waste Stream
Code or Generator Waste Stream Description

Activity
(Ci)

Proportion of
Total Activity

(%)

Idaho National Engineering and INEEL reactor operations waste 8.80E+02 87.6
Environmental Laboratory
(INEEL)

CPP-603-1H Fuel end pieces 4.74E+01 4.7

Test Reactor Area Activation products 4.06E+01 4.0

Miscellaneous Miscellaneous minor streams 2.31E+01 2.3

NRF-618-12H Core structural components 1.31E+01 1.3

Total Disposals 1.00E+03 100

4.6.9.2 Surface. No surface sample data are available because Nb-94 has not been a target analyte
for monitoring.

4.6.9.3 Vadose Zone. No gamma spectrometric analytic results are available for Nb-94 in vadose
zone core samples because Nb-94 was not a target analyte. Though not a target analyte, Nb-94 would
have been detected and reported if concentrations were observed above the gamma spectrometric analysis
detection limit (<0.1 pCi/g) in routine gamma analysis. No detections were reported from vadose zone
core analyses, suggesting that the gamma analysis did not detect Nb-94 higher than 0.1 pCi/g.

Niobium-94 was not a target analyte in the lysimeter samples but would have been reported had it
been detected above the contract-required detection limit for gamma-emitting radionuclides (<200 pCi/L).
No reportable quantities of Nb-94 were detected in the lysimeter samples.

4-76



4.6.9.4 Aquifer. No aquifer well gamma spectrometric analytic results are available for Nb-94
because no analyses were performed. If concentrations of Nb-94 above the gamma-analysis detection
limit had been observed, Nb-94 would have been included in the laboratory report. The contract-required
detection limit for gamma-emitting radionuclides in aquifer samples using gamma spectrometric analysis
is 30 pCi/L. The analytical laboratories routinely achieve the minimum detectable activities between 3
and 10 pCi/L in aquifer samples. No detection levels of gamma-emitting radionuclides were reported.

4.6.9.5 Summary of Niobium-94. The data are inadequate to assess the distribution and
occurrence of Nb-94 in the vadose zone. Indirect measurements by gamma spectrometric analytic results
obtained on groundwater samples suggest that Nb-94 is not present in the aquifer.

4.6.10 Neptunium-237

Neptunium-237 is an anthropic, transuranic radioisotope that is a decay product of Am-241. It is
produced by nuclear reactor operations, decays by the emission of alpha particles, and has a half-life of
2.14E+06 years. Neptunium-237 was identified in the IRA as a COPC, primarily for the groundwater
ingestion exposure pathway (Becker et al. 1998).

Neptunium-237-bearing waste in the SDA and the available Np-237 monitoring data for all media
are summarized below. The sampling data in this section are evaluated against the comparison
concentrations in Table 4-48.

Table 4-48. Comparison concentrations for neptunium-237.

Surface Soil
Background

Not established

Risk-Based soil
Concentrationa

(pCi/g)

49.0

Aquifer
Background
Concentration

Not established

Maximum
Contaminant

Level
(pCi/L) 

15 (total alpha)
a. Calculated risk-based concentration equivalent to an increased cancer risk of 1E-05.

Risk-Based Aquifer
Concentrationa
Aquifer 1E-05

(p/Ci/L)

7.1

4.6.10.1 Waste Zone. Approximately 2.6 Ci of Np-237 were disposed of in the SDA. Table 4-49
identifies the waste streams containing the majority of Np-237 activity.

Additional quantities of Np-237 are also produced over time through ingrowth (see Section 4.1.2).
Table 4-49 includes the amount of Np-237 that would be produced if al of the parent decays. Percentages
of the total Np-237 from the parent isotopes are not given because the amount of Np-237 present is
dependant on the timeframe assessed. The decay of Np-237 will produce U-233 and Th-229.

The spectral gamma moisture logging tool detected Np-237 based on the 312 keV gamma rays
from the daughter product, Pa-233. Of the 135 probeholes logged using this tool, 57 (42%) showed the
presence of Pa-233 above the noise level. Of the 4863 total measurements (i.e., all probes and all depths),
511 (11%) showed the presence of Pa-233 above the noise level. The Pa-233 detection limit was
approximately 1.7 pCi/g. The maximum and average observed Pa-233 levels were 141 and 5.3 pCi/g,
respectively. The detection limit, maximum and average concentrations are based on the assumption that
Pa-233 is uniformly distributed in the vicinity of the measurement points.
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Table 4-49. Waste streams containing neptunium-237.

Waste Stream
Code or Generator Waste Stream Description

Activity
(Ci)

Proportion of
Total Activity

(%)

Idaho National Engineering and INEEL reactor operations waste 7.54E-01 28.5
Environmental Laboratory (INEEL)

TRA-603-15H Metal 6.85E-01 25.9

TRA-603-1H Resins 4.13E-01 15.6

TRA-642-6H Core, vessel and loop components 3.96E-01 15.0

TRA-603-4H Core and loop components 1.74E-01 6.6

TRA-603-9H Expended fuel and ceramic fuel 1.22E-01 4.6

Miscellaneous Miscellaneous minor streams 6.61E-02 2.5

TRA-632-1H Core structural pieces 3.42E-02 1.3

Total Disposals 2.64E+00 100

Am-241 ingrowth Half-life equals 432 years. See Section 3.69E+01 NA
4.6.2

Pu-241 ingrowth Half-life equals 14.4 years See Section 6.56E+00 NA
4.6.13

4.6.10.2 Surface. No surface data are available because Np-237 has not been a target analyte for
surface monitoring.

4.6.10.3 Vadose Zone. The distributions of Np-237 in vadose zone core,
water in the various depth intervals are discussed below.

soil moisture, and perched

4.6.10.3.1 Vadose Zone Core Samples—No vadose zone core sample gamma
spectrometric analytic results are available for Np-237. In previous subsurface sample evaluations (1971

to 2000), Np-237 was not considered a radionuclide of concern. However, in the 1998 IRA, it was
identified as a COPC though it has not been included on the radionuclide target list provided to the
analytical laboratories subcontracted to the INEEL. Neptunium-237 is now identified as a COPC and has
been included on the radionuclide target list provided to the analytic laboratories.

4.6.10.3.2 Lysimeter Samples at Depths of 0 to 35 ft—A total of 28 shallow lysimeter
samples were analyzed by INEEL for Np-237 between June 2000 (when Np-237 monitoring began) and

May 2001, with no positive detections in any of the 12 INEEL shallow lysimeter wells.

4.6.10.3.3 Lysimeter Samples at Depths of 35 to 140 ft—No positive detections of

Np-237 were identified in the 15 samples analyzed from the 35 to 140-ft interval of the vadose zone
between June 2000 and May 2001.

4.6.10.3.4 Lysimeter and Perched Water Samples at Depths Greater than 140 ft—A
total of five Np-237 analyses were performed on perched water and deep suction lysimeter well samples,
with no positive detections. No data are available for perched water samples from Well 8802D because
the volume of water collected was insufficient to perform Np-237 analysis. Also, the laboratory was
unable to obtain sediment samples from the USGS-92 perched water well sample. The USGS does not
analyze perched water from Well USGS-92 for Np-237.
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4.6.10.4 Aquifer. A total of 150 samples from 15 INEEL wells were analyzed by INEEL for Np-237
between 1998 and April 2001, with no positive detections. The USGS does not analyze for Np-237 in the
eight RWMC wells they manage, control, and routinely sample.

4.6.10.5 Summary of Neptunium-237. Only 2.6 Ci of Np-237 were disposed of in the SDA, but
substantially more are expected to be generated in the waste from the decay of Pu-241 and Am-241.
Given the increased inventory associated with ingrowth and the relatively high mobility of Np-237,
Np-237 is a risk driver. Neptunium-237 has been detected in the waste zone with the spectral gamma
moisture logging tool but has not been detected in any of the nearly 200 samples collected in the vadose
zone or aquifer wells (see Table 4-50). No evidence indicates that Np-237 has migrated outside of the
SDA.

Table 4-50. Detection rate for neptunium-237 in various media.

Total Number of
Detections Higher

than the
Wells Higher

than
Range of Maximum Maximum

Detection Rate Detected Contaminant Contaminant
Media (%) Concentrations Level' Level'

Source Cores: 42% 0 None
Measurements: 11%

Cores 0 0 0 None

Soil moisture: 0 to 35 ft 0 0 0 None

Soil moisture: 35 to 140 ft 0 0 0 None

Soil moisture: >140 ft 0 0 0 None

Aquifer 0 0 0 None

4.6.11 Protactinium-231

Protactinium-231 is an anthropic radioisotope that is a decay product of U-235. It is produced by
nuclear reactor operations, decays by the emission of alpha particles, and has a half-life of 3.28E+04
years. It was identified in the IRA as a COPC, primarily for the groundwater ingestion exposure pathway
(Becker et al. 1998).

Protactinium-231 is not a target analyte for monitoring but its presence can be inferred if its parent
radionuclide (i.e., U-235) is detected.

4.6.11.1 Waste Zone. Negligible amounts (i.e., 8.64E-04 Ci) of Pa-231 were disposed of in the SDA
as identified in Table 4-51. Additional quantities of Pa-231 are being generated over time through
ingrowth (see Section 4.1.2). Table 4-51 also includes the amount of Pa-231 that would be produced if all
of the parent decayed. Because of the long half-lives of the parent nuclides, it will be many thousands of
years before substantial ingrowth occurs. However, for completeness, the waste streams that contain
parent nuclides are listed in Table 4-51. Percentages of the total Pa-231 from parent isotopes are not given
because the amount of Pa-231 present is dependant on the timeframe assessed.

Gamma spectral logging data were not analyzed for Pa-231.
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Table 4-51. Waste streams containing protactinium-231.

Waste Stream
Code or Generator Waste Stream Description

Activity
(Ci)

Proportion of
Total Activity

(%)

D&D-ARA-1 Low-level waste from the decontamination and
demolition of the Advanced Reactor Area
facilities. Waste stream consists primarily of
contaminated metal and debris.

8.56E-04 99

Miscellaneous Miscellaneous minor streams. 8.44E-06 1

Total Disposals 8.64E-04 100

U-235 ingrowth Half-life equals 7.04E+08 years. See Section 1.05E+05 NA
4.6.19

Pu-239 ingrowth Half-life equals 2.41E+04 years. See Section 4.19E+04 NA
4.6.13

Am-243 ingrowth Half-life equals 7.38E+03 years. See Section 2.66E+01 NA
4.6.3

4.6.11.2 Summary of Protactinium-231. There are no analytical data for Pa-231 because it is not
a target analyte for environmental monitoring. However, its presence can be inferred by positive
detections of U-235.

4.6.12 Lead-210

Though Pb-210 is the terminating radioisotope in the naturally occurring U-238 decay chain, its
natural abundance is so small it is assumed to be zero. Therefore, Pb-210 in the environment should be
considered anthropic. Lead-210 decays by the emission of beta particles with a half-life of 22.6 years.
Lead-210 was identified in the IRA as a COPC, primarily for the soil and crop ingestion pathway
(Becker et al. 1998).

Lead-210-bearing waste streams in the SDA are summarized below. Lead-210 is not a target
analyte for monitoring but its presence can be inferred if its parent radionuclide (i.e., U-238) is detected.

4.6.12.1 Waste Zone. Approximately 5.1E-07 Ci of Pb-210 were disposed of in the SDA.
Table 4-52 identifies the waste streams containing the majority of Pb-210 activity.

Additional quantities of Pb-210 are being generated over time through ingrowth (see Section 4.1.2)
Table 4-52 also includes the amount of Pb-210 that would be produced if all of the parent decayed.
Because of the long half-lives of the parent nuclides, it will be many thousands of years before substantial
ingrowth occurs. However, for completeness, the waste streams that contain parent nuclides are also listed
in Table 4-52. Percentages of the total Pb-210 from parent isotopes are not given because the amount of
Pb-210 present is dependant on the timeframe assessed.

4.6.12.2 Summary of Lead-210. No analytical data are available for Pb-210 because it is not a
target analyte for environmental monitoring. The presence of Pb-210 can be inferred by positive
detections of U-238.

4-80



Table 4-52. Waste streams containing lead-210.

Waste Stream
Code or
Generator Waste Stream Description

Activity
(Ci)

Proportion of
Total Activity

(%)

ALE-ALE-1H Building rubble, electric wires, piping, machinery,
tracers and sources, glass, gloves, paper, filters, and
vermiculite.

4.83E-07 94.7

WER-CMP-1 Compacted waste—combination of glass, plastic,
absorbents, cloth, paper, and wood.

2.70E-08 5.3

Total Disposals 5.10E-07 100

U-238 ingrowth Half-life equals 4.47E+09 years. See Section 4.6.19 2.35E+10 NA

U-234 ingrowth Half-life equals 2.45E+05 years. See Section 4.6.19 7.41E+05 NA

Pu-238 ingrowth Half-life equals 8.78E+01 years. See Section 4.6.13 6.74E+04 NA

Ra-226 ingrowth Half-life equals 1.60E+03 years. See Section 4.6.16 4.30E+03 NA

Th-230 ingrowth Half-life equals 7.70E+04 years. 1.08E+02 NA

4.6.13 Plutonium

All plutonium isotopes are anthropic and transuranic products of nuclear reactor operations or
nuclear weapons production, deployment, and testing. Plutonium-238, Pu-239, and Pu-240 decay by the
emission of alpha particles, have half-lives of 87.7, 2.41E+04, and 6.56E+03 years, respectively.
Plutonium-241 decays by the emission of beta particles and has a 14.4-year half-life. Plutonium-239 and
Pu-240 were identified in the IRA as COPCs primarily for the soil and crop ingestion pathway
(Becker et al. 1998). Plutonium-238 was not identified as a COPC in the IRA (Becker et al. 1998) but was
retained for analysis of isotopic ratios. The results for Pu-238, Pu-239, and Pu-240 are discussed in this
section, along with plutonium isotopic ratios that are indicative of waste derived from weapons- or
fuel-related disposals.

Plutonium-239 is often reported as Pu-239, Pu-239/240, or Pu-239+240. Any of the three reporting
conventions is acceptable, but technically, it is most correct to report Pu-239 as either Pu-239/240 or
Pu-239+240 because the individual isotopes cannot be chemically separated and they have alpha particle
energies that are nearly identical. Therefore, it is nearly impossible to differentiate the isotopes in
environmental samples using routine alpha spectroscopy. Nonradiochemical methods such as mass
spectrometry must be applied to obtain results for each separate radionuclide.

Data analysis for WAG 7 includes evaluating the Pu-238:Pu-239/240 ratio when both plutonium
isotopes are detected to determine if detected concentrations emanate from weapons-grade or
reactor-grade plutonium. Concentrations of Pu-238 without Pu-239/240 or with a Pu-238:Pu-239/240
ratio of about 11 imply reactor-grade plutonium. Weapons-grade plutonium contains much more
Pu-239/240 than Pu-238, with a Pu-238:Pu-239/240 ratio of approximately 0.02 to 0.03.

Comparison concentrations for the plutonium isotopes are presented in Table 4-53.
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Table 4-53. Comparison concentrations for plutonium in groundwater and soils.

Contaminant

Plutonium-238

Plutonium-239

Plutonium-240

Surface Soil
Background

Concentrationa

(pCilg)

0.0049

0.10e

0.10'

Risk-Based
Soil

Concentration
(pCi/g)

29.2

28.8

28.8

Aquifer
Background
Concentration

(pCi/L)

0

0

0

Maximum
Contaminant

Level
(pCi/L)

15 (total alpha)

15 (total alpha)

15 (total alpha)

Risk-Based
Aquifer

Concentration"
(pCi/L) 

3.6

3.5

3.5

a. Soil background represents the 95% tolerance limit with 95% confidence for a composite soil sample (Rood, Harris, and
White 1996).
b. Calculated risk-based concentration equivalent to an increased cancer risk of 1E-05d (Knobel, Orr, and Cecil 1992).
c. Result is for Pu-239/240 combined.

4.6.13.1 Waste Zone. Approximately 1.71E+04 Ci of Pu-238 were disposed of in the SDA.
Table 4-54 identifies the waste streams containing the majority of Pu-238 activity. Approximately
6.48E+04 Ci of Pu-239 and 1.71E+04 Ci of Pu-240 were disposed of in the SDA. Tables 4-55 and 4-56
identify the waste streams containing the majority of Pu-239 and Pu-240 activity. All of the plutonium
isotopes generate daughter products: Pu-238 decays to U-234, Th-230, Ra-226 and Pb-210; Pu-239
decays to U-235, Pa-231, and Ac-227; and Pu-240 decays to U-236, Th-232, and Ra-228. See the
respective sections for individual daughter products to determine the relative contribution of plutonium
decay to the daughter inventory.

Table 4-54. Waste streams containing plutonium-238.

Waste Stream
Code or Generator Waste Stream Description

Activity
(Ci)

Proportion of
Total Activity

(%)

Idaho National Engineering
and Environmental

INEEL reactor operations waste. 1.46E+04 85.3

Laboratory (INEEL)

Miscellaneous Miscellaneous minor streams. 6.50E+02 3.8

RFO-DOW-9H Noncombustibles-gloveboxes,
equipment, pumps, motors, control
panels, and office equipment.

5.00E+02 2.9

TRA-603-9H Expended fuel and ceramic fuel. 4.95E+02 2.9

RFO-DOW-3H Uncemented sludge. 2.75E+02 1.6

RFO-DOW-6H Filters. 2.32E+02 1.4

RFO-DOW-12H Dirt, concrete, graphite, ash, and soot. 1.99E+02 1.2

RFO-DOW-4H Combustibles-paper, rags, plastic
clothing, cardboard, wood, and
polyethylene bottles (Codes 330, 336,
337, 900, and 970).

1.74E+02 1.0

Total Disposals 1.71E+04 100
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Table 4-55. Waste streams containing plutonium-239.

Waste Stream Waste Stream Description
Activity
(Ci)

Proportion
of Activity

(%)

RFO-DOW-9H Noncombustibles-gloveboxes, equipment, pumps,
motors, control panels, and office equipment.

1.70E+04 26.3

RFO-DOW-3H Uncemented sludge. 9.40E+03 14.5

RFO-DOW-6H Filters. 7.90E+03 12.2

RFO-DOW-12H Dirt, concrete, graphite, ash, and soot. 6.79E+03 10.5

RFO-DOW-4H Combustibles-paper, rags, plastic clothing cardboard,
wood, and polyethylene bottles.

5.96E+03 9.2

RFO-DOW-7H Glass-including raschig rings. 5.37E+03 8.3

RFO-DOW-8H Lead from glovebox gloves and sheeting. 4.53E+03 7.0

RFO-DOW-11H Graphite molds. 3.37E+03 5.2

INEEL Idaho National Engineering and Environmental 1.29E+03 2.0
Laboratory reactor operations waste.

RFO-DOW-5H Concrete and brick. 1.25E+03 1.9

Miscellaneous Miscellaneous minor streams. 1.23E+03 1.9

RFO-DOW-13H Resins. 7.31E+02 1.1

Total Disposals 6.48E+04 100

Table 4-56. Waste streams containing plutonium-240.

Waste Stream Waste Stream Description
Activity
(Ci)

Proportion
of Activity

(%)

RFO-DOW-9H Noncombustibles-gloveboxes, equipment, pumps,
motors, control panels, and office equipment.

3.85E+03 22.5

INEEL Idaho National Engineering and Environmental 2.36E+03 13.8
Laboratory reactor operations waste.

RFO-DOW-3H Uncemented sludge. 2.12E+03 12.4

RFO-DOW-6H Filters. 1.78E+03 10.4

RFO-DOW-12H Dirt, concrete, graphite, ash, and soot. 1.53E+03 9.0

RFO-DOW-4H Combustibles-paper, rags, plastic clothing,
cardboard, wood, and polyethylene bottles

1.35E+03 7.9

(Codes 330, 336, 337, 900, and 970).

RFO-DOW-7H Glass-including raschig rings. 1.21E+03 7.1

RFO-DOW-8H Lead from glovebox gloves and sheeting. 1.02E+03 6.0

RFO-DOW-11H Graphite molds. 7.62E+02 4.5

OFF-LRL-2H Concrete, bricks, and asphalt. 4.53E+02 2.7

Miscellaneous Miscellaneous. 3.42E+02 2.0

RFO-DOW-5H Concrete and brick. 2.82E+02 1.7

Total Disposals 1.71E+04 100

4-83



Spectral gamma logging provided no data about Pu-238 or Pu-240, but detected Pu-239 based on
the 414 keV gamma rays. Of the 135 probeholes logged using the spectral gamma logging tool, 100
(74%) showed the presence of Pu-239 above the noise level. Of the 4,863 total measurements collected
from all probes at all depths, 1,261 (26%) showed the presence of Pu-239 above the noise level. The
Pu-239 detection limit was approximately 29 nCi/g. The maximum and average observed Pu-239 levels
were 194,171 nCi/g, and 2,246 nCi/g, respectively. The detection limit, maximum concentration, and
average concentration are based on the assumption that Pu-239 is uniformly distributed in the vicinity of
the measurement points.

4.6.13.2 Surface. A total of 186 soil samples were collected between 1994 and 2000 from around the
RWMC. Based on gamma spectrometric analytic results, 76 samples were selected for Pu-238 and
Pu-239/240 analysis. Five positive detections of Pu-238 were identified ranging from
(5.1 ±1.4)E-03 pCi/g at TSA (LMITCO 1995c) to (3.19 ± 0.53)E-02 pCi/g in the Pad A area
(INEEL 2001). Fifty-nine positive detections of Pu-239/240 were identified, which ranged from
(9.0 ± 2.0)E-03 pCi/g at SWEPP 5 (LMITCO 1996) to 1.22 ± 0.12 pCi/g at the active area (INEEL 2001).

A total of 124 vegetation samples were collected between 1990 and 2000 from the RWMC and
control locations. Based on gamma spectrometric analytic results, about 30 samples were evaluated for
Pu-238 and Pu-239/240. No positive detections of Pu-238 were identified; however seven positive
detections of Pu-239/240 were identified. The positive detections of Pu-239/240 in vegetation samples
ranged from (4.58 ± 0.15)E-04 pCi/g (INEEL 2000) to (1.0 ± 0.2)E-02 pCi/g (EG&G 1991).

A total of 210 surface run-off water samples were collected between 1991 and 2000 from the
RWMC and control locations. Based on gamma spectrometric results, about 90 samples were evaluated
for Pu-238 and Pu-239/240. No positive detections of Pu-238 were identified; however, eight positive
detections of Pu-239/240 were identified. The positive detections of Pu-239/240 ranged from
(2.04 ± 0.75)E-02 pCi/L (INEEL 2000) to (1.1 ± 0.3)E-01 pCi/L (LMITCO 1995c).

4.6.13.3 Vadose Zone Core Samples. The distributions of plutonium in vadose zone core, soil
moisture, and perched water in the various depth intervals are discussed below.

4.6.13.3.1 Plutonium-238 in Vadose Zone Core Samples—A total of 341 vadose zone
core samples collected during well drilling were analyzed for Pu-238 between 1971 and 2000. Eighteen
positive detections were identified with 13 above the INEEL surface soil background of 0.0049 pCi/g.
Four of the 13 samples above background were analyzed in 1972 and the data are of questionable quality
because of cross-contamination concerns. All positive detections are listed in Table 4-57.

A summary of the occurrence of Pu-238 detections by depth interval is shown in Table 4-58. The
majority of valid Pu-238 detections (i.e., those not taken between 1971 and 1974) are located in the Pad A

and Pit 5 areas (i.e., Wells D02 and TW1).
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Table 4-57. Positive detections of plutonium-238 in vadose zone core samples.

Borehole Identification
Sample Depth

(ft)
Concentration ± la

(pCi/g) Date

78-5

USGS-93

USGS-96

D02

TW1

101.7

101.0 to 103.0
103.0 to 105.0

100.5 to 101.0
110.0 to 112.9

1.2 to 1.7
15.5 to 16.0

229.7 to 230.0
230.0 to 230.3
230.0 to 230.3
230.0 to 230.3
230.0 to 230.3

101.0 to 101.2
101.0 to 101.2

101.2
101.2
101.2
101.2

0.0031 ± 0.0010

0.0076 ± 0.0015a
0.014 ± 0.003a

0.0059 ± 0.0015a
0.009 ± 0.002a

0.26 ± 0.02
0.0149 ± 0.0018
0.0024 ± 0.0007
0.0065 ± 0.0019
0.0322 ± 0.0017
0.0015 ± 0.0004
0.0033 ± 0.0006

0.017 ± 0.002
0.0118 ± 0.0017
0.0046 ± 0.0014
0.0063 ± 0.0017
0.0065 ± 0.0016
0.010 ± 0.003

1978

1972
1972

1972

1972

1987
1987
1987
1987
1987
1987
1987

1987
1987
1987
1987
1987
1987

a. The 1971 and 1972 data must be used with discretion. They are questionable because of cross-contamination concerns (see
Section 4.5.5).

Table 4-58. Summary of plutonium-238 occurrences in the vadose zone core samples.

Depth Interval
(ft)

0 to 35

35 to 140

140 to 250

Greater than 250

Number of Pu-238
Detections/Total Number

of Samples

(%)

2/33 (6.1)

11/140 (7.8)

5/157 (3.2)

0/11 (0)

Range
(pCi/g)

0.0149 to 0.26

0.0031 to 0.017

0.0015 to 0.033

Not applicable 

Cores with Detections

D02

78-5, TW-1, USGS-93, USGS-96

D02

None

4.6.13.3.2 Plutonium-239/240 in Vadose Zone Core Samples-A total of 352 vadose
zone core samples collected during well drilling were analyzed for Pu-239/240 between 1971 and 2000.
Twenty-nine positive detections were identified; however, nine of those were suspect because of well
drilling and sampling methods used in the early 1970s (see Section 4.5.5). The samples with detected
concentrations of Pu-239/240 are listed in Table 4-59.
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Table 4-59. Positive detections of plutonium-239/240 in vadose zone core samples.

Borehole Identification
Sample Depth Concentration ± la Date

(ft) (pCi/g)

76-3 97.5 to 97.8 0.017 ± 0.005 1976

78-5 240.3 0.013 ± 0.002 1978

79-2 99.1 to 99.9 0.061 ± 0.004 1979
99.1 to 99.9 0.056 ± 0.004 1979
99.9 to 101.7 0.034 ± 0.003 1979
99.9 to 101.7 0.037 ± 0.003 1979
101.7 to 103.0 0.038 ± 0.003 1979
101.7 to 103.0 0.036 ± 0.003 1979

I-3S 100.0 0.009 ± 0.003 1999

USGS-87 231.2 to 233.0 0.029 ± 0.004a 1971

USGS-88 521.0 to 522.0 0.022 ± 0.003a 1971

USGS-91 7.83 to 8.92 0.026 ± 0.005a 1972
236.5 to 237.0 0.140 ± 0.007a 1972

USGS-93 98.0 to 101.0 0.110 ± 0.007a 1972
101.0 to 103.0 0.230 ± 0.011a 1972
101.0 to 103.0 0.540 ± 0.012a 1972
103.0 to 105.0 0.081 ± 0.011a 1972

USGS-96 100.5 to 101.0 0.045 ± 0.002a 1972

D02 1.2 to 1.7 1.13 ± 0.05 1987
15.5 to 16.0 0.255 ± 0.009 1987

230.0 to 230.3 0.058 ± 0.002 1987

TW1 101.0 to 101.2 0.74 ± 0.04 1987
101.0 to 101.2 0.61 ± 0.03 1987
101.2 0.197 ± 0.013 1987
101.2 0.190 ± 0.013 1987
101.2 0.200 ± 0.013 1987
101.2 0.168 ± 0.009 1987
101.2 0.170 ± 0.009 1987
101.2 0.178 ± 0.013 1987

a. The 1971 and 1972 data must be used with discretion. They are questionable because of cross-contamination concerns (see Section 4.5.5).

Table 4-60 shows the number of cores sampled and the number of cores in which Pu-239/240 was
detected by depth interval. The occurrence of Pu-239/240 in depth intervals is consistent with the pattern
of Pu-238 detections in Wells USGS-93, USGS-96, D02, and TW1.

Most (i.e., 21) detections were observed in close proximity to the B-C interbed, though many of
those analyses were duplicate samples. Detections at the B-C interbed depth are concentrated primarily in
two areas in the SDA; near Pit 5 (Boreholes 79-2, D02 and TW1) and the west end of the SDA
(i.e., Well 76-3, USGS-93, and USGS-96).

Two detections were identified in the shallow surficial sediments (one near Pit 5 and the other near
Pit 14), and four near the C-D interbed (also near Pit 5 and Pit 14 plus two outside the SDA).
Well USGS -88 (south of the SDA) had detectable concentrations of Pu-239/240 at 520 ft.
Plutonium-239/240 detections in Boreholes TW1 and D02 are corroborated by detections of Pu-238 and
Am-241.
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Table 4-60. Summary of plutonium-239/240 occurrences in vadose zone core samples.

Depth Interval
(ft)

Number of Pu-239/240
Detections/Total Number

of Core Samples

(%)

Range
(pCi/g) Cores with Detections

0 to 35 3/37(8.1) 0.026 to 1.13 D02, USGS-91

35 to 140 21/147(14.3) 0.009 to 0.74 76-3, 79-2, I-3S, USGS-93,
USGS-96, TW1

140 to 250 4/157(2.5) 0.013 to 0.14 78-5, D02, USGS-87, USGS-91

>250 1/11(9.0) 0.022 USGS-88

4.6.13.3.3 Plutonium Ratios in Vadose Zone Core Samples-When a sample contains
both Pu-238 and Pu-239/240, the ratio of Pu-238:Pu-239/240 can be an indicator of whether the waste
source was originally reactor operations or weapons manufacturing. In general, activity ratios around 0.02
to 0.03 are indicative that the plutonium in the sample originated from weapons manufacturing waste, and
activity ratios around 11 are indicative that the waste source was reactor operations. A sample with
Pu-238 but no detectable Pu-239/240 is usually indicative of waste from reactor operations. A sample
with Pu-239/240 but no Pu-238 is indicative of weapons-related waste.

For the RWMC core samples, most plutonium detections and ratios suggest that the plutonium
detections are predominantly from weapons manufacturing waste (see Table 4-61). However, some
detections and ratios also indicate the presence of plutonium from reactor operations such as samples
from Well D02 at the 230-ft depth. Nearby core samples from Wells TW1 and 79-2 at approximately
100-ft depth show evidence of weapons manufacturing waste.

Table 4-61. Detections of plutonium-238, plutonium-239/240, and plutonium-238:plutonium-239/240
activity ratios for vadose zone core samples. 

Borehole
Identification

Pu-238
(pCi/g)

Pu-
239/240
(pCi/g)

Pu-238:
Pu-239/240
Activity
Ratio

Probable
Waste-Generating

Process
Sample Depth

(ft) Date

76-3 Analyzed
for but not
detected

0.017 Not
applicable
(NA)

Weaponsa 97.5 to 97.8 1976

(ND)

78-5 0.0031 ND NA Reactorsb 101.7 1978

78-5 ND 0.013 NA Weaponsa 240.3 1978

79-2 ND 0.061 NA Weaponsa 99.1 to 99.9 1979

79-2 ND 0.056 NA Weaponsa 99.1 to 99.9 1979

79-2 ND 0.034 NA Weaponsa 99.9 to 101.7 1979

79-2 ND 0.037 NA Weaponsa 99.9 to 101.7 1979

79-2 ND 0.038 NA Weaponsa 101.7 to 103.0 1979

79-2 ND 0.036 NA Weaponsa 101.7 to 103.0 1979

USGS-87 ND 0.029c NA Weapons' 231.2 to 233.0 1971

USGS-88 ND 0.022 c NA Weapons" 521.0 to 522.0 1971
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Table 4-61. (continued).

Borehole
Identification

Pu-238
(pCi/g)

Pu-
239/240
(pCi/g)

Pu-238:
Pu-239/240
Activity
Ratio

Probable
Waste-Generating

Process
Sample Depth

(ft) Date

USGS-91 ND 0.026' NA Weapon?' 7.83 to 8.92 1972

USGS-91 ND 0.140' NA Weapon?' 236.5 to 237.0 1972

USGS-93 0.0076' 0.110' 0.069 Weapons' 98 to 101 1972

USGS-93 ND 0.230 ' NA Weapons' 101 to 103 1972

USGS-93 0.014° 0.540° 0.026 Weapons' 101 to 103 1972

USGS-93 ND 0.081' NA Weapons' 103 to 105 1972

USGS-96 0.0059 ' 0.045 ' 0.131 Indeterminate' 100.5 to 101.0 1972

USGS-96 0.009 ' ND NA Reactors" 110.0 to 112.9 1972

D02 0.26 1.13 0.230 Indeterminate 1.2 to 1.7 1987

D02 0.0149 0.255 0.058 Weaponsa 15.5 to 16.0 1987

D02 0.0024 ND NA Reactors" 229.7 to 230.0 1987

D02 0.0065 ND NA Reactors" 230.0 to 230.3 1987

D02 0.0322 0.058 0.555 Indeterminate 230.0 to 230.3 1987

D02 0.0015 ND NA Reactors" 230.0 to 230.3 1987

D02 0.0033 ND NA Reactors" 230.0 to 230.3 1987

TW1 0.017 0.74 0.023 Weaponsa 101 to 101.2 1987

TW1 0.0118 0.61 0.019 Weaponsa 101 to 101.2 1987

TW1 0.0046 0.197 0.023 Weaponsa 101.2 1987

TW1 0.0063 0.190 0.033 Weaponsa 101.2 1987

TW1 0.0065 0.200 0.033 Weaponsa 101.2 1987

TW1 ND 0.168 NA Weaponsa 101.2 1987

TW1 ND 0.170 NA Weaponsa 101.2 1987

TW1 0.010 0.178 0.056 Weaponsa 101.2 1987

a. Positive Pu-239/240 detections, without detections of Pu-238, are indicative of weapons (i.e., manufacturing waste or fallout).
The Pu-238: Pu-239/240 ratio for weapons manufacturing waste is 0.02 to 0.03.
b. Positive Pu-238 detections without detections of Pu-239/240 are indicative of high burnup reactor fuel and fuel processing
waste. The Pu-238 activity in high burnup reactor fuel and fuel processing waste is approximately 11 times higher than the
Pu-239/240 activity. Thus, the Pu-238:Pu-239/240 ratio for fuel is approximately 11. In many cases presented in this table, the
concentration of expected Pu-239/240 would be too low to detect.
c. The 1971 and 1972 data must be used with discretion. They are questionable because of cross-contamination concerns (see
Section 4.5.5).

4.6.13.3.4 Summary of Plutonium in Vadose Zone Core Samples-Plutonium was
detected infrequently in core samples, with detection rates of 5.3% for Pu-238 and 8.2% for Pu-239/240.
The detections are very low level, ranging from two to four orders of magnitude below the soil 1E-05
RBC. Generally, detections do not occur contiguously throughout the depth of a core, but occur
sporadically or are concentrated at one depth interval.

A cluster of Pu-238 and Pu-239/240 detections exists in the Pad A and Pit 5 area, especially around
the B-C interbed. These detections include the following:
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• Numerous detections of Pu-238 and Pu-2391240 in Well TW1 near Pit 5 around the 100-ft depth,
with no detections in the numerous samples from the 225 to 227-ft depth.

• Detectable Pu-239/240 with no Pu-238 at three different depth intervals, concentrated between 99.1
and 103 ft, with no detections in the 28-, 70- or 230-ft depths.

• Detectable Pu-238 and Pu-239/240 in shallow (less than 15 ft) and deep (230 ft) samples from
Well D02 near Pit 5. No samples were collected from the 100-ft depth interval of Well D02.

Plutonium activity ratios calculated on the core samples most often suggest that the waste source
originated from weapons manufacturing rather than reactor operations, though some samples are
suggestive of reactor fuel. Where ratios were interpreted as reactor-related waste, the interpretation was
founded on no detectable Pu-239/240, rather than because the ratio was greater than the indicator value
of 11.

4.6.13.3.5 Plutonium-238 in Shallow Lysimeter Samples—A total of 105 shallow
lysimeter samples were analyzed for Pu-238 between 1997 and May 2001, with seven positive detections
(see Table 4-62). Four of the detections were greater than the 1E-05 aquifer RBC of 3.6 pCi/L. The
aquifer RBC does not apply to lysimeter samples, but is used only for a basis of comparison. Five of the
seven samples that exceeded the aquifer RBC occurred near Pad A and Pit 5. The PA prefix on the
lysimeter name indicates a Pad A lysimeter. Of the five detections near Pad A, the three samples from
Lysimeters PA01 and PA02 were reanalyzed and detections were not confirmed. The two samples
containing detectable amounts of Pu-238 in Lysimeter PA03 were not reanalyzed because of insufficient
sample volume. The occurrence of the Pu-238 detections in shallow lysimeter samples is shown
in Figure 4-28.

Table 4-62. Detected concentrations of plutonium-238 in shallow lysimeters.

Lysimeter
Depth
(ft)

Concentration ± la
(pCiJL) Confirmation Flag' Date

PA01-L15 14.3 9± 2 B April 1998
2.3 ± 0.7 B September 2000

PA02-L16 8.7 3.7 t 0.4 B December 2000

PA03-L33 10 24 ± 2 A August 1997
2.2 ± 0.5 A February 1998

98-4L38 (SDA-08) 17 0.9 ± 0.3 B September 2000

98-5L39 (SDA-10) 10.5 5.6 ± 1.6 B April 1998
a. Confirmation flag:
A = No second sample collected, no reanalysis performed.
B = Reanalysis performed, no confirmation.

Note: Values in red bold indicate that the concentration exceeds the 1E-05 aquifer risk-based concentration (RBC) of
3.6 pCi/L for Pu-238. The RBCs for the aquifer do not apply to soil moisture samples, but are used here as a basis of
comparison.
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Analysis was performed for Pu-238, but none was detected.

Pu-238 was detected (pCi/L).

If more than one detection occurred in a Well in a single quarter. only the highest concentration is listed.

Figure 4-28. Occurrence of plutonium-238 in shallow lysimeter samples (detected concentrations in pink).

Four of the seven positive Pu-238 detections were greater than the aquifer RBC. The ceramic cup
of the lysimeter may filter plutonium and bias the measurement low (see Section 4.5.6); therefore, the
Pu-238 measured in the lysimeter samples may not be representative of the actual soil moisture
concentrations.

A Pu-238 trend might be developing in Lysimeter PA02-L16. All but one of the Pu-238 values in
this lysimeter are nondetections, but an observable increase has been observed in their concentrations
over time. There was a statistical detection result greater than 2a but less than 30 in September 2000 and
a positive detection in December 2000.

The August 1997 sample from Lysimeter PA03-L33 exceeded the aquifer RBC of 3.6 pCiJL. The
next sample taken from Lysimeter PA03-L33 (February 1998) contained detectable amounts of Pu-238,
but five subsequent samples pulled from that lysimeter well (April and December, 1998; May and
November 1999; and March 2000) did not contain detectable Pu-238 (see Figure 4-29). Ultra low-level
thermal ionization mass spectrometry (TIMS) analysis did not confirm the presence of Pu-238 above
0.002 pCi/L in PA03-L33 or any other shallow lysimeter well (see Section 4.6.14).

4.6.13.3.6 Plutonium-239/240 in Shallow Lysimeter Samples—A total of 107 shallow
lysimeter well samples were analyzed for Pu-239/240 between 1997 and May 2001, resulting in one
positive detection. The positive sample came from Lysimeter PA02-L16 in December 2000 and had a
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concentration of 030 ± 0.17 pCi/L. The positive result was not confirmed by reanalysis of the original
sample. The occurrence of the positive Pu-239/240 detection relative to the other shallow lysimeter
sampling events is shown in Figure 4-29.

The plutonium may be filtered out of the sample by the ceramic cup of the lysimeter (see
Section 4.5.6), and the Pu-239/240 measured in the lysimeter samples may not be representative of the
actual soil moisture concentrations.
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Analysis was performed for Pu-239/240, but none was detected.

Pu-239/240 was detected (pCi/L).

If more than one detection occurred in a well in a single quarter, only the highest concentration is listed. _.

Figure 4-29. Occurrence of plutonium-239/240 detections in shallow lysimeters.

4.6.13.3.7 Plutonium Ratios in Shallow Lysimeter Samples—When a sample contains
both Pu-238 and Pu-239/240, the ratio of Pu-238:Pu-239/240 can be an indicator of whether the waste
source was originally reactor operations or weapons manufacture. In general, activity ratios around 0.02
to 0.03 are indicative that the plutonium in the sample originated from weapons manufacturing waste, and
activity ratios around 11 are indicative that the waste source was reactor operations. A sample with
Pu-238 but no detectable Pu-239/240 is usually indicative of waste from reactor operations. A sample
with Pu-239/240 but no Pu-238 is indicative of weapons-related waste.

All plutonium detections and ratios associated with shallow soil moisture sample analysis indicate
the plutonium detections are from high burnup reactor-related waste and not weapons manufacturing
waste (see Table 4-63). The lysimeter wells showing reactor-generated plutonium (Wells PAOI, PA02,
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and PA03) are located near Pad A and Pit 5. Soil moisture samples from these same lysimeters also show
elevated levels of uranium. A single, low-level Pu-238 detection was identified that is associated with
Well 98-4. Well 98-5 at the west end of the SDA also yielded a single detection; however, it contained a
supporting Pu-239/240 detection with a ratio that suggests plutonium in this soil moisture sample is likely
from reactor operations.

Table 4-63. Detections of plutonium and plutonium-238:plutonium-239/240 activity ratios associated
with positive detections from the same shallow lysimeter samples. 

Lysimeter
Pu-238
(pCi/L)

Pu-239/240
(pCi/L)

Pu-238:
Pu-239/240

Activity Ratio

Probable
Waste-Generating

Process Date

98-4L38 0.9 Analyzed for
but not
detected

Not applicable
(NA)

Reactorsa September 2000

(ND)

98-5L39 5.6 ND NA Reactorsa April 1998

PA01-L15 9 ND NA Reactorsa April 1998

PA01-L15 2.3 ND NA Reactorsa September 2000

PA02-L16 3.7 0.7 5.3 Reactorsa December 2000

PA03-L33 24 ND NA Reactorsa August 1997

PA03-L33 2.2 ND NA Reactorsa February 1998

a. Positive Pu-238 detections without accompanying detections of Pu-239/240 are indicative of high bumup reactor fuel and

fuel processing waste. The Pu-238 activity in high bumup reactor fuel and fuel processing waste is approximately 11 times
higher than the Pu-239/240 activity. Thus, the Pu-238:Pu-239/240 ratio for reactor operations is approximately 11. 

4.6.13.3.8 Summary of Plutonium in Shallow Lysimeter Samples—Plutonium
detections are sporadic in shallow lysimeter samples. The detection rate was 6.7% for Pu-238 and 0.9%
for Pu-239/240. Five of the seven Pu-238 detections occurred around Pad A and Pit 5. The only
Pu-239/240 detection also occurred near Pad A. The ratios associated with shallow soil moisture sample
analysis suggest that the plutonium detections are from high bumup reactor-related waste and not
weapons manufacturing waste.

4.6.13.4 Lysimeter Samples at Depths of 35 to 140 ft

4.6.13.4.1 Plutonium-238 in Intermediate-Depth Lysimeter Samples—A total of 40
samples from 13 lysimeters in the 35 to 140-ft depth interval were analyzed for Pu-238 between 1997 and

May 2001, with three positive detections (see Table 4-64). One of these was greater than the 1E-05
aquifer RBC of 3.6 pCi/L. The detections are shown in Figure 4-30.

All positive detections occurred in the August 1997 sampling round. The positive sample results
could not be confirmed by reanalysis because available sample volumes were limited. Subsequent
samples collected from these three wells (through May 2001) have not contained detectable levels of
Pu-238.
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Analysis was performed for Pu-238, but none was detected.

Pu-238 was detected (pCi/L).

If more han one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-30. Occurrence of detectable plutonium-238 (in pink) in lysimeter samples from the 35 to 140-ft
depth interval.

Table 4-64. Positive detections of plutonium-238 in the vadose zone samples from 35 to 140-ft depth
interval.

Lysimeter
Depth
(ft)

Concentration ± la
(pCifL) Confirmation Flag' Date

D06-DLO1 88 11.6 ± 1.8 A August 1997

D06-DLO2 44 3.3 ± 0.6 A August 1997

D15-DLO6 98 3.1 ± 0.7 A August 1997
a. Confirmation flag:
A = No second sample collected, no reanalysis performed.

Note: Values in red bold indicate that the concentration exceeds the 1E-05 aquifer risk-based concentration (RBC) of
3.6 pCifL. The RBCs for the aquifer do not apply to soil moisture samples. but are used here as a basis of comparison. 

The detection in Lysimeter D06-DLO1 exceeded the aquifer 1E-05 RBC, but no detectable
concentrations have been measured in this lysimeter since 1998. However, the plutonium may be filtered
out of the sample by the ceramic cup of the lysimeter (see Section 4.5.6), and the Pu-238 measured in the
lysimeter samples may not be representative of the actual soil moisture concentrations.
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4.6.13.4.2 Plutonium-239/240 in Intermediate-Depth Lysimeter Samples—A total of

39 lysimeter samples from the 35 to 140-ft depth interval were analyzed by the INEEL for Pu-239/240
between 1997 and May 2001, with three positive detections (see Table 4-65). The occurrence of these
detections is shown graphically in Figure 4-31.

Table 4-65. Plutonium-239/240 detections in lysimeters from the 35 to 140-ft depth interval of the vadose
zone.

Lysimeter
Depth
(ft)

Concentration ± la
(pCi/L) Confirmation Flag' Date

TWI-DLO4 101.7 0.34 ± 0.09 A November 1998

D15-DLO6 98 1.1 ± 0.3 A August 1997

04S-DL24 98 3.3 ± 1.0 B December 2000

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.
B = Reanalysis performed, no confirmation.
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Analysis was performed for Pu-239/240, but none was detected.

Pu-239/240 was detected (pCi/L).

If more than one detection occurred in a well in a single quarter. only the highest concentration is listed.

Figure 4-31. Occurrence of plutonium-239/240 detections in lysimeter samples from 35 to 140-ft deep.
Pink indicates a detected concentration.
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The positive sample results were all less than the aquifer RBC and were not confirmed by
reanalysis. Subsequent samples collected from these three wells (through May 2001) have not contained
detectable Pu-239/240.

Some of the lysimeter samples analyzed using TIMS indicated that samples from Lysimeter
TW1-DLO4 may contain Pu-239. This is discussed more in Section 4.6.14.

The detected concentrations of Pu-239/240 in lysimeter samples are less than the aquifer RBC of
3.5 pCi/L. However, the plutonium may be filtered out of the sample by the ceramic cup of the lysimeter
(see Section 4.5.6), and the Pu-239/240 measured in the lysimeter samples may not be representative of
the actual soil moisture concentrations.

4.6.13.4.3 Plutonium Ratios in Intermediate-Depth Lysimeter Samples—Most
plutonium detections and ratios associated with the intermediate-depth soil moisture sample analyses
indicate the plutonium detections are from both weapons manufacturing waste and reactor fuel (see
Table 4-66). Wells D06 and TW1 are located near each other, yet their ratios indicate different waste
sources. This inconclusive information may be associated with variability in sample concentrations near
the detection limit.

Table 4-66. Detections of plutonium-238 and plutonium-239/240, and the plutonium-238: 239/240
activity ratios for intermediate-depth lysimeter samples. 

Lysimeter
Pu-238
(pCi/L)

Pu-239/240
(pCi/L)

Pu-238:
Pu-239/240
Activity
Ratio

Possible
Waste Source

Sample
Depth
(ft) Date

D06-DLO1 11.6 Analyzed for
but not
detected

Not
applicable
(NA)

Reactorsa 36 to 140 08/1997

(ND)

D06-DLO2 3.3 ND NA Reactorsa 36 to 140 08/1997

D15-DLO6 3.1 1.1 2.8 Indeterminate 36 to 140 08/1997

04S-DL24 ND 3.31 NA Weaponsb 36 to 140 12/2000

TW1-DLO4 ND 0.34 NA Weaponsb 36 to 140 11/1998

a. Positive Pu-239/240 detections, without detections of Pu-238, are indicative of weapons (i.e., manufacturing waste or
fallout). The Pu-239/240 activity in weapons manufacturing waste is approximately 40 times higher than the Pu-238 activity.
Therefore, the Pu-238:Pu-239/240 ratio for weapons manufacturing waste is 0.02 to 0.03, whereas the Pu-238:Pu-239/240
ratio for fallout is approximately 0.03 to 0.06.

b. Positive Pu-238 detections without detections of Pu-239/240 are indicative of high burnup reactor fuel and fuel processing
waste. The Pu-238 activity in high burnup reactor fuel and fuel processing waste is approximately 11 times higher than the
Pu-239/240 activity. Therefore, the Pu-238:Pu-239/240 ratio for fuel is approximately 11. In many cases presented in this
table, the concentration of expected Pu-239/240 would be too low to detect. 

4.6.13.4.4 Summary of Plutonium in Intermediate-Depth Lysimeter Samples—
Plutonium occurs sporadically in the intermediate-depth lysimeters. Detection rates in the routine
monitoring samples were 7.5% for Pu-238 and 7.7% for Pu-239/240. However, the plutonium may be
filtered out of the sample by the ceramic cup of the lysimeter (see Section 4.5.6), and the Pu-239/240
measured in the lysimeter samples may not be representative of the actual soil moisture concentrations.
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Two noteworthy trends were identified in the plutonium data, as follows:

• Detectable concentrations of Pu-238 occurred in lysimeters at the 44- and 88-ft depths in Well D06
in the August 1997 sampling

• Plutonium-239/240 was detected in core TW1 (i.e., 101 to 101.2 ft), and later in
Lysimeter TWI-DLO4 (i.e., 101.7 ft).

Otherwise, no other trends are notable. In Well D06 lysimeters, positive detections have not
occurred in the three sampling events subsequent to the August 1997 detections. Plutonium ratios in the
intermediate-depth lysimeters are indicative of both weapons- and reactor-related waste.

4.6.13.5 Deep Lysimeter and Perched Water Samples at Depths Greater than 140 ft

4.6.13.5.1 Plutonium-238 in Deep Lysimeter and Perched Water Samples—The
USGS and INEEL jointly sample perched Well USGS-92. A total of 56 water samples and nine filtered
sediment samples from the deep suction lysimeters and perched water wells were analyzed for Pu-238 by
the USGS and INEEL between 1972 and December 2000. Three positive detections were identified (see
Table 4-67). One of the samples exceeded the 1E-05 RBC for the aquifer.

Table 4-67. Positive detections ofplutonium-238 from lysimeters and perched water wells.

Concentration ±
Concentration ± 16

16 (PCi/g)
Lysimeter Depth (pCi/L) Confirmation Filtered Confirmation
or Well (ft) Water Flag' Sediments Flag' Date

USGS-92 214 0.025 ± 0.008h None Not analyzed None May 1974
(NA)

0.39 ± 0.05 None NA None November
NA None 1.4 ± 0.3 A 1994

4.8 ± 1.0 B NA None April 1997
December
2000

a. Confirmation flag.
A = No second sample collected. no reanalysis performed.
B = Reanalysis performed. no confirmation.

b. The 1972 to 1974 data must be used with discretion. They are questionable because of cross-contamination concerns.
Note: Values in red bold indicate that the concentration exceeds the 1E-05 aquifer risk-based concentration (RBC) of 3.6 pCi/L for Po-238. 

Subsequent water samples collected from Well USGS-92 (through December 2000) have not
contained detectable Pu-238. The reanalysis result of the December 2000 water sample was a nondetect.
A questionable Pu-238 detection was identified in May 1974. Detections associated with USGS wells
between 1972 and 1974 are known to be suspect and questionable because of cross-contamination
problems associated with early well drilling and well construction techniques and the types of sampling
methodology employed at that time (Barraclough et al. 1976) (see Section 4.5.7).

Perched water samples are filtered because they typically contain sediments. Some filtered
fractions also were analyzed for Pu-238. The filtered fraction from one sample had a detection of Pu-238
but could not be confirmed by reanalysis because of limited sample volume.
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Plutonium in the perched water samples collected with the bailer (e.g., Well USGS-92 or 8802D) is

not subject to sorption by the ceramic filter because there is no porous cup involved.

4.6.13.5.2 Plutonium-239/240 in Deep Lysimeter and Perched Water Samples—A
total of 56 water samples and nine filtered sediment samples from the deep suction lysimeters and
perched water wells were analyzed for Pu-239/240 by the USGS and WAG 7 between 1972 and
December 2000. Two positive detections were identified, neither of which exceeded the aquifer RBC of

3.5 pCi/L (see Table 4-68).

Table 4-68. Positive detections of plutonium-239/240 from lysimeters and perched water wells.

Concentration ± la Concentration ± la
Lysimeter or Depth (pCi/L) Confirmation (pCi/g) Confirmation

Well (ft) Water Flaga Filtered Sediments Flaga Date

USGS-92 214 Not analyzed (NA) None 0.32 ± 0.06 B February 1998

06D-DL26 225 2.7 ± 0.6 None NA A June 2000

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.
B = Reanalysis performed, no confirmation. 

Perched water samples are filtered because they typically contain sediments. The filtered fractions
also are analyzed for Pu-239/240. Two separate samples were collected from Well USGS-92 in
February 1998 and filtered, and the positive sediment sample result was not confirmed by reanalysis of
the duplicate sample. The USGS and INEEL jointly sample perched water from Well USGS-92; however,
the other RWMC perched wells and lysimeters are the responsibility of the INEEL.

Subsequent water samples collected from perched Well USGS-92 and lysimeter Well 06D
(through December 2000) have not contained detectable amounts of Pu-239/240. The positive water
sample result from Well 06D could not be confirmed by reanalysis of the original sample because the
volume of water collected was insufficient to perform the analysis.

Plutonium may be filtered out of the sample by the ceramic cup of the lysimeter (see
Section 4.5.6), and the Pu-239/240 measured in the lysimeter samples may not be representative of the
actual soil moisture concentrations. However, perched water samples collected with the bailer
(e.g., Well USGS-92 or 8802D) are not subject to ceramic filtering because no porous cup is involved.
Ultra low-level Pu-239 and Pu-240 analyses using TIMS were conducted on some perched water samples
to verify the presence of plutonium. The results are presented in Section 4.6.14. The TIMS results for
perched Well 8802D justify continued observation, but no conclusions can be drawn based on the limited
data set.

4.6.13.5.3 Plutonium Ratios in Deep Lysimeter and Perched Water Samples—The
plutonium detections and ratios associated with the deep lysimeter and perched water sample analyses
indicate the plutonium originates from both weapons manufacturing waste and reactor operations (see
Table 4-69). A single, low-level Pu-239/240 detection associated with lysimeter Well 06D was
identified; however, it is premature to conclude that the Pu-239/240 detected in this well is from weapons
without additional radioanalytical data. It is interesting to note that the two perched water sample results
from Well USGS-92 are indicative of reactor operations, whereas a filtered sediment sample, from a
different Well-USGS-92 sample indicates weapons waste. Most likely, the conflicting indications are
associated with analytical error near the detection limit.
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Table 4-69. Detections of Pu-238, Pu-239/240, and the Pu-238:Pu-239/240 activity ratios for deep
lysimeter or perched water well samples. 

Lysimeter
or Well

Pu-238
(pCi/L) Pu-239/240

Pu-238:
Pu-239/240
Activity
Ratio

Probable
Waste-

Generating
Process
Source Sample Type

Sample
Depth
(ft) Date

06D-DL26 Analyzed
for but
not

detected

2.7 pCi/La Not
applicable
(NA)

Weapons Soil moisture 220 June 2000

(ND)

USGS-92 0.39" ND NA Reactors" Perched water 214 November 1994

USGS-92 ND 0.32 pCi/g NA Weaponsa Filtered
sediment

214 February 1998

USGS-92 4.8 ND NA Reactors" Perched water 214 December 2000

a. Positive Pu-239/240 detections, without detections of Pu-238, are indicative of weapons manufacturing waste or fallout. The Pu-239/240 activity
in weapons manufacturing waste is approximately 40 times higher than the Pu-238 activity. Therefore, the Pu-238:Pu-239/240 ratio for weapons
manufacturing waste is 0.02 to 0.03, whereas the Pu-238:Pu-239/240 ratio for fallout is approximately 0.03 to 0.06.

b. Positive Pu-238 detections without detections of Pu-239/240 are indicative of high burnup reactor fuel and fuel processing waste. The Pu-238
activity in high burnup reactor fuel and fuel processing waste is approximately 11 times higher than the Pu-239/240 activity. Therefore, the
Pu-238:Pu-239/240 ratio for fuel is approximately 11. In many cases presented in the table above, the concentration of expected Pu-239/240 would
be too low to detect.

4.6.13.5.4 Summary of Plutonium in Deep Lysimeter and Perched Water
Samples—Plutonium occurs sporadically in samples collected from the deep lysimeters and perched
water wells. When detected, the Pu-238 or Pu-239/240 in Well USGS-92 occurred in either the sediment
or the water sample, but never occurred in both media from the same sampling event. The detections in
perched Well USGS-92 are most likely because of sample contamination or random error equivalent to
that seen in true background locations. The positive detection in the liquid sample was not confirmed by
reanalysis and it is unlikely that Pu-238 would be detected in the liquid but not the solid form. The
plutonium detections and ratios associated with the deep lysimeter and perched water sample analyses are
indicative of both weapons manufacturing waste and reactor operations.

4.6.13.6 Aquifer

4.6.13.6.1 Plutonium-238 in Aquifer Samples—Of the total 264 RWMC aquifer well
samples analyzed by INEEL for Pu-238 between 1992 and April 2001, 10 were positive detections (see
Table 4-70). The occurrences of the detections from both the INEEL and USGS wells monitored between
1992 and 2001 are shown in Figure 4-32.

Only the October 2000 Pu-238 results for aquifer Wells M7S and MllS had supporting reanalysis
confirmation of the original sample. Subsequent samples collected from the seven wells (through
April 2001) have not contained detectable Pu-238 with the exception of a Pu-238 detection in aquifer
Well M6S from the January 2001 sample collection period.

In addition to the detections shown in Table 4-70, eight results were identified from the
September 2000 INEEL sampling campaign that had been reported as positive detections, but were
reevaluated and classified as false positive because Pu-238 also was detected in the corresponding field
blank at a concentration equivalent to the sample results. The September 2000 data were revalidated and

4-98



the revised limitations and validations report was issued to DOE-ID on January 31, 2002 (see footnote a,
p. 4-52).

Table 4-70. Detected concentrations of Pu-238 from aquifer monitoring around the Radioactive
Waste Management Complex.

Concentration ± 16
Aquifer Well (pCi/L) Confirmation Flaga Date

MIS 0.019 ± 0.006 B October 2000

M3S 0.37 ± 0.07 B September 2000

M4D 0.028 ± 0.008 B October 2000

M6S 0.044 ± 0.010 April 1999
0.17 ± 0.03 January 2001

M7S 0.071 ± 0.013 October 2000
0.047 ± 0.010 October 2000

MlOS 0.018 ± 0.006 A October 2000
MllS 0.026 ± 0.007 October 2000

0.030 ± 0.007 October 2000

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.
B = Reanalysis performed. no confirmation.
D = Detection confirmed by reanalysis.

Note: Highlighted values indicate that the sample was reanalyzed and the reanalysis confirmed the presence of Pu-238.

Seven of the 10 Pu-238 detections in Table 4-70 occurred in October 2000. The large number of
positive Pu-238 detections from the October 2000 sampling event is unusual. These positive, low-level
Pu-238 detections were highly scrutinized by INEEL and the USGS scientists and no analytical anomalies
were found that would discredit the results. However, there are several reasons why the October 2000
results from the INEEL are still questionable. These are listed below:

• Samples from Wells MIS and M3S are routinely cosampled by the 1NEEL, the USGS, and state
oversight program. The radioanalytical results are used for comparative purposes to help confirm
the presence or absence of measured radionuclides. The samples collected by the state oversight
program in October 2000 show one detection from Well MIS and one nondetection from
Well M3S (see Table 4-71). None of the USGS samples between 1993 and April 2001 showed
positive detections for Pu-238, including the sample from October 2000 (see Table 4-72). The
comparative results provide conflicting evidence about the presence of Pu-238 in samples collected
from Wells M1S and M3S.

• Other actinides (e.g., Pu-239/240 and Am-241) were not detected with the Pu-238, which is
unusual for contamination emanating from waste generated by weapons manufacturing.

• Because of the inconsistent results, the potential for cross-contamination at the analytical
laboratory was examined. No issues were identified; however, additional quality control samples
were specified for subsequent sampling efforts to increase confidence in the analytical results for
low-level detections at concentrations very close to the method detection limit.
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Table 4-71. Plutonium-238 detections in cosampled Wells M1S and M35 during September and
October 2000.

September 2000 October 2000

Sampler M1S M3 S M15 M3S

Idaho National
Engineering and

Analyzed for but not
detected (ND)

Detected Detected ND

Environmental Laboratory

U.S. Geological Survey Not sampled (NS) NS ND NS

State oversight ND ND Detect ND

Table 4-72. Plutonium-238 detections from U.S. Geological Survey aquifer monitoring around the
Radioactive Waste Management Complex. 

Aquifer Well
Concentration ± la

(pCi/L) Date

USGS-87

USGS-88

USGS-89

USGS-90

0.040 ± 0.009'
0.029 ± 0.008'
0.080 ± 0.006"

0.028 ± 0.007'
0.27 ± 0.03'
0.040 ± 0.010a
0.033 ± 0.009'
0.81 ± 0.08

0.040 ± 0.010'
0.021 ± 0.006a
0.040 ± 0.010'
0.040 ± 0.010a

0.96 ± 0.09a
9.00 ± 0.03a
0.13 ± 0.02a
0.035 ± 0.0094

a. The 1972 to 1974 data must be used with discretion. They are questionable
Section 4.5.5).
Note: Values in red hold indicate that the concentration exceeded the 1E-05 aquifer risk-based concentration for Pu-238 of
3.6 pCi/L.

April 1973
May 1973

November 1973

April 1973
May 1973

December 1973
April 1974
April 1983

September 1973
November 1973

April 1974
May 1974

February 1972
September 1972

July 1973
February 1974

because of cross-contamination concerns (see

• A statistical analysis of the data indicated that the cluster of detections was statistically anomalous,
and that the detected Pu-238 was most likely from a source other than the aquifer (Leecaster 2002).

Numerous improvements were made to the sampling and analytical protocols to increase
confidence in the analytical results for low-level detections at concentrations very close to the method
detection limit (see Section 4.5.1). The INEEL sampling, analytical, and data reporting protocols now
require an equipment rinsate, a certified sealed quality control blank that is not opened until it arrives at
the analytical laboratory, and statistical hypothesis testing of all plutonium and americium data. Also,
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because of the cluster of Pu-238 detections, the laboratory created a cleanroom for processing and
preparing very low-level samples.

Only the October 2000 Pu-238 results for aquifer Wells M7S and Ml iS had supporting reanalysis
confirmation of the original sample. Subsequent samples collected from the seven wells in Table 4-72
(through April 2001) have not contained detectable Pu-238 from the January 2001 sample collection
period, with the exception of a Pu-238 detection in aquifer Well M6S (see Figure 4-32).

In addition to the aquifer monitoring routinely conducted by the INEEL, the USGS manages,
controls, and routinely samples eight other aquifer wells in the vicinity of the RWMC. These eight wells
have been monitored by the USGS for Pu-238 since 1972. A total of 489 USGS aquifer well samples in
the vicinity of the RWMC were analyzed for Pu-238 between 1972 and October 2000. There were
16 detections (3.3%), with 15 of them occurring between 1972 and 1974, shortly after the wells were
drilled and installed (see Table 4-72). The 1972 to 1974 detections are known to be suspect and
questionable because of cross-contamination problems (Barraclough et al. 1976). Samples collected by
the USGS between 1975 and 2000 have shown only one detectable Pu-238 concentration. The detection
occurred in a sample collected from Well USGS-88 in April 1983. The relatively high concentration was
not confirmed by reanalysis and no detections have occurred in the 51 subsequent sampling events from
April 1983 through October 2000. The concentrations of detectable Pu-238 are below the MCL for total
alpha-emitting radionuclides (i.e., 15 pCi/L). The 1972 through 1991 USGS Pu-238 occurrences are
shown in Figure 4-33.
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Year Quarter USGS-87 USGS-88 USGS-89 USGS-90 RWMC Prod USGS-117 USGS-119 11SCS-120

1972

1 0.96

2

3 9.00

4

1973

I

2 0.01{) 0.27

3 0.040 0.13

4 0.080 0.040 0.021

1974

I 0.035

2 0.033 0.040

3

4

1975

1

2

3

4

1976

1 t
2

3

4

1977

1

2

3

4

1978

1

3

4

1979

1

2

3

4

1980

I

21

4

1981

1

2

3

4

1982

I

2

3

4

1983

1

2 0,81

1

4

1984

1

2

3

4

1985

1

2

3

4

1986

1

2

3

4

1987

1

2

3

4

1988

1 1
2

3

4

1989

1

2

3

4

1990

1

3

4

1991

r

1

2

3

4

Key

Analysis was conducted for Pu-238 but none was detected.

Pu-238 was detected (pCi/L).

If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-33. Occurrences of plutonium-238 in aquifer samples collected by the U.S. Geological Survey from 1972 through 1991.   



4.6.13.6.2 Plutonium 239/240 in Aquifer Samples—A total ❑f 264 RWMC aquifer well
samples were analyzed by the INEEL for Pu-239/240 between 1992 and April 2001, with three positive
detections (see Table 4-73).

Table 4-73. Plutonium-239/240 detections in wells monitored by the Idaho National Engineering and
Environmental Laboratory. 

Concentration ± lcs
Aquifer Well (pCi/L) Confirmation Flag' Date 

M3S 0.09 ± 0.02 B September 2000

M4D 1.3 ± 0.3 A May 1993
4.3 ± 0.5 A November 1993

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.
B = Reanalysis performed. no confirmation.

Note: Values in red hold indicate that the concentration exceeds the 1E-05 aquifer risk-based concentration of 3.5 pCiJL for
13u-239/240.

The sample from Well M3S (with the positive result) was reanalyzed and the reanalysis failed to
confirm that the contaminant was present. The samples from Well M4D (with positive detections) were
not reanalyzed. Subsequent samples collected from the two wells (through April 2001) have not contained
detectable Pu-239/240. The occurrence of the detections relative to other samples collected by the INEEL
between 1992 and 2001 is shown in Figure 4-34.

Samples from the INEEL aquifer Wells MIS, M3S, and M7S are routinely split with the USGS
and the radioanalytical results are used for comparative purposes to help confirm detections and
nondetections. None of the samples split with the USGS between 1993 and April 2001 showed positive
detections for Pu-239/240.
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Besides the 15 RWMC monitoring wells routinely sampled by the INEEL, the USGS manages,
controls, and routinely samples eight other wells in the vicinity of the RWMC. These eight wells have
been monitored by the USGS for Pu-239/240 since 1972. Out of 485 analyses, six detections of
Pu-239/240 were identified (see Table 4-74).

Table 4-74. Plutonium-239/240 detections in U.S. Geological Survey monitoring wells.

Aquifer Well
Concentration ± la

(pCi/L) Date

USGS-87 0.030 ± 0.004'
0.030 ± 0.008'

USGS-88 0.040 ± 0.009'
0.040 ± 0.010

USGS-89 0.29 ± 0.02a
0.036 ± 0.008a

November 1973
April 1974

April 1974
October 1976

May 1973
May 1974

a. The 1972 to 1974 data must be used with discretion. They are questionable because of cross-contamination concerns (see
Section 4.5.5).

Five of the six detections occurred between 1972 and 1974, shortly after the wells were drilled and
installed. The 1972 to 1974 detections are known to be suspect because of cross-contamination problems
(Barraclough et al. 1976). Only one subsequent sample collected from the USGS wells (from 1975
through 2000) has contained detectable Pu-239/240. The occurrences of all the positive Pu-239/240
detections in the USGS wells between 1972 and 1991 are shown in Figure 4-35.

The concentrations of detectable Pu-239/240 are below the aquifer 1E-05 RBC of 3.5 pCi/L.

Low-level TIMS analyses of aquifer samples do not confirm the presence of Pu-239 in the aquifer
(see Section 4.6.14)

4.6.13.6.3 Plutonium Ratios in Aquifer Samples—The activity ratios for the aquifer
samples with detectable plutonium are shown in Table 4-75. Plutonium-238 has been detected in aquifer
samples using radiochemical analysis, without detecting Pu-239 (e.g., several wells in the October 2000
sampling and Well USGS-88 in April 1983). Such occurrences are suggestive of reactor-related waste
because reactor waste contains more Pu-238 activity than Pu-239/240 activity.

Some of the 1970s plutonium data from the aquifer samples are questionable because of
cross-contamination concerns. Excluding the 1970s data 15 plutonium detections remain (i.e., 11 Pu-238
and four Pu-239/240) out of 29 analyses (see Table 4-75). Of those 15 detections, eight are associated
with the September and October 2000 sampling events. The September and October plutonium data are
highly questionable because (a) such a cluster of detections is highly irregular, (b) no plutonium
detections have been identified in subsequent sampling events, (c) the field blank for the September 2000
samples contained a positive detection of Pu-238, (d) the results were not corroborated by samples
collected in the same time frame by the oversight committee or USGS, and (e) the two sample sets did not
contain a sealed quality control blank sample to assess potential laboratory-introduced contamination (see
Section 4.6.1.3).
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Year Quarter 11SGS-87 USGS-88 USGS-89 USGS-90 RWMC Prod USGS-1I7 USGS-119 USGS-120

1

2
1972

3

4

[973

1

2 0.29

3

4 0.030

1974

1

2 0.030 0.040 0.036

3

4

1975

l

2

3

4

1979

1

2

3

4 0.040

1977

1

2

3

4

1978

1

2

3

4

1979

1

2

'3

4

198(1

1

2

1

4

1981

1

2

4

1982

1

2

3

4

1983

1
,

4

1984

1

3

4

1985

1

2

3

4

1989

1

2

3

4

1987

1

2

3

4

1988

1

2

3

4

1989

1

2

3

4

1990

1

2

3

4

1991

l

2

3

4

Key

Analysis was performed for Pu-239/240, hut none was detected.

Pu-239/240 was detected (pCi/L).

11 more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-35. Occurrence of Pu-239/240 in wells monitored by the U.S. Geological Survey from 1972 through 1991.



Table 4-75. Plutonium detections and Pu-238:Pu-239/240 activity ratios for aquifer samples.

Aquifer
Well

Pu-238
pCi/L

Pu-239/240
pCi/L

Pu-238:
Pu-239/240

Activity Ratio

Probable
Waste-

Generating
Process"

Sample Depth
Screened
Interval

(ft) Date

M1S 0.019 Analyzed
for but not
detected

Not applicable
(NA)

Reactorsb 608 to 638 Oct 2000

(ND)

M3S 0.37 0.09 4.1 Indeterminate 603 to 633 Sept 2000

M4D 0.0276 ND NA Reactors" 798 to 828 Oct 2000

M4D ND 1.3 NA Weapons' 798 to 828 May 1993

M4D ND 4.3 NA Weapons' 798 to 828 Nov 1993

M6S 0.044 ND NA Reactorsb 642 to 668 April 1999

M6S 0.17 ND NA Reactors" 642 to 668 Jan 2001

M7S 0.071 ND NA Reactors" 598 to 628 Oct 2000

M7S 0.047 ND NA Reactors" 598 to 628 Oct 2000

M1OS 0.018 ND NA Reactorsb 617 to 647 Oct 2000

M1IS 0.026 ND NA Reactorsb 559 to 569, Oct 2000
604 to 624

MllS 0.030 ND NA Reactorsb 559 to 569, Oct 2000
604 to 624

USGS-87 0.040 ND NA Reactorsb 585 to 673 April 1973

USGS-87 0.029 C ND NA Reactors" 585 to 673 May 1973

USGS-87 0.080 ND NA Reactors" 585 to 673 Nov 1973

USGS-88 0.028' ND NA Reactorsb 584 to 635 April 1973

USGS-88 0.27 C ND NA Reactors" 584 to 635 May 1973

USGS-88 0.040' ND NA Reactors" 584 to 635 Dec 1973

USGS-88 0.033 C ND NA Reactorsb 584 to 635 April 1974

USGS-88 ND 0.04 NA Weapons' 584 to 635 Oct 1976

USGS-88 0.81 ND NA Reactors" 584 to 635 April 1983

USGS-89 0.040' ND NA Reactorsb 576 to 646 Sept 1973

USGS-89 0.021' ND NA Reactorsb 576 to 646 Nov 1973

USGS-89 0.040 ND NA Reactors" 576 to 646 April 1974

USGS-89 0.040' ND NA Reactors" 576 to 646 May 1974

USGS-90 0.96' ND NA Reactorsb 577 to 626 Feb 1972

USGS-90
9.00 C ND NA Reactors" 577 to 626 Sept 1972
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Table 4-75. (continued).

Probable Sample Depth
Pu-238: Waste- Screened

Aquifer Pu-238 Pu-239/240 Pu-239/240 Generating Interval
Well pCi/L pCi/L Activity Ratio Process (ft) Date

USGS-90 0.13 C ND NA Reactorsb 577 to 626 July 1973

USGS-90 0.035 C ND NA Reactorsb 577 to 626 Feb 1974
a. Positive Pu-239/240 detections, without detections of Pu-238 are indicative of weapons (manufacturing waste or fallout). The
Pu-239/240 activity in weapons manufacturing waste is approximately 40 times higher than the Pu-238 activity. Therefore, the
Pu-238:Pu-239/240 ratio for weapons manufacturing waste is 0.02 to 0.03.

b. Positive Pu-238 detections without detections of Pu-239/240 are indicative of high bumup reactor fuel and fuel processing
waste. The Pu-238 activity in high burnup reactor fuel and fuel processing waste is approximately 11 times higher than the
Pu-239/240 activity. Therefore, the Pu-238:Pu-239/240 ratio for fuel is approximately 11. In many cases presented in this table,
the concentration of expected Pu-239/240 would be too low to detect.

c. The 1972 to 1974 data must be used with discretion. They are questionable because of cross-contamination concerns (see
Section 4.5.5).

4.6.13.6.4 Summary of Plutonium in Aquifer Samples—Plutonium is detected
sporadically in RWMC aquifer samples and has been confirmed via reanalysis in some cases. With 10
detections out of 264 analyses, the detection rate is around 4%. Of the 10 detections, only the October
2000 results from M7S and M1 1S were confirmed with reanalysis. Both wells with confirmed detections
are upgradient of the SDA, with Well MllS a couple of miles away. The recurring detections coupled
with occasional confirmation of positive detections suggest that Pu-238 is present in the aquifer, though
not as a widespread or continuous plume but rather as randomly occurring particles. Plutonium-238 was
detected in all the wells near the SDA except for Well Ml7S, which is located inside the SDA fence line.

Plutonium-239/240 detections in the aquifer wells are rare, with a detection rate around 1%. Two
detections were identified in aquifer Well M4D (821-ft deep) in 1993 but no other detections in the
11 sampling events since the November 1993. A Pu-239/240 detection recently occurred in aquifer
Well M3S, which previously had no detectable concentrations.

4.6.14 Plutonium Special Study

Because of the sporadic nature of plutonium detections over the years, it was hypothesized that
plutonium may exist in the aquifer beneath the SDA at concentrations just below the detection sensitivity
of routine radioanalytical methodology (approximately 0.02 to 0.03 pCi/L). Therefore, some RWMC
aquifer samples were analyzed using more sensitive analytical methodology. The Isotope
Dilution-Thermal Ionization Mass Spectrometry (ID-TIMS) method with its ultra-low detection capability
was intended to: (a) determine if ultra low (background) levels of plutonium are present in the aquifer,
(b) and if so, identify the sources of plutonium (e.g., fallout, nuclear weapons manufacturing waste,
reactor waste) using Pu-239/240 ratios and, (c) determine if sample results that were previously identified
as statistically positive (greater than 26 but > 3a) actually contained low levels of plutonium. The TIMS
analysis can achieve detection limits on water samples approximately 10 to 100 times lower than standard
radioanalytical methods. The TIMS is capable of attaining detection levels around 0.002 to 0.0002 pCi/L.

Nine shallow lysimeter water samples (i.e., PA01-L15, PA02-L16, PA03-L33, W23-L08,
D06-L01, D06-L02, 98-4L38, 98-5L39, and W25-L28) were collected from the shallow surficial
sediments in 1999 and sent for TIMS analysis. The water samples were filtered and both the filtrate and
filtered material were analyzed for Pu-239. None of the samples yielded evidence of the presence of
Pu-239 above 0.002 pCi/L, with the exception of a statistical anomaly on the PA03 lysimeter well-filter
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result (Roback et al. 2000). The statistical irregularity does not prove the presence of Pu-239 on the

Well PA03 lysimeter well filter; it only suggests the possibility that Pu-239 may be present.

Four intermediate-depth lysimeter samples were collected from the B and C basalt flows and B-C

interbed (D06-DL01, D06-DL02, TW1-DL04, and D15-DL06) in 1999 and sent for TIMS analyses. The

water samples were filtered and both the filtrate and filtered material were analyzed for Pu-239. The

results from filter sample lysimeter well TW1-DLO4 has statistically higher Pu-239 concentrations than

the other lysimeter well samples, which suggests the possibility that Pu-239 may be present in the sample

(Roback et al. 2000).

Two water samples collected from perched Wells USGS-92 and 8802D in 1999 (deep vadose zone)

were sent for TIMS analysis. The water samples were filtered and both the filtrate and filtered material

were analyzed for Pu-239. The Pu-239 result from the 8802D filtered fraction was statistically higher than

the other samples, which suggests the possibility that Pu-239 may be present in the sample

(Roback et al. 2000).

Nine aquifer samples collected in 1999 from RWMC aquifer Wells MIS, M3S, M7S, MlOS,

M14S, USGS-87, USGS-117, USGS-119, and USGS-120 and sent for TIMS analysis. The water samples

were filtered and both the filtrate and filtered material were analyzed for Pu-239. None of the aquifer

samples contained Pu-239 above 0.0002 pCi/L (Roback et al. 2000).

The INEEL plans to continue the TIMS analysis for plutonium (including Pu-238) for selected

RWMC aquifer samples. Because the TIMS is capable of identifying plutonium from fallout, it can be

used to identify background levels of plutonium in the SRPA below the INEEL.

4.6.15 Summary of Plutonium

Plutonium-238 and Pu-239/240 occur sporadically in the vadose zone and aquifer wells, and there

are no obvious trends. Plutonium-238 detection rates for the various media, summarized in Table 4-76,

range from 0% in the deep core samples to 7.5% in the intermediate-depth lysimeter samples. There is no

apparent correlation between detection rates and media or depth. Figure 4-36 shows the distribution of

Pu-238 detections in the various sampling media.

Plutonium-239/240 detection rates range from 0.5% in the aquifer to 13.6% in the intermediate-

depth core samples (see Table 4-77). The Pu-239/240 detection rate is highest in the intermediate-depth

core samples, however, the result is somewhat misleading because there were so many duplicate analyses

of core samples from the 100 to 110-ft depth interval, many of which showed up as detections.

Figure 4-37 shows the distribution of Pu-239/240 detections in the various sampling media.

Some of the boreholes associated with the vadose zone core samples were instrumented with

lysimeters (i.e., TW1) or bailers (i.e., 8802D, USGS-92) and sampled after the core analysis program was

completed. Results from the two programs combined are inconclusive. At TW1, Pu-238 was detected at

the 100-ft depth in the core sample, but not detected in the soil moisture sample; Pu-239/240 was detected

in both the core and the moisture samples. At the USGS-92 perched water well, no plutonium isotopes

were detected in the core samples, but Pu-238 was detected in the filtered perched water and Pu-239/240

was detected in the filtered sediment sample from the bailed perched water.
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Results from aquifer monitoring are also inconclusive. There were several plutonium detections in
USGS wells from 1972 through 1974, suggesting that Pu-238 and Pu-239/240 may have been widespread
at low levels in the aquifer at that time, but those data are highly suspect because of potential
cross-contamination concerns. Subsequent sampling results from the USGS from the same wells show no
detected concentrations of Pu-239/240 since 1976, and only one sample with detected Pu-238 since 1974.
The Pu-238 detection occurred in 1983. There have been no additional plutonium detections in the USGS
wells in the 30 sampling events since these low-level detections of the 1970s and 1983. Low-level
detections of Pu-238 occurred in INEEL aquifer samples in 2000 and 2001, but there were no Pu-238
detections in the most recent sampling event in any of the INEEL wells.

The last 30 years of monitoring data from the vadose zone and aquifer suggest that plutonium
exists not as a widespread or continuous plume in the subsurface of the RWMC, but rather as randomly
occurring particles (see Figures 4-36 and 4-37).

Table 4-76. Detection rates for Pu-238 in the sampled media.

Media

Detection
Rate

(%)
Concentration

Range

Number of
Detections

Higher than the
Risk-Based

Concentrationa

Wells Higher
than the

Risk-Based
Concentration

Vadose zone 0 to 35 ft:
Cores 6.1 0.0149 to 0.26 pCi/g 0 None
Soil moisture 6.7 0.9 to 24 pCi/L 4 PA01, PA02,

PA03, 98-5
Vadose zone 35 to 140 ft:

Cores 7.8 0.0031 to 0.17 pCi/g 0 None
Soil moisture 7.5 3.1 to 11.6 pCi/L 1 D06

Vadose zone greater than 140 ft:
Cores 3.2 0.0015 to 0.033 pCi/g 0 None
Soil moisture 5.4 0.39 to 4.8 pCi/L 1 USGS-92

Aquifer-Idaho National 3.8 0.019 to 0.37 pCi/L 0
Engineering and Environmental
Laboratory

Aquifer-U.S. Geological Survey 3.3 0.03 to 9.00 pCi/L 1 USGS-90
a. For cores, the concentrations are compared to the risk-based concentrations (RBCs) of 29.2 pCi/g. The soil moisture and
aquifer results are compared to a 1E-05 aquifer RBC of 3.6 pCi/L. The RBCs do not apply to soil moisture data but are used here
as a basis of comparison. 
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Table 4-77. Detection rates for Pu-239/240 in the sampled media.

Media

Detection
Rate

(%)

Concentration
Range

Number of
Detections

Higher than the
Risk-Based

Concentrationa

Wells Higher
than the

Risk-Based
Concentration

Vadose zone 0 to 35 ft:
Cores 8.1 0.026 to 1.13 pCi/g 0 None

Soil moisture 0.9 0.70 pCi/L 0 None

Vadose zone 35 to 140 ft:
Cores 14.3 0.009 to 0.74 pCi/g 0 None

Soil moisture 7.7 0.34 to 3.3 pCi/L 0 None

Vadose zone 140 to 250 ft:
Cores 2.5 0.013 to 0.14 pCi/g 0 None

Soil moisture 3.1 2.7 pCi/L 0 None

Vadose zone >250 ft:
Cores 9.0 0.022 pCi/g 0 None

Aquifer-Idaho national 1.1 0.094 to 4.3 pCi/L 1 M4D

Engineering and Environmental
Laboratory

Aquifer-U.S. Geological Survey 1.2 0.030 to 0.29 pCi/L 0 None

a. The concentrations for cores are compared to the risk-based concentration (RBC) of 28.7 pCi/g. The soil moisture and aquifer

results are compared to a 1E-05 aquifer RBC of 3.5 pCi/L. The RBCs do not apply to soil moisture data but are used here as a

basis of comparison. 
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Figure 4-36. Distribution of Plutonium-238 detections in the various sampled media.
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Figure 4-37. Distribution of Pu-239/240 detections in the various sampled media.
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4.6.16 Radium-226

Radium-226 is a radioactive decay product in the naturally occurring U-238 decay chain and in the
Pu-238 decay chain. The Ra-226 concentrations produced from Pu-238 would be extremely low because
of the long half-lives of the intermediary progeny (U-234 and Th-230). Ra-226 decays by the emission of
alpha particles and gamma rays, has a half-life of 1.6E+03 years, and was identified in the IRA as a
COPC, primarily from the external exposure pathway (Becker et al. 1998). Available information about
the presence of Ra-226-bearing waste in the SDA and available Ra-226 monitoring data for all media
were reviewed for this report and are summarized below. The sampling data in this section are evaluated
against the comparison concentrations in Table 4-78.

Table 4-78. Comparison concentrations for radium-226.

Surface Soil
Background
Concentration

(pCi/g)

2.2b

Risk-Based Soil
Concentration'

(pCi/g)

10.87

Aquifer
Background
Concentration

Not established

Maximum
Contaminant

Level
(pCi/L)

5

Risk-Based
Aquifer

Concentration'
(pCi/L) 

1.23

a. The calculated risk-based concentration is equivalent to an increased cancer risk of 1E-05.

b. The background value for gamma spectrometric analysis is unadjusted for U-235 interference (Giles 1998).

c. The background value for gamma spectrometric analysis is adjusted for U-235 interference (Giles 1998). 

4.6.16.1 Waste Zone. About 60 Ci of Ra-226 was disposed of in the SDA. Table 4-79
identifies the waste streams containing the Ra-226 activity.

Additional quantities of Ra-226 are being generated over time through ingrowth (see
Section 4.1.2). Table 4-79 identifies the amount of Ra-226 that would be produced if the entire parent
decayed. Because of the long half-lives of the parent nuclides, it will be many thousands of years before
substantial ingrowth occurs. However, for completeness, the amount of Ra-226 generated from parent
nuclides is listed in Table 4-79. Percentages of the total Ra-226 from parent isotopes are not given
because the amount of Ra-226 present is dependant on the timeframe assessed. Radium-226 decays into
Pb-210 (see Section 4.6.12).

Spectral gamma logging data provided no information about Ra-226.

Table 4-79. Waste streams containing radium-226.

Waste Stream
Code or Waste

Generator Waste Stream Description
Inventory
(Ci)

Proportion of
Total Activity

(%)
OFF-USN-1H Animal carcasses, waste paper towels, glassware, tools,

and laboratory items
4.33E+01 72.3

OFF-ISC-1H Magnesium-thorium scrap, sources and miscellaneous
laboratory equipment

5.00E+00 8.3

OFF-AEF-1H Wipes, gloves, glassware, and dry activated waste
embedded in concrete

3.33E+00 5.6

OFF-DPG-1H Biological waste 1.67E+00 2.8
TRA-603-8H Two Ra-226 sources 1.25E+00 2.1
TRA-603-22H Combustibles 1.25E+00 2.1
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Table 4-79. (continued).

Waste Stream
Code or Waste

Generator

ALE-317-2R

TAN-640-1H

ALE-ALE-1H

Waste Stream Description

Miscellaneous

Total Disposals

Pu-238 ingrowth Half-life equals 8.78E+01 years. See Section 4.6.13

U-238 ingrowth Half-life equals 4.47E+09 years. See Section 4.6.19

U-234 ingrowth Half-life equals 2.45E+05 years. See Section 4.6.19

Th-230 ingrowth Half-life equals 7.70E+04 years.

Combustibles

Radium-beryllium neutron source

Building rubble, electric wires, piping, machinery, tracers
and sources, glass, gloves, paper, filters, and vermiculite

Miscellaneous minor streams

Inventory
(Ci)

1.10E+00

1.00E+00

9.93E-01

1.02E+00

5.99E+01

9.39E+02

3.27E+08

1.03E+04

1.51E+00

Proportion of
Total Activity

(%) 

1.8

1.7

1.7

1.7

100

NA

NA

NA

NA

4.6.16.2 Surface. Because Ra-226 has not been a target analyte for surface monitoring, no

surface data are available.

4.6.16.3 Vadose Zone. The distributions of Ra-226 in vadose zone core, soil moisture, and

perched water in the various depth intervals are discussed below.

Vadose zone core data were compared against one of two surface soil background concentrations,

depending on the analytical method used to obtain the result (see Table 4-78). The vadose zone core

samples analyzed between 1971 and 1993 were equilibrated and the Ra-226 daughters were measured by

gamma spectrometry. Therefore, the 1971 to 1993 Ra-226 data were compared to a background of

1.2 pCi/g. The results from the 1999 and 2000 analyses were obtained by direct measurement of Ra-226

by gamma spectroscopy, unadjusted for U-235 interference, and the 2.1 pCi/g background value was used

for comparison.

Radium-226 from the lysimeter samples was analyzed by gamma spectrometric analysis, and the

detection limits vary from about 25 pCi/L for an 80-mL sample to 1,000 pCi/L for a 25-mL sample.

When larger sample volumes are available, a lower detection limit is achievable, but low concentrations

equivalent to the MCL of 5 pCi/L cannot be detected.

4.6.16.3.1 Vadose Zone Core Samples—A total of 109 vadose zone core samples

were analyzed for Ra-226 between 1971 and 2000. Seventeen samples yielded Ra-226 concentrations

greater than the background concentration for surface soil. All of the samples with relatively high Ra-226

were interbed sediments. Samples with positive detections are shown in Table 4-80.

The vadose zone core analyses between 1971 and 1993 included basalt and interbed samples from

26 cores. Of 32 samples from 26 cores, three results exceeded the applicable background concentrations

of 2.2 pCi/g. These three samples were from adjacent Wells 76-4 and 76-4A.
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Table 4-80. Positive detections of radium-226 greater than the surface soil background concentration in
vadose zone core samples.

Borehole
Identification

Sample Depth
(ft)

Concentration ± la
(pCi/g) Date

76-4 98.6 to 101.1 3.05 ± 0.17 1976

78-4A 97.8 to 100.2 2.10 ± 0.02 1993
223.3 to 224.7 2.60 ± 0.02 1993

I-1S 101.6 to 102.0 7.3 ± 1.8 1999 and 2000
110.6 to 111.0 7.7 ± 1.8 1999 and 2000

I-1D 224.5 to 225.0 7.9 ± 1.6 1999 and 2000
237.6 to 238.0 6 ± 2 1999 and 2000

I-2S 99.0 to 100.0 5.8 ± 1.5 1999 and 2000
111.0 8 ± 2 1999 and 2000

I-2D 223.5 to 224.0 4.3 ± 0.8 1999 and 2000

I-3D 228.5 to 229.0 6.5 ± 1.4 1999 and 2000

I-4S 98.2 to 98.8 3.8 ± 1.2 1999 and 2000

I-4D 229.6 to 230.0 6.4 ± 1.4 1999 and 2000
237.0 to 237.5 6.1 ± 1.4 1999 and 2000
237.5 to 238.0 5.2 ± 1.4 1999 and 2000

I-5S 103.5 to 104.0 4.9 ± 1.3 1999 and 2000

The 1999 and 2000 vadose zone core analyses included 32 interbed samples collected from wells
inside and outside of the SDA. The 13 samples collected outside the SDA all contained background
concentrations. Sixteen of the 19 samples collected from cores inside the SDA exceeded background
values. A summary is provided in Table 4-81 of Ra-226 detections in excess of background
concentrations in vadose zone cores by depth interval.

Table 4-81. Radium-226 detections in excess of background concentrations in vadose zone cores by depth
interval.

Detection Greater Than
Background/Number Wells or

Depth Interval of Samples Range Boreholes with
(ft) (%) (pCi/g) Detections

0 to 35 1/13 (7.7) 1.7 USGS-93
35 to 140 8/55 (14.6) 2.10 to 8 76-4, 76-4A, I-1S,

I-2S, I-4S, I-5S
140 to 250 8/38 (21.1) 2.60 to 7.9 76-4A, I-1D, I2D,

I3D, I4D

More than 250 0/3 (0) Not applicable Not applicable
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4.6.16.3.2 Lysimeter Samples at Depths of 0 to 35 ft—A total of 100 shallow
lysimeter samples were analyzed for Ra-226 between 1997 and May 2001 with two (2%) positive
detections (see Table 4-82). The detections exceed the MCL for the aquifer, and their occurrence relative
to the other shallow lysimeter sampling events is shown in Figure 4-38.

Table 4-82. Positive detections of radium-226 in shallow lysimeters.

Depth Concentration ± lcr
Lysimeter (ft) (pCi/L) Confirmation Flaga Date

PA01-L15 14.3 34 t 10 B September 2000

98-5L39 (SDA10) 10.5 46 ± 11 B May 2001

a. Confirmation flag:
B = Reanalysis performed, no confirmation.

Note: Concentrations in red bold exceed the maximum contaminant level of 5 pCi/L.

Year Quarter
98-1
L35

98-4
L38

98-5
L39

PA01-
L15

PA02-
L16

PA03-
L33

W06-
L27

W08-
L13

W08-
1.14

W23-
LO8

W23-
L09

W25-
L28

1997

E ._
I

3

4

[998

I

2

3

4

1999

1

-I

4

2000

I

I

1 34

4

2001

1

2 46

3

4

Key Ra-226 was analyzed for but not detected.

Ra-226 was detected (pCi/L).

If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-38. Shallow lysimeter monitoring results for radium-226.

4.6.16.3.3 Lysimeter Samples at Depths of 35 to 140 ft—Thirty-eight samples
were collected from 12 lysimeters wells in the 35 to 40-ft depth interval between June 1997 and May
2001 with no positive detections.
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4.6.16.3.4 Lysimeter and Perched Water Samples at Depths Greater than
140 ft—A total of 18 water samples and five filtered sediment samples from perched water wells were
analyzed for Ra-226 between 1997 and September 2000 with no positive detections. No data are available
for the other lysimeter samples obtained at depths greater than 140 ft because the volumes of water
collected were insufficient to perform the analysis. The USGS does not analyze samples from perched
water Well USGS-92 for Ra-226.

4.6.16.4 Aquifer. A total of 191 samples were analyzed from 15 aquifer wells in the vicinity of
the RWMC, with three positive detections of Ra-226 between 1996, when Ra-226 monitoring was
initiated, and April 2001 (see Table 4-83). All of the detections exceed the aquifer 1E-05 risk-based
concentration of 1.83 pCi/L, and one result of 5.4 ± 1.5 pCi/L exceeds the MCL of 5 pCi/L. The USGS
does not analyze for Ra-226 in the eight RWMC wells it manages, controls, and routinely samples.
Figure 4-39 shows when samples were taken from each of the 15 wells and when Ra-226 was positively
detected. As shown, Ra-226 was not detected in any of the wells in at least two subsequent sampling
events following the September 2000 detection.

All sample results for Ra-226 were obtained by direct gamma spectrometric analysis, which
provides an adequate screening analysis but is not suitable for drinking water compliance purposes.
Because drinking water compliance is required only for the RWMC Production Well, the MCL is used for
the other wells as a guideline for comparison.

4.6.16.5 Summary of Radium-226. Vadose zone core samples were collected inside and
outside the SDA. Results from cores outside the SDA were near background concentrations. Cores taken
from the B-C and C-D interbeds inside the SDA contained Ra-226 above the background concentration of
about 1 pCi/g. The samples did not contain elevated U-235, which is known to interfere with Ra-226
results. Therefore, the vadose zone core sample results suggest that Ra-226 is present in the vadose zone
above background concentrations.
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Table 4-83. Positive detections of radium-226 in aquifer wells.

Aquifer Well
Concentration ± la

(pCi/L) Confirmation Flaga Date

OW-2 4.0 ± 1.3 A October 2000
(1 mi south of SDA)

M1 IS
(upgradient)

4.8 ± 1.3 A September 2000

Ml7S 5.4 ± 1.5 A September 2000

a. Confirmation flag:
A = No second sample collected. no reanalysis performed.

Note: Concentrations in red hold exceed the maximum contaminant level of 5 pCi/L.

Year Quarter MIS M3S M4D M6S M7S M IOS M 11S MI2S Ml3S M14S M15S M1 6S M17S OW-2
All
A131

1996

I

2

1

4

1997
.-)

3

4

1998

1

2

3

4

1999

I

2

3

4

2000

1

2

3 4.8 5.4

4 4.0

2001

1

2

3

4

Key Ra-226 was analyzed for, but not detected.

Ra-226 was detected (pCi/L).

If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-39. Aquifer monitoring detections for radium-226.
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Lysimeter and groundwater sample results do not corroborate Ra-226 presence in the vadose zone
core. Of more than 150 lysimeter samples, Ra-226 was detected only twice, both times from the 0- to
35-ft interval, with no detections in the deeper lysimeter or perched water wells. Of the 191 groundwater
samples, Ra-226 was detected three times. One of the detections was upgradient of the SDA and another
was about 1 mile south of the SDA. The third detection was from a well within the SDA boundary. The
detection rates for Ra-226 are shown in Table 4-84. The distribution of Ra-226 detections at the various
depth intervals is shown in Figure 4-40.

Table 4-84. Detection rates for radium-226 in all media.

Media

Detection
Rate

(%)

Range of Detected
Concentrations

Number of Detections >
Risk-Based

Concentrationa or
MCLb

Wells with
Concentrations >

Risk-Based
Concentration or

MCL

Vadose zone (0 to 35 ft)
Cores 7.7 1.7 pCi/g 0 None
Soil moisture 2 34 to 46 pCi/L 2 PA01, 98-5

Vadose zone (35 to 140 ft)
Cores 14.6 2.10 to 8 pCi/g 0 None
Soil moisture 0 Not applicable 0 None

Vadose zone (140 to 250 ft)
Cores 21.1 2.60 to 7.9 pCi/g 0 None
Soil moisture 0 Not applicable 0 None

Vadose zone (>250 ft)
Cores 0 Not applicable 0 None

Aquifer 1.6 4.0 to 5.4 pCi/L 3 Ml1S, M17S,
OW-2

MCL = maximum contaminant level
a. For vadose zone cores, the 1E-05 risk-based concentration is 10.87 pCi/g.

b. For lysimeter, perched water, and aquifer samples, the MCL is 5 pCi/L. 
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Figure 4-40. Locations of vadose zone core, lysimeter and aquifer samples with detectable concentrations
of radium-226, by depth interval.

Whether the Ra-226 measured in the vadose zone core samples is attributable to Ra-226 or to
interference from U-235 is uncertain. Therefore, the sample data are "J" flagged, indicating the
uncertainty and bias associated with the results, and the influence of the U-235 on the Ra-226 data is
indeterminate.

The INEEL is implementing modifications for analyzing Ra-226 to improve confidence in the
analytical results. The accuracy of Ra-226 analysis is improved by use of alpha spectrometry or by
measuring the equilibrated daughters with gamma spectrometry.
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4.6.17 Strontium-90

Strontium-90 is a radioisotope that is generated by nuclear reactor operations. Strontium-90 is a
fission product that decays by the emission of beta particles with a 28.8-year half-life. It was identified in
the IRA as a COPC, primarily from the crop ingestion exposure pathway (Becker et al. 1998). Available
information about the presence of Sr-90-bearing waste in the SDA and available Sr-90 monitoring data
for all media were reviewed for this report and are summarized below. The sampling data in this section
were evaluated against the comparison concentrations in Table 4-85. The presence of Sr-90 below a depth
of about 10 ft is not relevant to the crop ingestion pathway; however, the data for all depths were
evaluated.

Table 4-85. Comparison concentrations for strontium-90.

Surface Soil
Background

Concentrationa
(pCi/g)

Risk-Based Soil
Concentrationb

(pCi/g)

Aquifer
Background

Concentrationc

0.49 55.11 0

Maximum
Contaminant

Level
(pCi/L)

8

Risk-Based
Aquifer

Concentrationb
(pCi/L) 

6.44
a. The value shown is the upper 95% tolerance limit with 95% confidence for composited surface soil (Rood, Harris, and White
1996).

b. The calculated risk-based concentration is equivalent to an increased cancer risk of 1E-05.

c. Knobel, Orr, and Cecil (1992).

4.6.17.1 Waste Zone. About 6.44E+05 Ci of Sr-90 was disposed of in the SDA. The waste
streams containing the Sr-90 activity are identified in Table 4-86. Spectral gamma logging data provided
no information about Sr-90.

Table 4-86. Waste streams containing strontium-90.

Waste Stream Code or
Waste Generator Waste Stream Description

Activity
(Ci)

Proportion of
Total Activity

(%)

INEEL INEEL reactor operations waste 3.89E+05 60.3

ANL-765-2H Subassembly hardware 1.39E+05 21.6

ANL-785-1H Subassembly hardware 6.60E+04 10.1

Miscellaneous Miscellaneous minor streams 2.19E+04 3.4

ANL-765-1H Dry active waste 1.48E+04 2.3

CPP-601-1H Leached vycor glass 9.85E+03 1.5

CPP-601-3H Dissolved fuel specimens 4.00E+03 1.0

Total Disposals 6.44E+05 100

INEEL = Idaho National Engineering and Environmental Laboratory
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4.6.17.2 Surface. In total, 186 soil samples were collected between 1994 and 2000 from in and

around the RWMC with 53 positive detections. The positive results ranged from (6.80 ± 0.22) E-02 pCi/g

(INEEL 2001) to 1.56 ± 0.12 pCi/g (LMITCO 1997a). All detected soil concentrations are less than the

1E-05 surface soil risk-based concentration.

A total of 124 vegetation samples were collected between 1990 and 2000 from the RWMC and

control locations yielding 10 positive detections. Detections ranged from (8.61 ± 0.27) E-03 pCi/g

(INEEL 2000) to 2.01 ± 0.12 pCi/g (LMITCO 1998).

A total of 210 surface run-off water samples were collected between 1991 and 2000 from the

RWMC and control locations yielding four positive detections. The positive results ranged from

(4.05 ± 1.17) E-01 pCi/L (LMITCO 1999) to (9.0 ± 1.3) E-01 pCi/L (LMITCO 1996).

4.6.17.3 Vadose Zone. The distributions of Sr-90 in vadose zone core, soil moisture, and

perched water in the various depth intervals are discussed below.

4.6.17.3.1 Vadose Zone Core Samples-A total of 352 vadose zone core samples

were analyzed for Sr-90 between 1971 and 2000, yielding 24 positive detections. Twelve of the 24
detections were from the 1971 to 1973 timeframe, when there were known cross-contamination problems

in the core sampling method (see Section 4.5.5). Table 4-87 shows positive detections of Sr-90 from

vadose zone core samples. The detection rates for the various depth intervals are shown in Table 4-88.

Table 4-87. Positive detections of strontium-90 from vadose zone core samples.

Borehole
Identification

Sample Depth
(ft)

Concentration ±la
(pCi/g) Date

76-1 221.0 0.49 ± 0.06 1976
221.2 0.42 ± 0.05 1976

USGS-87 231.2 to 233.0 0.46 ± 0.05a 1971

USGS-88 521.0 to 522.0 0.40 ± 0.09a 1971

USGS-89 241.6 to 243.2 0.64 ± 0.07a 1971
540.0 to 545.0 0.30 ± 0.09a 1972

USGS-91 233.8 to 236.3 1.20 ± 0.10a 1972
243.2 to 245.1 0.50 ± 0.09a 1972

USGS-92 5.0 to 7.5 0.24 ± 0.07a 1972

88.5 to 90.0 0.30 ± 0.09a 1972

223.0 to 225.5 0.30 ± 0.09a 1972

USGS-93 13.8 to 14.0 0.40 ± 0.09a 1972
101.0 to 103.0 0.69 ± 0.11a 1972
103.0 to 105.0 0.40 ± 0.10a 1972

D02 1.2 to 1.7 0.19 ± 0.03 1987
15.5 to 16.0 0.13 ± 0.03 1987

4E 10.0 to 22.5 0.92 ± 0.10 1994

5E 18 to 21 0.75 ± 0.09 1994
98 to 104 0.25 ± 0.07 1994

3V 100 to 104 0.41 ± 0.08 1994

4V 105 to 118 0.19 ± 0.06 1994

8V 100 to 125 0.53 ± 0.09 1994

10V 7 to 10 0.35 ± 0.05 1994

98 to 124 0.26 ± 0.06 1994

a. The 1971 and 1972 data are questionable because of cross-contamination concerns (see Section 4.5.5).
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Table 4-88. Summary of strontium-90 occurrences in vadose zone core samples.

Number ❑f Detections/
Depth Interval Number of Samples Range Wells or Boreholes

(ft) (%) (pCi/g) with Detections

0 to 35 7/46 (15.2) 0.13 to 0.92 4E, 5E, 10y, D02

35 to 140 8/145 (5.5) 0.19 to 0.69 5E, 3V, 4V, 8V, lOy

140 to 250 7/148 (4.7) 0.30 to 1.2 USGS-92, USGS-91

More than 250 2/13 (15.4) 0.30 to 0.40 USGS-89, USGS-88

All of the detections from cores located outside the SDA are questionable because they are from
the early 1970s, when coring and sampling techniques may have introduced contamination into the
boreholes (see Section 4.5.5; Barraclough et al. 1976; DOE-ID 1983). Results from cores USGS-91,
USGS-92, and USGS-93 inside the SDA also are in that questionable data set.

Strontium-90 is present in surface soils from nuclear fallout at concentrations of about
0.4 ± 0.2 pCi/g (Rood, Harris, and White 1996). Most Sr-90 results are approximately the same as
background levels, with the exception of USGS-91 at 1.2 pCi/g, which is slightly higher but comes from
the 1970s data set. All sample concentrations were less than the 1E-05 risk-based soil concentration of
55.11 pCi/g.

4.6.17.3.2 Lysimeter Well Samples at Depths of 0 to 35 ft-A total ❑f 72 shallow
lysimeter well samples were analyzed for Sr-90 between 1997 and May 2001, with seven positive
detections (see Table 4-89). Two of the samples were above the MCL for the aquifer.

The positive sample results were not confirmed by reanalysis of the original sample. The
occurrence of the positive detections relative to the samples that had nondetectable Sr-90 is shown in
Figure 4-41. The 52.1 pCi/L result obtained in Well W06-L27 was not confirmed by reanalysis, and Sr-90
was not detected in that lysimeter in the five sampling events subsequent to that detection.

Table 4-89. Detections of strontium-90 in shallow lysimeter samples.

Lysimeter
Depth
(ft)

Concentration ± lcs
(pCi/L) Confirmation Flag' Date

W23-L08 11.8 3.8 ± 1.1 A June 2000

PA02-L16 8.7 9 ± 2 A September 2000

W06-L27 11.8 52 ± 4 A August 1997

PA03-L33 10.0 3.8 ± 1.0 A March 2000

98-1L35 16.5 2.2 ± 0.7 A November 1999
(SDA-01) 3.5 ± 1.0 March 2000

98-4L-38 17.0 3.5 ± 0.9 A March 2000
(SDA-08)

Confirmation flag:
A = No second sample collected, no reanalysis performed.

Note: Concentrations in red bold exceed the maximum contaminant level of 8 pCi/L.
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Year Quarter
98-1
L35

98-4
L38

98-5
L39

PA01-
L15

PA02-
L16

PA03-
L33

W06-
L27

W08-
L13

W08-
L14

W23-
L08

W23-
L09

W25-
L28

1997 1

I

2

3 52

4

1998

1

2

3

4

1999

1

2

3

4 22

2000

1 3.5 15 3.8

2 18

3 9

4

2001

1

2

3

4

Key Sr-90 was analyzed for, but not detected.

Sr-90 was detected (pCi/L).

If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-41. Occurrence of strontium-90 in shallow lysimeter samples.

4.6.17.3.3 Lysimeter Samples at Depths of 35 to 140 ft—hi total, 14 samples
were collected from eight lysimeter wells between 1997 and 2001 with one positive detection. The
lysimeter wells that yielded sufficient sample volume for Sr-90 analysis were D06-DL01, D06-DL02,
TW1-DL04, and D15-DL06. Five other lysimeters in this depth interval were not analyzed for Sr-90
because the volume of water collected was insufficient. The positive result was 4.1 ± 1.2 pCi/L in
lysimeter TW1 DLO4 from November 1998. The detection could not be confirmed by reanalysis because
of the limited sample volume available. The detected lysimeter concentration did not exceed the MCL of
8 pCi/L.

4.6.17.3.4 Perched Water Samples at Depths Greater than 140 ft—A total of
42 perched water well samples and 10 filtered sediment samples were analyzed for Sr-90 by the USGS
and the INEEL between 1972 and March 2000. The results included one positive detection and that
detection exceeded the aquifer MCL of 8 pCi/L (see Table 4-90).

Subsequent water samples collected from lysimeter and perched water Well USGS-92 through
March 2000 have not tested positive for Sr-90 detections. The positive water sample result obtained in
April 1980 was not confirmed by reanalysis of the original sample. No data are available from lysimeters
at depths greater than 140 ft because the volume of water collected was insufficient to perform the
analysis.
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Table 4-90. Positive detections of strontium-90 from lysimeter wells and perched water wells.

Lysimeter or Concentration ± la Concentration ± to
Perched Water Depth (pCi/L) Confirmation (pCilg)

Well (ft) Water Flag' Filtered Sediments Date 

USGS-92 214  9 t 2 A Not analyzed April 1980
a. Confirmation flag:
A = No second sample collected, no reanalysis performed.

Note: Concentrations in red bold exceed the maximum contaminant level of 8 pCi/L,

4.6.17.4 Aquifer. A total of 283 RWMC aquifer well samples were screened for Sr-90 between
1992 and April 2001 by means of gross beta analysis, with 97 of the samples above the gross beta-
screening limit of 5 pCi/L, Those 97 samples were analyzed specifically for Sr-90, and three contained
detectable amounts of Sr-90 (Table 4-91).

Table 4-91. Aquifer samples with detectable concentrations of strontium-90.

Concentration ± lo
Aquifer Well (pCi/L) Confirmation Flag' Date

M4D 0.12 + 0.02 D April 1997
0.17 ± 0.03 D April 1997

M6S 2.5 ± 0.6 A April 1996
a. Confirmation fliag:
A = No second sample collected, no reanalysis performed.
D = Detection confirmed by reanalysis.

Note: Highlighted values and confirmation flag "D" indicate that positive detection was confirmed.

Subsequent samples collected from M4D and M6S through April 2001 have not tested positive for
Sr-90. The distributions of Sr-90 detections and nondetections in the aquifer between 1992 and 2001 are
shown in Figure 4-42 for the USGS and INEEL wells.

Samples from INEEL aquifer Wells M3S and M7S were split with the USGS and compared. None
of the samples split with the USGS between 1993 and July 2000 yielded positive detections for Sr-90.

Besides the 15 RWMC monitoring aquifer wells routinely sampled by the INEEL, the USGS
manages, controls, and routinely samples eight other wells in the vicinity of the RWMC. A total of
669 USGS aquifer well 'samples in the vicinity of the RWMC were analyzed for Sr-90 between 1972 and
January 2001 with 11 detections. Detectable concentrations measured in the USGS wells are shown in
Table 4-92. The USGS detections and nondetections between 1972 and 1991 are shown in Figure 4-43.

Six of the 11 detections associated with the USGS aquifer wells occurred between 1972 and 1974,
shortly after the wells were drilled and installed. The 1972 to 1974 results are questionable because of
cross-contamination problems (Barraclough, Robertson, and Janzer 1976). Subsequent samples collected
from the USGS aquifer wells from 1975 through 1995 yielded five Sr-90 detections. Concentrations in
USGS-87 exceeded the aquifer 1E-05 risk-based concentration of 6.44 pCi/L and the EPA primary
drinking water MCL for Sr-90 of 8 pCi/L, but no detectable concentrations have been measured in
USGS-87 since 1987.
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Year Quarter USGS-87 USGS-88 USGS-89 USGS-90
RWMC
Prod USGS- 117 USGS-1 19 USGS-120 MIS M3S M4D M6S M7S 11410S MIlS Ml2S Ml3S M14S MISS MI6S  Is/117S AI 1A31 OW-2

1992

I -

2

3

4

1993

I

7

3

4

1994 

I

2

3

4

1995

1

2

3

4 2.5

1996

1 -

2 .
-

.., 2.5

3

4

1997

1 

2 0.17

3 

4

1998

1 

2

3 

4

1999

1

.7

•1

4

2000

1 

2

3 

4

2001

1

2 

3

4

Key Sr-90 was analyzed for, but not detected.

Sr-90 was detected (pCi/L).

If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-42. Occurrence of detectable concentrations of strontium-90 in aquifer samples, 1992 through April 2001.



Year Quarter USGS-87 USGS-88 USGS-89 USGS-90 RWMC Prod USGS-117 USGS-119 USGS-120

1972

I

2

3

4

1 58

2

1973 3 28

4 7

1974

I

2 8 9 7

3 15

4

1975

1

2

3

4

1976

1

2

3

4

1977

1

2

3

4

1978

1

2

3

4

1979

i

2

3

4

1980

1

2

3

4

1981

1

2

3

4

1982

1
1

3

4

1983

1

2

3

4

1984

1

2

1

4

1985

1

2

3

4

1986

1

2

3

4 ]

1987

1

2

23

4

1988

1 -

2 6.4

3

4

1989

1

2

3

4

1990

1

2

3

4

1991

1

2

3

4

Key Sr-90 was analyzed for, but not detected.

Sr-90 was detected (pCi/L).

If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-43. Occurrence of detectable concentrations of strontium-90 from 1972 through 1991 in the U.S. Geological Survey aquifer samples.



Table 4-92. Detectable concentrations of strontium-90 in U.S. Geological Survey aquifer wells.

Aquifer Well

USGS-87

USGS-88

USGS-90

USGS-120

Concentration ± lo
Date

7 ±
8±
15+2s

22 ± 3
23 ± 4
7 ± 2

58 ± 4a

28 ± 33
9+28

7 ±2'

6.4 ± 1.6
2.5 ± 0.8

Note: Concentrations in red bold exceed the maximum contaminant level of 8 pCi/L.
a. The 1972 to 1974 data arc questionable because of cross-contamination concerns.

October 1973
May 1974
August 1974
July 1987
September 1987
September 1987

March 1973
August 1973
May 1974

May 1974

June 1988
October 1995

4.6.17.5 Summary of Strontium-90. Data from the surface soil, vadose zone cores, and
lysimeter, perched water, and aquifer well samples do not indicate the widespread presence of Sr-90 in

the environment of the RWMC at levels exceeding background concentrations. Strontium-90 detection
rates, shown in Table 4-93, decrease with depth, with 9.7% in the shallow lysimeter wells to 1.0% in the
aquifer wells. No trends are apparent. No spatial distribution pattern to the detections in the vadose zone
or the aquifer wells is evident, and no detectable concentration of Sr-90 has been found in the aquifer
wells since 1997. The locations of vadose zone core, lysimeter, and aquifer samples with detectable
concentrations of Sr-90, by depth interval is shown in Figure 4-44.

4.6.18 Technetium-99

Technetium-99 is a radioisotope that is generated by nuclear reactor operations. Technetium-99 is a
fission product,that decays by the emission of beta particles and low-energy gamma rays with a half-life
of 2.13E+05 years. It was identified in the IRA as a COPC, primarily from the groundwater and crop
ingestion exposure pathways (Becker et al. 1998). Available information about the presence of
Tc-99-bearing waste in the SDA and the available Tc-99 monitoring data for all media were reviewed for

this report and are summarized below. The sampling data in this section are evaluated against the
comparison concentrations for Tc-99 in Table 4-94.

4.6.18.1 Waste Zone. About 61 Ci of Tc-99 was disposed of in the SDA. The waste streams
containing the Tc-99 activity are identified in Table 4-95. Spectral gamma logging data provided no
information about Tc-99.

4.6.18.2 Surface. Technetium-99 is not on the target analyte list for the surface samples;
therefore, no surface data are available for Tc-99.
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Table 4-93. Strontium-90 detection rates in sampled media.

Sampled Depth or Media

Detection
Rate

(%) Range

Number of
Detections
>Risk-Based

Concentration or
MCLa

Wells with
Detections >MCL

Vadose zone (0 to 35 ft):
Core 15.2 0.13 to 0.92 pCi/g 0 None
Lysimeter 9.7 2.18 to 52.1 pCi/L 2 PA02, W06

Vadose zone (35 to 140 ft):
Core 5.5 0.19 to 0.69 pCi/g 0 None
Lysimeter 7.1 4.12 pCi/L 0 None

Vadose zone (140 to 250 ft):
Core 4.7 0.19 to 1.2 pCi/g 0 None
Lysimeter 2.3 9 pCi/L 1 USGS-92

Aquifer (INEEL) 1.0 0.12 to 2.5 pCi/L 0 M4D, M6S

Aquifer (USGS) 1.6 2.5 to 58 pCi/L 7" USGS-87, USGS-88
MCL = maximum contaminant level
INEEL = Idaho National Engineering and Environmental Laboratory
USGS = U.S. Geological Survey
a. For vadose zone cores and surface soil samples, the calculated 1E-05 risk-based concentration is 55.11 pCi/g. For lysimeter,
perched water and aquifer samples, the aquifer MCL of 8 pCi/L is used for comparison only.
b. The number shown includes questionable detections from 1971 to 1972. 
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USGS-87 •

USGS-88 • • M40

USG 5-90

• M65
• Sr-90 lysimeter or aquifer

sample detection
• USGS-120  • Sr-90 core sample detection

3 l Pi 

Figure 4-44. Locations of vadose zone core, lysimeter and aquifer samples with detectable concentrations
of strontium-90, by depth interval.
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Table 4-94. Comparison concentrations for technetium-99.

Surface Soil
Background

Concentrationa
(pCi/g)

Risk-Based Soil
Concentration"

(pCi/g)

Aquifer
Background
Concentration

Not established 1,036 Not established

Maximum
Contaminant

Level
(pCi/L)

900
a. The value in this column represents the upper 95% tolerance limit with 95% confidence for composited
Harris, and White 1996).

b. Calculated risk-based concentration is equivalent to an increased cancer risk of 1E-05. 

Risk-Based
Aquifer

Concentration"
(pCi/L)

173

surface soil (Rood,

Table 4-95. Waste streams containing technetium-99.

Waste Stream Code or
Waste Generator Waste Stream Description

Idaho National
Engineering and
Environmental
Laboratory (INEEL)

Miscellaneous

Argonne National
Laboratory metal

Naval Reactors Facility

D&D-ARA-1

Total Disposals

INEEL reactor operations waste

Miscellaneous minor streams

Subassembly hardware

Test specimens

Low-level waste from the decontamination and
demolition of the Auxiliary Reactor Area
facilities (primarily contaminated metal and
debris)

Activity
(Ci)

5.44E+01

Proportion of
Total Activity

(%) 

89.9

2.12E+00 3.5

1.75E+00 2.9

1.56E+00 2.6

6.42E-01 1.1

6.05E+01 100

4.6.18.3 Vadose Zone

4.6.18.3.1 Vadose Zone Core Samples—A total of 52 vadose zone core samples
were analyzed for Tc-99 between 1994 and 2000, yielding 19 positive detections (see Table 4-96). The
Tc-99 detection rates per depth interval are indicated in Table 4-97. Earlier core samples collected from
1971 to 1993 were not analyzed for Tc-99.

Positive detections of Tc-99 were obtained from all "I" wells (inside the SDA) near the B-C and
C-D interbeds. None of the "0" wells (outside the SDA), which were also collected in the 1999 to 2000
timeframe, had positive detections. Detection rates increased with depth down to 250 ft, though the
number of samples is too few to draw conclusions about trends. Fifteen of the 19 positive Tc-99 results
were qualified as questionable ("J" flagged) because the laboratory method blank also contained about
0.3 pCi/g of Tc-99, which biased the affected results approximately 12%. Therefore, Tc-99 may be
present at these sample locations in low concentrations, or may not be present at all.
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Table 4-96. Positive detections of technetium-99 from vadose zone core samples.

Borehole
Identification

Sample Depth
(ft)

Concentration ± lo
(pCi/g) Date

I-1S 101.6 to 102.0 1.49 ± 0.18Ja 1999 and 2000

105.5 4.2 ± 0.4 1999 and 2000

110.6 to 111.0 4.2 ± 0.4 1999 and 2000

I-1D 224.5 to 225.0 1.46 ± 0.19J 1999 and 2000

237.6 to 238.0 2.5 ± 0.3J 1999 and 2000
242.7 to 243.0 1.7 ± 0.2J 1999 and 2000

I-2S 99.0 to 100.0 2.4 ± 0.3J 1999 and 2000

111.0 3.3 ± 0.3 1999 and 2000
112.5 to 113.0 1.8 ± 0.2J 1999 and 2000

I-2D 223.5 to 224.0 2.1 ± 0.2J 1999 and 2000

I-3S 99.0 to 101.0 1.08 ± 0.17J 1999 and 2000

I-3D 228.5 to 229.0 2.0 ± 0.3J 1999 and 2000

231.5 to 232.0 2.9 ± 0.3J 1999 and 2000

I-4S 98.2 to 98.8 2.3 ± 0.3J 1999 and 2000

I-4D 223.0 to 223.6 2.9 ± 0.3J 1999 and 2000

229.6 to 230.0 3.1 ± 0.3J 1999 and 2000

237.0 to 237.5 3.0 ± 0.3J 1999 and 2000

237.5 to 238.0 3.4 ± 0.3 1999 and 2000

I-5S 103.5 to 104.0 1.8 ± 0.2J 1999 and 2000

a. Some of the data were "J" flagged because of low concentrations detected in the sample blank. See text for discussion. 

Table 4-97. Summary of technetium-99 occurrences in the vadose zone core samples.

Depth Interval
(ft)

Number of Detections/
Number of Samples

(%)

Range
(pCi/g)

Wells or Borehole
with Detection

0 to 35 0/11 (0) Not applicable Not applicable

35 to 140 9/25 (36.0) 1.08 to 4.2 I-1S, I-2S, I-3S, I-4S, 1-5S

140 to 250 10/16 (62.5) 1.46 to 3.4 I-1D, I-2D, I-3D, I-4D

More than 250 0/0 Not applicable Not applicable

4.6.18.3.2 Lysimeter Samples at Depths of 0 to 35 ft-A total of 82 shallow

lysimeter samples were analyzed for Tc-99 between 1997 and May 2001, resulting in 16 detections (see

Table 4-98).

The positive detections were not confirmed by reanalysis of the original sample. The occurrence of

the detections relative to the nondetections is shown in Figure 4-45.

Five out of six results from Lysimeter W23-L09 (8 ft deep) contained detectable amounts of Tc-99,

and the June 2000 sample from Lysimeter W23-L08 (12 ft deep) in the same borehole also contained

detectable Tc-99, suggesting movement in the vadose zone may be occurring. In addition, three out of
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Table 4-98. Detected concentrations of technetium-99 in shallow lysimeters.

Lysimeter
Depth
(ft)

Concentration ± la
(pCi/L) Confirmation Flaga Date

W23-L08 11.8 39 ± 6 A June 2000
46 ± 7 A May 2001

W23-L09 14.8 17 ± 4 A April 1997
30 ± 5 A August 1997
20 ± 2 B August 1998
20 ± 4 A March 2000
33 ± 5 A June 2000

W08-L13 11.3 15 ± 5 A June 2000
PA01-L15 14.3 17 ± 5 A June 2000

27 ± 4 B September 2000
PA02-L16 8.7 13 ± 3 B December 1998
PA03-L33 10.0 36 ± 5 A December 1998

21 ± 3 A November 1999
17 ± 4 A March 2000

98-1L35 16.5 16 ± 4 A June 2000
(SDA-01)

98-5L39 10.5 21 ± 5 A June 2000
(SDA-10)

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.
B = Reanalysis performed, no confirmation. 
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Year Quarter
98-1
L35

98-4
L38

98-5
L39

PA01 -
L15

PA02-
LI 6

PA03-
L33

W06-
L27

W08-
L13

W08-
L14

W23-
LO8

W23-
L09

W25-
L28

1997

1

2 17

3 30

4

1998

1

2

3 20

4 36

1999

I

2

3

4 21

2000

1 17 20

2 16 21 l7 15 39 33

3 27

4

2001

1

2 46

3 ,

4

Key Tc-99 was analyzed for, but not detected.

Tc-99 was detected (pCifL).

If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-45. Occurrence of technetium-99 detections in shallow lysimeters.

four samples from Lysimeter PA03-L33 have contained detectable amounts of Tc-99. The presence of
Tc-99 is corrdborated by numerous positive detections of Tc-99 in the vadose zone core samples from the
`•r' wells, which are inside the SDA boundary. Soil moisture with elevated Tc-99 concentrations and
noticeable trends are primarily isolated to two distinct locations, the west end and the north-central
portion, of the SDA.

None of the positive results exceeded the MCL of 900 pCi/L used for comparison. Though the
Tc-99 results and trend data imply some release may be occurring, the data do not support a clear
conclusion.

4.6.18.3.3 Lysimeter Samples at Depths of 35 to 140 ft—A total of 22 lysimeter
samples were analyzed for Tc-99 between 1996 and May 2001, with four positive detections (see
Table 4-99).
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Table 4-99. Detected concentrations of technetium-99 in the 35 to 140-ft interval of the vadose zone.

Lysimeter
Depth
(ft)

Concentration ± la
(pCi/L) Confirmation Flaga Date

D06-DLO1 88 11 ± 2 A August 1998

D06-DLO2 44 33 ± 3 A August 1998

D15-DLO6 98 5.8 ± 1.3 A April 1996
21 ± 7 A June 2000

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.

The positive sample results could not be confirmed by reanalysis because of the limited sample
volumes available. Subsequent samples collected from these three wells through May 2001 have not
shown Tc-99 detections. Of the eight other lysimeter wells sampled, none had detectable amounts of
Tc-99. None of the detected concentrations exceed the MCL used for comparison.

4.6.18.3.4 Lysimeter and Perched Water Samples at Depths Greater than
140 ft—A total of 15 water samples and eight filtered sediment samples from perched water and
lysimeter wells were analyzed for Tc-99 between 1997 and December 2000. There were three positive
detections, two of the filtered sediments and one of the liquid. The sediment samples did not exceed the
1E-05 risk-based concentration for soil, and the liquid sample did not exceed the MCL of 900 pCi/L (see
Table 4-100).

The September 2000 water sample result was not confirmed by reanalysis of the original sample.
The one subsequent water sample from Well USGS-92 in December 2000 did not contain detectable
Tc-99. The USGS does not analyze samples from perched water Well USGS-92 for Tc-99. Though the
concentration in the liquid fraction was relatively high, the result was not confirmed via reanalysis.

Table 4-100. Positive detections of technetium-99 from lysimeters and perched water wells.

Lysimeter or Concentration ± la
Perched Concentration ± la Confirmation (pCi/g) Confirmation

Water Well (pCi/L) Water Flag Filtered Sediments Flaga Date 

USGS-92 Not applicable Not applicable 1.25 ± 0.17 A December 1998
280 ± 37 A 3.1 ± 0.4 A September 2000

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.
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4.6.18.4 Aquifer. A total of 240 aquifer well samples from four RWMC area aquifer wells
were collected and analyzed for Tc-99 between 1994 and April 2001. There were five positive detections
of Tc-99 (see Table 4-101). None of the positive results exceeded the MCL.

Table 4-101. Detected concentrations of technetium-99 in aquifer samples around the Radioactive Waste
Management Complex. 

Aquifer Well
Concentration ± 36

(pCi/L) Confirmation Flag' Date

M3S 1.4 ± 0.3 A April 1997

M4D 9.0 ± 2.5 B April 1996

M6S 1.0 ± 0.3 A April 1997

M17S 1.5 ± 0.4 D May 2000
35..± 5 D May 2000

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.

Reanalysis performed, no confirmation.
D = Detection confirmed by reanalysis.

Note: Highlighted values and the "D" confirmation flag indicate that the positive detection was confirmed.

Only the May 2000 Tc-99 detection for Well M 17S was confirmed by reanalysis of the original
sample, but the positive result did not agree with the original analysis. As shown in Figure 4-46,
subsequent samples collected from the four aquifer wells have not yielded positive detections.

The USGS does not analyze for Tc-99 in the eight RWMC wells they manage, control, and
routinely sample.

4.6.18.4.1 Summary of Technetium-99--Vadose zone core samples were collected
inside and outside of the SDA to determine whether Tc-99 and other radionuclides were present. All of
the vadose zone cores taken within the SDA contained detectable amounts of Tc-99 at some depth, while
none of the cores outside the SDA boundary contained detectable Tc-99. The Tc-99 detection rates for all
sampled media are indicated in Table 4-102.

Technetium-99 has been detected in the aquifer, but no trends are evident. However, Tc-99 is a
mobile contaminant and has been detected in some of the lysimeter and perched water well samples from
the SDA. As shown in Table 4-102, the detection rates remain relatively constant over depth in the vadose
zone but drop dramatically to 2.1% in the aquifer wells. Locations of the detections of Tc-99 in the
vadose zone cores, lysimeters, and aquifer samples are shown in Figure 4-47.
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Year Quarter MIS MSS M41) M6S M7S M1OS MllS M12S MI 3S Ml 4S Ml.fiS Ml6S MI7S Al 1A31 0W-2

1994

1

3

4

1995

1

2

3
.

4

1996

1

2 9.0

3

4

1997

1

2 1.4 1.0 -

3

4

1998

1

2

3

4 ._

1999

1

2

3

4

2000

1

2 35

3

4

2001

1

2

3

4

Key Tc-99 was analyzed for, but not de ecteci.

Tc-99 was detected (pCi/L).

If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-46. Aquifer monitoring detections of technetium-99, 1994 through April 2001.



Table 4-102. Technetium-99 detection rates in all sampled media.

Media or Depth Interval
Detection Rate

(%) Range

Total Number
of Samples
>Risk-Based

Concentration or
MCLa

Location of Samples
>Risk-Based

Concentration or
MCL

Vadose zone (0 to 35 ft)
Core 0 Not applicable None
Lysimeter 19.5 13 to 46 pCi/L 0 None

Vadose zone (35 to 140 ft)
Core 36.0 1.08 to 4.2 pCi/g 0 None
Lysimeter 18.2 5.8 to 33 pCi/L 0 None

Vadose zone (140 to 250 ft)
Core 62.5 1.46 to 3.4 pCi/g 0 None
Lysimeter/Well 13.0 280 0

Vadose zone (>250 ft)
Core Not applicable Not applicable Not applicable Not applicable
Lysimeter Not applicable Not applicable Not applicable Not applicable

Aquifer (INEEL) 2.1 1.0 to 35 pCi/L 0 0

MCL = maximum contaminant level
INEEL = Idaho National Engineering and Environmental Laboratory
a. Vadose zone cores are compared with the E-05 risk-based concentration for soil (1,036 pCi/L); soil moisture, perched water, and aquifer

samples compared to the maximum contaminant level of 900 pCi/L. 

4.6.19 Uranium

Uranium is a radioactive element that occurs naturally in the environment as three principal

isotopes (U-234, U-235, and U-238). Uranium-238 and U-235 are the parent isotopes of two independent

decay series, while U-234 is a decay product of the U-238 decay series. Uranium also is processed and

handled by human beings for use in nuclear weapons and nuclear reactors and contains four principal

isotopes (U-234, U-235, U-236, and U-238). Uranium-234, U-235, U-236, and U-238 decay by the

emission of alpha particles and gamma rays, with half-lives of 2.46E+05, 7.04E+08, 2.34E+07, and

4.47E+09 years, respectively. Uranium-233 is an isotope that does not occur naturally and is not produced

during the enrichment process. It is produced in small quantities from the decay of Am-241 and in

significant quantities in nuclear reactors that use thorium fuel. The properties of the natural uranium

isotopes are shown in Table 4-103. Uranium isotopes are identified in the IRA as COPCs, primarily for

the groundwater ingestion exposure pathway (Becker et al. 1998). Available information about the

presence of uranium in the SDA and available uranium monitoring data for all media were reviewed for

this report and are summarized below.

Because uranium is naturally occurring, identifying background concentrations was necessary to

determine whether the INEEL samples contained contamination. Recognizing this, studies have been

conducted to identify uranium background concentrations of U-234 and U-238 in soil (Rood, Harris, and

White 1996) and of total uranium in the aquifer (Knobel, On, and Cecil 1992).
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Figure 4-47. Locations of vadose zone core, lysimeter and aquifer samples with detectable concentrations
of technetium-99, by depth interval.

Table 4-103. Properties Of the natural uranium isotopes. 

Property U-234 U-235 U-238

Half-life (years) 2.46E+05 7.04E+08 4.47E+09

Specific Activity (pCilg of isotope) 6.19E+09 2.13E+06 3.36E+05

Activity in I g uraniumnat (pCi) 3.40E+05 1.55E+04 3.34E+05

Natural abundance (activity %) 49.3 2.3 48.4

The USGS established background concentrations of total uranium in the SRPA (Knobel, Orr, and
Cecil 1992) using 72 samples from wells in the Magic Valley (i.e., in the vicinity of Twin Falls, Idaho).
According to the USGS study, the background for total uranium in the Snake River Plain Aquifer is about
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0 to 3.35 µg/L, which equates to about 0 to 1.1 pCi/L for U-234 and U-238, and about 0.05 for U-235,

after adjusting for specific activity and the relative abundance of each isotope in the earth's crust.

Background uranium concentrations identified in Knobel, On, and Cecil (1992) may not be

applicable to the INEEL background aquifer concentrations for several reasons. The background

concentrations for U-234 appear to be too low for INEEL or RWMC application, which may be caused by

the following:

• The method of converting and estimating uranium isotopic concentrations from the total uranium

concentrations reported by the USGS. The U-234, U-235, and U-238 concentrations used in this

document were calculated from the mean value of 3.35±0.18 ilg/L for total U reported by the

USGS (Knobel, On, and Cecil 1992). The isotopic concentrations were converted from total

uranium (ig/L) by using the specific activity of each isotope and the known natural abundance of

each uranium isotope in the earth's crust. The concentrations were based on the assumption that

U-234 abundance is 0.0058%. Deviation from this proportion would affect the U-234

concentration.

• The isotopic components of uranium in the aquifer in the Magic Valley differ from the composition

of the aquifer beneath the INEEL. Roback et al. (September 2001) determined that U-234 and

U-238 vary considerably in the SRPA in the vicinity of the INEEL, and natural U-234:U-238 ratios

may vary by a factor of two or more in the aquifer. Results of the Magic Valley samples are based

on total uranium and do not account for varying concentrations of U-234 and U-238.

Future examination of uranium contamination in the SRPA could rely on the use of the more recent

uranium isotopic background concentrations developed by Roback et al. (2001).

Because no background concentrations have been determined for soil moisture or perched water

samples, a local background concentration was estimated using the mean of sample concentrations from

wells just outside the SDA (i.e., the "0" wells) and from Well D15, a designated local background site.

The vadose zone core data from background locations around the RWMC correlate well with the

relative abundance of the various uranium isotopes in the earth's crust. Obtaining precise numbers for

U-235 is difficult because U-235 background is relatively low and the analytical techniques used on

routine samples measure near the detection limit. To obtain low-level analytical data for U-235 and U-236

to help identify uranium sources as natural, depleted, or enriched, a set of lysimeter samples was

submitted for TIMS analysis to achieve ultra low-level detection limits and uncertainties. The U-235 and

U-236 results were used to calculate precise uranium isotopic ratios for U-234:U-238, U-236:U-238, and

U-238:U-235.

The typical isotopic composition associated with enriched, depleted, and natural uranium is shown

in Table 4-104, and typical ratios are shown in Table 4-105. Enriched uranium refers to natural uranium

(ore) that has been processed to increase the concentration of U-235. The enrichment process (gaseous

diffusion technology most commonly used in the United States) removes the U-238, which increases the

concentration of both U-234 and U-235 (DOE-STD-1136-2000). The by-product of the enrichment

process (U-238) is referred to as depleted uranium.
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Table 4-104. Typical isotopic composition of anthropic uranium (% by weight).

Form U-234 U-235 U-236 U-238

Enriched (high) 1.0% 93.1% 0.4% 5.5%

Enriched (low) 0.03% 2.97% 0.00% 97.00%

Depleted 0.001% 0.22% 0.000% 99.78%

Table 4-105. Uranium ratio guideline for estimating potential uranium sources.

Atomic Mass Guideline Ratios
Radioactivity

Guideline Ratios

Category
U-234/238

(INEEL Groundwater)a U-234/238 U-238/235 U-234/238 U-238/235

Depleted (0.2%) «8.60E-05 «5.5E-05 —500 — 0.1 — 77

Depleted (0.4%) <8.60E-05 <5.5E-05 —250 Not
established

— 39

Natural (0.7%) 8.60E-05 to 1.66E-04 5.5E-05 —138 — 1 — 22

— 1.5 to 3a — 22

Enriched (2%) >1.66E-04 >5.5E-05 —50 Not
established

_8

Enriched (93%) >>1.66E-04 »5.5E-05 —0.08 — 3,000 — 0.01

INEEL = Idaho National Engineering and Environmental Laboratory
a. Uranium-234/238 are not in secular equilibrium in groundwater beneath the Idaho National Engineering and Environmental
Laboratory (Johnson et al. 1998).

The U-238 and U-235 ratio could not be calculated on routine environmental samples because the
concentrations of U-235 are generally too low for reliable measurement with routine radioanalytical
techniques. However, the concentrations of U-233/234 and U-238 are typically high enough for consistent
detection and precision. Therefore, the U-234:U-238 ratio is the only ratio that is routinely assessed in
WAG 7 investigations. When measurable concentrations of U-235 are present, the U-238:U-235 ratios are
assessed.

All of the uranium isotopes were identified as COPCs in the WA, primarily from the groundwater
ingestion exposure pathway (Becker et al. 1998).

The sampling results reported by the laboratory generally are combined for U-233/234 and
U-235/236. These pairs of isotopes are combined because they cannot be chemically separated and they
have alpha particle energies that are nearly identical. Therefore, they are nearly impossible to differentiate
in environmental level samples using routine alpha spectroscopy. If obtaining results for each separate
radionuclide becomes necessary, analysis by a nonradiochemical methodology (i.e., mass spectrometry)
would be required.

The sampling data in this section are evaluated against the comparison concentrations in
Table 4-106.
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Table 4-106. Comparison concentrations for uranium.

Contaminant

Soil 1E-05
Risk-Based

Concentration
(pCi/g)

Background
INEEL Soila

(pCi/g)

Local Soil
Moisture

Backgroundb
(pCi/L)

Background
Aquifer`
(pCi/L)

Aquifer 1E-05
Risk-Based

Concentration
(pCi/L)

Maximum
Contaminant

Level
(pCi/L)

U-233

U-234

U-235

U-236

U-238

49.60

50.23

48.69

53.27

37.79

Not
established

1.44

0.103d

Not
established

1.4

Not
established

3

0.5

Not
established

1.5

Not
established

1.1

0.05

Not
established

1.1

6.63

6.74

6.63

7.11

5.47

27
(total naturally

occurring
uranium)

INEEL = Idaho National Engineering and Environmental Laboratory

a. Upper 95%195% tolerance limit with 95% confidence for composite surface soils on the INEEL (Rood, Harris, and White 1996).

b. Local soil moisture background is the mean of the concentrations in the "0" wells (outside of the SDA) and of Well DI5, a designated

background location.
c Calculated from the mean uranium concentration of 3.35 ug/L from Knobel, Orr and Cecil 1992.

d. Background U-235 concentration in soil is based on the Radiological and Environmental Sciences Laboratory maximum background soil

concentration cited in Rood, Harris, and White (1996, Table 4). 

4.6.19.1 Waste Zone

4.6.19.1.1
disposed of at the SDA:

• 1.51 Ci of U-233

• 67.4 Ci of U-234

• 5.54 Ci of U-235

• 2.86 Ci of U-236

• 117 Ci of U-238.

Inventory-The following estimated quantities of uranium isotopes were

Additional quantities of uranium are generated over time by ingrowth (see Section 4.1.2).

Tables 4-107 through 4-111 show the waste streams containing uranium disposals. Also included is the

amount of uranium that would be produced if all of the parent were allowed to decay. Percentages of the

total uranium from parent isotopes are not given because the amount of uranium present is dependant on

the timeframe assessed. In addition, many of the uranium isotopes decay into other isotopes of interest.

Specifically, U-233 is generated by the decay of Pu-241, Am-241 and Np-237 and U-233 decays into

Th-229. Uranium-234 is generated by the decay of U-238 and Pu-238 and U-234 decays into Th-230,

Ra-226, and Pb-210. Uranium-235 is generated by the decay of Am-243 and Pu-239 and decays into

Pa-231 and Ac-227. Uranium-236 is generated by the decay of Pu-240 and decays into Th-232 and

Ra-228.
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Table 4-107. Waste streams containing U-233.

Waste Stream Code
or Waste Generator Waste Stream Description

Activity
(Ci)

Proportion of
Total Activity

(%)

ARA-626-1H Fuel scrap, waste from disassembly of facilities and
hot cell waste

6.00E-01 39.8

RFO-DOW-19H Miscellaneous scrap 5.4E-01 35.9

SMC-628-2 Unsolidified slag 3.01E-01 19.9

SMC-990-1 Depleted uranium-contaminated material 2.74E-02 1.8
(e.g., metals, glass, and gravel)

SMC-628-1 Nonacidic evaporator sludge 2.21E-02 1.5

Miscellaneous Miscellaneous minor streams 1.66E-02 1.1

Total Disposals 1.51E+00 100

Pu-241 ingrowth Half-life equals 14.4 years. See Section 4.6.13 8.82E+01 NA

Am-241 ingrowth Half-life equals 432 years. See Section 4.6.2 4.97E+02 NA

Np-237 ingrowth Half-life equals 2.14E+06 years. See Section 4.6.10 3.56E+01 NA

4.6.19.1.2 Gamma Logging—The spectral gamma-logging tool provides no
information about U-234.

The spectral gamma-logging tool detected U-235 based on the 186-keV gamma, and U-238 based
on the 1,001-keV gamma emitted by its progeny Pa-234m. The detection rates above the noise level for
probeholes and individual samples, and other detection data are shown in Table 4-112.
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Table 4-108. Waste streams containing uranium-234.

Waste Stream Code
or Waste Generator Waste Stream Description

Activity
(Ci)

Proportion of
Total Activity

(%)

RFO-DOW-18H Enriched uranium 2.15E+01 31.9

RFO-DOW-16H Depleted uranium 1.45E+01 21.5

CPP-601-3H Dissolved fuel specimens 4.70E+00 7.0

Miscellaneous Miscellaneous minor streams 4.65E+00 6.9

PDA-RFO-1A Inorganic salts, depleted uranium, and sewage sludge 4.64E+00 6.9

OFF-ATI-1H Irradiated fuel from research 3.64E+00 5.4

ANL-EBRI-1H Miscellaneous combustibles and core, vessel, and
loop components

3.36E+00 5.0

OFF-GEC-1H Core, vessel, and loop components 2.95E+00 4.4

TAN-607-2 Test Area North Hot Shop noncompactable waste 1.83E+00 2.7

ANL-752-1R Contact-handled waste 1.33E+00 2.0

OFF-CSM-1H Magnesium fluoride slag and miscellaneous
laboratory waste

1.30E+00 1.9

ANL-704-1R Contact-handled fuel fabrication waste 1.21E+00 1.8

TRA-603-15H Metal 1.11E+00 1.6

ALE-317-2R Combustibles 7.10E-01 1.1

Total Disposals 67.43 100

U-238 ingrowth Half-life equals 4.47E+09 years. See Section 4.6.19 2.14E+06 NA

Pu-238 ingrowth Half-life equals 8.78E+01 years. See Section 4.6.13 6.13E+00 NA

4.6.19.1.3 Uranium-235/236-A total of 186 soil samples were collected between

1994 and 2000 from in and around the RWMC. Based on gamma spectrometric analytic results, 76 were

selected for U-235 analysis. Fourteen positive detections of U-235 were documented. The positive results

ranged from (4.4 ± 0.9) E-02 pCi/g at Pad A to (6.2 ± 1.4) E-02 pCi/g at the active area (LMITCO

1995c).

A total of 124 vegetation samples were collected between 1990 and 2000 from the RWMC and

control locations. Based on gamma spectrometric analytic results, about 30 samples were selected for

U-235 analysis. No positive detections of U-235 were documented.

A total of 210 surface run-off water samples were collected between 1991 and 2000 from the

RWMC and control locations. Based on gamma spectrometric analytic results, about 93 samples were

selected for U-235 analysis. No positive detections of U-235 were documented.

4.6.19.1.4 Uranium-238-A total of 186 soil samples were collected between 1994 and

2000 from the RWMC area. Based on gamma spectrometric analytic results, 76 were selected for U-238

analysis. The 19 positive detections ranged in concentration from (1.1 ± 0.2) E-01 pCi/g (active area) to

1.61 ± 0.27 pCi/g (north of the administrative area) (LMITCO 1997). None of the samples exceeded the

1E-05 risk-based concentration for soil.
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Table 4-109. Waste streams containing uranium-235.

Waste Stream Code
or Waste Generator Waste Stream Description

Activity
(Ci)

Proportion of
Total Activity

(%)
RFO-DOW-16H Depleted uranium 1.08E+00 19.5

TRA-603-16H Combustibles 7.80E-01 14.1
RFO-DOW-18H Enriched uranium 7.44E-01 13.4
Miscellaneous Miscellaneous minor streams 6.26E-01 11.3

TRA-603-15H Metal 5.35E-01 9.7

TRA-603-6H Core, vessel, and loop components 4.02E-01 7.3
PDA-RFO-1A Inorganic salts, depleted uranium and sewage sludge 3.25E-01 5.9
WAG-WG7-02 Acid Pit in situ stabilization treatability study waste 1.80E-01 3.3
OFF-GEC-1H Core, vessel, and loop components 1.57E-01 2.8
CPP-601-3H Dissolved fuel specimens 1.50E-01 2.7
INEEL INEEL reactor operations waste 1.28E-01 2.3
OFF-ATI-1H Irradiated fuel from research 1.14E-01 2.1
ANL-EBRI-1H Miscellaneous combustibles and core, vessel, and

loop components
1.10E-01 2.0

OFF-CSM-1H Magnesium fluoride slag and miscellaneous
laboratory waste

8.00E-02 1.4

OFF-GDA-1H Fuel fabrication item, laboratory equipment, activated
metal and irradiated fuel

7.00E-02 1.3

ANL-752-1R Contact-handled waste 5.60E-02 1.0

Total Disposals 5.54E+00 100

Am-243 ingrowth Half-life equals 7.83E+03 years. See Section 4.6.3. 1.41E-03 NA
Pu-239 ingrowth Half-life equals 2.41E+04 years. See Section 4.6.13. 2.22E+00 NA
INEEL = Idaho National Engineering and Environmental Laboratory
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Table 4-110. Waste streams containing uranium-236.

Waste Stream
Code or Waste

Generator Waste Stream Description
Activity
(Ci)

Proportion
of Total

(%)

RFO-DOW-16H Depleted uranium 9.03E-01 31.5

INEEL INEEL reactor operations waste 5.83E-01 20.4

TRA-603-15H Metal 4.22E-01 14.7

TRA-603-1H Resins 2.7E-01 9.4

TRA-642-6H Core, vessel, and loop components 2.44E-01 8.5

TRA-603-4H Core and loop components 1.07E-01 3.7

TRA-603-9H Expended fuel and ceramic fuel 8.11E-02 2.8

RFO-DOW-18H Enriched uranium 8.04E-02 2.8

Miscellaneous Miscellaneous minor streams 7.44E-02 2.6

NRF Test specimens 5.29E-02 1.8

SMC-628-2 Unsolidified slag 4.37E-02 1.5

Total Disposals 2.86E+00 100

Pu-240 ingrowth Half-life equals 6.57E+03 years 4.80E-00 NA

INEEL = Idaho National Engineering and Environmental Laboratory

Table 4-111. Waste streams containing uranium-238.

Waste Stream Code
or Waste Generator Waste Stream Description

Activity
(Ci)

Proportion of
Total Activity

(%)

RFO-DOW-16H Depleted uranium 7.62E+01 65.0

PDA-RFO-1A Inorganic salts, depleted uranium, and sewage sludge 2.49E+01 21.2

Miscellaneous Miscellaneous minor streams 8.20E-F00 7.0

SMC-628-2 Unsolidified slag 2.31E+00 2.0

ARA-627-1H Fuel scrap, waste from disassembly of facilities, and
hot cell waste

1.64E+00 1.4

OFF-CSM-1H Magnesium fluoride slag and miscellaneous
laboratory waste

1.32E+00 1.1

ALE-ALE-1H Building rubble, electric wires, piping, machinery,
tracers and sources, glass, gloves, paper, filters, and
vermiculite

1.32E+00 1.1

INEEL INEEL reactor operations waste 1.30E+00 1.1

Total Disposals 117.19 100

INEEL = Idaho National Engineering and Environmental Laboratory
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Table 4-112. Detection rates for uranium-235 and uranium-238 from the gamma logging tool.

Number
Above

Probehole Measurement E-05 Risk- Number Maximum Average
Detection Detection Detection Based Above Concen- Concen-

Rate Rate Limit Concen- Back- tration tration Median
Isotope (%) (%) (pCi/g) tration ground (pCi/g) (pCi/g) (pCi/g)

U-235 44/135
(33%)

261/4863
(5%)

2 25 Not
applicable

345 22 8

U-238 70/135 862/4863 25 640 862 220,894 2,300 109
(52%) (18%)

A total of 124 vegetation samples were collected between 1990 and 2000 from the RWMC and
control locations. Based on gamma spectrometric analytic results, about 30 samples were selected for
U-238 analysis. The nine positive detections of U-238 ranged in concentration from (1.98 ± 0.44)
E-03 pCi/g (TSA) (INEEL 2000) to (2.79 ± 0.51) E-02 pCi/g (active area) (LMITCO 1998).

A total of 210 surface run-off water samples were collected between 1991 and 2000 from the
RWMC and control locations. Based on gamma spectrometric analytic results, about 93 samples were
selected for U-238 analysis. The six positive detections ranged in concentration from (2.61 ± 0.86)
E-02 pCi/L (TSA-3) (LMITCO 1998) to (3.69 ± 0.82) E-01 pCVL (Control T-12) (LMITCO 1998).

4.6.19.2 Vadose Zone

4.6.19.2.1 Uranium in Vadose Zone Core Samples—Vadose zone core samples
have been collected around the RWMC during several sampling campaigns. Core samples identified as
sedimentary interbed have U-234 and U-238 concentrations that are near 1 pCi/L, which is typical of
naturally occurring uranium in soils and sediments. However, core samples identified as massive basalt,
fractured basalt, and rubble zone have U-234 and U-238 concentrations at much lower concentrations
(0.1 to 0.2 pCi/g).

4.6.19.2.1.1 Uranium-233/234—A total of 87 vadose zone core samples were
analyzed for U-233/234 between 1971 and 2000, with 47 positive detections. These 87 included 32
samples from 1999 to 2000, and 55 from the earlier campaigns, when reported values were unusually low
(see Section 4.6.16.3.1). Only one of the 87 samples exceeded a background concentration of 1.44 pCi/g
(Table 4-113), and none exceeded the soil risk-based concentration of 50.23 pCi/g for U-234.

Table 4-113. Summary of uranium-233/234 occurrences greater than background in the vadose zone core
samples.

Number Range of Wells and
Detections/Number Number of Detections concentrations Boreholes with

Depth Interval of Samples >Backgrounda /Number >Background Detections
(ft) (%) of Samples (%) (1.44 pCi/g) >Background

0 to 35 3/11 (27.0) 0/11 (0) Not applicable Not applicable
35 to 140 22/40 (55.0) 1/40 (2.5) 1.7 76-4
140 to 250 22/36 (61.1) 0/36 (0) Not applicable Not applicable

More than 250 0/0 0/0 (NA) Not applicable Not applicable
a. Background U-233/234 for Idaho National Engineering and Environmental Laboratory surface soil is 1.44 pCi/g (Rood,
Harris, and White 1996).
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4.6.19.2.1.2 Uranium-235/236—A total of 86 vadose zone core samples were

analyzed for U-235/236, with 12 detections. One slightly exceeded a background of 0.103 pCi/g, and

none exceeded the 1E-05 soil risk-based concentration of 48.7 pCi/g for U-235. The detection rates for

the various depth intervals are shown in Table 4-114.

Table 4-114. Summary of U-235/236 detections above background concentrations in vadose zone core

samples. 

Number of
Number of Detections Above Range of Wells and

Detections/ Backgrounda/Number Concentrations Boreholes with

Depth Interval Number of Samples of Samples > Background Detections

(ft) (%) (%) (0.103 pCi/g) > Background

0 to 35 0/9 (0) 0/9 (0) Not applicable None

35 to 140 5/41 (12.2) 0/41 (0) Not applicable None

140 to 250 7/36 (19.4) 1/36 (2.8) 0.120 I-3D

More than 250 0/0 (0) 0/0 (0) Not applicable None

a. Background U-235 for Idaho National Engineering and Environmental Laboratory surface soil is 0.103 pCi/g (Rood, Harris,

and White 1996). 

4.6.19.2.1.3 Uranium-238—A total of 96 vadose zone core samples were

analyzed for U-238, with 62 detections. Thirty-two of the samples were analyzed in 1999 and 2000 (all

had detected concentrations of U-238). The other 64 samples were analyzed between 1971 and 1993. Of

those, 53 were analyzed in 1993 and were all qualified as questionable ("J" flagged) because the

laboratory method blank contained detectable (0.2 pCi/g) U-238. Of the 53 samples from 1993, 17 of

them were documented as positive detections after adjusting for the contamination in the laboratory

method blank (0.2 pCi/g). Positive results are presented here even though the laboratory method blank

contained detectable U-238 because the concentration of the blank was minimal (0.2 pCi/g) compared to

the sample results.

Six of the 62 positive detections were above the INEEL surface soil background of 1.40 pCi/g

established by Rood, Harris, and White (1996) (Table 4-115). The background exceedance rates for the

various depth intervals are shown in Table 4-116. All of the results above background were among the "J"

flagged data set.

4.6.19.2.1.4 Uranium Ratios in the Vadose Zone Core Samples—The

concentration or activity ratio of U-233/234:U-238 can be used to evaluate whether the uranium in a

sample is natural uranium or uranium from waste, and whether the uranium from waste is enriched

(higher U-233/234:U-238 ratio) or depleted (lower ratio) (see Section 4.6.16). Uranium-233/234:U-238

activity ratios were between 0.8 and 1.1 for the 1999 and 2000 vadose zone core data, which is expected

for samples that contain only natural uranium. Ratios were not calculated on the data that were collected

prior to 1999 because many of the samples were identified as massive basalt, fractured basalt and rubble,

and many of the concentrations in those data sets were too low to provide reliable detections.
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Table 4-115. Uranium-238 concentrations above background from vadose zone core samples.

Borehole
Identification

Sample Depth
(ft)

Concentrationa ± 1a
(pCi/g) Date

76-4 99.9 1.7 ± 0.10b 1993

USGS-91 23.4 to 25.0 5.4 ± 0.2b 1993
8802D 95.0 to 96.0 2.70 ± 0.10b 1993

USGS-94 116.3 to 118.0 5.9 ± 0.2b 1993
217.0 to 220.2 7.5 ± 0.2b 1993

USGS-93 222.5 to 236.0 2.80 ± 0.10b 1993
a. Background is 1.40 pCi/g (Rood, Harris, and White 1996).
b. Data are questionable because of method blank contamination.

Table 4-116. Summary of U-238 occurrences greater than background in the vadose

Number of U-238

zone core samples.

Number of U-238
Detections/Total

Concentrations
>Backgrounda/Total

Range of
Concentrations

Wells and
Boreholes with

Depth Interval Number of Samples Number of Samples >Background Detections
(ft) (%) (%) (1.40 pCi/g) >Background

0 to 35 8/13 (61.5) 1/13 (7.7) 5.40 USGS-91

35 to 140 27/44 (61.4) 3/44 (6.8) 1.7 to 5.9 8802D, USGS-94,
76-4

140 to 250 27/39 (69.2) 2/39 (5.1) 2.8 to 7.5 USGS-93,
USGS-94

More than 250 0/0 

a. Background is 1.40 pCi/g (Rood, Harris, and White 1996).

0/0

4.6.19.2.1.5 Vadose Zone Core Summary-Uranium-233/234, U-235 and
U-238 concentrations appear to be at background levels in core samples. Uranium-233/234:U-238 ratios
on the 1999 to 2000 data were representative of natural uranium.

4.6.19.2.2 Lysimeter Samples at Depths of 0 to 35 ft

4.6.19.2.2.1 Uranium 233/234-A total of 122 lysimeter samples collected from
the shallow vadose zone were analyzed for U-233/234 between 1997 (beginning of uranium monitoring)
and May 2001. Of those, 120 samples contained detectable concentrations of U-233/234 and two samples
were assigned data qualifier flags. The results are shown for the shallow lysimeters in Figure 4-48. A total
of 91 analyses exceeded the aquifer 1E-05 risk-based concentration for U-234 (6.74 pCi/L) used for
comparison. The highest U-233/234 concentrations came from lysimeter samples taken from Wells
PA01-L15, PA02-L16, and PA03-L33 (near Pad A), and W23-L08 and W23-L09 (on the west end of the
SDA) and W08-L13 (near the Acid Pit). Prominent increasing U-233/234 trends were observed in the
west end of the SDA (W23), and near Pad A (PA03). Figure 4-49 shows the occurrence of U-233/234
nondetections, detections above background, and detections greater than 1E-05 aquifer risk-based
concentration (6.7 pCi/L) in shallow lysimeters.

4-151



90

80

70

60

50

▪ 40

30

20

10

0
Mar-97 J u1-98 Dec-99 Apr-01

—E—W23-L08

W23-L09

PA 03-L33

- P A 01-L15

P A 02-Lb

W08 -L13❑ 

-4— 98-5:L39

98-1:L35

- B C V-05

O W06-L27

* 98-4:L38

—W25-L-28

- B kgd

Figure 4-48. Soil moisture sample concentrations of uranium-233/234 in shallow lysimeters.



Year Quarter
98-1
L35

98-4
L38

98-5
L39

PA01-
L 1 5

-A-
PA02-
L16

PA03-
L33 W06-L27W08-L13W23-L08W23-L09W25-L28

1997

1

2 43.2

3 35.4

4

1998

1 54.5

2 8.7 4.8 6.4 35.6 24.9 45.6

3 4.4 8.9 39.2 29.4 4.6 26.8 60.1 49.2 3.8

4 9.6 5.7 11.1 40.0 32.8 56.5 4.9 49.7

1999

I 9.7

2 12.2 4.3 14.0 35.7 29.4 53.4

3

4 12.9 57.9 5.6 4.6

2000

1 9.5 4.5 13.6 35.9 26.4 61.9 29.1 71.1 63.9

2 12.6 5.2 19.8 41.9 27.5 6.7 29.5 76.1 65.7 4.8

3 11.7 6.1 16.9 40.3 29.9 5.2

4 24.3

2001
2 9.2 6.2 12.2 11.0 5.2 4.1 87.0

3

4

Key U-233/234 was ana yzed for, but not de ected.

x.xx U-233/234 was detected at soil moisture background levels (3 pCi/L).

U-233/234 was detected above soil moisture background, but less than the risk-based concentration
(6.7 pCi/L).,

t-233/234 was detected above the risk-based concentration.

If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-49. Occurrence of uranium-233/234 detections at or near background (3 pCi/L), and detections
greater than 1E-05 aquifer risk-based concentration (6.7 pCi/L) in shallow lysimeters.

4.6.19.2.2.2 Uranium-235/236-A total of 122 lysimeter samples from shallow
lysimeters in the SDA were analyzed for U-235/236, with 42 positive detections. Routine lysimeter
monitoring began in 1997 in Well PA03; however, routine monitoring did not begin in the other lysimeter
wells until 1998. The concentration trends are shown for each lysimeter in Figure 4-50. The occurrence of
soil moisture detections of U-235/236 above background concentration in shallow lysimeters is depicted
in Figure 4-51.

None of the detected concentrations in any of the shallow lysimeters exceeds the 1E-05 aquifer
risk-based concentration for U-235 (6.63 pCi/L) or U-236 (7.11 pCi/L). Detected concentrations of
U-235/236 ranged from 0.35 pCi/L (PA01-L15) to 4.40 pCi/L (W23-L09), with the majority of values
between 1.0 and 2.6 pCi/L. In Well W23, U-235/236 was first detected just recently, with the last two
sampling events yielding detectable U-235/236, The wells with the highest U-235/236 concentrations
(Wells W23 and PA03) also show elevated concentrations and emerging trends of U-233/234; however,
the data are insufficient to identify a significant correlation.
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Figure 4-50. Soil moisture sample concentrations of uranium-235/236 in shallow lysimeters.
(Note: Nondetected concentrations also are shown. Also see Figure 4-51, in which detected
concentrations are identified for each well.)

Lysimeters W08-L13 (near Acid Pit), W23-L08 and -L09 (west end of SDA), and PA03-L33 (near
Pad A) show concentrations that are consistently greater than subsurface background levels. The last two
sampling events out of W23-L08 yielded samples with concentrations that were about four times higher
than concentrations in other lysimeters. Uranium-233/234 was also elevated in W23 and PA03.

4.6.19.2.2.3 Uranium-238—A total of 122 shallow lysimeter samples were
analyzed for U-238 between 1997 (beginning of uranium monitoring) and May 2001. 121 results
contained detectable levels of U-238, ranging from 0.26 ± 0.06 pCi/L (98-4L38) to 53 ± 5 pCi/L
(W23-L08), with the majority of values between about 3 and 28 pCi/L (Figure 4-52). One result contained
a data qualifier flag. Results from PA03-L09, W23-L08, and W23-L09 are 10 pCi/L or more higher than
all other samples in the latest round of sampling, and all three of these lysimeters exhibit increasing
U-238 trends. The occurrence of the detections greater than the local soil moisture background and the
detections above the risk-based concentrations are shown in Figure 4-53.
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Year Quarter
98-1
L35

98-4
L38

98-5
L39

PA01-
L I 5

PAO2-
L16

PA03-
L33

W06-
L27

W08-
L13

W23-
L08

W23-
L09

W25-
L28

1997

1

2 1.8

3 1.6

4

1998

1 2.6

2 1.9

3 1.1 2.3 2.0

4 0.48 0.37 1.2 1.6 1.1 2.3 0.35 1,7

1999

1

2 1.2

3

4 3.5

2000

1

2 1.3 0.79 I .6 1.7 2.1 1.9 4.4 2.6

3

4

2001

1

2 i 3.7

1

4

Key U-2351236 was aria yzed for, but not detected.

x.xx U-235/236 was detected at local soil moisture background levels (0.5_pCi/L).

U-2351236 was detected above local soil moisture background, but less than the risk-based
concentration (6.6 pCi/L).

U-235/236 was detected above the risk-based concentration.

11- more than one detection occurred in a well in a single quarter. only the highest concentration is listed.

Figure 4-51. Occurrence of uranium-235/236 nondetections, detections at or above background
(0.5 pCi/L), and detections greater than 1E-05 aquifer risk-based concentration (6.6 pCi/L) in shallow
lysimeters.
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Figure 4-52. Soil moisture sample concentrations of uranium-238 in shallow lysimeters.

The wells with elevated uranium concentrations and noticeable trends are located at the west end of
the SDA (W23) and near Pad A (PA03). As will be discussed later, the deeper lysimeter well samples
(between 35 and 140 ft) also show elevated uranium concentrations and trends in these two locations.

Most of the samples consistently exceed the 1E-05 aquifer risk-based concentration for U-238
(5.47 pCi/L). The uranium data readily identify increasing uranium concentrations, but the source of
uranium cannot be determined without additional data and further investigation.

4.6.19.2.2.4 Uranium Ratios in Shallow Lysimeter Samples—The atomic
mass or activity ratios of U-234:U-238 can be used to evaluate whether it is likely that the uranium in a
sample is natural uranium or uranium from waste, and whether the uranium from waste is enriched
(higher U-233/234:U-238 ratio) or depleted (lower ratio) (see Section 4.6.16).

Uranium-233/234:U-238 ratios were evaluated for the routine shallow lysimeter well samples. All
but one of the U-233/234:U-238 atomic mass ratios were between 5.31E-05 and 1.30E-04 (normal range),
with the one outlier being 7.96E-04, attributable to a low concentration of U-238 (0.26 pCifL).

The U-233/234:U-238 ratios for the W23-L09 and W23-L08 lysimeters decrease over time,
suggesting the appearance of depleted uranium at both depth intervals in the soil moisture at the west end
of the SDA (see Table 4-104). The U-233/234:U-238 atomic mass ratios associated with Lysimeter
98-5L39 also decreased from 1998 through March 2000, though, the June 2000 ratio increased.

Aside from the emerging trend toward depleted uranium in shallow lysimeter samples from
Well W23, the current ratios for the shallow lysimeters are contradictory or unclear.

4-156



-v- "---h--
98-1

i35
98-4
L38

98-5
1,39

PA01-
L15

PA02-
L16

PA03-
L33 W06-L27

-

W08-L13W23-L08

'

W23-L09W25-L28

1997

1

2 34.2

3 25.7

4

1998

1 39.5

2 4.4 3.3 3.5 19.9 13.2 33.4

3 2.9 5.6 21.1 13.9 3.3 14.0 35.4 26.9 3.9

4 7.0 3./ 6.3 24.2 16.1 41.2 3.6 29.0

1999

1 6.1

2 7.1 3.5 9.4 21.0 16.1 38.5

3

4 9.7 41.5 3.7 3.5

2000

l 6.9 2.6 11.0 19.1 13.3 44.0 15.7 40.4 37.0

2 8.4 3.0 11.5 26.3 14.3 4.3 16.2 45.5 39.0 3.3

3 8.8 2.8 9.1 24.0 14.5 3.7

4 13.9

2001

1

2 7.7 7.2 7.1 3.6 3.9 53.0

1

4

KLy. U-238 was analyzed for, but not detected.

x,xx U-238 was detected at local soil moisture background levels (1.5 pCUL).

U-238 was detected above local soil moisture background, but less than the risk-based
concentration (RBC) (5.5 pCi/L).

U-238 was detected above the RBC.

If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-53. Occurrence of uranium-238 nondetections, detections at or above background (1.5 pCi/L),
and detections greater than 1E-05 aquifer risk-based concentration (5.5 pCi/L) in shallow lysimeters.

In 1999, seven shallow lysimeter water samples were collected and sent for TIMS analysis. With
the low-level analysis, it is possible to also evaluate the U-236 data, which is unique to anthropic
uranium, and U-238:U-235 ratios. The samples were collected from the PA01-L15, PA02-L16,
PA03-L33, W23-L08, 98-4L38, 98-5L39, and W25-L28 lysimeters. The water samples were filtered and
both the filtrate and filtered material were analyzed for isotopic U-234, U-235, U-236, and U-238. None
of the seven shallow lysimeters contained detectable U-236 (unique to man-made uranium) or had
uranium ratios that confirmed the presence of anthropic uranium (Roback et al. 2000). However, the
TIMS results suggested that the ratios for both water and filter samples from W23-L08 (1 1 ft deep) and
the water sample from 98-5L39 (10 ft deep) deviated somewhat from natural uranium.

4.6.19.2.3 Lysimeter Samples at Depths of 35 to 140 ft

4.6.19.2.3.1 Uranium-2331234-A total of 48 lysimeter samples collected from
the B and C basalt flows and B-C interbed were analyzed for U-233/234 between 1997 (beginning of
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uranium monitoring) and May 2001, with 37 detections. The U-233/234 soil moisture results ranged from
L7 ± 0.3 pCi/L (D15-DL06) to 111 ± 10 pCiIL (D06-DL01). Concentration trends for each intermediate
depth lysimeter are shown in Figure 4-54. The U-233/234 detections above the local soil moisture
background (3 pCiIL) and above the 1E-05 aquifer risk-based concentration (6.7 pCi/L) are shown in

Figure 4-55.

Uranium-233/234 results from D06 and TW I consistently exceed the 1E-05 aquifer risk-based
concentration for U-233 and U-234. Results from Well D06 near Pad A suggest that U-233/234 is
leaching because there is a prominent increasing trend in the 88-ft lysimeter, and a constant, but high
concentration in the 44-ft lysimeter. Concentrations in Well TW1 (located within the Pit 5 boundary) have

always been relatively high (about 85 to 90 pCia,), although the most recent sample contained a low
concentration of U-233/234 (about 5 pCiIL), which is likely an unidentifiable sampling or analytical
anomaly.

Lysimeter Well I-1S-DL09 (on the west end of the SDA) appears to have somewhat elevated
concentrations of U-233/234, although not nearly as high as those from TW1 and D06.

005-0 LO1

❑ TW1-0L04

- D06-DLO2

I- 15:D LO9

I-35:EI L t3

RBC E-05

)K 03S:D L22

- 055:D L25

Bkgd

--.--02S:D L20

O 04 S:D L24

—1-1-45-17

15-D LO6

o 155:DL16

I-25:DL11

Figure 4-54. Soil moisture sample concentrations of uranium-233/234 in mid-depth lysimeters.
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Year Quarter
D06-
DLO1

D06-
DLO2

1315-
DLO6 1- I S I-2S I-3S 1-4S I-55 0-25 0-35 0-45 0-55

TW1-
DLO4

1997

I

2 84.4

3 8.5 83.5

4

1998 

1 90.0

2 69.6 2.0 82.8

3 47.9 82.3 2.4 97.4

4 86.3 1.7 96.7

1999

1 90,2

2

3

4 96.1 93.7

2000

1 90.6

2 92.1 2.5 17.7 1.7 4.9 92.9

3 111 16.1 10.4 87.0

4 1.8

2001

1

2 3.8 7.3 5.2

4

Key - U-233/234 was analyzed for, but not detected.

x.xx U-233/234 was detected at local soil moisture background levels (3 pCi/L).

U-2331234 was detected above local soil moisture background. but less than the risk-based
concentration (RBC) (6.7 pCi/L).

U-2331234 was detected above the RBC.

If more han one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-55. Occurrence of uranium-233/234 nondetections, detections at or above background (3 pCi/L),
and detections greater than 1E-05 aquifer risk-based concentration (6.7 pCi/L) in mid-depth lysimeters.

4.6.19.2.3.2 Uranium 2351236---A total of 48 U-235/236 analyses were
performed on lysimeter samples from the 35- to 140-ft depth interval within the SDA between 1997
(beginning of uranium monitoring) and May 2001, with 25 positive detections. One of the results
(TW I -DL04) exceeded the E-05 risk-based concentration for the aquifer, used for comparison.
Figure 4-56 shows the concentration trends in each of the intermediate depth lysimeters. Figure 4-57
shows the occurrence of the positive U-235/236 detections greater than local soil moisture background
and greater than the 1E-05 aquifer risk-based concentration.

Though soil moisture results can be highly variable, a t-test shows that the U-235/236
concentrations from Lysimeter TW1-DLO4 are significantly higher (p<0.01) than that in other lysimeters.
Nine of 19 samples from TWI-DLO4 yielded positive U-235/236 concentrations, and the TIMS analysis
confirmed the presence of enriched uranium in TW1-DLO4 samples.

There is a possible U-235/236 temporal trend in Lysimeter D06-DL01, which has relatively high
concentrations, though the most recent data show a decline in the U-235/236 concentration, which may be
attributable to natural variability, or an unidentifiable sampling or analytical anomaly.
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Supporting TIMS data from Los Alamos confirm that anthropic uranium was present in a sample

from TW1-DL04. Lysimeter D06-DLO1 shows a possible trend of increasing U-235/236 over time,
though the most recent data from that well suggest that the trend may be reversing or that the apparent

trend could be attributable to natural variability.

8

6

—RS C E-05

❑ TW1-0 L04

D la6-0 LO2

006-0L01

—0-1-1S:DLO9

- kgd

D 15-D LO6

I5S:D

—M— 05S: D L25

02S:D L20

—0— I-3S.D L13

—1— I-4S- D L15

I-2S:D L11

X 03S:0 L22

* 04S:D L24

Figure 4-56. Soil moisture sample concentrations of uranium-235/236 measured in mid-depth lysimeters.
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Year
!

Quarter
D06-
DLO]

D06-
DLO2

D15-
DLO6 1-1S I-2S I-38 1-48 I-58 0-28 0-38 0-4S 0-58

TW I -
DLO4

1997

I

2 2.2

3 2.9

4 !

1998

1 4.1

2 2.4 2.9

1 1.7 2.5 4.7

4 2.8 0.59 4.3

1999

I 4.3

2

1

4 3.2 5.7

2000

I

2 3.3 1.0 1.4 0.78 0.90 0.65 8.2

3 2.9 4.3

4

2001

l

2 ,
i

3

4

Key U-235/236 was analyzed for, hut nn[ detected.

U-2351236 was detected at local soil moisture background levels (0.5 pCilL).

U-235/236, was detected above local soil moisture background. but less than the risk-based

concentration (RHO (6.6 pCi/L).

U-235/236 was detected above the RBC.

11 more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-57. Occurrence of uranium-235/236 nondetections, detections at or above background
(0.5 pCi/L), and detections greater than the 1E-05 aquifer risk-based concentration of 6.6 pCi/L in
mid-depth lysimeters.

4.6.19.2.3.3 Uranium-238-A total of 48 lysimeter U-238 analyses were
performed on samples collected from the B and C basalt flows and B-C interbed between 1997 (beginning
of uranium monitoring) and May 2001. Most of the lysimeters sampled have detectable levels of U-238.
The positive results ranged from 0.7 ± 0.2 pCi/L (D15-DL06) to 52.6 ± 4.8 pCifL (D06-DLO] ), with the
majority of values between approximately 2 and 35 pCi/L. Figure 4-58 shows the U-238 concentration
trends in each of the intermediate depth lysimeters. Figure 4-59 shows the occurrence of U-238 above
background and above the 1E-05 risk-based concentration for U-238.

Samples from lysimeters D06-DLO] and D06-DLO2 consistently contain U-238 above the 1E-05
risk-based concentration for U-238 used for comparison (Figure 4-58). There is a prominent trend in
U-238 in D06-DLO1 and a relatively stable but elevated concentration in D06-DL02, which is located in
the same well (Figure 4-58). Lysimeter TW1-DLO4 concentrations are considerably lower than the
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Figure 4-58. Soil moisture sample concentrations of uranium-238 measured in mid-depth lysimeters.

concentrations id the DO6 lysimeters, but the uranium ratios 1.J-233/234:U-238 and U-238:U-2351236
suggest the presence of enriched uranium (anthropic) in samples from that well.

4.6.19.2.4 Uranium Ratios in Mid-Depth Lysimeter Samples Four lysimeter
water samples (D06-DL01, D06-DL02, TW1-DL04, and D15-DL06) were collected from the B and C
basalt flows and B-C interbed in 1999 and sent for TIMS analysis. The water samples were filtered and
both the filtrate and filtered material were analyzed for isotopic U-234, U-235, U-236, and U-238. The
filter sample from TW1-DLO4 contained U-236 and had uranium isotopic ratios (i.e., U-234:U-238 and
U-238:U-235) indicative of enriched uranium (Roback et al. 2000).

The INEEL routine monitoring data for U-235/236 from the lysimeters at this depth range are
consistent with the TIMS results. The uranium data suggest increasing uranium concentrations, though
the source of uranium in some cases cannot be determined without additional data and further
investigation. The uranium atomic mass ratios for U-233/234:U-238 and U-238:U-235/236 in Lysimeter
TWI-DLO4 indicate anthropic uranium. The elevated U-234 results on the other three lysimeters and the
trend data on D06-DLOI are inconclusive.

4.6.19.2.5 Deep Lysimeter and Perched Water Samples at Depths Greater
than 140 ft

4.6.1 9.2.5.1 Uranium-233/234—A total of 21 water samples (four lysimeter and
17 perched water) were analyzed for U-233/234 between 1998 and December 2000. There were nine
positive detections of U-233/234, all from the perched water wells. Three of the positive detections met or
exceeded the 1E-05 aquifer risk-based concentration of 6.7 pCi/L, used for comparison (Table 4-117).
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DLO2

D I 5-
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4
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1 9.8

2 42,1 8.2

3 28.4 48.9 1.2 9.5

4 48.6 0.68 9.6

1999

1 9.1

2

3

4 47.2 9.6
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2 41.4 1.6 10.3 1.5 2.1 3.1 9.1

3 52.6 9.3 4.5 8.9

4 0.87

2001

1

2 4.7 2.6
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1-

Key U-238 was analyzed for, hut not detected.

x.xx U-238 was detected at local soil moisture background levels (1.5 pCi/L).

U-238 was detected above local soil moisture background, but less than the risk-based concentration
(RBC) (5.5 pCi/L).

U-238 was analyzed detected above the RBC (5.5 pCi/LI.

If more han one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-59. Occurrence of uranium-238 nondetections, detections at or above background, and
detections greater than the 1E-05 aquifer risk-based concentration in mid-depth lysimeter samples.
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Table 4-117. Positive detections of uranium-233/234 from perched water wells greater than 140 ft deep. 

Perched
Water
Well

Concentration ± 1c
(pCi/L) Water

Confirmation
Flag

Concentration ± la
(pCi/g) Filtered

Sediments
Confirmation

Flag' Date

USGS-92 6.9 ± 1.9 A 0.47 ± 0.05 A April 1998
7.5 ±0.6 A 0.35 ±0.03 A December 1998
2.2 ± 0.4
2.5 ±0.7

D
D

0.66 ±0.08 A March 1999
March 1999

3.0 ±0.7 D 0.75 ±0.13 D November 1999
2.3 ± 0.7 D 0.90 ± 0.14 D November 1999
6.7 ± 0.7 0.76 ± 0.07 March 2000

8802D 0.53 ± 0.17 A December 1998
1.3 ± 0.4 A March 2000

a. Confirmation flag:
A = No second sample collected. no reanalysis performed.
D = Detection confirmed by reanalysis.

Note: Highlighted values and the "D" confirmation flag indicate a confirmed detection
Note: Concentrations in red bold exceed the I E-05 risk-based concentration for aquifer.

4.6.19.2.5.2 Uranium-2351236-A total of 21 water samples and six filtered
sediment samples from the perched water wells and deep suction lysimeters were analyzed for U-2351236
between 1998 and December 2000. There were no positive detections identified. The USGS does not
analyze perched water Well USGS-92 for U-235/236.

4.6.19.2.5.3 Uranium-238-A total of 21 water samples and six filtered
sediment samples from the perched water wells and deep suction lysimeters were analyzed for U-238
between 1998 and December 2000, with 13 positive detections (see Table 4-118). None of the results
exceed the 1E-05 aquifer risk-based concentration for U-238 (5.47 pCi/L), and none of the results in the
140+-ft region of the vadose zone are suspiciously high.

Table 4-118. Positive detections of uranium-238 from perched water Wells USGS-92 and USGS-8802D. 

Perched
Water
Well

Concentration ± 1 a
(pCifL) Confirmation
Water Flag

Concentration ± 1 a
(pCi/g) Confirmation

Filtered Sediments Flag' Date

USGS-92 3.6± 1.1 A 0.53 ± 0.05 A April 1998
4.7 ± 0.4 A 0.40 ± 0.04 A December 1998
1.2 ± 0.3 B 0.71 ± 0.08 March 1999
L3 ± 0.4 B 0.68 ± 0.12 November 1999

Not detected 0.88 ± 0.14 November 1999
3.2 ± 0.4 0.72 ± 0.07 A March 2000

8802D 0.37 ± 0.11 D Not applicable March 2000
0.89 ± 0.26 D Not applicable March 2000

a. Confirmation flag:
A = No second sample collected, no reanalysis performed.
D = Detection confirmed by reanalysis.

Note: Highlighted values and the "D" confirmation flags indicate a confirmed detection.

4.6.19.2.5.4 Uranium Ratios-Two perched water samples from the greater
than 140-ft-depth interval of the vadose zone were sent to Los Alamos for TIMS analysis. The samples
were filtered and both the filtrate and filtered material were analyzed for isotopic U-235, as well as
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U-234, U-236, and U-238. The 8802D water sample results showed uranium isotopic ratios indicative of
depleted uranium (Roback et al. 2000). This sample also contained U-236, which is indicative of
anthropic uranium.

4.6.19.3 Aquifer

4.6.19.3.1 Uranium-233/234—A total of 162 aquifer samples in the vicinity of the
RWMC were analyzed for U-233/234 between 1998 (beginning of uranium monitoring) and April 2001.
All the wells sampled around the RWMC have detectable levels of U-233/234 at concentrations typical of
background (1.1 pCi/L) uranium in aquifer. The U-233/234 results varied from 0.40 ± 0.04 pCi/L (M4D)
to 1.84 ±0.15 pCi/L (OW-2), with the majority of values between 0.82 and 1.54 pCi/L. The occurrence of
U-233/234 detections in aquifer samples is shown in Figure 4-60.

The USGS does not analyze for U-233/234 in their eight RWMC wells they manage, control, and
routinely sample.

The concentrations of U-233/234 detected are at background concentrations, and below the
1E-05 aquifer risk-based concentration (6.63 to 6.74 pCi/L). Ninety-three of the samples slightly
exceeded 1.1 pCi/L, but did not appear to be elevated above background concentration.

Some INEEL aquifer well samples were analyzed using the TIMS method with an ultra-low
detection limit and computed uranium ratios. The results suggest that the uranium in the aquifer beneath
the RWMC is naturally occurring (i.e., U-234) and that the aquifer has not been impacted by anthropic
uranium.

4.6.19.3.2 Uranium-235/236—A total of 161 RWMC aquifer well samples were
analyzed for U-235/236 between 1998 (beginning of uranium monitoring) and April 2001. All the wells
sampled around the RWMC have sporadic detections of U-235/236 at concentrations near the detection
sensitivity of the radioanalytical method. The U-235/236 detections varied from 0.020 ± 0.006 pCi/L
(M 15S) to 0.18 ± 0.02 pCi/L (OW-2), with the majority of values between 0.03 and 0.10 pCi/L.
Figure 4-61 identifies the detected concentrations of U-235/236 in the aquifer. The USGS does not
analyze for U-235/236 in their eight RWMC wells.

4.6.19.3.3 Uranium-238—A total of 162 RWMC aquifer well samples in the vicinity
of the RWMC were analyzed for U-238 between 1998 (beginning of uranium monitoring) and April
2001, all with detectable levels of U-238 at concentrations typical of background uranium in the Snake
River Plain Aquifer. The U-238 results varied from 0.21 ± 0.03 pCi/L (M4D) to 0.88 ± 0.08 pCi/L
(OW-2), with the majority of values between 0.4 and 0.7 pCi/L. The USGS does not analyze for U-238 in
the eight RWMC wells they manage, control, and routinely sample; thus, no USGS U-238 data are
available for the RWMC aquifer. The concentrations of U-238 detected are below the 1E-05 risk-based
concentration for the aquifer. Aquifer detections above background and nondetections for U-238 are
illustrated in Figure 4-62.
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Year Quarter MIS M3S M4D M6S M7S M 1 OS M 11S M 12S M138 M145 M155 M 16S M 17S
All
A31 OW-2

1998

1

2 0.78 1.44 0.49 1.12 1.36 0.73

3 1.00 1.65 0.61 1.30 1.54 0.93 1.33 1.43 1.38 1.29

4

1999

I

2 0.93 1.37 0.42 1.22 1.33 0.66 1.37 1.54 136 1.51

3 0.87 1.40 0.42 1.21 [09 0.71 1.26 1.48 1.24

4 0.87 1.27 1.49 1.23 1.31 0.79 1.24 1.38 1.21 1.43

2000

1 0.89 0.40 1.20 1.28 0.57 1.27 131 1.32 1.47 1.07 1.38

2 1.15

3 0.89 1.44 0.42 1.31 1.40 0.63 1.20 1.44 1.28 1.56 1.23 1.31 1.31

4 1.14 1.32 0.52 1.05 1.32 0.84 1.16 1.21 1.69 0.84 1.28 1.23 0.90 1.84

2001

1 0.89 1.61 1.12 1.15 1.14 1.64 1.09 1.27 1.14 1.23 1.19 0.92 1.56

2 0.85 1.37 0.56 1.12 132 1.13 1.38 1.25 1.27 1.22 1.19 1.20 1.19 1.46

3

4

Key U-233/234 was analyzed for, but not detected.

x„xx U-233/234 was detected at aquifer background levels (1.1 pCi/L).

U-2331234 was detected above aquifer background, but below the risk-based concentration (RBC)

(6.7 pCi/L).

U-2331234 was detected above the RBC.

If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-60. Occurrence of uranium-233/234 nondetections and detections at or above background in
aquifer wells monitored by the Idaho National Engineering and Environmental Laboratory.
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Year Quarter MIS M3S M41) M6S M7S M1OS MI 1S M12S M13S MI 4S Ml5S M165 M17S
All
A31 OW-2

1998

1

2

3 0.091 0.044 0.088 0.086 0.079 0.082 0.049

4

1999

1 0.058 0.040 0.044 0.071

2 0.050 0.038 0.041 0.044 0.051

3 0.039 0.036

4 0.040 0.031 0.050 0.034 0.030

2000

1

2 0.035

3 0.041 0.037 0.031 0.039 0.040

4 0.037 0.051 0.046 0.029 0.029 0.044 0.064 0.020 0.041 0.046

2001

1

2 0.038 0.047 0.040 0.027 0.062 0.035 0.046 0.055 0.113 0.044 0.177

3

4

Key U-235/236 was analyzed for. but not detected.

x.vi U-2351236 was detected at aquifer background levels (0.05 pCi/L).

U-235/236 was detected above aquifer background, but below the risk-based concentration (RBC)
(6.6 pCi/L).

U-235/236 was detected above the RBC.

If more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-61. Occurrence of uranium-235/236 nondetections and detections at or above background in
aquifer wells monitored by the Idaho National Engineering and Environmental Laboratory.
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Year Quarter MIS M3S M4D M65 M75 M IOS M1 IS M12S M13S MI4S M 1 5S M16S M 17S Al IA31 OW-2

1998

1

2 0.35 0.60 0.25 0.54 0.56 0.42

3 0.53 0.64 0.33 0.65 0.74 0.46 0.66 0.72 0.69 0.58

4

1999

1 0,38 0.73 0.23 0.60 0.51 0.35 0.53 0.75 0.54 0.63

2 0.43 0.62 0.32 0.58 0.67 0.27 0.55 0.72 0.54 0.71

3 0.34 0.65 0.28 0.53 0.52 0.32 0.52 0.55 0.65

4 0.40 0.65 0.67 0.58 0.69 0.35 0.50 0.64 0.48 0.60

2000

1 0.46 0.68 0.22 0.56 0.58 0.28 0.57 0.61 0.55 0.62 0.57 0.66

2 0.63

3 0.43 0.72 0.23 0.52 0.68 0.33 0.47 0.68 0.61 0.67 0.55 0.60 0.58

4 0.53 0.60 0.25 0.45 0.65 0.37 0.44 0.51 0.71 0.39 0.59 0.60 0.41 0.88

2001

I 0.41 0.77 0.25 0.45 0.45 0.49 0.58 0.54 0.58 0.51 0.63 0.63 0.48 0.85

2 0.41 0.65 0.30 0.58 0.62 0.42 0.67 0.49 0.60 0.56 0.53 0.51 0.54 0.64

1

4

Key U-238 was analyzed for, but not detected.

x.xx U-238 was detected at aquifer background levels (1.1 pCiJL).

U-238 was detected above aquifer background (1.1 pCi/L), but below the risk-based concentration

(RBC) (5.5 pCi/L).

U-238 was detected above the RBC.

II' more than one detection occurred in a well in a single quarter, only the highest concentration is listed.

Figure 4-62. Occurrence of uranium-238 nondetections and detections at or above background in aquifer
wells monitored by the Idaho National Engineering and Environmental Laboratory.

4.6.19.3.4 Uranium Ratios-In 1999, aquifer samples were collected from Wells
M IS, M3S, M7S, MIOS, Ml4S, USGS-87, USGS-117, USGS-119, and USGS-120 and sent for TIMS
analysis. The aquifer well water samples were filtered and both the filtrate and filtered material were
analyzed for U-234, U-235, U-236, and U-238. Natural uranium has a U-238:U-235 atomic ratio of
137.88 and contains no U-236 (Roback et al. 2001). None of the aquifer well samples indicated the
presence of anthropic uranium in the aquifer below the RWMC (Roback et al. 2001). The TIMS analysis
of the filters and filtrate did not show the presence of U-236 and showed an average U-238:U-235 ratio of
137.82. Thus, the RWMC aquifer has not been impacted by anthropic uranium from the SSA or from
upgradient sources. The INEEL routine monitoring program includes evaluating the U-234:U-238 and
U-238:U-235 ratios. The U-234:U-238 atomic mass ratios associated with all the INEEL aquifer wells are
typical of INEEL aquifer.
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4.6.19.4 Summary of Uranium. Uranium was not detected above background levels in the
soil and rock collected from vadose zone cores or in the aquifer. However, there are some potential trends
developing in the soil moisture samples. The distribution of detected U-233/234, U-235/236, and U-238
above background in the various media are shown in Figures 4-63, 4-64, and 4-65, respectively. With the
exception of the lysimeter and perched water samples, all the concentrations of all uranium isotopes are
around background. Table 4-119 shows the detection rates and E-5 risk-based concentration exceedance
rates in each of the media for each uranium isotope.

Uranium isotopes are elevated in some lysimeter samples. Routine monitoring results from the
shallow lysimeters suggest that there is an emerging trend in anthropic uranium around the Pad A area
and at the western end of the SDA. Samples from PA03 and W23 consistently have higher concentrations
of all the uranium isotopes, and the low-level TIMS results suggest that uranium from Wells W23 and
98-5 on the west end of the SDA deviate from natural. The U-233/234:U-238 ratio in W23 suggests that
there is depleted uranium in that well. Uranium-233/234 and U-238 were increasing in the lysimeter
samples from PA03 and W23, and the U-235/236 was elevated. Many of the lysimeter samples exceeded
the aquifer risk-based concentration for U-233/234 and U-238.

Uranium concentrations were elevated in intermediate depth lysimeters near Pit 5 and Pad A, and
were slightly elevated in Well I-1S, a relatively new well on the west end of the SDA. Uranium ratios on
the TIMS data confirm that enriched uranium (i.e., anthropic) is present in TW1. The TIMS results from
the other lysimeters were inconclusive.

Uranium isotopes do not appear to be elevated in the deeper vadose zone. The TIMS data suggest
the possibility of anthropic uranium in the perched water from Well 8802D at around 220 ft deep, but no
conclusion can be drawn from one sample result.

Ratios calculated for the vadose zone core, lysimeter, perched water, and aquifer samples do not
provide strong evidence that anthropic uranium is widespread throughout the vadose zone beneath the
RWMC. Ratios for the vadose zone cores and the aquifer were indicative of natural uranium. Ratios for
the soil moisture and perched water suggest anthropic uranium is present. Depleted uranium trends may
be developing in the shallow lysimeter samples at the west end of the SDA, and depleted uranium has
been detected in the perched water sampled around 214 ft deep. Ratios for the intermediate vadose zone
(35 to 140 ft) indicate the presence of enriched uranium in the Pit 5 area.
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sample detection
U-234 core sample detection

Figure 4-63. The distribution of detected uranium-233/234 above background in the vadose zone core,
lysimeter, perched water, and aquifer samples at the Radioactive Waste Management Complex.
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Figure 4-64. The distribution of uranium-235/236 positive detections greater than background levels in
vadose zone cores, soil moisture, perched water and aquifer samples at the Radioactive Waste
Management Complex.

4-171



N211-218

98-5L39
W23-L
W23-1.0

USGS-94

D15-D1_060
DOS-DLO
006-0L02

88-020 04"

PA03-L33 PA01-L15
I -L16

II 451- 4 P.

USGS-91

0-35 ft
8.1L35

35.140 ft

16 U-238 lysimeter or aquifer
sample detection
U-238 core sample detection

Figure 4-65. The distribution of uranium-238 positive detections greater than background levels in vadose
zone cores, soil moisture, perched water, and aquifer samples at the Radioactive Waste Management
Complex.
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Table 4-119. Detection rates and 1E-05 risk-based concentration exceedance rates for uranium isotopes in

all media.

Sampled Media

Detection
Rate

(%) Range

Risk-Based
Concentration

Exceedance Rate
(%)

Wells >Risk-Based
Concentration

U433/234,

Vadose zone 0 to 35 ft
Cores 27 0.7 to 0.99 pCi/g 0 None
Soil moisture 98.3 3.69 to 87.0 pCi/L 75 98-1, 98-5, PA01, PA02,

PA03, W06, W08, W23

Vadose zone 35 to 140 ft
Cores 55.0 0.4 to 1.7 pCi/g 0 None
Soil moisture 77.0 1.68 to 111 pCi/L 56 D06, I-1S, I-3S, O-3S, TW1

Vadose zone 140 to 250 ft
Cores 61.1 0.5 to 1.21 pCi/g 0 None
Soil moisture 42.96 0.5 to 7.47 pCi/L 14.3 USGS-92

Vadose zone more than 250 ft
Cores No data No data No data No data
Soil moisture No data No data No data No data

Aquifer 84.8 0.4 to 1.84,pCi/L 0 None

U235

Vadose zone 0 to 35 ft
Cores 0 0 None
Soil moisture ' 34.4 0.35 to 4.4 pCi/L 0 None

Vadose zone 35 to 140 ft
Cores 12.2 0.02 to 0.06 pCi/g 0 None
Soil moisture 52.0 0.59 to 8.2 pCi/L 2.1 TW1

Vadose zone 140 to 250 ft
Cores 19.4 0.05 to 0.12 pCi/g 0 None
Soil moisture 0 0 None

Vadose zone more than 250 ft
Cores No data No data No data No data
Soil moisture No data No data No data No data

Aquifer 38.0 0.020 to 0.177
pCi/L

0 None

Vadose zone 0 to 35 ft
Cores 61.5 0.6 to 5.4 pCi/g 0 None
Soil moisture 99.2 0.26 to 53 pCi/L 73.8 98-1, 98-5, PA01, PA02,

PA03, W08, W23

Vadose zone 35 to 140 ft
Cores 61.4 0.3 to 5.9 pCi/g 0 None
Soil moisture 79.2 0.68 to 52.6 pCi/L 52.1 D06, I-1S, TVV1

Vadose zone 140 to 250 ft
Cores 69.2 0.56 to 7.5 pCi/g 0 None
Soil moisture 33.3 0.37 to 4.7 pCi/L 0 None

Vadose zone more than 250 ft
Cores No data No data No data No data
Soil moisture No data No data No data No data

Aquifer 93.0 0.21 to 0.88 pCi/L 0 None
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4.7 Inorganic Contaminants

4.7.1 Nitrates

Nitrate (NO3) is an inorganic anion generally associated with nitrate-containing salts or fertilizers,

or the aerobic decomposition of organic matter. Because it is an anion, it is readily transported through

the vadose zone with migrating water. Nitrates exist in the SRPA at detectable concentrations of about

1 to 2 mg/L at background locations (Knobel, Orr, and Cecil 1992). Excess nitrate in groundwater is most

commonly associated with large-scale farming operations or feedlots, from the addition of nitrogen-

containing fertilizers, or from excessive manure in stockpiles or lagoons. Most of the nitrates in the SDA

originate from nitrate salts used in weapons manufacturing. Nitrate was identified in the IRA as a COPC,

primarily for the groundwater ingestion exposure pathway (Becker et al. 1998).

The nitrate sample data are presented in the following tables as they were reported in the

limitations and validation or laboratory reports (see Section 4.5.3). Most of the data were reported as

"nitrate" or "nitrate-N." The "nitrate-N" probably indicates that the concentration obtained by the analysis

was reported on a nitrogen basis rather than as nitrate. Results in this section are compared to the MCL of

10 mg/L nitrates.

4.7.1.1 Waste Zone. About 4.35E+08 g of nitrates were disposed of in the SDA. Table 4-120

identifies the waste streams containing the nitrate inventory mass.

Table 4-120. Waste streams containing nitrates.

Waste Stream Code Waste Stream Description
Mass

(g)

Proportion of
Total Mass

(%)

PDA-RFO-1A Nitrate salts RFO sludge 2.31E+08 53

RFO-DOW-17H Nitrate salts in sludge 1.57E+08 36

CPP-601-4H Acidic aqueous liquid 4.79E+07 11

Total Disposals 4.35E+08 100

4.7.1.2 Surface. Nitrates have not been measured in routine surface sampling.

4.7.1.3 Vadose Zone. The distributions of nitrate in vadose zone core, soil moisture, and

perched water in the various depth intervals are discussed below.

4.7.1.3.1 Core Samples—A total of 27 nitrate and nitrite analyses were performed on

core samples from the 1993 investigation, all of which were positive detections (see Table 4-121).

4.7.1.4 Lysimeter Samples at Depths of 0 to 35 ft. A total of 72 nitrate and nitrite

analyses were performed on soil moisture samples collected from 10 shallow vadose zone lysimeters

between 1994 and May 2001. Of these, there were 54 detections, 37 of which exceed the MCL of

10 mg/L used for comparison (see Table 4-122).
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Table 4-121. Detections of nitrates in Radioactive Waste Management Complex core samples.

Borehole
Identification

Sample Depth
(ft) Name in Reporta

Concentration
(mg/kg) Date

76-1 204.9 to 205.9 Nitrate + Nitrite-N 1.39 May 1993

76-2 78 to 79 Nitrate + Nitrite-N 1.72 May 1993

76-3 94 to 95 Nitrate-N 0.23 May 1993
215 to 215.8 Nitrate-N 0.22 May 1993

76-5 45.1 to 46.0 Nitrate-N 0.29 May 1993
48.0 to 49.0 Nitrate-N 0.53 May 1993

77-2 72.6 to 73.5 Nitrate-N 0.47 May 1993
199.5 to 200.3 Nitrate-N 0.57 May 1993

78-2 126.5 to 127.8 Nitrate-N 0.24 May 1993
226.3 to 230.1 Nitrate-N 0.38 May 1993

78-5 130.6 to 132.0 Nitrate-N 0.34 May 1993
172.9 to 173.7 Nitrate-N 0.25 May 1993

79-2 27.0 to 29.0 Nitrate-N 0.38 May 1993
70.0 to 70.6 Nitrate-N 0.37 May 1993

221.5 to 222.5 Nitrate-N 0.33 May 1993

79-3 53.9 to 55.0 Nitrate-N 0.23 May 1993
100.6 to 101.8 Nitrate-N 0.26 May 1993

8801D 43.2 to 44.7 Nitrate-N 0.91 May 1993
87.0 to 89.0 Nitrate-N 0.91 May 1993
170.3 to 171.3 Nitrate-N 2.94 May 1993

USGS-91 23.4 to 25.0 Nitrate-N 2.00 May 1993
106.0 to 108.0 Nitrate-N 1.86 May 1993

USGS-93 14.0 to 16.0 Nitrate-N 0.57 May 1993
222.5 to 236.0 Nitrate-N 0.75 May 1993

USGS-94 26.1 to 28.0 Nitrate-N 0.21 May 1993

USGS-95 76.0 to 114.4 Nitrate-N 0.29 May 1993
235.2 to 239.0 Nitrate-N 0.25 May 1993

a. Compound name is presented as reported in Loehr, Einerson, and Jorgensen (1993). It is unknown whether the data
represent nitrate or nitrogen concentrations in the samples. 

4-175



Table 4-122. Detections of nitrates and nitrites from shallow lysimeters at depths of 0 to 35 ft.

Lysimeter
Depth
(ft) Name in Database' Concentration (mgIL) Date

W23-L08 11.8 Nitrate/Nitrite-N 30.8 April 1997
Nitrate/Nitrite-N 27.7 August 1997
Nitrate 102 August 1998
Nitrate 0.12 March 2000

W23-L09 7.7 Nitrate/Nitrite-N 18.3 April 1997
Nitrate/Nitrite-N 16.2 August 1997
Nitrate/Nitrite-N 31.4 August 1997
Nitrate 48.8 August 1998
Nitrate-N 0.42 June 2000

W08-L13 11.3 Nitrate/Nitrite-N 34.1 April 1997
Nitrate/Nitrite-N 5.6 August 1997
Nitrate/Nitrite-N 16.7 August 1997
Nitrate+Nitrite-N 30.7 June 2000

W08-L14 6.2 NitrateiNitrite-N 44.3 April 1997
NitrateiNitrite-N 71.3 August 1997
Nitrate/Nitrite-N 70.8 August 1997

PA01-L15 14.3 Nitrate/Nitrite-N 6.79 June 1994
Nitrate/Nitrite-N 6.82 May 1995
Nitrate 16.9 April 1996
Nitrate/Nitrite-N 5.65 April 1997
Nitrate/Nitrite-N 6.38 August 1997
Nitrate 26.3 August 1998
Nitrate 29.9 December 1998

PA02-L 16 8.7 Nitrate/Nitrite-N 47.5 June 1994
Nitrate-N 42.8 April 1995
Nitrate 242 April 1996
Nitrate/Nitrite-N 48.5 April 1997
Nitrate 47.3 August 1997
Nitrate/Nitrite-N 44.8 August 1997
Nitrate/Nitrite-N 55.6 February 1998
Nitrate 45.9 April 1998
Nitrate 205 August 1998
Nitrate 232 December 1998
Nitrate 47.0 March 2000
Nitrate-N 30.3 May 2001

W06-L27 11.8 Nitrate/Nitrite-N 3.67 April 1997
Nitrate/Nitrite-N 2.90 August 1997
Nitrate/Nitrite-N 3.68 August 1997
Nitrate/Nitrite-N 6.02 February 1998
Nitrate 9.30 August 1998
Nitrate 11.2 December 1998
Nitrate-N 7.89 May 2001
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Table 4-122. (continued).

Lysimeter
Depth
(ft) Name in Database' Concentration (mg/L) Date

W25-L28 15.5 Nitrate/Nitrite-N 21.3 April 1997
Nitrate/Nitrite-N 10.2 August 1997
Nitrate/Nitrite-N 21.2 August 1997
Nitrate+Nitrite-N 26.2 November 1999
Nitrate-N 26.7 June 2000

PA03-L33 10 Nitrate 8.93 August 1997
Nitrate/Nitrite-N 10.6 February 1998
Nitrate 9.97 April 1998
Nitrate 8.0 March 2000

98-5L39 (SDA10) 10.5 Nitrate 4.63 April 1998
Nitrate 27.0 August 1998
Nitrate 16.8 December 1998

a. Compound name is presented as reported by the laboratory. It is unknown whether the data represent nitrate or nitrogen
concentrations in the sample.
Values in red bold exceed the maximum contaminant level of 10 mg/L. Highlighted data are the original and confirmation
results.

4.7.1.4.1 Lysimeter Samples at Depths of 35 to 140 ft-A total of 29 nitrate and
nitrite analyses were performed by the INEEL on soil moisture samples collected from seven lysimeters
between 1995 and May 2001. Of these there were 18 detections, 12 of which exceed the MCL of 10 mg/L
used for cornparkon (see Table 4-123).

Table 4-123. Detected nitrates in lysimeter samples at depths of 35 to 140 ft. 

Lysimeter Depth (ft) Name in Database' Concentration (mg/L) Date

D06-DLO1 88 Nitrate 17.2 August 1997
Nitrate 9.03 April 1998

D06-DLO2 44 Nitrate + Nitrite-N 32.3 April 1995
Nitrate 24.0 August 1997
Nitrate 23.7 April 1998
Nitrate 14.0 March 2000

TW1-DLO4 101.7 Nitrate + Nitrite-N 2.02 April 1995
Nitrate + Nitrite-N 2.73 April 1995

Nitrate 41.9 April 1996
Nitrate 42.0 April 1996

Nitrate/Nitrite-N 13.1 February 1998
Nitrate 14.2 April 1998
Nitrate 13.0 March 2000

Nitrate-N 7.8 May 2001

D 1 5-DLO6 98 Nitrate/Nitrite-N 13.3 April 1997
Nitrate/Nitrite-N 0.76 August 1997

I-2S DL11 92 Nitrate + Nitrite-N 48.9 May 2001

I-3S DL13 93 Nitrate + Nitrite-N 1.41 May 2001

a. Results are presented as reported by the laboratory. It is unknown whether the data represent nitrate or nitrogen
concentrations in the sample.
Note: Values in red bold exceed the maximum contaminant level of 10 mg/L. Highlighted data are the original and
confirmation results.
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4.7.1.4.2 Perched Water Samples at Depths Greater than 140 ft—A total of
five nitrate and nitrite analyses were performed by the NEEL on perched water samples collected from
two wells between 1997 and May 2001. All samples contained detectable concentrations of nitrates, but
none of the concentrations exceeded the MCL of 10 mg/L used for comparison (see Table 4-124).

Table 4-124. Detections of nitrates in the vadose zone soil moisture at depths greater than 140 ft.

Perched Water
Well

USGS-92

8802D

Depth
(ft)

214

Name in Database

NitratelNitrite-N
Nitrate/Nitrite-N
Nitrate/Nitrite-N
NO2+NO3-N

220 Nitrate/Nitrite-N

Concentration

(mg/L) 

4.07
0.58
1.96
1.05

3.81

Date

a. Results are presented as reported by the laboratory. It is unknown whether the data represent nitrate
concentrations in the sample.

April 1997
August 1997
February 1998
October 1999

February 1998

or nitrogen

4.7.1.5 Aquifer. Low levels of nitrates have been detected in the aquifer-monitoring wells in
the vicinity of the RWMC. All 16 of the RWMC INEEL wells sampled from 1992 to May 2001 had
nitrate concentrations below the MCLs and were typical of levels normally detected in the aquifer. The
reported levels of nitrates typically found in the SRPA are 1 to 2 mg/L, with concentrations that range
from 0.4 to 5 mg/L (Knobel, On, and Cecil 1992). The range of concentrations associated with the
RWMC aquifer monitoring wells from 1992 to April 2001 (273 measurements) varied from a minimum
of 0.28 mg/L to a maximum of 2.9 g/L, with the majority of values between 0.5 and 1.3 mg/L. Well M6S
shows an increasing nitrate trend (see Figure 4-66).

Oct '92 DATE Apr '01

Figure 4-66. Nitrate concentrations in Well M6S from 1992 to 2001.

The trend observed in Well M6S began shortly after the well was installed in 1992. The cause of
the trend is unknown. Well M6S was cleaned out in February 2001 as part of routine well maintenance
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and various types of corrosion products and other debris were removed from the bottom of the well.a
Nitrate concentrations since the well cleaning have declined; however, it will require several more
sampling events before a decreasing trend can be substantiated.

Besides the wells routinely sampled by the INEEL, the USGS manages and regularly samples eight
other wells in the vicinity of the RWMC. Most of these wells have been monitored by the USGS for
nitrates since 1981; however, the RWMC Production Well was first monitored for nitrates in 1974. All of
the RWMC USGS wells sampled from 1974 to April 2001 had nitrate concentrations around background
(i.e., 1 to 2 mg/L). None of the USGS results exceeded the MCL (10 mg/L). The range of concentrations
associated with the USGS aquifer monitoring wells from 1974 to April 2001 (139 measurements) varied
from a minimum of 0 mg/L to a maximum of 2.1 mg/L, with the majority of values between 0.6 and
1.4 mg/L.

The concentrations of nitrates detected in the RWMC aquifer monitoring wells are below
58.4 mg/L, which is the concentration associated with the hazard index of one. There are no risk-based
concentrations associated with nitrates because nitrates are not carcinogenic.

4.8 Volatile Organic Compounds

Carbon tetrachloride, PCE, and methylene chloride have been identified as COPCs, primarily for
the groundwater ingestion exposure pathway. Information about the disposal inventories and the
detections of these compounds in environmental media is presented in the following subsections.

4.8.1 Carbon Tetrachloride

Carbon tetrachloride is a chlorinated aliphatic hydrocarbon that can exist in multiple phases
including: (a) a non-aqueous phase liquid, (b) a vapor phase in the soil gas, (c) an aqueous phase
dissolved in soil water, and (d) a solid phase sorbed onto soil particles. In the vadose zone, CC14 will
partition into all the phases, seeking an equilibrium condition. At the SDA, however, a liquid phase is
unlikely because of the high viscosity of the treated 743-series waste.

Many investigations have been conducted to determine the extent of CC14 contamination and other
VOCs at the SDA. These investigations have detected CC14 in surficial sediments, vadose zone soil gas,
vadose zone soil water (perched water and lysimeters), and the aquifer beneath and surrounding the SDA.
Carbon tetrachloride vapor has also been detected emanating from the soil surface by surface isolation
flux chambers. Sources of CC14 information and data include, but are not limited to, Mann and Knobel
(1987), Mann (1990), Liszewski and Mann (1993), Duncan, Troutman, and Sondrup (1993), Sondrup and
Martian (1995), Greene and Tucker (1998), Rodriguez (2000), Miller and Varvel (2001), Housley (2002),
the USGS Aquifer Quality Database, and results from routine monitoring.

Careful attention should be paid to the different concentration units for CC14 in the gaseous-phase
and aqueous-phase. Aqueous-phase concentrations are often given in p,g/L (mass of contaminant/volume
of aqueous solution). For low concentrations, this is the same as parts per billion, which is a mass/mass
ratio (e.g., tg of contaminant per kg of solution). Gaseous-phase concentrations on the other hand are
given as parts per million by volume (ppmv), or parts per billion by volume (ppbv), both of which are a
volume-to-volume ratio.

a. Dooley, Kirk, personal conversation, September 25, 2001, Idaho National Engineering and Environmental Laboratory, Idaho
Falls, Idaho.
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4.8.1.1 Waste Zone

4.8.1.1.1 Inventory and Distribution—The primary source of CC14 at the SDA is
743-series waste drums shipped from DOE's Rocky Flats Plant between 1966 and 1970 (Miller and
Varvel 2001). Initially 9,691 743-series waste drums were buried in multiple pits in the SDA, including
Pits 4, 5, 6, 9, 10, 11, and 12. Of these, 1,015 drums were subsequently retrieved from Pits 11 and 12 in
the 1970s, leaving 8,676 drums of 743-series waste drums in the SDA. The estimated mass of CC14
contained in these 8,676 drums is 8.2E+05 kg (Table 4-125) with a standard deviation of 1.4E+05 kg
(Miller and Varvel 2001). Figure 4-67 displays a drum density burial map for 743-series waste drums.
Based on information reported in Miller and Varvel (2001), 6,225 (about 72%) of the 8,676 743-series
drums buried in the SDA were buried in Pits 4 and 6. Table 4-126 displays the distribution of 743-series
drums within the SDA.

Table 4-125. Waste streams containing carbon tetrachloride.

Waste Stream Code Waste Stream Description
Mass
(kg)

Proportion of
Total Mass

(%)

RFO-DOW-15H Organic sludge 7.94E+05 96.8

RFO-DOW-4H Paper, rags, and plastic 2.05E+04 2.5

Miscellaneous Miscellaneous minor streams 5.74E+03 0.7

Total Disposals 8.20E+05 100

Table 4-126. Post-retrieval distribution of 743-series waste drums.

Number of Drums
Pit (% of total)

Pit 4 3,701(42.6%)

Pit 5 49(0.6%)

Pit 6 2,524(29.1%)

Pit 9 1,144(13.2%)

Pit 10 1,258(14.5%)

Total 8,676(100%)

Though a considerable amount of VOCs have been released from the 743-series waste into the

vadose zone, a significant portion may still yet reside in sludge in the pits. Estimating the mass of VOCs

remaining in source pits and trenches in the SDA is important in supporting decisions relating to SDA

remediation.
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743 Series Drum Burial Locations
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A study was recently conducted that provides a preliminary estimate of the mass of CC14 and total
VOCs remaining in the SDA pits.a The estimate is based on calculations of CC14 and total VOC mass
originally buried in the SDA (Miller and Varvel 2001) and the results of recent chlorine logging in the
waste. The chlorine logging was performed in probeholes along the 743-series transect in Pit 4 and
provides the basis for estimating the current mass of CC14 and total VOCs at select locations within the
SDA. The study attempted to quantify and propagate random errors in both data sets to provide an
estimate of the uncertainty in the final VOC mass estimate.

The results of the study estimate that 51% (±20%) of the initial chlorine mass buried in the SDA
still remains. If it is assumed that the VOCs have not undergone chemical transformation since burial, and
that the relative mass fractions of each VOC in 743-series waste has remained constant, the mass of CC14
remaining in the pits is estimated to be 4.1E+05 kg with a standard error of 1.5E+05 kg. The mass of total
VOCs remaining is estimated to be 5.5E+05 kg with a standard error of 2.0E+05 kg. The study points out
that additional work is needed to determine the adequacy of the assumptions and the presence of any bias
errors in the supporting analysis, both of which influence the accuracy of the remaining mass estimates.

4.8.1.1.2 Waste Zone Soil Gas Data from Type B Probes—In 2001, 16 Type B
vapor probes were installed within the waste zone in the 743 and DU Focus Areas. Eight of the 16 probes
are functional and the other eight probes will not currently yield a sample. The probes that will not yield a
sample may be clogged, possibly by the sludge from some of the buried waste. Of the 16 probes, nine
have been installed in the organic sludge focus area and only three of the nine will yield a sample. The
remaining seven waste zone vapor probes have been installed in the depleted uranium focus area where
there is less 743-series waste, and five of the seven have yielded a sample.

Two of the functioning vapor ports (DU-08-VP2 and DU-10-VP3) have had vapor samples
analyzed by an offsite laboratory and have yielded what is believed to be acceptable results; however, the
data have not yet been validated. Table 4-127 lists the names, depths, and preliminary CC14 gas
concentrations for samples collected from these locations. The 13,000-ppmv concentration measured in
DU-08-VP2 is the highest vapor concentration measured at the SDA. This should not be surprising since
it is the first sample ever collected from the waste zone. Samples from the remaining functioning vapor
ports have been analyzed with a field instrument that has not been reliable. Problems with this instrument
are being corrected and additional data will be collected during the next round of vapor port sampling.

Table 4-127. Unvalidated carbon tetrachloride vapor concentrations from Type B vapor probes.

Vapor Port Port Depth (ft) CC14 Concentration (ppmv) Date

743-03-VP1 18.0 No sample can be obtained Not applicable

743-03-VP2 13.3 No sample can be obtained Not applicable

743-03-VP3 4.8 No sample can be obtained Not applicable

743-08-VP1 20.2 Not sampled Not applicable

743-08-VP2 13.4 Not sampled Not applicable

743-08-VP3 4.9 No sample can be obtained Not applicable

743-18-VP1 20.0 No sample can be obtained Not applicable

a. Miller, Eric C., A. Jeffrey Sondrup, and Nicholas E. Josten, 2002, "Preliminary Estimate of Carbon Tetrachloride and Total
Volatile Organic Compound Mass Remaining in SDA Pits (Draft)," INEEL/EXT-02-00140, Rev. A, draft, Idaho National
Engineering and Environmental Laboratory, Bechtel BWXT Idaho, LLC, Idaho Falls, Idaho.
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Table 4-127. (continued).

Vapor Port Port Depth (ft) CC14 Concentration (ppmv) Date

743-18-VP3 7.6 No sample can be obtained Not applicable

743-18-VP4 14.6 Not sampled Not applicable

DU-08-VP2 15.8 13,000 November 2001

DU-10-VP1 11.6 No sample can be obtained Not applicable

DU-10-VP2 10.0 Not sampled Not applicable

DU-10-VP3 6.2 610 November 2001

DU-14-VP1 16.1 No sample can be obtained Not applicable

DU-14-VP2 11.7 Not sampled Not applicable

DU-14-VP3 4.9 Not sampled Not applicable

4.8.1.2 Surface. Gaseous emissions from the soil surface of the SDA were collected in
December 1992 and July 1993 using a surface isolation flux chamber. Measurements were made in the
12 locations indicated in Figure 4-68. The results for CC14, in terms of concentration within the sample
canisters and emission rates, are shown in Table 4-128. Emissions of CC14were detected in 10 of the
12 locations. The maximum emission rate for CC14 was 5614/m2/min at location FC-5 between Pits 4 and
10. The complete results of these studies can be found in Duncan, Troutman, and Sondrup (1993) and
Schmidt (1993).

Table 4-128. Summary of carbon tetrachloride data collected from 1992 and 1993 surface flux chamber
measurements.

December 1992 July 1993

Sample
Location

Concentration
in Canister
(ppbv)

Emission Rate
(p.g/m2/minute)

Concentration
in Canister Emission Rate

FC-1 3.3 (3.9)a 0.87 4.5 (5.0)a Not detected

FC-2 8.3 2.0 Not detected Not detected

FC-3 <1 Not detected Not detected Not detected

FC-4 8.7 2.1 Not detected Not detected

FC-5 85 20 240b 56

FC-6 21 5.0 46 10

FC-7 11 2.6 Not detected Not detected

FC-8 3.2 0.77 Not detected Not detected

FC-9 2.9 0.70 14 2.1

FC-10 160 38 2.4 Not detected

FC-11 23 5.5 200 46

FC-12 <1 Not detected Not detected Not detected
a. Replicate analysis.
b. Reported value is an average of multiple results.
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Figure 4-68. Surface flux chamber measurement locations.

4.8.1.3 Vadose Zone. Carbon tetrachloride is ubiquitous in the vadose zone in the vicinity of
the SDA, as shown by hundreds of gas and water sample analyses. This section discusses the vadose zone
sample results, including (a) shallow soil gas survey data, (b) shallow well soil gas data, (c) deep soil gas
data, (d) perched,water data, and (e) lysimeter data.

4.8.1.3.1 Shallow Soil Gas Survey Data Four shallow soil gas surveys have been
performed at the SDA. The first two surveys were conducted in 1987 and 1992 and covered large areas
using a relatively course grid spacing. These surveys analyzed samples using portable gas
chromatographs and produced respective CC14 concentration ranges of 0 to 427 ppmv and 0 to 255 ppmv.
The most recent surveys, conducted in 1999 and 2000, used a finer spacing and were focused in areas
over Pits 4, 5, 6, and 10, identified by the previous surveys as 743-waste burial locations. These surveys
analyzed samples using a Briiel and Kjaer portable photoacoustic gas analyzer. The CC14 concentration
ranges for the 1999 and 2000 surveys are 2 to 7,260 ppmv and 0 to 6,330 ppmv, respectively. Because the
1999 and 2000 surveys were focused over specific pits where 743-series drums are buried, it is not
surprising that the maximum measured concentrations are much greater than the first two surveys.

The results of the four surveys generally agree with one another in terms of identifying burial
locations of VOCs contained in 743-series waste. Figure 4-69 shows an isopleth of CC14 concentrations
from the 2000 shallow soil gas survey. To a large degree, this information validates the 743-series waste
burial locations shown in Figure 4-67. A summary of all four shallow soil gas surveys can be found in
Housley, Sondrup, and Varvel (2001).
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4.8.1.3.2 Shallow Well Soil Gas Sampling—In August 1992, gas samples were
collected from gas sampling ports in Wells TEM1A, TEM2A, and TEM3A (see Figure 4-70 for well
locations). The sampling ports are located in the surficial sediments at 2-ft depth intervals down to basalt.
Samples were analyzed on-site with a Sentex Scentograph portable gas chromatograph. Results for CC14
from these analyses are summarized in Table 4-129. The maximum concentration measured was
103 ppmv in Well TEM-1A at a depth of 4.9 m (16 ft). The vertical profile in each well shows an increase
with depth in CC14 concentrations. For additional details, see Duncan, Troutman, and Sondrup (1993).

Later in the same year, other shallow well gas samples were collected and analyzed from locations
around the Acid Pit and Pit 9. The results of these samples were consistent with TEM-series well sample
results and the 1992 shallow gas survey.

Table 4-129. Summary of carbon tetrachloride vapor concentration results from August 1992 TEM-series
well samples.

Depth Below Soil Surface (ft)

Well 2 4 6 8 10 12 14 16 18

TEM1A 8.79 13.9 13.7 13.6 16.7 20.0 89.7 103 NA

TEM2A ND 2.49 3.39 17.1 23.8 NA NA NA NA

TEM3A 8.62 13.6 24.0 NA NA NA NA 69.8 147
NA = not applicable
ND = not detected at 0.1 ppm
Note: All values are reported as mean concentration in ppmv.

4.8.1.3.3 Deep Soil Gas Data—Soil gas monitoring in the vadose zone is
accomplished using an extensive system of permanent soil gas sampling ports inside and outside the SDA
boundary. The ports are made of stainless tubing attached to the outside of well casings. Figure 4-70
shows the location of wells with soil gas-sampling ports in the vicinity of the SDA and Figure 4-71 shows
the depths of the ports. Note the port depths range from a minimum depth of 4.6 m (15 ft) in
Well WWW-1 to a maximum depth of 180.1 m (591 ft), just above the water table, in Well M13S.

Soil gas data for the SDA are contained in three primary references. The first is Sondrup and
Martian (1995) who compiled and summarized VOC soil gas data in the vicinity of the SDA from 1991
through 1995 for the IRA (Becker et al. 1998). Though Sondrup and Martian (1995) contains soil gas data
prior to 1992, Izbicki (1992) recommended that data collected prior to 1992 be used only for
identification of contaminants and qualitative analysis because of quality and reliability concerns. The
other two soil gas data references are Rodriguez (2000), which contains soil gas data from 1992 through
1999; and Housley (2001), a supplement to the Rodriguez (2000) report.

In January 1996, the OCVZ project began operation of a multi-well VVE system inside the SDA to
remove gas phase VOCs from the subsurface (see Section 3.2.8). This system has operated on a nearly
continuous basis since 1996 and greatly altered deep soil gas concentrations. Figure 4-72 shows
conceptually what the vadose zone soil gas concentrations before operation of the vapor-vacuum
extraction system. The highest levels of CC14 were located in the central portion of the SDA between
Pits 4, 5, 6, and 10. The maximum concentration measured was 4,864 ppmv in Well 9302 Port 6, at a
depth of 23.5 m (77 ft) in January 1995. Data from wells outside the SDA indicate CC14 has migrated
more than 1 km (3,281 ft) beyond the SDA boundary, but concentrations decrease significantly with
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distance from the SDA. Carbon tetrachloride concentrations in wells only 250 m (820 ft) from the SDA
boundary are approximately two orders of magnitude less than concentrations below source areas.
Concentrations in the furthest wells from the SDA, OCVZ-11 and OCVZ-13, are less than 1 ppmv.
Though Wells OCVZ-11 and OCVZ-13 were installed after 1996, it is improbable that the VVE system
has influenced concentrations so far away.

Vertically, the CC14 contamination extends from land surface down to the water table. Figure 4-73
shows a time-averaged vertical concentration profile of CC14 prior to VVE operations for Wells 8801,
9301, and 9302, located near the center of the SDA. Concentrations increased with depth from near zero
at land surface to several thousand ppmv above the B-C interbed. Concentrations decreased sharply
across the B-C interbed down to several hundred ppmv. From just below the B-C interbed down to the
C-D interbed, concentrations decreased from several hundred ppmv to a few hundred ppmv. Until
recently, the concentrations below the C-D interbed inside the SDA were not known.

Figure 4-74 shows the soil gas concentration vertical profile for CC14 in the V- and VVE-series
wells. As expected, the concentrations decrease with distance away from the 743 sludge source areas. The
highest concentration in the V-series wells inside the SDA is less than 600 ppmv, and in the VVE-series
wells outside the SDA the highest concentration is less than 80 ppmv. In the wells furthest away from the
743 sludge source areas (9V, 10V, VVE1, VVE3, VVE4, • VVE6, and VVE7), the highest concentrations
are located below the B-C interbed and in some cases, below the C-D interbed. This is likely the result of
lateral migration of contaminated soil gas after it has migrated below the B-C interbed under the pit
source areas. Also, contaminated soil gas above the B-C interbed will dissipate more rapidly as it migrates
laterally because of surface volatilization and barometric pumping,
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Since the startup of OCVZ operations in January 1996, soil gas concentrations have decreased

markedly at many locations in response to the gas extraction. Figures 4-75 and 4-76 show the soil gas

concentrations at two wells (8801 and 9301) near vapor extraction Well 8901D. Prior to 1996, the CC14
concentration at the 21-m (70-ft) depth (above the B-C interbed) was approximately 3,000 ppmv in these

two wells. After extraction began, the concentration dropped to about 1,000 ppmv. At about the 40-m

(130-ft) depth below the B-C interbed, the concentration dropped from about 600 ppmv before VVE

operations to 100 ppmv after operations. Concentrations in the deeper ports, around 70 m (230 ft), appear

to be unchanged by operations. In Well 9V (Figure 4-77), the initial drop in concentration was not so

dramatic, probably because it is located farther away from an extraction well, but the decrease has been

steady nonetheless. Even the deep gas port at 68 m (223 ft) shows a clear decline in concentrations.

Results similar to those shown in Figures 4-75, 4-76, and 4-77 have been observed at many of the

soil gas monitoring well locations inside the SDA. This is evident from looking at Figure 4-78, which

compares the results of soil gas concentrations at the 21-m (70-ft) depth at the beginning of OCVZ

operations (January 4, 1996) with those measured after more than five years of operations (April 3, 2001).

The figures were created by kriging the data from all ports in three dimensions and then taking a

horizontal slice at the 21-m (70-ft) depth. Kriging takes into account the spatial relationship of a series of

points, permitting interpolation within a three-dimensional matrix of points and estimation of additional

data points. The figure shows concentrations in 2001 to be significantly less than they were five years

ago, especially in the center of the SDA. However, the results may be misleading in that the 2001 data do

not reflect an equilibrium condition. In a classic soil gas removal system, the subsurface concentrations

are reduced and held to low levels when the system is operating. After the system is shut down, the

subsurface concentrations rebound (increase) to an equilibrium condition dependent upon several

geologic and contaminant-specific factors. The time required for the organics in the vadose zone to

achieve full rebound has not been determined. The VVE system was shut down for a nine-week rebound

period during the summer of 2000, but the data indicate that full rebound may not have occurred because

subsurface concentrations were still increasing at some locations. Though individual VOC treatment units

have been shutdown for longer than nine weeks, all VVE units in the system must be shutdown to

determine rebound.

One other potentially misleading aspect of Figure 4-78 is that it shows low concentrations in the

area around Pit 9 before OCVZ operations and currently. While this may be the case, data pertaining to

the vicinity of Pit 9 are lacking. Concentrations are expected to be higher than shown when adjusted to

inventory records, but no specific data either support or refute this hypothesis.

4.8.1.3.4 Perched Water Data—Only a small set of perched water data exists for the

SDA because of the lack of perched water wells and the infrequent development of perched water in the

existing wells. Carbon tetrachloride and other VOCs have been detected in samples from Wells USGS-92,

8802D, and D10 located inside the SDA. Sample depths and CC14 concentrations measured in perched

water samples are shown in Table 4-130. The highest concentration (2,400 pg/L) was detected in Well

USGS-92 in 1992. Prior to the commencement of OCVZ operations in 1996, concentrations in Well

USGS-92 ranged from 1,200 to 2,400 pg/L. Since OCVZ began operations, the concentrations have

ranged between 14 and 291 lig/L. Well USGS-92 is located near Well 7V, an OCVZ vapor extraction

well. The time history of CC14 concentrations in perched water in Wells USGS-92 and 8802D is shown in

Figure 4-79.
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Table 4-130. Carbon tetrachloride data for perched water samples in Wells USGS-92, 8802D, and DIO at
the Subsurface Disposal Area.

Perched Water Well Depth (ft) Concentration (ftg/L) Date

USGS-92 214 1,200

1,400

2,400

2,100

20

100

31

260

14

291

8802D 220 110

190

38

D10 1. 238 20
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Figure 4-79. Carbon tetrachloride concentrations in perched water in Wells USGS-92 and 8802D.
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4.8.1.3.5 Lysimeter Data—Carbon tetrachloride was detected in 11 of the 12

lysimeters sampled between 1997 and 2000 (not detected in 98-1L35). Maximum concentrations in each

of the wells are shown in Table 4-131. The highest concentrations were detected in Wells PA01-L15,

PA02-L16, and D06-DL02, which are near the north-central portion of the SDA at a depth of 4.4 m

(14.3 ft), 2.7 m (8.7 ft), and 13.4 m (44 ft), respectively. Lysimeter locations are shown in Figures 4-8 and

4-9.

Table 4-131. Maximum carbon tetrachloride concentrations for the 11 lysimeters with carbon

tetrachloride detections.

Lysimeter Depth (ft) Concentration (14/L) Date

D06-DLO2 44 1,000 April 1997

PA01-L15 14.3 900 December 1998

PA02-L16 8.7 1,000 August 1997

98-5L39 10.5 1.9 August 1998

W05-L26 6.7 19 November 1998

W06-L27 11.8 30 August 1997

W08-L13 11.3 130 April 1997

W08-L14 6.2 73 April 1997

W23-L08 11.8 37 August 1998

W23-L09 7.7 30 August 1997

W25-L28 15.5 110 August 1997

4.8.1.4 Aquifer. The first VOC analyses for the aquifer beneath the INEEL were performed

in 1987 as part of a reconnaissance survey by the USGS. Since that time, low levels of CC14 have

consistently been detected in 16 of the 24 aquifer wells in the vicinity of the SDA that are or have been

monitored for VOCs. Concentrations range from nondetect (less than 0.21 pg/L) to a maximum

concentration of 8 .tg/L measured in Well M7S during consecutive quarters in 1999. Concentrations in

seven of the 24 wells have exceeded the MCL of 511g/L at least once. Concentrations in five wells

currently exceed or are near MCLs. Table 4-132 contains a summary of the CC14 results as well as the

maximum CC14 concentrations measured in SDA-vicinity wells. Maximum concentrations are shown in

Figure 4-80 using a bubble plot.

Figure 4-81 shows the transient behavior of CC14 in 20 of the 24 SDA-vicinity aquifer wells. All of

the wells where CC14 has been detected are shown on the map with the exception of Wells MllS and

Ml3S. Only one sample from each of those two wells has been above the detection limit and both were

estimated concentrations assigned a data qualifier (J flag).

One of the most noteworthy and surprising features of the CC14 distribution is the contrast in

concentrations between wells close to the SDA and wells farther away from the SDA. All of the five

wells shown in Figure 4-81 that are currently nondetect for CC14 (Wells USGS-89, MIS, USGS-117,

M4D, and USGS-119) are very close or relatively close to the SDA boundary. Furthermore,

concentrations in Well M17S are also low despite being the only well inside the SDA and immediately

below the strongest VOC source area. Conversely, some of the wells with the highest concentrations

(Wells M7S, M16S, USGS-120, and Al1A31) are located at considerably greater distances from the
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Figure 4-80. Bubble plot showing maximum carbon tetrachloride concentrations in aquifer in Subsurface
Disposal Area vicinity monitoring wells.

4-199



CC!, Concentrations in
Groundwater at RWMC

•

(1-5)

Legend

OW Monitoring Well

Approximate Range of Measured
CCI, Concentrations in ug I.lppb)

Carioen (ration Ti i History
Plot. Scale: 0-8 ppb. 1987-2002
" MCL=5 indicated with dashed line

•
0 I (XX) feet 2000

I.,. updated 1/193 1 bv A J. Sondrup
11505 data ttroagla 4511
WAG 7 dale dumkgla 4M1

•
USGS-89

(ND since 1987)

a.

•
M1S •

(ND since 1992) USGS-117
(ND woe 1387) 

M1OS

a 
(1-7) •

M145
(2000 ft North)
(ND-2) '1

I • r

• 

mm

US(G1 53;8 7

Mi . . 

• • 4.. ••••••••Z•41

... 
M3S. ,  

ax

(ND-3)

7,1 RWMCAL 1

ii (1-7} IIIF 0 '....
! !.i.• " —' ' . '1

..-
`•-, 

,^.. .104.1,

''' M-1751—\ 
, „...inedr.e'

Wells Not Shown
M11S (ND-0.8)

- M12S (ND)
- M13S (ND-0.8)
- USGS-127 (ND)

i•

Ll '• '4 • M7S
(3-8)

• • •

MSS data
USGS-88 tanniabis

att ens 100SSI
(1-7)

4

M4D
(ND since 1992)
(deep well screen)

USGS-120
(1-7)

OW-2 5
(ND-1)

•

I :

4, USGS-119
(ND-0.3)

*M16S
(3-6)

Lisa sampled 495
Pumzinspe_rable,

•5
USGS-901

(1-4) .404
isa)  M15S

• (ND-1)
e---

1 s-

A11A31
(2500 ft South)

(3-7)

M6S

-
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Table 4-132. Summary of carbon tetrachloride data from aquifer monitoring wells in the vicinity of the
Subsurface Disposal Area.

Status of Wells
(number of wells) Well Names

Wells monitored for CC14 in
vicinity of the Subsurface
Disposal Area (24)

Wells with positive detects for
CC14 (15)

Wells with nondetections for
CC14 (9)

Wells with CC14
concentrations historically
exceeding the MCL (7)

Wells with CC14
concentrations currently
exceeding the MCL (5)

M1S, M3S, M4D, M6S, M7S, MlOS, M11S, M12S, M13S, M14S,
M15S, M16S, M17S, OW-2, A 11A31, RWMC Production Well, and
USGS-87, -88, -89, -90, -117, -119, -120, -127

M3S, M6S, M7S, M 10S, M14S, MISS, M16S, M17S, OW-2,
Al 1A31, RWMC Production Well, and USGS-87, -88, -90, -120

M1S, M4D, M1 1Sa, M12S, M13Sa, and USGS-89, -117, -119a, -127

M7S, MlOS, M16S, Al 1A31, RWMC Production Well, and
USGS-88, -120,

M7S, M16S, Al1A31, RWMC Production Well, and USGS-120,

a. Only one result per well above minimum detection limit (J flag)

SDA. In fact, of all the wells currently measuring concentrations above detection limit, Well Al 1 A31 is
the farthest from the SDA (approximately 1 mile) and yet has the highest current concentration (7 pg/L).
The low concentration in many of the wells close to the SDA is probably because the wells are located in
a low permeability zone. Otherwise, the concentration in wells near the SDA should be higher, based on
vadose zone monitoring.

For wells with sufficient data to determine a trend, concentrations are either increasing or constant.
Concentrations steadily increased for many years in Wells USGS-87, USGS-90, M3S, M7S, and the
RWMC Production Well. However, the past few years show a relatively flat trend in concentration in
these wells. These wells are to the north or east of the SDA. Other wells exhibiting flat concentration
trends are Wells USGS-88, M6S, and M14S. Concentrations in Well USGS-120 were flat for several
years until they recently began to increase rather dramatically. In terms of historic increases, the rise in
concentration in Well MlOS is possibly the most remarkable, increasing from 1 to 7 lig/L in a period of
two years from 1993 to 1995. Concentrations measured for several years after 1995 in Well MlOS were
below the detection limit, but the data are not reliable because steel tapes were dropped in the well in late
1995 and 1998. Iron from the disintegrating tapes may have acted as a catalyst in degrading CC14, thus,
diminishing the concentrations. Concentrations in the other wells (M 15S, M 16S, M 17S, OW-2, and
AllA31) appear to be steady, but the period of data collection is insufficient for making such a
determination.

4.8.2 Tetrachloroethylene

Tetrachloroethylene is a manufactured chemical that is widely used for dry cleaning of fabrics and
for metal degreasing. Like CC14, PCE can exist as a non-aqueous phase liquid, a vapor phase in the soil
gas, an aqueous phase dissolved in soil water, and a solid phase sorbed onto soil particles.
Tetrachloroethylene does not occur naturally in the environment; therefore, the true background
concentration in any medium should be zero.
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Tetrachloroethylene has been detected at the SDA in surficial sediments, vadose zone soil gas,

vadose zone soil water (perched water and lysimeters), and groundwater. Tetrachloroethylene vapor has
also been detected emanating from the soil surface by surface isolation flux chambers. The primary

source of PCE at the SDA is 743-series waste. An examination of PCE contaminant data shows the

distribution and trends are similar to CC14 data, but PCE concentrations are much less as a result of the

smaller inventory. The distribution and trends are similar because both contaminants come from the same

waste stream and because they have similar chemical and transport properties. The two contaminants are

also similar from a toxicological standpoint. Because of these similarities, and because CC14 data are
described extensively in Section 4.8.1, this section is a limited presentation of PCE data.

4.8.2.1 Waste Zone. Approximately 9.8E+04 kg of PCE has been buried in the SDA

(Table 4-133). Varvel (2001) calculated the amount of PCE in 743-series waste by assuming the non-CC14

fraction of volatile organic compounds reported by Miller and Varvel (2001) contained equal volumes of

PCE, TCE, and 1,1,1-TCA. The 743-series waste was buried in Pits 4, 5, 6, 9, and 10 (see Figure 4-67).

Table 4-133. Waste streams containing tetrachloroethylene.

Waste Stream
Code

RFO-DOW-15H

Total Disposals

Waste Stream Description

Organic sludge

Proportion of
Mass Total Mass
(kg) (%) 

9.8E+04 100.0

9.8E+04 100

4.8.2.2 Vadose Zone. Tetrachloroethylene has been detected in vadose zone soil gas, and in

perched water and lysimeter samples. The PCE results are consistent with the CC14 results in that they are

generally less than the CC14 results by the ratio of the inventories. The PCE inventory is approximately an

order of magnitude less than the CC14 inventory and the PCE sample results are less than the CC14 results

by about the same margin. As a result, many of the PCE sample results are less than detection limits in

areas where the CC14 concentrations are low.

4.8.2.2.1 Soil Gas Data—Tetrachloroethylene has been detected in the soil gas from

land surface to the aquifer. The maximum PCE soil gas concentration measured inside the SDA is

135 ppmv in Well 8902 Port 4 at a depth of 39 m (130 ft) on January 4, 1996. This compares to a

maximum CC14 soil gas concentration of 4,864 ppmv in Well 9302 Port 6 at a depth of 23 m (77 ft). Since

April 1998, the PCE concentrations in Well 8902 Port 4 have been less than 10 ppmv. The reduction in

concentration is attributed to operation of the OCVZ remediation system. Concentrations at other wells

inside the SDA are generally less than 20 ppmv. Inside the SDA below the C-D interbed, concentrations

are less than 2 ppmv. This, however, is based on data from one location because the only soil gas

sampling wells inside the SDA with sampling ports below the C-D interbed are Wells DE-1 and M 17S,

and they are very near each other.

The highest PCE concentration measured in soil gas outside the SDA is 75 ppmv in Well 77-1

Port 2 at a depth of 58 m (190 ft). Concentrations in this port are currently less than 30 ppmv. Outside the

SDA below the C-D interbed, the maximum PCE concentration measured is 2.98 ppmv in Well 78-4

Port 2 at a depth of 76 m (251 ft). By far the majority of sample results in this region are less than

1 ppmv.

4.8.2.2.2 Perched Water Data—Tetrachloroethylene has been detected in perched

water samples from Wells USGS-92, 8802D, and D10 located inside the SDA. The highest concentration,

230 µg/L, was detected in Well USGS-92 in 1989. For comparison, the maximum CC14 concentration was
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2,400 pig/L measured in the same sample. The maximum PCE concentration is less than CC14 by about
one order of magnitude.

Like CC14, PCE concentrations in perched water have decreased in response to operation of the
OCVZ remediation system. This can be seen in Table 4-134, which contains PCE concentrations
measured in perched water over time. Before OCVZ operations began in 1996, PCE concentrations in
Well USGS-92 ranged from 110 to 230 lig/L. Results from the last four samples taken from February
1998 to April 2000 have been less than or equal to 50 tg/L. Well 7V, an OCVZ vapor extraction well, is
located near Well USGS-92.

Table 4-134. Tetrachloroethylene data for perched water samples at the Subsurface Disposal Area. 

Perched Water Well Depth (ft) Concentration (14/L) Date

USGS-92 214 110 October 1987

120 April 1988

230 August 1989

180 April 1992

110 April 1997

26 April 1997

81 August 1997

5.4 February 1998

50 March 1998

23 March 1999

43 April 2000

8802D 220 7 July 1989

13 October 1992

2.6 February 1998

D10 238 4.5 October 1992

4.8.2.2.3 Lysimeter Data—Tetrachloroethylene was detected in six of the 12
lysimeters sampled between 1997 and 2000. Lysimeters with positive detections include Wells W23-L08,
W23-L09, W25-L28, D06-DL02, PA01-L15, and PA02-L16. The maximum PCE concentration
measured was 27 iig/L at Well W23-L08 at a depth of 3 m (11 ft) on August 3, 1998. For comparison, the
maximum CC14 concentration in a lysimeter was 1,000 !AWL in Wells D06-DLO2 and PA02-L16.
Lysimeter locations are shown in Figures 4-8 and 4-9.
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4.8.2.3 Aquifer. Positive detections of PCE in SDA-vicinity aquifer wells are infrequent. The

maximum PCE concentration measured was 0.4 1.tg/L in Well M7S on five different occasions from 1993

to 1996. This is well below the MCL of 5 ptg/L. For comparison, the maximum CC14 concentration

measured was 8 pg/L also in Well M7S. Again, the PCE results for groundwater are less than the CCI4
results by approximately an order of magnitude.

4.8.3 Methylene Chloride

Methylene chloride (dichloromethane) is an ingredient in many industrial compounds including
solvents, paint and varnish removers, degreasing agents for metal parts, aerosols, refrigerants, and also is
used as a blowing agent in foams. Methylene chloride contamination can exist in various forms including
a non-aqueous phase liquid, a vapor phase in the soil gas, an aqueous phase dissolved in soil water, and a
solid phase sorbed onto soil particles. Methylene chloride does not occur naturally in the environment;
therefore, the true background concentration in any medium should be zero.

4.8.3.1 Waste Zone. About 1.41E+04 kg of methylene chloride was disposed of in the SDA
(Table 4-135). Information about the methylene chloride disposal record is scant compared to that for
CC14, the most prevalent VOC. It should be noted that CC14 can degrade to methylene chloride, thus,
considering the large mass of CC14 buried in the SDA, detections of methylene chloride in samples may
not necessarily be related to the original inventory disposed of in the SDA.

Table 4-135. Waste streams containing methylene chloride.

Waste Stream Code Waste Stream Description
Mass
(kg)

Proportion of
Total Mass

(%)

RFO-DOW-3H Sludge 7.16E+03 51.2

RFO-DOW-4H Paper, rags, and plastic 2.84E+03 20.3

RFO-DOW-9H Trash 2.56E+03 18.3

RFO-DOW-12H Dirt, concrete, ash, and soot 1.30E+03 9.3

Miscellaneous Miscellaneous 1.40E+02 1.0

Total Disposals 1.40E+04 100

4.8.3.2 Surface. Methylene chloride is not analyzed as part of the INEEL's routine surface
monitoring program.

4.8.3.3 Vadose Zone. Methylene chloride has been detected at low levels in the vadose
zone. This section discusses the vadose zone sample results including: (a) soil gas data, (b) perched water

data, and (c) lysimeter data.

4.8.3.3.1 Soil Gas Data—Several hundred soil gas samples have been collected and
analyzed for methylene chloride; only five have returned positive detections. One of the samples was
collected from Well TEM1-A in April 1993 at a depth of 0.61 m (2 ft). The other four samples were all
collected from Well 8801 in September 1991. Two of the samples from Well 8801 were collected from
Port 4 at a depth of 23.6 m (77.5 ft), and the other two samples were collected from Port 5 at a depth of
28.2 m (92.5 ft). Though the samples from Well 8801 were reported as positive detects, they should be
viewed with caution because of high dilution factors. A summary of these results can be found in
Table 4-136.
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Table 4-136. Summary of positive detections of methylene chloride in soil gas samples collected near the
Subsurface Disposal Area.

Well Name-
Port Sample Depth

Soil Gas
Concentration

(ppmv) Dilution Factora Date

TEM1A 2 ft 2 2 April 1993

8801-4 77.5 ft 70 400 September 1991

184 400 September 1991

8801-4 92.5 ft 15 100 September 1991

57 200 September 1991

a. Concentrations are adjusted for dilution factors. High dilution factors increase uncertainty in reported concentrations. 

4.8.3.3.2 Perched Water Data—Three perched water samples have been collected
from Well USGS-92, and one sample from Well 8802D, and analyzed for methylene chloride. The
USGS-92 samples were collected on April and August in 1997 and February 1998. The April 1997
sample provided a statistically positive result for methylene chloride of 23 14/L. The other two samples
did not yield positive detections. The sample from Well 8802D was collected in February 1998, and was
not statistically positive.

4.8.3.3.3 Lysimeter Data—Thirty-four lysimeter samples have been collected from
Lysimeter Wells PA01-L15, PA02-L16, 98-1L35, 98-5L39, W05-L26, W08-L13, W08-L14, W23-L08,
W23-L09, W25-L28, and D06-DLO2 and subsequently analyzed for methylene chloride. The only sample
to produce a statistically positive result for methylene chloride (6.8 gg/L) was collected from Lysimeter
Well PA01-L15 on August 3, 1998. Lysimeter locations are shown in Figures 4-8 and 4-9.

4.8.3.4 Aquifer. Methylene chloride has been detected in 13 aquifer wells in the vicinity of
the SDA that are or have been monitored for VOCs including USGS wells. Concentrations range from
nondetect (less than 0.21 gg/L) to a maximum concentration of 8 gg/L measured in Well MlOS, collected
on July 22, 1996. The MCL is 5 gg/L, and the risk-based water concentration is 7 gg/L. Table 4-137
contains a summary of the positive detections of methylene chloride. A large majority of the detections
occurred during the same sampling round (July 1996), which raises the question whether the samples
were cross-contaminated before or during analysis. Methylene chloride has not been detected in any
aquifer wells since October 1997.

Table 4-137. Summary of positive detections for methylene chloride in aquifer samples.

Aquifer Well
Concentration

(lga) Dilution Factor Date

M1SA 6 1 February 1993

M1SA 5 1 October 1997

M3S 7 1 July 1996

M4D 5 1 July 1996

M6S 5 1 July 1996

M7S 5 1 July 1996

MlOS 8 1 July 1996
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4.9 Contaminants of Ecological Concern

Fifty-nine WAG 7 contaminants of ecological concern were identified in the preliminary ecological
contaminant screening (Section 3.4.2). Of those, 13 are also contaminants of concern to human health.
Ecological risk assessments conducted at the INEEL are based on the evaluation and interpretation of the
nature and extent of contaminants conducted for human health (VanHorn, Hampton, and Morris 1995).
No WAG 7 samples have been collected and analyzed to specifically address ecological receptors, and
sampling data were not analyzed in terms of nature and extent for individual ecological receptors
(e.g., compared to ecologically based screening levels). However, INEEL sampling results and results
from the Environmental Science and Research Foundation and the Radiological and Environmental
Sciences Laboratory, were used to confirm the transport of contaminants from subsurface to surface soil,
to locations outside the SDA, and into the food web. The data were also used to identify and substantiate
the need for analyzing particular pathways of exposure.

Most surface and subsurface soil data were collected prior to re-contouring and alterations in the
overburden thickness on the SDA (Becker et al. 1998). More recent soil sampling activities at the SDA
have been limited. In addition, composite samples were generally collected for vegetation and tissue, and
sampling locations are poorly documented. Collocated samples were not collected for all media (e.g., both
vegetation and soil), so exposure factors and concentrations cannot be reconstructed from sampling
results. Therefore, the DOSTOMAN model was used to generate concentrations across the SDA to allow
evaluation of receptors in terms of a population-level exposure. The model incorporates subsurface to
surface transport by plant root uptake and animal intrusion (see Section 5.4) and the sampling data are
used as weight-of-evidence in the ecological risk assessment (ERA) (see Section 6.6). Only soil and food
ingestion pathways were evaluated. No pathways to groundwater were identified for ecological receptors
(see Section 6.6).

4.9.1 Radionuclides of Ecological Concern

Twelve radionuclide COPCs were identified in the preliminary contaminant screening (see
Section 3.4.2) (see Table 4-138). Information about how and where biotic soil samples were collected is
summarized in Sections 4.2 and 4.3. Results for individual COPCs are presented in the subsections
designated in Table 4-139. Both surface and subsurface soil and biotic sampling conducted at the RWMC
are discussed in each section.

In addition, sampling and analysis of soil, vegetation, and animal tissue have been conducted in
and around the SDA by the Radiological and Environmental Sciences Laboratory (Peterson, Brewer, and
Morris 1995) and the Environmental Science and Research Foundation. A summary of sampling results is
given in Table 4-139.
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Table 4-138. Cross-references to nature and extent sections for radionuclide ecological contaminants of
potential concern.

Contaminant of Potential Concern Report Subsection

Am-241

Am-243a

Cm-244'

Cs-137

Nb-94

Pu-238

Pu-239/240

Pu-242'

Sr-90

U-234

U-238

a. This contaminant is not a human health contaminant of potential concern.

(Section 4.6.2)

Not applicable

Not applicable

(Section 4.6.6)

(Section 4.6.9)

(Section 4.6.13)

(Section 4.6.13)

Not applicable

(Section 4.6.17)

(Section 4.6.19)

(Section 4.6.19)

Table 4-139. Summary of radionuclide data collected in and around the Subsurface Disposal Area by the
Radiological and Environmental Sciences Laboratory. 

Contaminant of
Potential Concern Soil 5_ 10 cm Depthb Vegetationf

Medium Concentration' (pCi/g)

Am-241

Am-243e

Cs-137

Cm-244e

Nb-94e

Pu-238

Not detected to 300c
Not detected to 51d

Not applicable

Not detected to 2.0c
Not detected to 16d

Not applicable

Not applicable

Not detected to 1.4`
Not detected to 2.6d

Pu-239/240 Not detected to 54`
Not detected to 38d

Pu-242e Not applicable

Sr-90 Not detected to 4.6c
Not detected to 26d

0.003 to 5.1c

Not applicable

Not detected to 57`

Not applicable

Not applicable

Not detected to
0.057d

0.002 to 1.9d

Not applicable

Not detected to 160d

Tissue (organism)g 

Not detected to 38c (mammals)
Not detected to 270d (mammals)
0.022 ± 0.020c'h (invertebrates)

Not applicable

Not detected to 6200c (mammals)
Not detected to 130d (mammals)
Not detected to 4.0` (birds)
0.32 ± 0.21`'h (snake)
0.46 ± 0.54c'h (invertebrates)

Not applicable

Not applicable

Not detected to 8.9c (mammals)
Not detected to 41d (mammals)
0.0081 ± 0.011c'h (invertebrates)

Not detected to 3.0c (mammals)
Not detected to 5.7d (mammals)
0.078 ± 0.11c'h (invertebrates)

Not applicable

Not detected to 3500c (mammals)
2.4 ± 3.2c'h (invertebrates)
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Table 4-139. (continued).

Contaminant of Medium Concentration' (pCi/g)

Potential Concern Soil 10 cm Depthb Vegetationf Tissue (organism)g

U-234' Not applicable Not applicable Not applicable

U-238' Not applicable Not applicable Not applicable

a. Data reported in Peterson, Brewer, and Morris (1995).
b. Samples were collected at various locations at and near the Subsurface Disposal Area (SDA) between 1972 and 1985.
c. The range encompasses concentrations for all samples collected at the SDA.
d. The range encompasses concentrations for all samples collected at and beyond the SDA perimeter.
e. No samples have been collected and analyzed for this contaminant of potential concern.
f. Samples were collected at various locations at and near the SDA between 1976 and 1982.
g. Samples were collected at various locations at and near the SDA between 1978 and 1987.
h. Concentration does not meet the 3a criterion for a positive detection (see Section 4.5.2).

4.9.2 Inorganics of Ecological Concern

Twenty-two inorganic COPCs were identified in the ecological screening (Hampton and
Becker 2000) (Table 4-140). Soil samples have been collected on the SDA and analyzed for cadmium,
copper, lead, manganese, mercury, and nitrates (Table 4-140). Soil samples have also been collected and
analyzed for cadmium, copper, lead, and mercury (Table 4-140) as part of routine monitoring and special
investigations conducted on the SDA by the Environmental Monitoring Group (LMITCO 1995a,
Appendix F).

Table 4-140. Inorganics of ecological concern and soil sample analyses. 

Waste Area Group 7a Environmental Monitoringb 

Contaminants of Number of Detects/ Range Number of Range
Potential Concern Number of Samples (mg/kg) Samples (mg/kg)

Aluminum nitrate Not applicable Not applicable Not applicable Not applicable

Asbestos Not applicable Not applicable Not applicable Not applicable

Beryllium oxide Not applicable Not applicable Not applicable Not applicable

Cadmium 25/79 0.7 to 2.3 NR 1.9 to 2.7

Copper (total) 71/79 9.6 to 34.6 NR 6.9

Lead 71/79 0.84 to 26 NR 8.8

Lithium hydride Not applicable Not applicable Not applicable Not applicable

Lithium oxide Not applicable Not applicable Not applicable Not applicable

Manganese 66/79 164 to 869 Not applicable Not applicable

Magnesium oxide Not applicable Not applicable Not applicable Not applicable

Mercury (total) 6/88 0.11-14.3 Not reported 1.40-5,320'

Nitrates see Section 4.7.1 Not applicable Not applicable

Potassium chloride Not applicable Not applicable Not applicable Not applicable

Potassium hydroxide Not applicable Not applicable Not applicable Not applicable

Potassium nitrate Not applicable Not applicable Not applicable Not applicable

Potassium phosphate Not applicable Not applicable Not applicable Not applicable

Potassium sulfate Not applicable Not applicable Not applicable Not applicable

Sodium chloride Not applicable Not applicable Not applicable Not applicable

Sodium cyanide Not applicable Not applicable Not applicable Not applicable
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Table 4-140. (continued).

Contaminants of
Potential Concern

Waste Area Group 7a Environmental Monitoringb

Number of Detects/
Number of Samples

Range
(mg/kg)

Number of
Samples

Range
(mg/kg)

Sodium nitrate

Sodium phosphate

Sodium-potassium

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable
Note: Bolded text indicates contaminants for which soil samples have been collected

a. Data are contained in INEEL monitoring databases.

b. Sample analysis data were obtained from LMITCO (1995, Appendix F).

c. Detection resulted from breach of a disposal unit during drilling operations.

and analyzed.

4.9.3 Organics of Ecological Concern

Twenty organic COPCs were identified in the preliminary ecological contaminant screening
(Hampton and Becker 2000). No routine data for these COPCs have been collected. Most surface soil
samples have been collected from areas near the Acid Pit and Pad A, and analyzed for seven of the twenty
COPCs (shown in bold in Table 4-141). Sampling results for carbon tetrachloride and methylene chloride
are presented in detail in Sections 4.8.1 and 4.8.2.

Table 4-141. Summary of organics of ecological concern and Waste Area Group 7 soil sample analyses. 

Number of Detections/
Number of Samples

Not applicable

Not applicable

Not applicable

3/103

3/103

Not applicable

Not applicable

Not applicable

Not applicable

60/103

0/68

Not applicable

1/68

Not applicable

Not applicable

Not applicable

Not applicable

2/103

Not applicable

0/103

Contaminants of Potential Concern

1,1,2-trichloro-1,2,2-trifluoroethane

3-methylcholanthrene

Alcohols

Carbon tetrachloride (see Section 4.8.1)

Chloroform

Dibutylethylcarbutol

Ether

Ethyl alcohol

Hydroflouric acid

Methylene chloride (see Section 4.8.2)

Nitrobenzene

Nitric acid

Organophosphates (tributylphosphate)

Organic acids (ascorbic acid)

Sulfuric acid

Tetrachloroethylene

Trimethylpropane-triester

Toluene

Versenes (EDTA)

Xylene
EDTA = ethylenediaminetetraacetic acid
Note: Bolded text indicates contaminants for which soil samples have been collected and analyzed.

Range (mg/kg)

Not applicable

Not applicable

Not applicable

6 to-11

6 to —39

Not applicable

Not applicable

Not applicable

Not applicable

7 to —139

Not applicable

Not applicable

590

Not applicable

Not applicable

Not applicable

Not applicable

23 to —28

Not applicable

Not applicable
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4.10 Nature and Extent of Contamination Summary

Thousands of samples have been collected in the proximity of the RWMC and in the SDA over the
past 30 years, and many thousands of analyses have been performed. All the analytical data associated
with the contaminants of potential concern at the RWMC and identified in the 1998 IRA were compiled
and evaluated. The compilation encompasses analytical data from 1971 to 2001, and includes results
generated by the DOE, the USGS, and the various INEEL contractors.

Some significant trends have been identified. In the aquifer around the RWMC, CC14 has been
detected above MCLs, nitrate levels in the southeast corner of the SDA (M6S} are steadily increasing, and
low concentrations of C-14 are reported. In addition, low concentrations of C-14, Tc-99, Am-241,
uranium, and plutonium have been detected in the vadose zone, suggesting that migration from the waste
zone is occurring. The highest density of detections seems to be located above the B-C interbed in the
vadose zone; however, some contaminants have been detected at the C-D interbed, and CCI4 extends to
the aquifer.

4.10.1 Vadose Zone

Low concentrations of numerous contaminants have been detected in the vadose zone. Some data
sets exhibit perceptible trends. Data indicate that CC14, C-14, Tc-99, Am-241, and uranium and plutonium
isotopes have been detected in the vadose zone beneath the SDA, and some are migrating both vertically
and laterally. The main cluster of contaminants beneath the SDA seems to be located above the B-C
interbed; however, some contaminants have been detected in the interval above the C-D interbed, and
CC14 extends to the aquifer. Though concentrations in the vadose zone do not pose an imminent threat to
the aquifer, the perceptible trends in the vadose zone indicate that some of these contaminants may
ultimately impact the aquifer over time.

The evaluation of the analytical data from perched water, soil moisture and core samples has
revealed four areas in the SDA vadose zone that contain the most prevalent number of contaminant
detections. The areas are shown below (Figure 4-82), and are numbered and shaded in order of their
relative detection rates (see Table 4-142). Carbon tetrachloride is not included in the analysis because it is
detected in the vapor phase nearly everywhere in and around the SDA. However, a summary of CC14
contamination is included following the discussion of detection rates.

5

SDA

0 250 500 1000

SCALE FEET

Figure 4-82. Areas with the most frequent statistically positive detections of contamination in the vadose
zone.

4-210



Table 4-142. Detection rates for all contaminants of potential concern (except carbon tetrachloride)
in the vadose zone within specified regions of the Subsurface Disposal Area.

Subsurface Disposal Area 1 2 3 4 5

Number of detections 303 62 131 103 54

Number of samples 998 355 947 1036 1053

Detection rate (%) 30 17 14 10 5

Detection rate ranking 1 2 3 4 5

Each identified SDA detection area also was ranked by the detection rate associated with selected
contaminants in the vadose zone (see Table 4-143). This shows which contaminants are most prevalent in
each SDA area. The magnitude of the detection rates are shown in Table 4-143 as shaded circles, with the
darkest being the highest and lightest circles representing the lowest detection rate for all media in the
vadose zone. The numbers shown below each shaded circle represent the actual number of detections
versus the number of samples collected within each SDA detection area.

Table 4-143. Relative detection rate ranking for selected contaminants detected in the vadose zone.

Contaminant Area 1 Area 2 Area 3 Area 4 Area 5

0 111 •
Am -241 21/106 0/36 8/107 51' 27 51158

• • • •C-14 6/41 1/16 1/29 9140 0/13

1111 • 0 •
Pu-238 21/113 0/36 20116 5/135 0+151

Pu-239/240 •
19/115

•
0/38 1

•
1120

•
31135 2/157

•
- r

Tc-99 13/46 16-3
0 

8 3/
t
39 2/36

• , 0 •
U-233/234 (>bkgd) 88183 23,2' 32151 25/62 8/47

• 441 • 0U-235/236 (>bkgd) 44/83 4/31 9160 1152 5/47

• •
U-238 (]bkgd) 63/6

• 
3 25/31 33/04 2&'65 9/50

• •
Nitrates 26/41 IS 15/19 12117 17/18

• = Detection Rate Ranking 1 (high rate of detection)

.0 = Detection Rate Flanking 2 (medium rate of detection)

= Detection Rate Ranking 3 (low rate of detection)

= Detection Rate Ranking 4 and 5 (lowest rate of detection)

= Indicates areas with elevated uranium levels (»background)

Background (bkgd) values for lysimeter data are based an soil moisture sample results

from lysimeter wells outside the SDA [ie., the '0" wells and the control well (D15)].

Uranium detection rates in Table 4-143 are actually background exceedance rates and represent the
number of samples exceeding a local background per total number of samples taken. Background values
for the vadose zone cores were based on comparison to surface soil background concentrations reported
by Rood, Harris, and White (1996) for U-234, U-235, and U-238. Background uranium concentrations in
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soil moisture are not established, so were calculated from the soil moisture samples taken from lysimeters
located outside the SDA (0-series wells) and from the lysimeter samples taken from well D15 designated
local background location. While the number of samples exceeding background appears high for uranium
isotopes in the vadose zone, some of these exceedances appear to be within the normal range of variance
for background. However, samples from Areas 1 and 3 (highlighted in Table 4-143) contain relatively
high concentrations of uranium and appear to be truly above background.

The high mobility of uranium coupled with the emerging trends in the vadose zone may indicate
migration from the SDA. Elevated concentrations of U-238 emerging at 88 ft, along with steadily high
concentrations at 44 ft depth in well D06 (near Pad A) suggest that uranium is migrating in the vadose
zone. In addition, preliminary indications from the ultra low-level uranium analyses suggest that man-
made uranium (depleted and enriched) is also present in the perched water at about 220 ft deep.
Additional wells with lysimeters at various depths could help to confirm if similar uranium trends are
evident elsewhere in the SDA region. Periodic sensitive analysis with TIMS and continued interpretation
of monitoring data could be used to validate or refute the emerging trends.

4.10.2 Aquifer

The contaminants detected in the aquifer are CC14, nitrates, and C-14. Carbon tetrachloride and
nitrates have been consistently detected in the aquifer around the RWMC area, and C-14 is detected near
the SDA as well as 1 to 3 miles upgradient of the RWMC.

Carbon-14 is often seen with H-3 and CC14, and all three contaminants can travel in the vapor
phase. The observed C-14 concentrations may emanate from the SDA or from an upgradient source.
Currently, no trends in the data are apparent but C-14 monitoring should endeavor to verify the source of
C-14.

The CC14 and nitrate concentrations in some wells show significant trends and several are near or
slightly above the MCL. Nitrate levels in the southeast corner of the SDA (M6S) are steadily increasing;
however, the concentration remains in the range typical of nitrate background values in groundwater. The
cause of the increasing nitrate levels in this area of the SDA has not been determined, but nitrate is a
common contaminant associated with farming and other activities not associated with the INEEL.

Plutonium and americium have not adversely impacted the aquifer. Only about 1% of the total
number of aquifer samples collected and analyzed for plutonium and americium over the past 30 years are
actual 3-sigma detections (i.e., 15 reliable and defensible detections out of 1,510 plutonium sample
analysis, and 7 reliable and defensible detections of Am-241 out of 757 sample analyses). The detections
of Pu-238 are two orders of magnitude below the 1E-05 risk-based concentration for the aquifer. There
were a couple of Pu-239/240 results in 1993 from M4D that were unusually high, but no detectable
concentrations in that well since then. There were also a couple of unusually high Am-241 detections in
well M1S in 1997 and 1998. The concentrations were between 1-2 pCi/L, which is below the 1E-05
aquifer RBC of 4.58 pCi/L but much higher than positive detections in other wells (around 0.03 pCi/L).
Subsequent analyses since 1998 have not indicated Am-241 presence. In general, the sporadic nature of
the plutonium and americium detections precludes defensible conclusions about impacts to the aquifer
below the RWMC. The detections are likely statistical anomalies associated with making analytical
measurements near the detection limit, or are associated with randomly occurring particles.

Anthropic uranium, though present in the vadose zone, has not been detected in the aquifer.
Calculated ratios from the ultra low-level TIMS analyses of aquifer samples indicate uranium in the
aquifer is naturally occurring. Uranium concentrations in the aquifer from routine analyses appear to be
within the normal range of background concentrations. In the following discussion and graphics, the
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U-234 will appear elevated above background concentrations, which is likely an artifact of using
background concentrations that are too low for the aquifer samples beneath the RWMC. Section 4.6.19
discusses how isotopic background concentrations were derived.

4.10.3 Integrated Assessment

This section uses three-dimensional illustrations to depict the combined monitoring results from the
vadose zone and aquifer, and discusses these results. To better illustrate the extent and depth of the
contaminants of potential concern detected in the SDA vicinity, some of the upgradient and downgradient
aquifer wells were excluded from the figures. Each illustration shows the SDA outline at the surface, at
the B-C interbed, the C-D interbed and at the top of the aquifer. Sample locations where no detections
were observed are shown as white circles, and locations where positive detections were observed are
shown as colored circles. The vadose zone data include both soil moisture (lysimeter and perched water)
and vadose zone core sample results.

Figure 4-83 shows the locations of Am-241 detections and nondetections in the vadose zone and
aquifer directly beneath the RWMC. Most positive detections in the vadose zone are associated with core
samples. Few soil moisture samples from the vadose zone indicate the presence of Am-241, and aquifer
detections are very few, suggesting that Am-241 has not migrated into the aquifer. The sporadic nature of
Am-241 detections in the aquifer, the low detection rate, and the low detected concentration are not
conclusive, but imply that Am-241 detections do not show a trend.

Figure 4-84 shows the locations of C-14 detections and nondetections in the vadose zone and
aquifer directly beneath the RWMC. Most positive detections are associated with liquid samples from
shallow and mid-depth lysimeters and the aquifer, but not with the vadose zone core samples or deep
suction lysimeters. Carbon-14 is in the aquifer at low concentrations in the vicinity of the RWMC,
however, there were several detections of C-14 in upgradient wells not shown in this figure. Carbon-14
may be migrating in the vadose zone, and has apparently migrated to the perched water at a depth of 67 m
(220 ft). However, data are too sparse to clearly define the extent of C-14 movement in the vadose zone.

Figure 4-85 shows the locations of Pu-238 detections and nondetections in the vadose zone and
aquifer directly beneath the RWMC. Plutonium detections in the vadose zone are numerous; however,
most are associated with core samples, and only a few detections are associated with the soil moisture
(lysimeter) samples. Significant quantities of plutonium do not appear to be moving in the vadose zone.
However, a very small fraction may possibly be moving in the vadose zone at concentrations too low to
be measured by the most sophisticated analytical technology available. Most of the Pu-238 detections in
the aquifer are from the sampling event that took place in September and October 2000. The reliability of
these data is questionable because of the absence of corresponding Pu-239/240 detections.

Overall, there is little evidence to show that that there is extensive or widespread migration of Pu-
238 in the vadose zone.

Figure 4-86 shows the locations of Pu-239/240 detections and nondetections in the vadose zone
and aquifer directly beneath the RWMC. Most positive detections in the vadose zone are associated with
core samples. Few soil moisture samples from the vadose zone indicate the presence of Pu-239/240.
There is no extensive or widespread migration of Pu-239/240 in the vadose zone. The sporadic nature of
Pu-239/240 detections in the aquifer and the low detection rate do not provide sufficient evidence to
conclude that low levels of Pu-239 are widespread in the aquifer beneath the RWMC.
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Figure 4-83. Americium-241 detections in the vadose zone and aquifer around the Subsurface Disposal Area.
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Figure 4-87 shows the locations of Tc-99 detections and nondetections in the vadose zone and aquifer

directly beneath the RWMC. Most positive detections in the vadose zone are from the core samples and soil

moisture samples, suggesting that Tc-99 may be moving in the vadose zone. Technetium-99 was detected in all

the I-series well core samples at the B-C and C-D interbeds and in soil moisture samples from the shallow

lysimeters in SDA Areas 1 and 3. The sporadic nature of Tc-99 detections in the aquifer and the low detection

rate do not provide sufficient evidence to conclude that low levels of Tc-99 are widespread in the aquifer

beneath the RWMC.

Figure 4-88 shows the locations of U-233/234 detections above background concentrations in the vadose

zone and aquifer directly beneath the RWMC. Most of the detections above background in the vadose zone are

associated with the shallow and mid-depth lysimeters. Many of the measured U-234 concentrations only slightly

exceed the average soil moisture background (3 pCi/L) and are likely to be characteristic of background

concentrations. However, not enough soil moisture background data exist to establish a usable statistical

interval. Many soil moisture results are much greater than U-234 background (i.e., approximately 4 to 30 times

higher), and are primarily associated with SDA contamination Areas 1 and 3. Many of the low U-234

concentrations measured in the aquifer are only slightly above established and published groundwater

background concentrations (1.1 pCi/L). The U-234 aquifer results are likely in the concentration range of

normal background ranges.

Figure 4-89 shows the locations of U-235 detections above background concentrations in the vadose zone

and aquifer directly beneath the RWMC. Most of the detections above background in the vadose zone are

associated with the shallow and mid-depth lysimeters. Many of the measured U-235 concentrations only slightly

exceed the average soil moisture background (0.5 pCi/L) and are likely to be characteristic of background

concentrations. Not enough soil moisture background data exist to establish a usable background concentration

range for soil moisture samples. Several soil moisture results are much greater than U-235 background

(i.e., approximately 2 to 9 times higher), and are primarily associated with SDA contamination Areas 1 and 3.

Many of the low U-235 concentrations measured in the aquifer are only slightly above established and published

groundwater background concentrations (0.05 pCi/L). It is our opinion that all of the U-235 results associated

with the aquifer beneath the RWMC are within the concentration range of normal background concentrations.

Figure 4-90 shows the locations of U-238 detections above background concentrations in the vadose zone

and aquifer directly beneath the RWMC. Most of the detections above background in the vadose zone are

associated with the shallow and mid-depth lysimeters. Many of the measured U-238 concentrations that only

slightly exceed the average soil moisture background (1.5 pCi/L) are likely to be characteristic of background

concentrations. However, not enough soil moisture background data exist to establish a usable statistical

interval.
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Figure 4-89. Uranium-235 detections above background in the vadose zone and aquifer near the Radioactive Waste Management Complex.
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Figure 4-90. Uranium-238 detections in the vadose zone and aquifer around the Radioactive Waste Management Complex.



Table 4-144 identifies some of the general comments about each one of the Contamination areas. Many
soil moisture results are much greater than the U-238 background (i.e., approximately 5 to 30 times higher), and
are primarily associated with SDA detection Areas 1 and 3. Many of the low U-238 concentrations measured in
the aquifer are only slightly above established and published groundwater background concentrations
(1.1 pCi/L), and are likely within the concentration range of normal background concentrations.

Table 4-144. Summary of each contamination area at the Subsurface Disposal Area.

Subsurface
Disposal Area Summary

1 Contains numerous contaminants in the vadose zone, most associated with actinides
(uranium, plutonium, americium) and mobile activation and fission products (C-14 and
Tc-99).

C-14, Tc-99, and anthropic uranium may be moving in the vadose zone. C-14 detections in
soil moisture samples from Lysimeter Well PA02 are accompanied by H-3 detections,
which may indicate activated beryllium is buried in this area.

Numerous detections of transuranic radionuclides are noted in the core data, but few
detections or trends were observed in the soil moisture data.

Lysimeter Well TW1 soil moisture samples show evidence of enriched uranium and
perched water Well 8802D samples show evidence of depleted uranium.

Waste buried in Pit 5 and Pad A appear to be the sources of contamination in Area 1.

2 The main contaminant detected in this area is uranium.

Tritium is also present at elevated concentrations in this area, and its source is thought to be
the buried beryllium blocks in Soil Vault Row 20.

3 Contains Tc-99, nitrates, U-235 and Am-241 in the vadose zone.

Uranium ratios suggest that anthropic uranium may be present.

Numerous detections of americium are noted in the vadose zone core data. Few detections
were observed in the soil moisture data.

4 The contaminants detected in this area are C-14 and plutonium.

Most C-14 detections in this area are from the USGS-92 perched water well. C-14 may have
migrated to the 220-ft perched water zone.

5 Sporadic and inconsequential concentrations detected throughout this general area.

Detections in this general area are primarily from Well W08 (Acid Pit) and scattered vadose
zone core samples. 

Table 4-145 summarizes the key issues and trends associated with each of the COPCs.
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U-233/234

Table 4-145. Summary associated with each contaminant.

Contaminant Summary

Am-241 Most Am-241 detections are in Subsurface Disposal Area (SDA) Areas 1 and 3.

Most detections are associated with vadose zone core samples.

No noted trends.

C-14 Most detections in Area 1 are from shallow lysimeter Well PA02 (along with
elevated H-3).

C-14 may have migrated to the 220-ft perched water.

Pu-238 Most detections are associated with vadose zone core samples from SDA Area 1.
No noted trends on core data.

Pu-239/240

Possible trend developing in Area 1 (shallow lysimeter Well PA02).

Most detections are associated with vadose zone core samples from SDA Area 1.
No noted spatial trends on core data.

Possible trend developing in Area 1 (shallow lysimeter Well PA02).

Results from thermal ionization mass spectrometry (TIMS) analysis of Pu-239 on
filtered material from Wells PA03, TW1, and 8802D are statistically higher than
all other sample results, further suggesting the possible presence of Pu-239 in the
vadose zone of Area 1.

Tc-99 Numerous detections were obtained from both vadose zone core samples and
lysimeter samples. The results suggest that Tc-99 is moving in the vadose zone.

Elevated concentrations detected in Area 1 (Lysimeter Well PA03 and Cores I-4S
and I-4D) and Area 3 (Lysimeter Well W23 and Cores I-1S, I-1D, and I-2D).

Elevated concentrations and trends in Areas 1 and 3 suggest uranium is moving in
the vadose zone.

Routine analysis and TIMS data confirm the presence of enriched uranium in mid-
depth lysimeter Well TW1 (Area 1).

Data from TIMS confirm the presence of depleted uranium in deep perched water
Well 8802D (Area 1).

U-235 Elevated concentrations and trends in Areas 1 and 3 suggest uranium is moving in
the vadose zone.

Routine analysis and TIMS data confirm the presence of enriched uranium in mid-
depth lysimeter Well TW1 (Area 1).

Data from TIMS confirm the presence of depleted uranium in deep perched water
Well 8802D (Area 1).
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Table 4-145. (continued).

Contaminant Summary

U-238 Elevated concentrations and trends in Areas 1 and 3 suggest U-238 is moving in
the vadose zone.

Routine analysis and TIMS data confirm the presence of enriched uranium in mid-
depth lysimeter Well TW1 (Area 1).

Data from TIMS confirm the presence of enriched uranium in the vicinity of
lysimeter well TW1 (Area 1) and depleted uranium in deep perched water Well
8802D (Area 1).

Nitrates Most elevated nitrates are associated with shallow and mid-depth soil moisture
samples collected in SDA areas 3 and 5.

CC14 CC14 is widely detected in the vadose zone in the vicinity of the SDA as
determined from vapor sampling. The highest concentrations are found in the
shallow and mid-depth vadose zone below the source areas shown in Figure 4-24.
CC14 has been detected more than 1 km away from the SDA, but concentrations
decrease significantly with distance away from the source areas. Deep soil gas
concentrations (below the C-D interbed) are small compared to concentrations in
the upper vadose zone, yet are capable of causing groundwater concentrations
above maximum contaminant levels (MCLs).

Organic contamination in the vadose zone vapor extraction operations have
considerably decreased the levels of CC14 and other volatile organic compounds in
the vadose zone.

4.10.4 Discussion and Conclusions

Several contaminants (C-14, Tc-99 and uranium) have been detected in the vadose zone of the RWMC,
and low concentrations of CC14, nitrates, and C-14 have also been detected in the aquifer. With the possible
exception of CC14, no consistent trends are present in the vadose zone, and detections in the aquifer are sporadic.

The monitoring network has been greatly expanded since 1998 with 22 vadose zone lysimeters,
4 upgradient aquifer wells, an aquifer well inside the SDA, and Type A and B probes in the buried waste. In
addition, analyte target lists have been modified to focus on those contaminants that may be migrating.
Contaminants that pose an unacceptable risk (see Section 6) have been identified as a priority, especially for
vadose zone samples where sample volumes are consistently small. Most of these changes have not been in
place long enough to provide data necessary to refine our understanding of contaminant distribution or trends.

The expanded monitoring network and ongoing studies continue to produce data for assessing source
release into the vadose zone, contaminant migration through the vadose zone, and potential impacts to the
aquifer beneath the SDA. Until additional analyses are completed, the only conclusion that can be drawn is that
contaminants have been detected sporadically at low concentrations in the vadose zone and in the aquifer. The
mobile contaminants buried in the SDA have not impacted groundwater quality thus far, but as long as
infiltration through the buried waste continues, contaminant migration is likely to continue. The impact of these
contaminants can be assessed and validated through continued monitoring and careful interpretation of spatial
and temporal patterns.
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5. CONTAMINANT FATE AND TRANSPORT

Various modeling activities that supported development of this ABRA are discussed below. These
activities included source release modeling, dissolved-phase flow and transport modeling, biotic uptake
modeling, and VOC transport modeling. Most of the discussion concerns source release and fate and
transport modeling for dissolved-phase contaminants. Transport modeling for VOCs was not conducted
for this ABRA; however, the results of the VOC transport modeling from the IRA (Becker et al. 1998)
were incorporated in the ABRA. Biotic uptake modeling also is presented for the analysis of human
health surface exposure pathways and ecological risk assessment.

Modeling in the ABRA is essentially the same as that implemented in the IRA but with some
improvements. The differences compared to the IRA models are identified in the discussions below. In
general, modeling has three major components: source release, subsurface transport, and transport to the
surface. The source release model (DUST-MS [Sullivan 1992]) produces mass estimates used as inputs to
the TETRAD subsurface model for fate and transport simulations (Shook 1995) and as inputs to the
DOSTOMAN model (Root 1981) to simulate biotic uptake. Numerous model runs were implemented to
define a base case analysis and to assess the sensitivity of the results to select model parameters.

All contaminants, except VOCs, were simulated by using the source release model (Disposal Unit
Source Term [DUST-MS]), and the biotic uptake model (DOSTOMAN). The results from previous
modeling were used to assess VOCs. Because of their low mobility and short half-lives, Cs-137 and Sr-90
were not identified as groundwater pathway risk drivers in the IRA and were eliminated from subsurface
modeling. These contaminants were assessed for biotic uptake and surface exposure pathways only.
Twenty-nine contaminants were evaluated in the human health analysis, including the 24 human health
COPCs identified in the IRA and five additional contaminants that were modeled because they are decay
chain members. The long-lived daughter products were specifically included in the simulations because of
the possibility of a remedial action slowing transport, which would allow additional ingrowth and
influence risk estimates. No extra simulations were performed specifically for the ecological analysis.
Biotic modeling used to assess human health risks for surface exposure pathways also provided the basis
for ecological risk assessment. Contaminants and models used in the ABRA are summarized in Table 5-1.

5.1 Source Release Modeling

The source term for the ABRA is defined as the waste buried in the SDA. Conceptually, the source
term model is simple. Waste was buried in containers such as drums, boxes, and bags. When the
containers fail, the contaminants can be released over time by one of three release mechanisms: washoff,
diffusion, or dissolution. The type of release mechanism and the release rates are dependent on the
characteristics of the waste. The mass released from the buried waste is available for transport to the
subsurface by infiltration or to the surface by biotic uptake.

The DUST-MS source release computer code (Sullivan 1992) was used to estimate the mass
available for transport. The source term model predicts release of contaminants from the waste buried in
the SDA into the subsurface. Version 1.0 of the DUST-MS code (Sullivan 1993) was selected for the
WAG 7 RI/FS (Becker 1997). The IRA (Becker et al. 1998) modeled the distributed failure of containers
but did not account for releases limited by solubility. The code was enhanced with capability to simulate
container failures distributed in time and releases limited by solubility.
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Table 5-1. Contaminants evaluated in the Ancillary Basis for Risk Analysis and the computer models

used to assess them.

Contaminant

Computer Models

NoteDUST-MS TETRAD DOSTOMAN

Ac-227 Yes Yes Yes Contaminant of potential concern

Am-241 Yes Yes Yes Contaminant of potential concern

Am-243 Yes Yes Yes Long-lived parent of Pu-239

C-14 Yes Yes Yes Contaminant of potential concern

CI-36 Yes Yes Yes Contaminant of potential concern

Cs-137 Yes No Yes Contaminant of potential concern for surface
exposure pathways only

1-129 Yes Yes Yes Contaminant of potential concern

Nb-94 Yes Yes Yes Contaminant of potential concern

Np-237 Yes Yes Yes Contaminant of potential concern

Pa-231 Yes Yes Yes Contaminant of potential concern

Pb-210 Yes Yes Yes Contaminant of potential concern

Pu-238 Yes Yes Yes Long-lived parent of U-234

Pu-239 Yes Yes Yes Contaminant of potential concern

Pu-240 Yes Yes Yes Contaminant of potential concern

Ra-226 Yes Yes Yes Contaminant of potential concern

Sr-90 Yes No Yes Contaminant of potential concern for surface
exposure pathways only

Tc-99 Yes Yes Yes Contaminant of potential concern

Th-229 Yes Yes Yes Long-lived daughter product of U-233

Th-230 Yes Yes Yes Long-lived daughter product of U-234

Th-232 Yes Yes Yes Long-lived daughter product of U-236

U-233 Yes Yes Yes Contaminant of potential concern

U-234 Yes Yes Yes Contaminant of potential concern

U-235 Yes Yes Yes Contaminant of potential concern

U-236 Yes Yes Yes Contaminant of potential concern

U-238 Yes Yes Yes Contaminant of potential concern

Nitrate Yes Yes Yes Contaminant of potential concern

Carbon tetrachloride No No No Contaminant of potential concern-used
scaled results from the Interim Risk
Assessment (Becker et al. 1998)

Methylene chloride No No No Contaminant of potential concern-used
scaled results from the IRA

Tetrachloroethylene No No No Contaminant of potential concern-used
scaled results from the IRA
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Implementation of the source term model is described below. Input parameters include the source
term inventory, waste types, infiltration rates, release mechanisms, and release rates. The contaminant
grouping and the assignment of SDA contaminants to source areas also are described. The source release
model provided mass estimates for total yearly releases from all waste source areas, which were then used
as inputs for the subsurface and biotic transport models discussed in the remainder of Section 5.

5.1.1 Source Term Inventory

Annual best-estimate inventories for waste buried in the SDA through 1999 were taken from
CIDRA and input into the source term model. Actual disposal quantities were modeled for the base case.
Estimates for future disposals in active LLW pits were assessed through sensitivity analyses (see
Table 4-1 for the annual disposal inventories for radionuclides and Table 4-2 for nonradionuclides). Total
inventories in Tables 4-1 and 4-2 differ from those presented in the IRA for two reasons: (a) the original
inventory estimates were modified to reflect the corrections and updates, and (b) this analysis implements
best-estimate inventories while the IRA (Becker et al. 1998) considered upper-bound inventories.

Inventories for one COPC (i.e., nitrate) could not be extracted directly from CIDRA because many
compounds contain the element nitrogen. Conversion factors used to estimate disposal inventories for
nitrate (listed as total nitrogen) are listed in Table 5-2. Conversion factors were taken directly from the
MERCK Index (Merck 1989) or developed from the chemical formula and atomic weights of the
constituent chemicals. Nitrogen-bearing inventories in CIDRA were multiplied by conversion factors in
Table 5-2 to determine the amount of nitrate as total nitrogen buried in the SDA.

Table 5-2. Factors used to convert disposal quantity to amount of contaminant in the total waste stream to
nitrate as total nitrogen.

Contaminant Conversion Factor

Total nitrate (as nitrogen)

Aluminum nitrate nonahydrate 0.1972

Ammonia 0.7778

Copper nitrate 0.1489

Mercury nitrate monohydrate 0.0819

Nitric acid 0.2222

Potassium nitrate 0.1386

Sodium nitrate 0.1412

Uranyl nitrate 0.0711

Radioactive decay was the only mechanism considered to affect the source term inventories. As
was shown in the IRA, decaying isotopes to the present and then initiating the fate and transport
simulations can bias the results low for mobile isotopes with short half-lives. Therefore, inventory
estimates for most radionuclides were not adjusted directly to account for radioactive decay. Instead,
inventories at the time of disposal were input for each year. The DUST-MS code simulated the inventory
changes over time caused by radioactive decay and ingrowth, thus allowing decay and transport to begin
at the actual year of disposal.

Inventories for three parent nuclides, Pu-242, Cm-244, and Pu-241, were decayed to the daughter
and only the daughters were simulated. In the IRA, risk from Pu-242 was below 1E-12, Cm-244 had a
low groundwater risk and is short-lived, and Pu-241 has a short half-life and the risk was 1E-11.
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Therefore, all three parent nuclides were decayed to their daughters to minimize the number of isotopes in

the subsurface transport simulations.

5.1.2 Container Failure Rates

Distributions to represent failure rates as a function of time for different types of containers such as

drums, concrete casks, and metal boxes were developed (Becker et al. 1996; Becker 1997) and

implemented in the source term model. Multiple failure rates were assigned to contaminants buried in

more than one type of container. For example, if the annual disposal inventory for a particular

contaminant included disposals in both drums and cardboard boxes, the relative fraction for each

container type was used to model the disposal for that year. For waste streams that were not buried in

containers or that were buried in cardboard or wooden boxes, the container failure time in the model was

set at zero.

The majority of containers buried in the SDA were 55-gal metal drums. Historical disposal

practices included periods when drums were carefully stacked in the SDA and periods when drums were

dumped. Drums that were stacked in the SDA provide a barrier to contaminant release until the metal

corrodes. Thus, stacked drums fail at a slower rate compared to drums that were dumped into the pits

without attempting to maintain their integrity. A separate study was performed to determine the failure

rate of metal drums in the SDA using data gathered during earlier waste retrieval efforts (Becker 1997).

Failure rate distributions were developed to represent stacked and dumped drums. For stacked drums, a

normal distribution with a mean failure time of 22.6 years from the time of disposal and a standard

deviation of 9.7 years was developed. For dumped drums the data indicated that 28.5% fail at disposal

and that the remaining 71.5% fail in a normal distribution with a mean failure time of 11.7 years from

time of disposal and a standard deviation of 5 years. The fraction of a contaminant in drums was modeled

with the distributed failure appropriate for the type of drum disposal, whether the drums were stacked or

dumped.

The rate of corrosion for carbon steel was used to determine failure time of metal boxes and

canisters. Boxes and canisters were considered to fail when one-half of the wall thickness had corroded.

Each waste stream was evaluated for the type of container used. The disposal contents of many

waste streams were buried in wood or other readily degradable boxes, and no delay of the contaminant

release was assumed for the boxes in the model. Polyethylene bags were not accounted for in the

container failure modeling. Calculations by Kudera and Brown (1996) indicated that VOC transport

through polyethylene bags is rapid compared to transport through sludge. Therefore, the bags do not limit

VOC releases. The 55-gal drums, concrete casks, and metal boxes offer a barrier to contaminant release,

which was accounted for in the source term model. Waste streams listed as "0" (i.e., other) in CIDRA, or

as a combination of container types without a fractional distribution for each type, were modeled as

having no container.

5.1.3 Release Mechanisms and Release Rates

The DUST-MS code is a one-dimensional model that has three contaminant release mechanisms:

surface washoff, diffusion, and dissolution. These release mechanisms are described as follows:

• The surface washoff model estimates the release from general laboratory trash and is equivalent to

the first-order leach model used in other codes such as GWSCREEN (Rood 1999)
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• By applying diffusion coefficients for each waste form, the diffusion model computes the
diffusional release from different waste geometries such as VOCs from sludge or cement-encased
waste

• The dissolution release model estimates the release caused by general corrosion such as the release
of activated metals from the corrosion of the base metal.

Yearly disposal amount of each contaminant was proportioned among the three DUST-MS release
mechanisms. The percent of contaminant in a release mechanism was input into the DUST-MS code.
Total disposal inventory was analyzed to determine the release mechanism and release rate as a function
of the waste stream contents buried in any given year. Table 5-3 contains summary information on the
waste streams for each individual contaminant, a brief description of the waste streams, and the release
mechanisms identified for use in the modeling of the waste streams.

Because each contaminant has a unique set of information, the disposal amount each year for each
contaminant was modeled as a separate waste container. The DUST-MS code was used to compute the
sum of the results to provide the total release over the time interval for input into the transport models. A
summary of release rate information for the different release models is contained in Table 5-4. The basis
for using the individual values is discussed in the following paragraphs.

Waste streams that are primarily metal were modeled either as dissolution release by corrosion of
the base metal or as surface washoff of contamination on the metal. For actinides and fission products,
metal waste streams were modeled as surface washoff release of contaminants on the base metal.
Activation products are integral to the base metal and are released by dissolution as the metal corrodes.
Table 5-5 lists the release mechanism for contaminants in metal waste streams.

Concrete casks were not modeled with an assumed failure time. Instead, release of contaminant
mass from within the casks was modeled as diffusion out of the cask. Casks were modeled as cylinders
with a 15-cm (6-in.) wall thickness. Using this thickness assumption allows the ready release of
contamination at the surface of the cask. In addition, a diffusion coefficient of 1.0E-06 cm2/s was used. A
diffusion coefficient of 1.0E-06 cm2/s is typical for a metal ion in water and does not account for the
possible partitioning of the contaminant with the waste form or the porous media that the contaminants
must travel through. Any partitioning would slow the contaminant release.

Nagata and Banaee (1996) assessed the metals buried in the SDA and concluded that the majority
is a form of stainless steel or inconel (nickel-based alloy). Nagata and Banaee (1996) provided a corrosion
rate of 1 mm in 4,500 years (2.22E-05 cm/year) for stainless steel in INEEL soil with a magnesium
chloride dust suppressant applied. For beryllium the corrosion rate is based on results of a long-term
corrosion and degradation test, Adler Flitton et al. (2001). The measured results from the test were
modified to include the effect of the magnesium chloride dust suppressant that was applied to the surface
of the SDA. The chloride in the dust suppressant would increase the corrosion rate of the beryllium metal.
The beryllium corrosion rate is different from that used in the IRA.
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Table 5-3. Waste streams for Waste Area Group 7 contaminants of potential concern and long-lived decay chain members.

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory

(Ci) Waste Stream Description Release Mechanism

Ac-227 D&D-ARA-1 3.6 1.82E-08 Low-level waste (LLW) from decontamination
and demolition of the Auxiliary Reactor Area

Surface washoff

(ARA) (primarily contaminated metal and
debris)

CFA-RWM-1 14.1 7.20E-08 Central Facilities Area (CFA) Sewage Surface washoff
Treatment Plant unpainted concrete rubble,
drying beds soils, clarifier piping, and trickle
filter bricks

Test Reactor 34.3 1.76E-07 Beryllium blocks Dissolution
Area

CFA-690-1 47.5 2.43E-07 Combustibles, animal carcasses, scrap metal,
sources, sand, and gravel

Surface washoff

Miscellaneous 0.6 2.86E-09 Miscellaneous minor streams Surface washoff

Total Ac-227 100.0 5.12E-07

Am-243 Idaho National 99.6 1.34E+02 Idaho National Engineering and Environmental Surface washoff
Engineering and Laboratory (INEEL) reactor operations waste
Environmental
Laboratory
(INEEL)

Miscellaneous 0.4 -.0 Miscellaneous minor streams Surface washoff

Total Am-243 100.0 1.34E+02

Am-241 INEEL 2.2 4.01E+03 INEEL reactor operations waste Surface washoff

RFO-DOW-12H 2.6 4.85E+03 Dirt, concrete, graphite, ash, and soot Surface washoff

RFO-DOW-4H 13.8 2.52E+04 Combustibles: paper, rags, plastic clothing
cardboard, wood, and polyethylene bottles

Surface washoff

(Codes 330, 336, 337, 900, and 970)

RFO-DOW-3H 80.0 1.46E+05 Uncemented sludge Surface washoff



Table 5-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory
(Ci) Waste Stream Description Release Mechanism

Miscellaneous 1.4 2.56E+03 Miscellaneous minor streams Surface washoff

Total Am-241 100.0 1.83E+05

C-14 ANL-785-1 1.5 7.51E+00 Subassembly LLW from Hot Fuel Examination Dissolution
Facility experiments

TRA-603-1H 1.6 7.81E+00 Test Reactor Area (TRA) resins Surface washoff

Argonne 3.3 1.66E+01 Subassembly hardware Dissolution
National
Laboratory -
West (ANL-W)

CPP-603-1H 9.2 4.58E+01 Fuel end pieces Dissolution

TRA 18.5 9.26E+01 Beryllium waste Dissolution

NRF-616-3H,
4H, 8H

21.3 1.07E+02 Core structural pieces Dissolution

TRA 41.7 2.08E+02 Activation products Dissolution

Miscellaneous 2.9 1.45E+01 Miscellaneous minor streams Surface washoff

Total C-14 100.0 5.00E+02

C1-36 NRF-618-8R 9.1 1.01E-01 Structural components from reactor fuel
modules (e.g., end boxes) from 1989 to 1993

Surface washoff

OFF-UBM-1H 31.0 3.43E-01 Ore processing waste Surface washoff

TRA 59.9 6.62E-01 Beryllium blocks Dissolution

Total CI-36 100.0 1.11E+00

Cs-137 INEEL 21.4 1.32E+05 INEEL reactor operations Surface washoff

TRA-603-15H 16.9 1.04E+05 Metal Surface washoff

ANL-765-2H 14.5 8.94E+04 Subassembly hardware Surface washoff

TRA-642-6H 9.8 6.02E+04 Scrap metal Surface washoff

TRA-603-1H 7.9 4.86E+04 Resins Surface washoff



Table 5-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory
(Ci) Waste Stream Description Release Mechanism

ANL-785-1H 6.9 4.23E+04 Subassembly hardware Surface washoff

TRA-603-4H 4.3 2.64E+04 Core and loop components Surface washoff

OFF-ATI-1H 4.2 2.56E+04 Fuel Surface washoff

TRA-603-9H 3.5 2.20E+04 Fuel Surface washoff

ANL-765-1H 1.8 1.10E+04 Dry active waste Surface washoff

CPP-633-1H 1.3 7.76E+03 High-efficiency particulate air filters Surface washoff

Miscellaneous 7.7 4.75E+04 Miscellaneous minor streams Surface washoff

Total Cs-137 100.0 6.17E+05

1-129 PBF-620-1 1.2 1.90E-03 Miscellaneous scrap Surface washoff

Naval Reactors 1.7 2.67E-03 Test specimens Surface washoff
Facility

INEEL 94.5 1.49E-01 INEEL reactor operations waste Surface washoff

Total 1-129 100.0 1.58E-01

Nb-94 TRA 4.0 4.06E+01 Activation products Dissolution

CPP-603-1H 4.7 4.74E+01 Fuel end pieces Dissolution

NRF-618-12H 1.3 1.31E+01 Core structural components Dissolution

INEEL 87.6 8.80E+02 INEEL reactor operations waste Dissolution

Miscellaneous 2.3 2.31E+01 Miscellaneous minor streams Surface washoff

Total Nb-94 100.0 1.00E+03

Np-237 TRA-632-1H 1.3 3.42E-02 Core structural pieces Surface washoff

TRA-603-9H 4.6 1.22E-01 Expended fuel and ceramic fuel Surface washoff

TRA-603-4H 6.6 1.74E-01 Core and loop components Surface washoff

TRA-642-6H 15.0 3.96E-01 Core, vessel, and loop components Surface washoff

TRA-603-1H 15.6 4.13E-01 Resins Surface washoff



Table 5-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory
(Ci) Waste Stream Description Release Mechanism

Total Np-237

TRA-603-15H

INEEL

Miscellaneous

25.9

28.5

2.5

100.0

6.85E-01

7.54E-01

6.61E-02

2.64 E+00

Metal

INEEL reactor operations waste

Miscellaneous minor streams

Surface washoff

Surface washoff

Surface washoff

Pa-231 D&D-ARA-1 99.0 8.56E-04 The LLW from the decontamination and
demolition of the ARA facilities (primarily of
contaminated metal and debris)

Surface washoff

Miscellaneous 1.0 8.44E-06 Miscellaneous minor streams Surface washoff

Total Pa-231 100.0 8.64E-04

Pb-210 WER-CMP-1 5.3 2.70E-08 Compacted waste: combination of glass, plastic,
absorbents, cloth, paper, and wood

Surface washoff

ALE-ALE-1H 94.7 4.83E-07 Building rubble, electric wires, piping,
machinery, tracers and sources, glass, gloves,
paper, filters, and vermiculite

Surface washoff

Total Pb-210 100.0 5.10E-07

Pu-240 RFO-DOW-5H 1.7 2.82E+02 Concrete and brick Surface washoff

OFF-LRL-2H 2.7 4.53E+02 Concrete, bricks, and asphalt Surface washoff

RFO-DOW-11H 4.5 7.62E+02 Graphite molds Surface washoff

RFO-DOW-8H 6.0 1.02E+03 Lead from glovebox gloves and sheeting

RFO-DOW-7H 7.1 1.21E+03 Glass, including raschig rings Surface washoff

RFO-DOW-4H 7.9 1.35E+03 Combustibles: paper, rags, plastic clothing
cardboard, wood, and polyethylene bottles

Surface washoff

(Codes 330, 336, 337, 900, and 970)

RFO-DOW-12H 9.0 1.53E+03 Dirt, concrete, graphite, ash, and soot Surface washoff

RFO-DOW-6H 10.4 1.78E+03 Filters Surface washoff

RFO-DOW-3H 12.4 2.12E+03 Uncemented sludge Surface washoff



Table 5-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory

(Ci) Waste Stream Description Release Mechanism

INEEL 13.8 2.36E+03 INEEL reactor operations waste Surface washoff

RFO-DOW-9H 22.5 3.85E+03 Noncombustibles: gloveboxes, equipment,
pumps, motors, control panels, and office
equipment

Surface washoff

Miscellaneous 2.0 3.42E+02 Miscellaneous minor streams Surface washoff

Total Pu-240 100.0 1.71E+04

Pu-239 RFO-DOW-13H 1.1 7.31E+02 Resins Surface washoff

RFO-DOW-5H 1.9 1.25E+03 Concrete and brick Surface washoff

INEEL 2.0 1.29E+03 INEEL reactor operations waste Surface washoff

RFO-DOW-11H 5.2 3.37E+03 Graphite molds Surface washoff

RFO-DOW-8H 7.0 4.53E+03 Lead from glovebox gloves and sheeting Surface washoff

RFO-DOW-7H 8.3 5.37E+03 Glass: including raschig rings Surface washoff

RFO-DOW-4H 9.2 5.96E+03 Combustibles: paper, rags, plastic clothing
cardboard, wood, and polyethylene bottles

Surface washoff

(Codes 330, 336, 337, 900, and 970)

RFO-DOW-12H 10.5 6.79E+03 Dirt, concrete, graphite, ash, and soot Surface washoff

RFO-DOW-6H 12.2 7.90E+03 Filters Surface washoff

RFO-DOW-3H 14.5 9.40E+03 Uncemented sludge Surface washoff

RFO-DOW-9H 26.3 1.70E+04 Noncombustibles: gloveboxes, equipment,
pumps, motors, control panels, and office
equipment

Surface washoff

Miscellaneous 1.9 1.23E+03 Miscellaneous minor streams Surface washoff

Total Pu-239 6.49E+04

Pu-238 RFO-DOW-4H 1.0 1.74E+02 Combustibles: paper, rags, plastic clothing
cardboard, wood, and polyethylene bottles

Surface washoff

(Codes 330, 336, 337, 900, and 970)



Table 5-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory
(Ci) Waste Stream Description Release Mechanism

RFO-DOW-12H 1.2 1.99E+02 Dirt, concrete, graphite, ash, and soot Surface washoff

RFO-DOW-6H 1.4 2.32E+02 Filters Surface washoff

RFO-DOW-3H 1.6 2.75E+02 Uncemented sludge Surface washoff

TRA-603-9H 2.9 4.95E+02 Expended fuel and ceramic fuel Surface washoff

RFO-DOW-9H 2.9 5.00E+02 Noncombustibles: gloveboxes, equipment,
pumps, motors, control panels, and office
equipment

Surface washoff

INEEL 85.3 1.46E+04 INEEL reactor operations waste Surface washoff

Miscellaneous 3.8 6.50E+02 Miscellaneous minor streams Surface washoff

Total Pu-238 100.0 1.71E+04

Ra-226 ALE-ALE-1H 1.7 9.93E-01 Building rubble, electric wires, piping,
machinery, tracers and sources, glass, gloves,
paper, filters, and vermiculite

Surface washoff

TAN-640-1H 1.7 1.00E+00 Radium-beryllium neutron source Surface washoff

ALE-317-2R 1.8 1.10E+00 Combustibles Surface washoff

TRA-603-22H 2.1 1.25E+00 Combustibles Surface washoff

TRA-603-8H 2.1 1.25E+00 Two Ra-226 sources Surface washoff

OFF-DPG-1H 2.8 1.67E+00 Biological waste Surface washoff

OFF-AEF-1H 5.6 3.33E+00 Wipes, gloves, glassware, and dry activated
waste embedded in concrete

Surface washoff

OFF-ISC-1H 8.3 5.00E+00 Magnesium-thorium scrap, sources, and
miscellaneous laboratory equipment

Surface washoff

OFF-USN-1H 72.3 4.33E+01 Animal carcasses, waste-paper towels,
glassware, tools, and laboratory items

Surface washoff

Miscellaneous 1.7 1.02E+00 Miscellaneous minor streams Surface washoff

Total Ra-226 100.0 6.00E+01



Table 5-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory
(Ci) Waste Stream Description Release Mechanism

Sr-90 INEEL 60.3 3.89E+05 INEEL reactor operations waste Dissolution

ANL-765-2H 21.6 1.39E+05 Subassembly hardware Dissolution

ANL-785-1H 10.1 6.60E+04 Subassembly hardware Dissolution

ANL-765-1H 2.3 1.48E+04 Dry active waste Dissolution

CPP-601-1H 1.5 9.85E+03 Leached Vycor glass Surface washoff

CPP-601-3H 1.0 4.00E+03 Dissolved fuel specimens Surface washoff

Miscellaneous 3.4 2.19E+04 Miscellaneous minor streams Surface washoff

Total Sr-90 100.0 6.44E+05

Tc-99 D&D-ARA-1 1.1 6.42E-01 LLW from the decontamination and demolition
of the ARA facilities (primarily contaminated.

Surface washoff

NRF 2.6 1.56E+00 Test specimens Surface washoff

ANL metal 2.9 1.75E+00 Subassembly hardware Surface washoff

INEEL 89.9 5.44E+01 INEEL reactor operations waste Surface washoff

Miscellaneous 3.5 2.12E+00 Miscellaneous minor streams Surface washoff

Total Tc-99 100.0 6.05E+01

Th-232 TAN-607-2 1.1 1.41E-02 Test Area North (TAN) Hot Shop
noncompactable waste

Surface washoff

OFF-GDA-1H 1.5 2.00E-02 Fuel fabrication item, laboratory equipment,
activated metal, and irradiated fuel

Surface washoff

TRA-603-9H 1.5 2.01E-02 Expended fuel and ceramic fuel Surface washoff

OFF-UBM-1H 93.5 1.26E+00 Ore processing waste Surface washoff

Miscellaneous 2.5 3.36E-02 Miscellaneous minor streams Surface washoff

Total Th-232 100.0 1.34E+00



Table 5-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory
(Ci) Waste Stream Description Release Mechanism

Th-230 TAN-607-2 7.5 2.34E-03 TAN Hot Shop noncompactable waste Surface washoff

D&D-ARA-1 34.8 1.09E-02 The LLW from the decontamination and
demolition of the ARA facilities (primarily of
contaminated metal and debris)

Surface washoff

WMC-WMC-1H 57.1 1.79E-02 Soil, pond sediment, scrap metal, and equipment Surface washoff

Total Th-230 100.0 3.13E-02

Th-229 TRA 3.9 2.69E-07 Beryllium blocks Surface washoff

WER-CMP-1 37.1 2.52E-06 Compacted waste: combination of glass, plastic,
absorbents, cloth, paper, and wood

Surface washoff

CPP-ALL-1 58.8 4.01E-06 Contaminated structural materials (metal,
concrete, bricks, soil, gravel, wood, and plastics)
and concreted ash processed at the Waste

Surface washoff

Experimental Reduction Facility

Miscellaneous 0.1 6.81E-06 Miscellaneous minor streams Surface washoff

Total Th-229 100.0 6.81E-06

U-233 SMC-628-1 1.5 2.21E-02 Nonacidic evaporator sludge Surface washoff

SMC-990-1 1.8 2.74E-02 Depleted uranium-contaminated material Surface washoff
(metals, glass, and gravel)

SMC-628-2 19.9 3.01E-01 Unsolidified slag Surface washoff

RFO-DOW-19H 35.9 5.40E-01 Miscellaneous scrap Surface washoff

ARA-626-1H 39.8 6.00E-01 Fuel scrap, waste from disassembly of facilities
and hot cell waste

Surface washoff

Miscellaneous 1.1 1.66E-02 Miscellaneous minor streams Surface washoff

Total U-233 100.0 1.51E+00

U-234 ALE-317-2R 1.1 7.10E-01 Combustibles Surface washoff

TRA-603-15H 1.6 1.11E+00 Metal Surface washoff



Table 5-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory
(Ci) Waste Stream Description Release Mechanism

ANL-704-1R 1.8 1.21E+00 Contact-handled fuel fabrication waste Surface washoff

OFF-CSM-1H 1.9 1.30E+00 Magnesium fluoride slag and miscellaneous
laboratory waste

Surface washoff

ANL-752-1R 2.0 1.33E+00 Contact-handled waste Surface washoff

TAN-607-2 2.7 1.83E+00 TAN Hot Shop noncompactable waste Surface washoff

OFF-GEC-1H 4.4 2.95E+00 Core, vessel, and loop components Surface washoff

ANL-EBRI-1H 5.0 3.36E+00 Miscellaneous combustibles and core, vessel,
and loop components

Surface washoff

OFF-ATI-1H 5.4 3.64E+00 Irradiated fuel from research Surface washoff

PDA-RFO-1A 6.9 4.64E+00 Inorganic salts, depleted uranium, and sewage
sludge

Surface washoff

CPP-601-3H 7.0 4.70E+00 Dissolved fuel specimens Surface washoff

RFO-DOW-16H 21.5 1.45E+01 Depleted uranium Surface washoff

RFO-DOW-18H 31.9 2.15E+01 Enriched uranium Surface washoff

Miscellaneous 6.9 4.65E+00 Miscellaneous minor streams Surface washoff

Total U-234 100.0 6.74E+01

U-235 ANL-752-1R 1.0 5.60E-02 Contact-handled waste Surface washoff

OFF-GDA-1H 1.3 7.00E-02 Fuel fabrication item, laboratory equipment,
activated metal, and irradiated fuel

Surface washoff

OFF-CSM-1H 1.4 8.00E-02 Magnesium fluoride slag and miscellaneous
laboratory waste

Surface washoff

ANL-EBRI-1H 2.0 1.10E-01 Miscellaneous combustibles and core, vessel,
and loop components

Surface washoff

OFF-ATI-1H 2.1 1.14E-01 Irradiated fuel from research Surface washoff

INEEL 2.3 1.28E-01 INEEL reactor operations waste Surface washoff

CPP-601-3H 2.7 1.50E-01 Dissolved fuel specimens Surface washoff



Table 5-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory
(Ci) Waste Stream Description Release Mechanism

OFF-GEC-1H 2.8 1.57E-01 Core, vessel, and loop components Surface washoff

WAG-WG7-02 3.3 1.80E-01 Acid Pit in situ stabilization treatability study Surface washoff

PDA-RFO-1A 5.9 3.25E-01 Inorganic salts, depleted uranium, and sewage
sludge

Surface washoff

TRA-603-6H 7.3 4.02E-01 Core, vessel, and loop components Surface washoff

TRA-603-15H 9.7 5.35E-01 Metal Surface washoff

RFO-DOW-18H 13.4 7.44E-01 Enriched uranium Surface washoff

TRA-603-16H 14.1 7.80E-01 Combustibles Surface washoff

RFO-DOW-16H 19.5 1.08E+00 Depleted uranium Surface washoff

Miscellaneous 11.3 6.26E-01 Miscellaneous minor streams Surface washoff

Total U-235 100.0 5.54E+00

U-236 SMC-628-2 1.5 4.37E-02 Unsolidified slag Surface washoff

NRF 1.8 5.29E-02 Test specimens Surface washoff

RFO-DOW-18H 2.8 8.04E-02 Enriched uranium Surface washoff

TRA-603-9H 2.8 8.11E-02 Expended fuel and ceramic fuel Surface washoff

TRA-603-4H 3.7 1.07E-01 Core and loop components Surface washoff

TRA-642-6H 8.5 2.44E-01 Core, vessel, and loop components Surface washoff

TRA-603-1H 9.4 2.70E-01 Resins Surface washoff

TRA-603-15H 14.7 4.22E-01 Metal Surface washoff

INEEL 20.4 5.83E-01 INEEL reactor operations waste Surface washoff

RFO-DOW-16H 31.5 9.03E-01 Depleted uranium Surface washoff

Miscellaneous 2.6 7.44E-02 Miscellaneous minor streams Surface washoff

Total U-236 100.0 2.86E+00



Table 5-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory
(Ci) Waste Stream Description Release Mechanism

U-238 INEEL 1.1 1.30E+00 INEEL reactor operations waste Surface washoff

ALE-ALE-1H 1.1 1.32E+00 Building rubble, electric wires, piping,
machinery, tracers and sources, glass, gloves,
paper, filters, and vermiculite

Surface washoff

OFF-CSM-1H 1.1 1.32E+00 Magnesium fluoride slag and miscellaneous
laboratory waste

Surface washoff

ARA-627-1H 1.4 1.64E+00 Fuel scrap, waste from disassembly of facilities,
and hot cell waste

Surface washoff

SMC-628-2 2.0 2.31E+00 Unsolidified slag Surface washoff

PDA-RFO-1A 21.2 2.49E+01 Inorganic salts, depleted uranium, and sewage
sludge

Surface washoff

RFO-DOW-1611 65.0 7.62E+01 Depleted uranium Surface washoff

Miscellaneous 7.0 8.20E+00 Miscellaneous minor streams Surface washoff

Total U-238 100.0 1.17E+02

Nitrate CPP-601-4H 11.0 1.13E+08 Acidic aqueous liquid Surface washoff

PDA-RFO-1A 53.0 5.46E+08 Nitrate salts Rocky Flats Plant (RFP) sludge Surface washoff

RFO-DOW-17H 36.0 3.71E+08 Nitrate salts in sludge Surface washoff

Total Nitrate
(as nitrogen) 100.0 1.03E+09

Carbon tetrachloride RFO-DOW-4H 2.5 2.05E+07 Paper, rags, and plastic Vapor diffusion

RFO-DOW-15H 96.8 7.94E+08 Organic sludge Vapor diffusion

Miscellaneous 0.7 5.74E+06 Miscellaneous minor streams Vapor diffusion

Total carbon tetrachloride 100 8.20E+08



Table 5-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory

(Ci) Waste Stream Description Release Mechanism

Methylene chloride RFO-DOW-12H 9.3 1.30E+06 Dirt, sand, concrete, ashes, and soot Vapor diffusion

RFO-DOW-9H 18.3 2.56E+06 Equipment (drill presses, lathes, and pumps) Vapor diffusion

RFO-DOW-4H 20.3 2.84E+06 Paper, rags, and plastic Vapor diffusion

RFO-DOW-3H 51.2 7.16E+06 Uncemented sludge Vapor diffusion

Miscellaneous 1.0 1.40E+05 Miscellaneous minor streams Vapor diffusion

Total methylene chloride 100.0 1.40E+07

Tetrachloroethylene RFO-DOW-15H 100.0 9.80E+07 Organic sludge Vapor diffusion

Total tetrachloroethylene 100.0 9.8E+07



Table 5-4. Summary of release types and release rate coefficients applied in the source release modeling. 

Release Type Release Rate Coefficient Reference

Container failure rate

Corrosion of carbon steel

Corrosion of stainless steel

Beryllium corrosion

Metal corrosion

Resin dissolution

Surface washoff

Volatile organic compound
diffusion

Site-specific values

1 mm in 450 to 680 years

1 mm in 4,500 years
(1.19E-05/year)

1 mm in 39.37 years
(2.65E-03/year)

Contaminant solubility

Surface washoff model was used

Soil-to-water partition coefficients

2E-03 cm2/second (soil) to
5E-09 cm2/second (saturated saltstone)
1.5E-08 cm2/second is recommended

See Section 5.1.2

Nagata and Banaee (1996)

Adler Flitton et al. (2001)

Adler Flitton et al. (2001)

Dicke (1997) (see Section 5.2)

Dicke (1997) (see Section 5.2)

Dicke (1997) (see Section 5.2)

Kudera and Brown (1996)

Table 5-5. Waste stream release mechanisms for actinides, activation products, and fission products. 

Type of
Contaminant Release Mechanism Contaminants

Actinides

Activation products

Fission products 

Surface washoff

Dissolution

Surface washoff

Am-241, Am-243, Np-237, Pu-238, Pu-239,
Pu-240, U-233, U-234, U-235, U-236, and U-238

C-14, Nb-94, and Tc-99

Cs-137, 1-129, and Sr-90

Geometry used for the steel pieces also was modified from the IRA. Review of available data

showed the surface-area-to-volume ratio for typical INEEL-type reactors to be 0.535/cm (Oztunali and

Roles 1985). Combining the corrosion rate and geometry data provided a fractional release from stainless

steel of 1.19E-05/year. Similarly, the corrosion rate of beryllium blocks was based on the long-term

corrosion and degradation test (Adler Flitton et al. 2001). As for stainless steel, measured beryllium

corrosion was modified to account for chloride in the dust suppressant. The corrosion rate of the

beryllium blocks used was 1 mm in 39.37 years (2.54E-03 cm/year). The surface-area-to-volume ratio of

the beryllium blocks is 1.043/cm. Combining geometry data with the corrosion rate provides a fractional

release from the beryllium blocks of 2.65E-03/year.

The above discussion applies to integral contamination of steels. Release of other metals

(e.g., lead) into the subsurface is dependent on chemical properties of soil water and solubility of that

metal in INEEL pore water conditions. Soil water has a high pH, causing many contaminants to have a

low solubility (Dicke 1997). To simulate release of metals (e.g., lead), the surface washoff release model

was used with the appropriate contaminant-specific solubility limit for INEEL soil water chemistry.

Sludge buried at the SDA contains VOCs, radioactive contaminants, and other hazardous
constituents. Release of VOCs from sludge is through vapor diffusion (Kudera and Brown 1996). As

shown in Table 5-4, release rates can vary by several orders of magnitude. The value used in the IRA

5-18



(Becker et al. 1998) was 2E-06 cm2/second. Release of metals and radioactive contaminants from sludge
occurs through leaching, which was modeled with the surface washoff release model.

A surface washoff release mechanism was assumed for waste streams that are generic laboratory
trash. The surface washoff release mechanism provides the most rapid release rates. Similarly,
contaminants identified as surface contamination of a base material (e.g., anticontamination clothing)
were modeled with the surface washoff release model. The surface washoff model applies a partition
coefficient to determine the release. The soil-to-water partition coefficient was used as a first
approximation.

The surface washoff release model was used to simulate the release from resins. For activation and
fission products, using surface washoff release generates a higher release rate, which is appropriate
because these contaminants are generally mobile (low Kd). Resin would sorb the contaminant better than
soil.

5.1.4 Contaminant Grouping for Modeling

Release and subsurface transport were simulated for 24 contaminants, which were grouped into
seven groups of contaminants for fate and transport simulation. This grouping was used in source term
simulations to provide a consistent set of inputs for the biotic uptake model (DOSTOMAN) and the
subsurface model (TETRAD). Members of a decay chain are assigned to the same group. Isotopes in the
chain with a half-life of more than 1 year were included explicitly in the simulations, while contaminants
with shorter half-lives were assumed to be in equilibrium with long-lived parents. Grouping for the
COPCs and long-lived decay chain members is defined in Table 5-6 as Groups 1 through 5. Some of the
long-lived daughter products were not identified as COPCs in the IRA (Becker et al. 1998) but were
included here to confirm that they pose no unacceptable risk and to assess sensitivity and uncertainty.
Some of the ABRA sensitivity cases reduce the release of the parent nuclide and thus increase the
ingrowth of the daughter in the waste zone.

Table 5-6. Contaminant grouping for simulations implemented for the Pre-Draft Remedial
Investigation/Baseline Risk Assessment.

Simulation
Group

Contaminants
in the Group Description Basisa

Group 1 Am-241, Np-237,
U-233, and Th-229

Pu-241 decay chain Neptunium series beginning at Pu-241 created
by nuclear reactions.

Group 2 Pu-239, U-235,
Pa-231, Ac-227,
and Am-243

Am-243 and Pu-239 decay
chain

Am-243 to Pu-239, both created by nuclear
reactions, to actinium series initiated by
U-235.

Group 3 Pu-240, U-236,
and Th-232

Pu-240 decay chain Pu-240 to U-236 created by nuclear reactions
to thorium series initiated by Th-232.

Group 4 Pu-238, U-234,
Th-230, Ra-226,
and Pb-210

Pu-238 decay chain Pu-238 created by nuclear reactions to U-234
to mid-uranium series.

Group 5 U-238, U-234, U-238 decay chain Uranium series initiated by U-238.

Group 6

Group 7

Th-230, Ra-226,
and Pb-210

Nitrate Toxic chemicals

Tc-99, 1-129, C-14, Fission and activation
Nb-94, and C1-36 products

a. Shleien (1992).

Contained primarily in Rocky Flats Plant
waste.

Created by nuclear reactions.
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5.1.5 Simulated Source Areas

In the ABRA modeling, distribution of waste in the SDA was substantially refined relative to the
IRA. At the time of the IRA, data were insufficient to proportion waste into individual pits or trenches;
however, information on the shipping records was subsequently input into WasteOScope database

(INEEL 2002a, 2002b). Use of WasteOScope has facilitated modeling of the distribution of the
contaminant mass to specific source areas in the SDA based on actual disposal records. The SDA was

divided into 13 source areas for modeling contaminant release and transport. These source areas are listed

in Table 5-7, which also includes a brief description of the disposals composing them. Each source area is

represented in the subsurface model grid as illustrated in Figure 5-1. Note that the pits are individually

modeled (except for Pits 1 and 2, which are adjoining), whereas the trenches and soil vaults are modeled

together. Because DUST-MS is a one-dimensional model, multiple simulations were implemented for

each contaminant group to simulate the release from each source area individually. Results were then

combined for input into the subsurface transport and biotic uptake simulations.

Table 5-7. Source areas in the Subsurface Disposal Area implemented in the source release model.

Source
Area Description'

Area
(ft2) Open Closed

1 Trenches 1-10 120,960 July 8, 1952 February 7, 1958

2 Pits 1 and 2 103,338 November 1, 1957 July 1, 1963

3 Pit 3 41,830 December 15, 1961 January 3, 1963

4 Pit 4 111,732 January 3, 1963 September 26, 1967

5 Pit 5 108,754 June 18, 1963 December 22, 1966

6 Pit 6 54,984 May 18, 1967 October 22, 1968

7 Pit 8 31,294 March 6, 1967 November 30, 1969

8 Pit 9 45,541 November 8, 1967 June 9, 1969

9 Pit 10 111,732 June 7, 1968 July 8, 1971

10 Pad Ab 32,160 September 26, 1972 November 17, 1978

11 Low-level waste Pits 17
through 20e'd

97,051 June 25, 1975 December 31, 1999e

12 Projected low-level waste 36,000 January 1, 2000 Projected to 2010e

Pits 17 through 20

13 All soil vault rows` 2,849 March 2, 1977 April 15, 1995

a. Pit 7 had only five disposals and was not assigned to a source area. The acid pit was not assigned to a source area because it

contains no contaminants of potential concern and was eliminated from further evaluation (DOE-ID 1998).

b. Pad A waste includes part of the waste that was originally disposed of in Pits 11 and 12. Residual inventory in Pits 11 and 12

were assigned to the Pad A source area.

c. Trenches 11 through 58 were not explicitly modeled. The inventories in Trenches 11 through 58 were partitioned between the

soil vaults and the active low-level waste (LLW) pit, depending on the waste stream.

d. Pits 13 through 16 received LLW from on-Site generators and the inventories were assigned to the LLW pit.

e. The LLW disposal operation is still active. Actual disposals in Pits 17 through 20 were implemented in the model for Source

Area 11. Projected disposals were evaluated in Source Area 12. 

5-20



264,500 265400 265,500 266,000 266,500 267,000 267,500

Legend

2rd Refined Area
(Cell size 250'X250')

3rd Refined Area
(Cell size 125'X125')

3rd Refined Area Boundary

1 - Trenrbec 1- I0

2 - Pits 1&2

3 - Pit 3

4- Pit 4

5p5

AIL 6 - Pit 6

NM 7 - Pit 8

Mr 8 - Pit 9

.31E_.. 9 - Pit 10

10 - Pad A

11- Low- level Waste

 • 12 - Projected Low- level Waste

MN 13 - Soil Vault Rows

268,500 269,000

r   .. ..

1 13
-

12 
—. 

„von

il 11 
Ti11-5 *)- 1 1,____ J22--.7

Pit No. l
----------------

Lig 
r 
---.._ Pit N. 2

il —_—________________

No 8 . 

1 9
1.4

SVR./7

Na 4
No.3

No.2

Plo,11
6615

N.. 56

8,143. 13

5V8-9

7 
r Ho. 1?

6

5

4

3

2

1

0 1 2 3 4 5 6 7 8

7%.

No. 24
No. 211

No.31

SV6-16

Pit Ncs 4

5te

ND 40 4
k, 

Pit No. 13"\ ., Accioids:dit i j.;t7---io. 12 71

a VTR* 2--'" Siqo.

4'' 14 'V°- 16 

%. 4 /9'' .1

Vaults 750 i
641:: ak 5.3.31/4. „ 'F(H-L LW Disposal /

+1.?,,
0V. ,.7. ,g re8 '3g ; 

. - ,_

N'a7R .2, No 1 /
No. :?

9 10 11

tie
33 • ag

41c,

12 13 14 15 16 17 113--.19
,n,,•••••=

Pit Na 20

„

20  21s 22

0 1CO 200 300 Niaegs

0 200 400 600 800 1000 Fitt

SVR/THRU -5

Pit No. 7,

ie

23 ,'24 25 26 27j

—
f  

Path trojectdrotratAxa_w_ordelingrd
FileXiar tothaxi area_grids_antscla-131A.

Figure 5-1. The 13 source areas simulated in the source release model and specifically represented in the subsurface model domain.
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Contaminant masses assigned to each source area from each contaminant group are given in

Table 5-8. Below are assumptions used to assign contaminants within the SDA to the 13 source areas.

• Because Trenches 11 through 58 were not explicitly modeled, disposals from INEEL waste

generators (other than beryllium disposals) were modeled in the LLW pit (Source Area 11). A

significant contribution to total disposal quantities for Ac-227, Am-243, Cm-244, Np-237, Pu-238,

and U-236 was attributed to INEEL reactor operations. Inventories associated with this waste

stream are currently in review. Therefore, the fraction associated with that waste stream was

simulated in the LLW pit (Source Area 11) so that the contribution could be readily distinguished

from the contribution from RFP waste in the pits (Source Areas 1 through 10).

• Beryllium disposals were assumed to have occurred when reactor core changeouts occurred

(i.e., Materials Test Reactor in 1968, Engineering Test Reactor in 1970, and Advanced Test

Reactor in 1972, 1977, 1986 and 1987). These disposals are assigned to the soil vault rows (Source

Area 13).

Group 1 contaminants were assigned as follows:

• Locations for Am-241 were based on Series-741 sludge data. More than 80% of the Am-241 was

contained in the RFP Series-741 sludge. These disposals are divided among the RFP pits (Source

Areas 1 through 10) (see Table 5-8 for the distribution of mass among the source areas).

• Neptunium from on-Site disposals was placed in the LLW pit (Source Area 11) beginning in 1958.

This allows discriminating the contribution to total risk from on-Site disposal of Np-237 from the

contribution of Pu-241 and Am-241 from RFP disposals. Disposals before 1958 went into

Trenches 1 through 10 (Source Area 1) (see Table 5-8 for the distribution of mass among the

source areas).

• Location for U-233 was based on enriched uranium disposal data. The enriched uranium waste

stream was used as a surrogate waste stream identifier because few fuel or scrap shipments were

identified. These disposals were primarily assigned to the RFP pits (Source Areas 1 through 10)

(see Table 5-8 for the distribution of mass among the source areas).

• Th-229 comes from decay of U-233 and locations were assigned based on the U-233 disposal

locations. These disposals were primarily assigned to the RFP pits (Source Areas 1 through 10)

(see Table 5-8 for the distribution of mass among the source areas).

Group 2 contaminants were assigned as follows:

• Am-243 mainly came from on-Site disposals. As noted above, Trenches 11 through 58 were not

explicitly modeled; therefore, the Am-243 was simulated in the LLW pit beginning in 1958. This

approach allowed determining the relative contribution to total risk of the Pu-239 generated by

ingrowth separately from Pu-239 disposals from RFP. These disposals are assigned to Source Area

11 (see Table 5-8 for the distribution of mass among the source areas).

• Pu-239 is in several waste streams including sludge, graphite, filters, and noncombustibles. The

location of Pu-239 was based on a WasteOScope query for Type V waste, sludge, graphite, and

filters. The location of the sludge portion was distributed based on the Series-741 disposals. The

graphite portion was distributed based on the graphite disposal information. Locations for 
filters

were similarly assigned. Locations for Type V were used for the remaining noncombustible 
mass.

These disposals are assigned to the RFP pits (Source Areas 1 through 10) (see Table 5-8 for 
the

distribution of mass among the source areas).
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Table 5-8. Mass (in grams) disposed of in the 13 simulated source areas by simulation groups for the Subsurface Disposal Area modeling.
Simulation
Group Isotope Total

Source
Area 1

Source
Area 2

Source
Area 3

Source
Area 4

Source
Area 5

Source
Area 6

Source
Area 7

Source
Area 8

Source
Area 9

Source
Area 10

Source
Area 11

Source
Area 12

Source
Area 13

1 Am-241 5.32E+04 2.07E+03 1.43E+04 1.92E+03 1.18E+04 8.65E+03 2.65E+03 0.00E+00 3.00E+03 6.28E+03 2.56E+03 2.62E-01 0.00E+00 3.45E+01

Np-237 3.75E+03 1.16E+02 0.00E-F00 0.00E-F00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E-F00 0.00E+00 0.00E+00 3.63E+03 0.00E+00 0.00E+00

U-233 1.56E+02 8.51E-06 8.00E-06 0.00E+00 3.19E+01 3.36E-06 2.41E+01 0.00E+00 5.68E-08 6.22E+01 9.98E-01 3.69E+01 0.00E+00 2.12E-02

Th-229 3.20E-05 4.81E-11 4.52E-11 0.00E+00 1.16E-11 1.90E-11 5.13E-12 0.00E+00 3.21E-13 5.90E-07 2.17E-07 3.07E-05 0.00E-F00 4.56E-07

2 Am-243 6.74E+02 3.53E-03 0.00E+00 0.00E+00 0.00E-F00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E-F00 6.74E+02 0.00E+00 0.00E+00

Pu-239 1.04E+06 9.81E+04 2.36E+05 4.52E+04 1.87E+05 2.76E+05 4.07E+04 0.00E+00 1.42E+04 1.40E+05 7.83E+03 7.78E+01 0.00E+00 0.00E+00

U-235 2.56E+06 2.15E+05 5.81E+05 0.00E+00 1.98E+05 4.68E+05 3.4,6E+04 0.00E+00 2.41E+03 3.74E+05 4.35E+05 1.38E+05 0.00E+00 1.15E+05

Pa-231 2.08E-02 5.90E-07 5.55E-07 0.00E+00 1.43E-07 2.33E-07 6.29E-08 0.00E+00 3.93E-09 8.54E-05 3.27E-05 2.07E-02 0.00E+00 3.19E-05

Ac-227 7.08E-09 0.00E+00 0.00E-F00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.08E-09 0.00E+00 0.00E+00

3 Pu-240 7.53E+04 5.99E+03 1.4,7E+04 3.29E+03 1.16E+04 1.75E+04 2.19E+03 0.00E+00 5.86E+02 8.39E+03 7.68E+02 1.03E+04 0.00E+00 0.00E+00

U-236 4.42E+04 8.35E+03 4.16E+03 4.09E+02 1.39E+03 1.32E+03 5.25E+02 0.00E+00 0.00E+00 1.17E+03 9.91E+02 2.59E+04 0.00E+00 0.00E+00

Th-232 1.23E+07 1.52E-06 5.35E+06 5.33E+06 4.87E+05 8.82E+05 2.74E+01 9.19E+00 2.76E+01 2.04E+03 1.15E+03 2.36E+05 0.00E+00 7.09E+03

4 Pu-238 9.99E+02 1.05E+01 2.67E+01 6.45E+00 2.95E+01 4.70E+01 2.91E+00 0.00E+00 0.00E+00 1.4,7E+01 1.42E+00 8.59E+02 0.00E+00 0.00E+00

U-234 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E-F00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E-F00 0.00E+00 0.00E+00 0.00E+00

Th-230 0.00E+00 0.00E-F00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E-F00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Ra-226 0.00E+00 0.00E+00 0.00E-F00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Pb-210 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E-F00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

5 U-238 3.4,8E+08 6.31E+07 5.39E+07 1.11E+07 3.23E+07 2.4,8E+07 1.25E+07 0.00E+00 4.84E+05 2.61E+07 1.01E+08 2.32E+07 0.00E+00 0.00E+00

U-234 1.08E+04 9.69E+02 2.80E+03 1.24E+03 6.80E+02 6.54E+02 2.05E+02 1.82E+02 6.58E+02 1.10E+03 1.21E+03 4.82E+02 0.00E+00 6.25E+02

Th-230 1.55E+00 3.53E-08 3.68E-08 8.4,8E-09 1.41E-08 1.34E-08 4.24E-09 3.15E-08 1.25E-07 6.10E-07 1.4,8E-01 6.64E-01 0.00E+00 7.38E-01

Ra-226 6.06E+01 3.68E-13 2.75E+01 2.69E+01 1.33E-02 1.09E-02 2.18E-02 1.28E-02 4.40E-02 8.31E-02 3.78E+00 8.00E-02 0.00E+00 2.13E+00

Pb-210 6.68E-09 6.4,7E-16 6.72E-16 1.55E-16 2.59E-16 2.4,6E-16 7.76E-17 1.40E-13 5.60E-13 2.82E-12 1.42E-12 6.67E-09 0.00E+00 5.76E-12

6 Nitrate 1.03E+09 2.66E+07 2.84E+07 8.37E+06 4.08E+07 1.23E+07 9.59E+07 0.00E+00 5.55E+06 2.43E+08 5.70E+08 0.00E+00 0.00E+00 0.00E+00

7 Tc-99 3.56E+03 6.01E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.96E+03 0.00E+00 0.00E+00

1-129 8.94E+02 8.84E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E-F00 0.00E+00 0.00E+00 0.00E+00 8.06E+02 0.00E+00 0.00E+00

C-14 1.12E+02 9.96E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E-F00 0.00E+00 0.00E+00 8.57E+01 0.00E+00 1.64E+01

C1-36 3.35E-F01 9.26E-06 0.00E+00 9.52E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.40E+01 0.00E+00 0.00E+00

Nb-94 5.36E+03 2.38E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.12E+03 0.00E+00 0.00E+00



• Location of U-235 was based on disposal data for enriched uranium. These disposals are primarily

assigned to the RFP pits (Source Areas 1 through 10) (see Table 5-8 for the distribution of mass

among the source areas).

• Location of Pa-231 was based on disposal data for enriched uranium. These disposals are primarily

assigned to the RFP pits (Source Areas 1 through 10) (see Table 5-8 for the distribution of mass

among the source areas).

• Location of Ac-227 disposals was assumed to be in the LLW pit. These disposals are assigned to

Source Area 11 (see Table 5-8 for the distribution of mass among the source areas).

Group 3 contaminants were assigned as follows:

• The portion of the Pu-240 generated by INEEL reactor operations was disposed of in the LLW pit

(Source Area 11) for disposals after 1958. The RFP portion of Pu-240 was proportioned with a

methodology similar to the Pu-239 in Group 2 above. The fraction of the waste in the various RFP

waste streams was used to determine distribution of masses into the various RFP pits (Source

Areas 1 through 10) (see Table 5-8 for the distribution of mass among the source areas).

• Because U-236 has on-Site contributions, locations were determined using the same approach

applied for plutonium. All waste was assumed to have been placed in trenches (Source Area 1)

through 1958. The U-236 was divided between the RFP waste in pits (Source Areas 2 through 10)

and on-Site waste in the LLW pit (Source Area 11) (see Table 5-8 for the distribution of mass

among the source areas).

• Th-232 is assumed to come primarily from decay of U-236 so disposals are proportioned in source

areas based on the U-236 distribution.

Group 4 contaminants were assigned as follows:

• Waste was proportioned similar to plutonium waste in Groups 2 and 3 because significant

contributions of Pu-238 may have been received from the INEEL reactor operations. The on-Site

portion of the Pu-238 was disposed of in the LLW pit (Source Area 11) for disposals after 1958.

The RFP portion of Pu-238 proportioned with a methodology similar to the Pu-239 in Group 2

above (see Table 5-8 for the distribution of mass among the source areas).

• Disposal inventories of U-234 and its daughters (i.e., Th-230, Ra-226, and Pb-210) are included in

Group 5; therefore, inventory was zero for Group 3 to allow discriminating the relative contribution

to total risk from the uranium disposals and the U-234 ingrowth from Pu-238.

Group 5 contaminants were assigned as follows:

• The bulk of U-238 and U-234 was in roaster oxide. Disposal data for roaster oxide exist for 1966

through 1969. Before 1961, all waste was disposed of in the open pit or trench. From 1962 to 1965,

mass was proportioned equally in the open pits. All uranium waste from 1970 to 1978 was

disposed of on Pad A. Uranium waste disposal after 1978 was assigned to the LLW pit. Because

the majority of the uranium disposals are from RFP, these disposals were assigned to Source Areas

1 through 11 (see Table 5-8 for the distribution of mass among the source areas).

• Inventories of Th-230, Ra-226 and Pb-210 are assumed to come largely from ingrowth from the

uranium decay chain and are proportioned in the pits and trenches in the same manner as U-238.
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Group 6 contaminants were assigned as follows:

• Nitrates were primarily in the Series-745 sludge. The Series-745 data were used for disposals from
1967 through 1978. Disposal before 1967 were proportioned into Pits 1 through 10. Waste disposal
beginning in 1979 was assigned to the LLW pit. These disposals were proportioned between
Source Areas 1 through 11 (see Table 5-8 for the distribution of mass among the source areas).

Group 7 contaminants were assigned as follows:

• The amount of Tc-99 in beryllium blocks is small. It was modeled as surface washoff rather than
dissolution because part of the Tc-99 is in activated metal and DUST-MS cannot handle two
separate corrosion rates in a single year. Therefore, the Tc-99 was assigned to Trenches 1 through
10 for disposals before 1960 (Source Area 1) and in the LLW pit for disposals after 1960 (Source
Area 11) (see Table 5-8 for distribution of mass among the source areas).

• 1-129 comes from on-Site generators. Disposals of 1-129 before 1960 were in Trenches 1 through
10 (Source Area 1) and disposals after 1960 were placed in the LLW pit (Source Area 11).
Distribution of mass among the source areas is shown in Table 5-8.

• C-14 consists of several waste types: beryllium blocks, activated metal, and other trash. Before
1960, the C-14 was disposed of in Trenches 1 through 10 (i.e., Source Area 1). Disposals after
1960 were segregated to evaluate the effect of the C-14 in the beryllium blocks and to be able to
account for the different corrosion rate of beryllium compared to stainless steel. The C-14 disposed
in the beryllium blocks was disposed of in the SVRs (i.e., Source Area 13) and the C-14 in
activated metal and other trash was put into the LLW pit (i.e., Source Area 11) because
Trenches 11 through 58 were not explicitly modeled.

• Most of the C1-36 is contained in the beryllium blocks that were disposed of in the SVRs (Source
Area 13). Disposals for off-Site waste were in Pit 3 (Source Area 3) and in trenches before 1961
(Source Area 1). The remainder was assigned to the LLW pit (Source Area 11) because the later
trenches, Trenches 11 through 58, were not modeled explicitly (see Table 5-8 for distribution of
mass among the source areas).

• Nb-94 came from on-Site generators. Because none of the Nb-94 is in the beryllium blocks, Nb-94
disposals were modeled as in the trenches (Source Area 1) or LLW pit (Source Area 11). The LLW
pit was used rather than the soil vault rows to allow consistency with other contaminants in the
group that simulated the contribution from the beryllium blocks in the SVRs (see Table 5-8 for the
distribution of mass among the source areas).

Based on these assumptions, the mass disposed of in each of the 13 source areas is listed by
simulation group in Table 5-8.

5.1.6 Infiltration Rates

Site-specific infiltration rates were developed for the SDA. The infiltration rate assigned to each of
the 13 source areas was based on the assignment of infiltration in the subsurface flow and transport
model. Infiltration rates applied to the grid blocks of the subsurface flow and transport model along with
the 13 source areas are presented in Figure 5-2. Infiltration assigned in the subsurface model was
averaged over the grid blocks representing the source areas. The resulting averages are shown at the
bottom of Figure 5-2.
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Figure 5-2. Infiltration rates assigned in the subsurface flow model and averages used for the 13 source areas simulated in the source release

model.



5.1.7 Source Term Model Calibration

Monitoring data from in and immediately proximal to the buried waste are required to calibrate the
source term model. Data taken from directly beneath the waste are limited and time histories have not
been developed. Therefore, available data are insufficient to attempt source term model calibration.

Several different types of probes were installed in the waste as described in Section 3.6. Continued
monitoring and evaluation of the data could allow validation of the values used in the ABRA source
release modeling and provide data sets for calibrating any future source release modeling.

5.2 Dissolved-Phase Transport Modeling

Contaminant fate and transport simulations performed for dissolved or aqueous phase COPCs are
discussed in this section. Volatile organic compound modeling is addressed in Section 5.3. The model
developed and implemented to represent movement of water and contaminants in the subsurface for this
ABRA was derived from the model presented in Magnuson and Sondrup (1998), which was used to
support development of the IRA (Becker et al. 1998). The model originally developed by Magnuson and
Sondrup (1998) for the IRA will be referred to as the IRA model. The IRA model was improved to
represent the current best interpretation of water movement and contaminant transport in the subsurface.
The ABRA numerical model described in this section was developed and implemented to represent
movement of water and contaminants after they are released from their disposal locations. This section
presents the conceptual model, improvements compared to the IRA model, the basis for parameters of the
numerical model, and results of the numerical model in terms of moisture distributions and resulting
contaminant concentrations.

5.2.1 Dissolved-Phase Flow and Transport Conceptual Model

The general conceptual flow model treated water movement as though subsurface sediments
consisted of a heterogeneous, isotropic, porous medium. Net infiltration of meteoric water into the
subsurface was described in the model by three constant rates representing areas of low, medium, and
high infiltration. Surficial sediments and sedimentary interbeds were simulated with varying thicknesses
and upper-surface elevations. Only the three uppermost interbeds were considered in the conceptual
model. These were the A-B, B-C, and C-D interbeds. Interbeds deeper than the C-D interbed, though
present in reality, were not included in the ABRA simulations.

Flow in the fractured basalt portion of the subsurface was considered as occurring only in the
fracture network, to emulate an anisotropic medium with a low effective porosity and a high permeability.
The basalt matrix itself was not considered to affect flow or transport.

The effect of water migrating laterally at depth in the vadose zone from either Spreading Area A
or B, or from the Big Lost River was included in the conceptual model. No attempt was made to discern
the source. Rather, based on the 1999 USGS tracer test (Nimmo et al. 2002), the influence of this
additional spreading-area water was limited to the western half of the SDA. A steady-state spreading area
influence was modeled; however, in reality, the effect would vary temporally, depending on the
magnitude of surface water flows in the Big Lost River and discharges to the spreading areas. Variation
caused by changing the steady-state magnitude of the spreading area influence in the vadose zone model
was assessed in sensitivity cases.

Movement of water and contaminants within the aquifer was considered controlled by the regional
flow in the aquifer. Because of the long time durations of hundreds to thousands of years simulated in the
ABRA, movement of water within the SRPA was considered steady state.
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Locally, groundwater flow was affected by a region of low permeability in the aquifer. This region

has been identified in wells immediately south of the SDA. This low-permeability region may extend

underneath the SDA, as evidenced by the extremely slow decline in concentration of a tracer injected

directly into aquifer Well Ml7S. This extremely slow decline is indicative of low velocities at that

location. Low velocities in the aquifer have an impact on model results. As contaminants enter the aquifer

from the vadose zone, less dilution occurs in grid blocks with low aquifer velocities and simulated

contaminant concentrations are higher than they would be if the aquifer velocity were greater.

Processes that were considered for dissolved-phase transport include advection, dispersion,

diffusion, radioactive chain decay and ingrowth, and adsorption in the sediment portions of the simulation

domain.

In the fractured basalt portion of the simulation, no sorption was assumed. Sorption in surficial and

interbed sediments was assumed to follow linear reversible isotherms that could be described by use of

partition coefficients (Kds). Sediment Kds were assigned based on best-estimate values rather than

conservative screening values. A set of best-estimate Kds developed by Dicke (1997) was the primary

source used in this application. Revised values for C-14 were included based on additional

RWMC-specific work conducted since 1997 (Dicke 1998). Facilitated transport mechanisms

(e.g., colloidal transport) may affect contaminant migration in the SDA subsurface. Studies have been

conducted that show very small fractions of the plutonium and americium may move in a facilitated

manner at the SDA (Grossman et al. 2001) (see Section 3.7). Facilitated transport was included

conceptually in sensitivity studies. In the baseline case, facilitated transport was not included in the

conceptual model and its implementation.

Single isolated detections of contaminants have occurred at the SDA during monitoring of

subsurface contaminants. Though these isolated detections may be indicative of contaminant transport, it

is not feasible with the current modeling approach to try to emulate each one. Instead, the subsurface

transport model attempts to mimic the large-scale overall behavior of contaminants in the subsurface.

This approach directs the model to emulate contaminants that are consistently present in a distributed

manner in the subsurface.

Concentrations of contaminants in the aquifer near the SDA are not attributed to facilities in the

general upgradient direction relative to flow in the aquifer. This interpretation is based on analyses of

time histories of contaminant-monitoring results in the upgradient well-monitoring network. The

implication of this aspect of the conceptual model is that if contaminants are in the aquifer near the SDA,

then the contamination originated in the SDA and was derived from leaching and migration of

contaminants from the buried waste.

5.2.2 Predecessor Model, the Interim Risk Assessment

Though other attempts have been made to simulate flow and transport of specific contaminants in

the subsurface of the SDA, the primary previous modeling study was the comprehensive model developed

by Magnuson and Sondrup (1998) for the IRA. That model represented the first attempt to simulate flow

and transport through the entire vadose zone and aquifer domains for an extensive suite of contaminants

of potential concern. The IRA model attempted to include calibration to vadose zone perched water

behavior and an interpreted contribution to nitrate concentrations in the aquifer. Results of that calibration

were termed limited in their degree of success in emulating observed behavior. Attempts to improve

calibration were hindered by the paucity of vadose zone monitoring data that could be used to

demonstrate transport of a nonsorbing contaminant. The IRA model was used to make a series of

10,000-year predictive simulations for 52 contaminants. Results of that modeling formed the basis for risk

estimates in the IRA and were used to screen contaminants for the ABRA.
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The IRA model was slightly revised for the ABRA by Sondrup (1998) to improve simulation of
VOCs (see Section 5.4). The IRA model also has been used by Waste Management to update both the
LLW Radiological Performance Assessment (Case et al. 2000) and the Composite Analysis
(McCarthy et al. 2000). The IRA model development, implementation, and results have undergone
extensive review by Fabryka-Martin, Gee, and Flint (1999) and the USGS (1998). Though the reviews are
generally complimentary of the IRA model, none of these reviews concluded that the IRA model was in a
satisfactory state to make conclusive predictions of the fate and transport of contaminants in the
subsurface. Of these reviews, the USGS effort (which is currently in progress) was by far the most
extensive. The main comments from the USGS about modeling flow and transport of radionuclides at the
RWMC are listed below:

• The modeling performed for the IRA cannot necessarily be shown to be conservative.

• Spatial variability of hydrologic and transport properties of the sedimentary interbeds should be
evaluated and the impact of including this spatial variability into the modeling should be assessed.

• Impacts of additional sources of vadose zone water from the Big Lost River system on predicted
contaminant concentrations should be evaluated.

• Selected Kd values used in the IRA cannot be shown to be conservative because they do not
account for (a) colloidal transport, (b) the enhanced mobility fraction observed in column studies,
(c) variations in mineralogy, (d) nonlinearity of isotherms, and (e) fluctuations in pore water
chemistry. Furthermore, Kd values taken from the literature cannot be shown to be representative of
the SDA.

Modeling presented in Section 5 responds to each of these observations, particularly to the second
and third bullets above.

5.2.3 Overview of Improvements to the Interim Risk Assessment Model

Improvements on the IRA model that have been made in large part in response to review comments
are summarized below.

5.2.3.1 Vadose Zone and Aquifer Domain Separation. The IRA model had both the vadose
zone and the aquifer included into a single simulation domain to enable simulating off-gassing of volatile
contaminants as they migrated within the aquifer. While this approach was convenient because it
eliminated the need for an interface to take water and contaminants from the bottom of the vadose zone
model and assign them as boundary conditions at the top of a saturated zone model, the single domain
was computationally inefficient because of the larger scale required to include the INEEL southern
boundary in the simulation domain. This inefficiency resulted in an excessively large number of grid
blocks in portions of the vadose zone distant from the SDA that were not of interest.

By separating the vadose zone and aquifer into two domains, increased discretization could be
achieved in the representation for the vadose zone with emphasis on the surficial sediments. The smallest
horizontal grid used to represent surface sediments were square grid blocks that were 38.1 m (125 ft) on a
side. By comparison, the smallest grid blocks in the WA model were 62.5 m (205 ft) on a side. This
increased discretization allowed improved representation of the release of different waste streams into the
subsurface.

5.2.3.2 Conformable Gridding in the Vadose Zone Model. The IRA model had a rigidly
structured three-dimensional grid where the vertical dimension of each grid in a horizontal slice of the
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model was the same. This structure precluded accurately representing the elevation of the lithologic

contacts between interbed sediments and basalts in the simulation domain. In the ABRA model, the grid

blocks had variable vertical dimensions to better emulate the actual lithologic surfaces. This conformable

grid also had a variable upper surface elevation. The IRA model treated the upper surface as perfectly flat.

5.23.3 Improved Linkage Between Source Release and Vadose Zone Models. The

current model is similar to the IRA model and relies on an external simulation of the release of

contaminants from their burial locations. The IRA source model applied one overall average infiltration

rate of 8.5 cm/year (3.3 in./year) to calculate the release of contaminants. However, the IRA subsurface

model included spatially varying infiltration across the surface of the SDA. In the current model, the

spatially varying infiltration rates were partially incorporated into the source term model. The assigned

infiltration rates for the grid blocks representing a waste stream were averaged together to determine a

more consistent estimate of the amount of water going through that portion of the model. This resulted in

13 infiltration rates being used in the source term model instead of one (see Figure 5-2). The effect of this

improvement was tested in a sensitivity analysis.

5.2.3.4 Additions to Lithologic Database and Spatial Variability Assessment.

Twenty-two wells at 13 locations have been drilled and completed since the IRA model was developed.

Most of these wells were drilled in response to the USGS review of the IRA modeling. Lithologic

information from these additional wells was used to further interpret local lithology. The IRA model

included a spatial variability assessment that was used to krige lithologic contacts and assign material

properties in the simulation grid. The spatial variability assessment was upgraded for the current model

and the final kriged results were validated in Leecaster (2002).

5.2.3.5 Aquifer Model Calibration. Water levels and flow directions for the aquifer simulations

were recalibrated with the additional data collected after the development of the IRA model. Complete

details of aquifer model development and calibration are contained in Whitmire (2001).

Recalibration of the aquifer model was necessary to take advantage of seven additional water-level

data from aquifer monitoring wells that were not present for the calibration of the IRA model. The

additional aquifer wells were designated Ml1S, Ml2S, Ml3S, Ml4S, MISS, Ml6S, and Ml7S.

Deviation (i.e., corrected water) level data were used from two time periods in calendar year 2000. An

optimal set of aquifer permeabilities were selected that minimized differences between measured and

simulated water levels. This optimized set of parameters was used in predictive modeling for the ABRA.

As part of this aquifer calibration effort, kriged permeability distributions based on single well pump-test

results were tested. However, the short spatial correlation range and limited data points did not result in

an accurate prediction of water levels.

The effect of transient influences from the spreading areas also was investigated. Simulation results

indicated that, when additional water representing recharge from the spreading areas was input into the

aquifer, the magnitude of southeasterly groundwater-flow velocities beneath the eastern portion of the

SDA increased; however, the directions changed only slightly.

The flatness of the water table coupled with an apparent low-permeability region to the

south-southwest of the SDA precludes accurate determination of groundwater-flow directions. The IRA

hypothesis that the flow velocities immediately under the SDA are slow is consistent with new evidence.

The ongoing tracer test in Well Ml7S immediately beneath the SDA has been showing a very slow

dilution of tracers introduced directly into the well, which is indicative of slow movement.

This hypothesis also is consistent with the interpretation by Roback et al. (2001) that the RWMC is

in a low-permeability region that extends southerly from the Lost River Range onto the INEEL.
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Additional water levels collected during the ongoing WAG 7 quarterly monitoring program will be a key
part of conclusively determining direction and timing of aquifer flow velocities in the SDA region.

5.2.3.6 Contaminant Data. The IRA model was primarily based on monitoring data collected
before April 1995. Additional contaminant monitoring data were available from previously existing wells
and new vadose zone and aquifer wells for use in developing the current model. As discussed in
Section 4, the data from the monitoring network do not indicate consistent trends in the vadose zone or
aquifer. The generally sporadic monitoring results could not be used as a basis for calibrating a numerical
simulation.

5.2.3.7 Hydrologic and Transport Data. Interbed core samples from the 22 wells that were
drilled in 1999 were collected for analysis of hydrologic and transport properties. These analyses
generated an order of magnitude improvement in the size of the data set available for spatial variability
analyses, especially for hydrologic properties. Correlation ranges for the data were determined and used
to predict spatially variable properties for the B-C and C-D interbeds. Including these spatially variably
hydrologic properties was necessary to address the USGS criticism of the IRA that disregarding spatial
variability in interbed properties neglected the possibility of fast migration pathways through the
interbeds.

Tensiometers were installed at each location where a suction lysimeter was installed in the B-C and
C-D interbeds. Matric potential data from the tensiometer network can be used to (a) guide timing of
sampling activities, (b) determine the vertical extent of transient infiltration events at the surface, and
(c) determine timing and extent of the influence of discharges to spreading areas in the vadose zone
beneath the SDA.

Transport property analyses on approximately 60 interbed cores included sorption isotherms for
uranium and neptunium; particle size distributions; surface area; exchangeable cations and anions; clay
mineralogy; and extractable silica, iron, manganese, and aluminum. Comparison of partition coefficients
from the sorption isotherms to the values from Dicke (1997) support the conclusion that the partition
coefficients selected for simulating transport of uranium and neptunium are physically plausible and
conservative because they are on the extreme lower end of the measured partition coefficient
distributions. Sorption isotherms measured from the core samples were decidedly nonlinear. Partition
coefficients with linear isotherms were used in the simulations. Comparisons of the linear values to the
nonlinear values also demonstrated that linear values were conservative with respect to enhancing
transport over the range of simulated concentrations.

5.2.4 Baseline Model Development and Description

Development and parameterization of models used to simulate flow and transport in the subsurface
are described in this section, which also includes a complete list of assumptions. The vadose zone model
is described first, followed by the aquifer model.

5.2.4.1 Assumptions. This section lists all assumptions that resulted from the conceptual model
(discussed above) or were necessary to develop the subsurface model. Assumptions are divided into flow
and transport categories. Most of these assumptions were the same as those used in developing the IRA
model. Assumptions that were modified are italicized. These assumptions were applied only to dissolved-
phase subsurface flow and transport modeling. Assumptions relative to source term modeling and VOC
modeling are included in Sections 5.1 and 5.4, respectively.
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5.2.4.1.1 Flow Modeling Assumptions

• Infiltration was spatially variable inside the SDA and was greater than the infiltration that occurs

outside the SDA because of disturbed soil profiles with reduced vegetation.

• The infiltration description of Martian (1995) was adequate for the ABRA model and, beginning in

1952, was implemented as though it was effective across the SDA.

• The background infiltration rate outside the SDA through undisturbed vegetated sediments was

1 cm/year (0.4 in./year).

• Initial conditions obtained from simulating a background infiltration rate of 1 cm/year (0.4 in./year)

for 100,000 days (approximately 274 years) were adequate for representing the vadose zone

beneath the SDA.

• The amount of water entering the SDA from the three historical floods was adequately estimated

by Vigil (1988).

• Duration of infiltration from each of the historical flooding events was 10 days.

• Infiltration patterns at the SDA will remain the same indefinitely into the future.

• The high infiltration rate assigned over parts of the SDA by Martian (1995) was sufficient to

account for occasional flooding of the SDA that may occur in the future.

• The surficial sediments and sedimentary interbeds have spatially variable lithologic surfaces and

thicknesses that influence water and contaminant movement.

• Interbeds below the C-D interbed are thin and discontinuous and do not significantly affect flow

and transport near the SDA.

• Hydrologic properties in the surficial sediments and A-B interbed were homogeneous. Hydrologic

properties in the B-C and C-D interbeds were heterogeneous and varied spatially.

• Waste had the same hydrologic properties as the surficial sediments.

• Flow in the fractured porous basalts was controlled by the fracture network and could be

adequately represented as a high-permeability, low-porosity equivalent-porous continuum using a

Darcian description.

• The field-scale hydraulic properties for fractured basalts were adequately described by the inverse

modeling performed by Magnuson (1995) for the large-scale infiltration test.

• A steady-state influence in the vadose zone model occurred because of Big Lost River water

discharges to the spreading areas. The ABRA model implements additional water entering the

simulation domain just above the C-D interbed and includes enough water to affect the western

portion of the C-D interbed beneath the SDA.

• Spreading area influence on the vadose zone began in 1965, as that was the year when the first

significant flows in the Big Lost River occurred after the diversion dam was constructed in 1958

(Wood 1989).
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• Water movement in the aquifer was steady-state. Possible influences of discharges from the Big
Lost River to the spreading areas do not influence flow in the aquifer in the immediate vicinity of
the SDA.

• Water levels corrected for borehole deviations from FY 2001 were adequate for calibrating the
SRPA model and are representative of long-term steady-state conditions.

• A region of low permeability exists in the aquifer southwest of the SDA.

• The effective depth of the SRPA is 76 m (250 ft) (Robertson 1974)

5.2.4.1.2 Transport Modeling Assumptions

• Field-measured concentrations of COPCs are generally representative and valid based on data
quality requirements associated with sampling activities. Single isolated detections of contaminants
are anomalous and not representative because they are not consistently present.

• Advection, dispersion, diffusion, sorption, and radioactive decay are the only processes that
influence dissolved-phase contaminant movement in the subsurface beneath the SDA.

• A linear equilibrium reversible partition coefficient is representative of all geochemical processes
that occur between contaminants dissolved in water and sediments.

• Partition coefficients are homogenous in the interbeds.

• Sorption does not occur in fractured basalt portions of the vadose zone and aquifer.

• There were no upgradient influences from other INEEL facilities on aquifer contaminant
concentrations near the SDA, with the exception of nitrate, which had an estimated local
background concentration of 0.7 mg/L.

5.2.4.2 Simulation Code. The TETRAD code (Vinsome and Shook 1993), Version 12.7, was used
to simulate flow and transport for the ABRA. The TETRAD code has complete multiphase,
multicomponent simulation capabilities and can mimic the behavior of any number of components in
aqueous, gaseous, and oleic phases. The ABRA modeling was limited to dissolved phase aqueous
transport using the TETRAD block-centered finite-difference approach and local grid refinement. Though
modeling was not performed in the ABRA for VOCs, the IRA VOC modeling results were adapted for
use in the ABRA as discussed in Section 5.3.

Dual-permeability simulation capabilities used to simulate transport in both aqueous and gaseous
phases in the IRA model were not applied in this modeling exercise. Instead, as discussed in Section 5.3,
the results of the vapor phase modeling for the IRA were linearly scaled.

A limitation of using TETRAD is that it treats dissolved-phase contaminants as a separate water
component and tracks their movement as if the contaminants were a portion of the total water mass. When
contaminants are added into a model representation, they can potentially increase total water in the
system. For cases in which contaminant concentration is very low, such as for dissolved radionuclides,
the contaminant mass must be scaled upwards from one to 10 orders of magnitude to result in a mole
fraction large enough to provide satisfactory mass balance tracking while still maintaining a small enough
mole fraction as to not affect the water pressure field. This method effectively limits the valid range of a
transport solution to a region around the center of mass of a propagating contaminant front and a limited
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portion of the leading and trailing tails of the distribution that are above the specified convergence

criterion. Additional complications are introduced when a contaminant sorbs because removal of its
related water mass can affect the simulated pressure field. When a decay chain is simulated, all the
members of the decay chain must be equivalently scaled.

5.2.4.3 Vadose Zone Flow Model

5.2.4.3.1 Horizontal Domain Extent and Discretization—Tw❑ domains were
considered for simulating vadose zone flow and transport (see Figure 5-3). An initial attempt was made to

use a vadose zone domain that included the spreading areas, which would have allowed spreading area
fluxes to be input at their actual locations at the surface. This initial attempt was unsuccessful because the
number of grid blocks became too great and increased the computational burden to the point where the
simulation was not feasible.

680000

672500

tial Vadose Zone Simulation Domain

L

Final Vadose Zone Simulation Domain

I

L_

 I
I I
I

Southern INEEL Boundary

650000  

250000 257500 265000 272500 280000

Ea st ing (ft)

Figure 5-3. Horizontal domains considered for simulation of vadose zone flow and transport.

Horizontal gridding for the final vadose zone domain is shown in Figure 5-4. The upper part of the
figure shows just the domain. Two concentric levels of refinement are used to obtain adequate grid
resolution in the SDA. The largest horizontal grids are 152.4 m (500 ft) on a side and the smallest grid
blocks are 38.1 m (125 ft) on a side. The lower part of the figure shows the same domain with well
locations superimposed on the grid. Selection of the grid domain required a balance between the
objectives of maximizing the extent of the domain so that outlying wells such as Wells M7S, M15S, and
M16S could be included while still obtaining sufficient resolution in the SDA. As shown in Figure 5-4,
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some outlying wells were not encompassed in the vadose zone simulation domain. The final domain
extent was adequate to simulate transport without undue influence from the horizontal no-flux boundaries,
causing elevated simulated concentrations at the boundaries.

5.2.4.3.2 Lithologic Assignment—With the addition of the 22 wells drilled in 1999,
118 wells currently exist in the SDA region from which lithologic information could be used for
interpreting lithology. These wells are shown in Table 5-9. The table shows the upper surface and
thickness for the surficial sediments and the A-B, B-C, and C-D interbeds. Interbeds deeper than the
C-D interbed were not simulated. The lithologic data were derived from the USGS database developed by
Anderson et al. (1996) with additions for wells drilled in 1999. An entry of a "-" symbol in Table 5-9
indicates that either the interbed was absent or lithologic information could not be extracted from the data.
The latter is the case, for example, in Well I-1D where no attempt was made to obtain the depth of the
A-B and B-C interbeds because the well was drilled to obtain lithologic information for the C-D interbed.
An entry with a ">" symbol following it indicates partial penetration of an interbed. Three wells
(i.e., Wells 6E, 7E, and DE1) were drilled but did not have information available for the lithologic spatial
analysis and are not included in the table.

An extensive spatial variability assessment was performed on this data set (Leecaster 2002) using
Splus Version 1.5 (MathSoft 2000). The first stage of this stepwise analysis consisted of calculations and
modeling to determine the best empirical variograms for raw data and residuals followed by directional
variogram analysis to investigate statistical anisotropy, variogram clouds, and models of resulting
isotropic data. The next stage was to predict the upper elevations and thicknesses of the surficial
sediments, and the A-B, B-C, and C-D interbeds for each of the base and refined grids in the model
domain. The three spatial models used to predict values for the base and refined grids were inverse
distance weighting, simple kriging, and universal kriging. Cross validation was performed to assess the fit
of the models for the variogram modeling and the kriging predictions. Results were selected based on the
model that was most accurate and plausible. The statistical testing performed in this analysis included
testing different methods for handling cases of partial penetration and gaps.

Table 5-10 gives the final fitted variograms and interpolation method used for each of the lithologic
variables. The final fitted variograms for all the lithologic variables used a spherical form. These fitted
variograms were used to krige the upper surfaces and thicknesses for the surficial sediments and the A-B,
B-C, and C-D interbeds onto the base grid and each of the refined grids.

Figures 5-5, 5-6, 5-7, and 5-8 show examples of kriged surfaces for lithologic contacts and
thicknesses. The well locations and lithologic elevation or thickness also are shown. The kriged surfaces
were used in developing the vertical conformable grids discussed in the next subsection. One advantage
of kriging is the ability to estimate uncertainty in the results. The uncertainty in the elevation of the
surficial sediments is included in Figure 5-5. A complete set of kriging standard error plots are included in
Leecaster (2002), and generally shows greater uncertainty at distance from the measurement locations.
Estimates were kriged for grid block centroids, which means that for a grid block containing a well
showing an interbed gap, the kriged result may not show that same gap. Where gaps were statistically
significant, they persisted through the kriging as evidenced in the thickness of the A-B interbed
(see Figure 5-6). Where gaps were less consistent, such as in the B-C interbed thickness plot, the gaps
influenced the kriged surfaces but no gaps persisted into the kriged results (see Figure 5-7).
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Figure 5-4. Horizontal discretization for the vadose zone model domain.
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Table 5-9. Lithologic data used for FY 2001 vadose zone model for the Subsurface Disposal Area baseline risk assessment.

Common
Well Name

Northing
(ft)

Easting
(ft)

Surface
Elevation
(ft amsl)

Thickness
(ft)

A-B Interbed
Elevation
(ft amsl)

B-C Interbed
Thickness Elevation

(ft) (ft amsl)
Thickness

(ft)

C-D
Interbed
Elevation
(ft amsl)

Thickness
(ft)

76-1 669749 265343 5,009 7 4,983 4,921 0 4,790 9>

76-2 669352 266118 5,010 12 4,989 4,924 0 4,789 32>

76-3 669286 265161 5,010 18 4,988 4,917 26 4,790 20>

76-4 668889 266520 5,011 7 4,995 4,915 4

76-4a 668896 266495 5,011 2 4,995 4,915 3 4,790 33>

76-5 669808 266055 5,011 11 5,000 4,918 17 4,791 20

76-6 668734 268426 5,011 4 5,007 4,913 4 4,783 6

77-1 670623 266933 5,017 4 4,977 4,919 6 4,789 22

77-2 669579 265633 5,014 18 4,986

78-1 669037 267319 5,010 15 4,995

78-2 669782 268099 5,007 2 4,989 4,914 7 4,784 30>

78-3 669788 266151 5,011 4 4,999 4,919 0 4,786 23>

78-4 670650 266935 5,018 2 4,976 4,920 7 4,790 20

78-5 669365 265931 5,010 12 4,998 4,915 28 4,790 30>

79-1 668807 269783 5,010 5 5,005 4,897 28 4,785 5

79-2 669692 267171 5,011 13 4,987 4,913 4

79-3 668243 267807 5,008 13 4,995 4,909 4 4,780 29

88-02D 669441 267717 5,006 6 4,981 4,912 8

88-01D 669240 267059 5,008 18 4,990 4,907 4 4,781 5>

89-01D 669233 267132 5,009 22 4,987 4,908 7 4,781 14>

89-02D 669114 267021 5,011 16 4,995 4,910 9 4,780 7



Table 5-9. (continued).

Common
Well Name

Northing
(ft)

Fasting
(ft)

Surface
Elevation
(ft amsl)

Thickness
(ft)

A-B Interbed
Elevation
(ft amsl)

Thickness
(ft)

B-C Interbed
Elevation
(ft amsl)

Thickness
(ft)

C-D
Interbed
Elevation
(ft amsl)

Thickness
(ft)

93-01 669228 267112 5,009 20 4,989 0 4,903 4 4,781 10>

93-02 669234 267197 5,009 29 4,980 0 4,902 6 4,779 8>

USGS-9 654492 258101 5,032 9 5,000 0 4,878 38 0

USGS-86 667053 243371 5,081 14 0 - 0 0

USGS-87 670635 266881 5,016 3 4,975 5 4,920 0 4,787 15

USGS-88 667356 265453 5,020 5 5,015 0 4,917 11 4,789 33

USGS-89 669957 263286 5,029 10 4,985 0 4,932 14 4,798 14

USGS-90 668552 269602 5,010 5 5,005 0 4,906 22 4,763 5

USGS-91 669100 268150 5,006 9 4,997 0 4,910 15 4,777 19

USGS-92 669408 266121 5,008 19 4,989 0 4,922 5 4,790 28

USGS-93 669566 265067 5,010 13 4,997 0 4,914 12 4,792 11

USGS-93A 669566 265179 5,010 11 4,999 0 4,916 13 4,793 9

USGS-94 669150 266050 5,008 12 4,996 0 4,915 18 4,788 26

USGS-95 668770 267038 5,008 23 4,985 0 4,912 16 4,786 12

USGS-96 669750 265700 5,009 13 4,978 4 4,912 27 4,790 10

USGS-96B 669754 265337 5,009 14 4,977 5 4,911 28 4,791 11>

USGS-105 651355 277395 5,090 15 5,075 0 0 - 0

USGS-106 669059 280994 5,017 3 5,014 0 4,886 22 0

USGS-108 650807 285611 5,033 7 5,026 0 4,844 82 4,715 0

USGS-109 651255 265736 5,045 1 5,044 0 4,873 12 0

USGS-117 668800 265711 5,012 14 4,998 0 4,915 5 4,789 28



Table 5-9. (continued).

Common
Well Name

Northing
(ft)

Easting
(ft)

Surface
Elevation
(ft amsl)

Thickness
(ft)

A-B Interbed
Elevation
(ft amsl)

Thickness
(ft)

B-C Interbed
Elevation
(ft amsl)

Thickness
(ft)

C-D
Interbed
Elevation
(ft amsl)

Thickness
(ft)

USGS-118 668007 267802 5,013 14 4,999 0 4,910 11 4,791 28

USGS-119 667780 267541 5,031 3 5,028 0 4,919 5 4,783 19

USGS-120 665237 264542 5,042 12 5,030 0 4,911 40 4,790 14

DO-2 669683 267180 5,012 15 4,984 3 4,914 5 4,789 12>

DO-6 669806 266863 5,012 3 4,973 9 4,925 0

DO-6A 669796 266860 5,012 2 4,971 9>

D-10 669739 265331 5,009 9 4,981 9 4,916 2 4,791 11

D-15 668966 264930 5,011 2 4,980 4 4,917 18 4,793 20
(...,

RWMC 669659 269011 5,005 7 4,998 0 4,909 6 4,786 17
VD

TW-1 669689 267177 5,010 14 4,977 0 4,913 5 4,789 17>

Test Well 665238 264743 5,042 3 5,039 0 4,912 10 4,788 20

WWW#1 669941 263210 5,036 5 4,992 11 4,931 16 4,805 21

WWW#2 669689 263116 5,036 3 5,001 10 4,933 18>

VZT-1 670702 266975 5,018 4 4,975 7 4,918 18

C-1 671675 269780 5,029 2 4,993 2 4,909 5 4,799 10

C-1A 671707 269792 5,029 4 4,993 0 4,911 4 4,799 12

Rif-Ran 685752 282883 4,967 9 4,958 20 4,849 0 4,821 0

HWY-3 687065 277159 4,981 21 4,960 14 4,835 0 4,816 0

EBR-I 674268 276993 5,024 11 5,013 0 4,900 24 4,788 5

Al 1 A31 662517 268728 5,065 3 5,062 0 4,892 66 4,782 35

OW-1 665336 264794 5,042 5 5,037 0 4,915 30 4,787 14



Table 5-9. (continued).

Common
Well Name

Northing
(ft)

Easting
(ft)

Surface
Elevation
(ft amsl)

Thickness
(ft)

A-B Interbed
Elevation
(ft amsl)

Thickness
(ft)

B-C Interbed
Elevation
(ft amsl)

Thickness
(ft)

C-D
Interbed
Elevation
(ft amsl)

Thickness
(ft)

OW-2 664910 264932 5,044 7 5,037 0 4,910 42 4,784 4

NA89-1 669083 259758 5,045 2 4,995 0 4,931 17 4,821 8

NA89-2 675154 257588 5,059 12 5,014 0 4,863 4

NA89-3 665178 264344 5,038 1 5,037 0 4,909 4,6

M1SA 668992 264962 5,011 7 4,980 5 4,917 20 4,790 20

M3S 670165 268700 5,016 5 4,989 3 4,910 15 4,792 3

M4D 667255 265510 5,023 8 5,015 0 4,914 29 4,787 28

M6S 666379 270722 5,066 7 5,059 0 4,900 10 4,74,6 18

M7S 671588 270921 5,005 9 4,996 0 4,908 6 4,782 0

MlOS 668227 266882 5,022 6 5,016 0 4,910 24 4,789 27

VVE-1 669009 264964 5,011 8 4,980 6 4,917 22 4,792 23>

VVE-3 670163 268676 5,015 6 4,987 4 4,909 14 4,792 10>

VVE-4 667253 265486 5,022 8 5,000 15 4,916 31 4,787 23>

VVE-6A 666368 270684 5,066 4 5,062 0 4,903 14

VVE-7 671608 270919 5,004 14 4,990 0 4,887 11 4,784 7>

VVE-10 668241 266869 5,021 6 5,015 0 4,908 24 4,781 18>

lE 669475 268396 5,006 15 4,991 0 4,907 7>

1V 669619 268429 5,006 9 4,997 0 4,911 7

2E 669438 267553 5,008 15 4,979 3 4,912 3>

2V 668845 268259 5,006 7 4,999 0 4,910 9 4,767 3>

3E 669775 267147 5,012 5 5,007 0 4,913 3 -



Table 5-9. (continued).

Common
Well Name

Northing
(ft)

Easting
(ft)

Surface
Elevation
(ft amsl)

Thickness
(ft)

A-B Interbed
Elevation
(ft amsl)

Thickness
(ft)

B-C Interbed
Elevation
(ft amsl)

Thickness
(ft)

C-D
Interbed
Elevation
(ft amsl)

Thickness
(ft)

3V 669690 267564 5,009 17 4,982 4 4,910 4 4,787 2>

4E 669265 266600 5,014 23 4,991 0 4,913 4>

4V 668980 267320 5,012 10 5,002 0 4,908 13 4,781 4>

5E 669403 265750 5,013 21 4,992 0 4,916 4>

5V 668885 266555 5,011 9 4,992 7 4,913 3

6V 669688 266352 5,017 10 4,986 7 4,926 4 4,793 2>

7V 669370 266113 5,009 15 4,987 7 4,925 10 4,786 5>

8V 669190 265723 5,012 21 4,991 0 4,914 37 4,786 1>

9V 669845 265754 5,014 20 4,994 0 4,913 20 4,786 1>

10V 669572 265022 5,013 10 4,993 9 4,916 14 4,789 5>

M11S 675132 274247 4,994 10 4,984 0 4,903 5 4,787 23

M12S 677145 280877 4,975 8 4,967 0 4,911 2 4,783 12

M13S 672953 276945 5,027 16 5,011 0 4,894 12 4,781 0

M14S 674610 266413 5,032 7 5,025 0 4,904 0 4,824 0

MISS 668207 271193 5,019 18 5,001 0 4,889 27 4,789 15

M16S 670185 271201 5,004 18 4,986 0 4,886 10 4,807 12

M17S 669364 267183 5,012 23 4,989 0 4,911 10 4,784 22

I-1S 669563 264936 5,013 8 5,005 0 4,913 11

I-1D 669563 265041 4,790 20

I-2S 669413 265632 5,014 18 4,996 0 4,911 11

I-2D 669427 265396 4,791 1



Table 5-9. (continued).

Common
Well Name

Northing
(ft)

Easting
(ft)

Surface
Elevation
(ft amsl)

Thickness
(ft)

A-B Interbed
Elevation
(ft amsl)

Thickness
(ft)

B-C Interbed
Elevation
(ft amsl)

Thickness
(ft)

C-D
Interbed
Elevation
(ft amsl)

Thickness
(ft)

I-3S 669406 266280 5,012 16 4,985 2 4,914 4

I-3D 669405 266304 4,787 11>

I-4S 669462 266907 5,009 15 4,994 0 4,912 2 -

I-4D 669462 266932 4,787 16>

I-5S 669366 267132 5,012 32 4,980 0 4,913 6>

0-1 669140 264952 5,011 8 4,979 1 4,917 18 4,790 15>

0-2 668242 267356 5,014 5 5,009 0 4,907 18 4,771 7

0-3 670011 266496 5,010 8 4,975 9 4,919 12 4,789 15>

0-4 669607 264543 5,014 11 4,970 7 4,909 18 4,789 19>

0-5 669423 263931 5,021 2 4,976 6 4,916 23 4,789 26

0-6 668606 264939 5,013 10 4,982 6 4,905 14 4,789 26>

0-7 667762 264503 5,033 4 5,006 6 4,915 34 4,788 4>

0-8 668715 268351 5,010 8 5,002 0 4,910 0 4,777 1>

amsl (above mean sea level)

- indicates that either the interbed was absent or lithologic information could not be extracted from the data.

> indicates partial penetration of an interbed. 
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Figure 5-6. Kriged results for the A-B interbed thickness (ft) on the second level of grid refinement.
Colored markers indicate locations of zero thickness. The lower plot has only colored markers for zero
thickness locations and the matrix of kriging results are superimposed. Note the persistence of locations
with zero thickness into the kriging results.
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Figure 5-7. Kriged results for the B-C interbed thickness (ft) on the first level of grid refinement. Colored
markers indicate locations of zero thickness. The lower plot has only colored markers for zero thickness
locations and the matrix of kriging results are superimposed. Note the lack of persistence of locations
with zero thickness into kriging results.
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Table 5-10. Variogram parameters used in universal kriging of elevations and interbed soil thickness.

Variable
Nuggeta
(ft2)

Silla
(ft2)

Range
(ft)

Interpolation
Method

Surface elevation 0 25 1,300 Universal kriging

Surficial soil thickness 5 44 600 Simple kriging

A basalt elevation 0 170 1,800 Simple kriging

Thickness of the 1 4 850 Universal kriging

A-B interbed soil

B basalt elevation 5 31 2,900 Universal kriging

Thickness of the 0 120 3,000 Simple kriging

B-C interbed soil

C basalt elevation 0 45 2,200 Universal kriging

Thickness of the 40 50 700 Universal kriging

C-D interbed soil

a. Nuggets and sills are fitting parameters that describe irreducible local variance and overall population variance

(Leecaster 2002). 
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The last plot in this sequence (see Figure 5-8) shows kriging results for the elevation of the top of
the C-D interbed for the initial vadose zone domain. Though this domain was not used in the simulations
contained in this report, the figure is included because of the interesting feature near Well M7S to the
northeast of the SDA. A saddle feature in the upper surface of the C-D interbed was interpolated between
Wells M7S and M3S. This topologic feature, if it really exists at the SDA, may enhance the movement of
contaminants that move in the vapor phase after they are present in sufficient concentrations to begin
diffusing or advecting in the gaseous phase over the saddle, thus aiding the movement of such
contaminants in a northeasterly direction from the SDA. Also visible in this plot is a trough feature or
depression leading southeasterly from the SDA toward Well M6S. Elevated concentrations of chromium
and nitrate in Well M6S (discussed in Sections 5.2.4.6) may result from preferential migration aided by
the presence of this trough.

5.2.4.3.3 Vertical Conformable Gridding—The next step in development of the ABRA
vadose zone model was vertical discretization of the base simulation domain. The kriged lithologic
surfaces were used in conjunction with the horizontally discretized domains to create a conformable
vertical grid. Minimum vertical grid size, maximum vertical grid size, and a geometric factor for
increasing vertically adjacent grid blocks were assigned a priori for each lithologic unit in the base vadose
zone domain. Minimum grid size was 0.5 m (1.6 ft) for each of the sediment and basalt units, except for
the A-B interbed where a minimum grid size of 0.4 m (1 ft) was assigned. The geometric factor for the
ratio between successive vertical grid blocks was a maximum of 1.5, which is a commonly used ratio to
ensure numerical accuracy. Maximum vertical grid block size was 3 m (9.8 ft) in the sediment units and
10 m (33 ft) in the basalts. Logic for adjusting vertical grid block sizes was applied vertically at each
horizontal grid block location to allow for an optimum match of the grid block interfaces to the kriged
surface elevations. By having the same minimum grid block size specified for both sediment features and
basalt features, uniformity of grid block sizes was ensured across lithologic interfaces. The total number
of vertical grid blocks was determined through this process and resulted in 72 vertical grid blocks at each
horizontal location for the base vadose zone simulation domain. The upper surface of the vadose zone
simulation domain was variable and was determined from the kriged elevation for the surficial sediments.
The lower surface of the vadose zone simulation domain was arbitrarily assigned as a flat plane. The
lowest level of the vadose zone simulation domain was inadvertently assigned an elevation that was
actually 27.5 m (90 ft) above the aquifer. This truncated vadose zone domain resulted in slightly
decreased water and contaminant travel times through the vadose zone domain because water and
contaminant movement in the fractured basalt portion were assigned values to make water movement
very fast. Also, there was no intention to include interbeds in this lowest 27.5 m (90 ft). Therefore, the
truncation of the vadose zone domain and slight decrease in water and contaminant travel times through
the vadose zone domain was insignificant.

The logic for vertical grid discretization was different for the refined areas. Vertical discretization
for the base domain was not further adjusted based on the kriged elevations in the refined grids. Rather,
the kriged elevations for the refined grids were compared to the conformable vertical discretization
determined from the base grid and then, as necessary, the material properties assigned in the refined
domains were adjusted. This process resulted in smooth-appearing grid interfaces in the base domain and
some degree of stair-stepping in the refined grids. This can be seen in Figures 5-9, 5-10, and 5-11, which
show three-dimensional views of the resulting grids starting with the base grid and ending with the
second-level grid refinement. These three-dimensional views are distorted both horizontally and vertically
because the software (Visual Numerics 1996) that produces them projects onto a cube. The outline of the
SDA is shown in each case projected just above the cube. The vertical extent shown in each figure is
indicated in the captions.
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Figure 5-9. Southwest and northeast views of base grid beneath the Subsurface Disposal Area showing
vertical conformable gridding. The vertical extent shows the entire vadose zone simulation domain.
Interbed grids are shaded green and fractured basalt grids are shaded gray.

.,

Figure 5-10. Southwest and northeast views of first-level refined grid showing vertical conformable
gridding. The first level of grid refinement extended to the base of the B-C interbed beneath the
Subsurface Disposal Area.
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z

Figure 5-11. Southwest view of the second-level refined grid showing vertical conformable gridding. The
second level of grid refinement extended to the base of the A-B interbed beneath the Subsurface Disposal
Area. Note the A-B interbed merging with the surficial sediments.

5.2.4.3.4 Hydrologic Property Assignment—Hydrologic properties for porosity and
permeability for the surficial sediments, the A-B interbed, and the fractured basalt were assigned the same
properties as the IRA model (see Table 5-11) because no new information was available for these units.

Table 5-11. Parameterization of hydrologic properties and source of parameters for surficial sediments,
A-B interbed, and fractured basalt.

Parameter Permeability, Porosity

Surficial sediments 680 milliDarcy (mD), isotropic.

Average of calibrated properties
in Martian (1995).

A-B interbed 4 mD.

Waste Area Group 3 modeling in
Rodriguez et al. (1997).

Fractured basalt • 300 mD vertical and 9,000 mD
horizontal in Magnuson (1995). 

0.50 cm3/cm3(Martian 1995)

0.57 cm3/cm3 (Magnuson and
McElroy 1993)

0.05 cm3/cm3 (Magnuson 1995)

The moisture characteristic curve (also known as the water release curve or theta-psi curve) for all
of the sediment features was based on the empirical relationship determined by van Genuchten (1980).
The parameters assigned for the van Genuchten curve were taken from the GWSCREEN (Rood 1999)
default values that were based on the average of four SDA surficial sediment samples that were
hydraulically characterized and reported in Baca et al. (1992). The values for residual moisture content,
van Genuchten alpha, and van Genuchten N were 0.142 cm3/cm3, 1.066 m 1, and 1.523 (dimensionless),
respectively. This was a slightly different approach from that used in the IRA model and was used to
obtain numerical convergence. The moisture characteristic curves used in the IRA model were tested with
the new conformable grid; however, a stable solution could not be obtained.
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The moisture characteristic curve used for the fractured basalts was the same as that used for the

IRA model. Sensitivity simulations performed to investigate the appropriateness of this moisture

characteristic curve are discussed below.

A major difference between the IRA model and the model used to make the simulations presented

in this report was the use of spatially variable permeabilities and porosities for the B-C and C-D interbeds.

The spatial variability analyses used to krige porosity and permeability onto the simulation grids are

contained in Leecaster (2002). A process similar to that performed for the lithology analysis (discussed

above) was also performed for the porosity and permeability of the B-C and C-D interbeds. The data set

consisted of 112 samples, the majority coming from the 1999 drilling activities. Scale issues associated

with using core sample results applied to much larger areas are acknowledged but not addressed in this

modeling exercise. These 112 samples represented 32 site locations, 17 in the B-C interbed and 24 in the

C-D interbed. Some of the sites were for the same well. The porosity data from multiple depths across an

individual interbed were arithmetically averaged. Likewise, the permeability data were combined by

harmonic averaging because the primary flow direction was interpreted to be vertical across the layers.

Figures 5-12 and 5-13 show the kriged porosity and permeabilities for the B-C and C-D interbeds,

respectively. Only the most refined grid for each interbed is shown, which is the base grid for the C-D

interbed and the first level of grid refinement for the B-C interbed. Standard errors for the kriging results

are presented in Leecaster (2002).

Similar to the IRA model, a low permeability of 1 milliDarcy (mD) and a low porosity of 0.05

were assigned to the top grid block representing both the B-C and C-D interbeds. This was accomplished

by identifying the uppermost grid block representing each interbed in the grid with the greatest level of

refinement, and then assigning the low porosity and low permeability value to that grid block. This low

permeability feature is considered representative of either a low permeability sedimentary feature at the

top of the interbeds or a low permeability feature caused by fine sediments infilling fractures in the

basalts immediately above the interbed. Inclusion of this low permeability, low porosity feature was

necessary to create conditions close to saturation at locations within the interbeds and to facilitate

spreading of water from where it was applied at depth above the C-D interbed to include the effect of

spreading-area water. The latter topic is discussed below.

5.2.4.3.5 Boundary and Initial Conditions—Boundary conditions for the vadose zone

model primarily consist of assigning surface water fluxes. Two types of water fluxes were imposed on the

simulation domain representing steady-state conditions and historical flooding conditions. No additional

information existed by which to assign background infiltration inside the SDA; therefore, the fluxes were

assigned in a manner to mimic the infiltration pattern of the IRA model as close as possible with a

constraint to maintain an overall average of 8.5 cm/year (3.3 in./year) inside the SDA (see Figure 5-14).

The same low, medium, and high infiltration rates of 0.64 cm/year (0.25 in./year), 3.68 cm/year

(1.45 in./year), and 24.1 cm/year (9.48 in./year) from the IRA model were used. The original assignment

in the IRA model was based on interpretations of neutron moisture monitoring and surface topography

made in Martian (1995). Outside the SDA, surface infiltration was assigned the same rate of 1 cm/year

(0.4 in./year) based on Cecil et al (1992).
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Figure 5-14. Spatially variable infiltration assignment for model domain inside the Subsurface Disposal
Area.

Three historical flooding events have occurred at the SDA and also were included in the ABRA
model, essentially using the same method as the IRA model but with slight differences caused by
gridding. Figure 5-15 shows the locations where additional water was imposed at the surface for the 1962,
1969, and 1982 floods, respectively. Estimates of the amount of water that entered the SDA for each of
the floods were taken from Vigil (1988) and are shown in Table 5-12. Each flood was assumed to last for
10 days.

Table 5-12. Historical flooding volumes and application rates at the Subsurface Disposal Area.

Year
Estimated Volume

(acre-ft)
Infiltration Rate

(m/day)

1962 30 2.26 x 10-2

1969 20 1.68 x 10-2

1982 8.3 1.24 x 10-2

The lower boundary of the model domain was assigned a water table condition. Lateral boundaries
were all assigned as no-flow boundaries. The addition of an assumed water source from the spreading
areas is discussed below.

Initial conditions for all simulations were obtained by assigning an initial water saturation of 50%
to the entire simulation domain. Then the simulation was run for 100,000 days (approximately 270 years)
to let the system come into equilibrium. Water saturation in the C-D interbed was monitored to determine
whether equilibrium had been obtained. After the first 20,000 days (approximately 55 years), the change
in the saturation was negligible.
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5.2.4.3.6 Development Simulations—Simulations performed as part of the development
of the ABRA model are discussed in this section.

5.2.4.3.7 Wetting Front Advancement at Well 76-5—The simulations presented in this
section tested the appropriateness of the moisture characteristic curve used to represent the fractured
basalt in the ABRA model. This same curve was used in the IRA model and in other modeling studies at
the INEEL (Rodriguez et al. 1997). The use of this moisture characteristic curve has not been further
investigated since it was introduced in Magnuson (1995). The testing summarized in this section provided
evidence of the conservatism in the ABRA model caused by the moisture characteristic curve assigned for
the fractured basalts.

A set of nested advanced tensiometers installed in Well 76-5 inside the SDA at depths of 6.7, 9.4,
and 11.6 m (22, 31, and 38 ft) show changes in measured tension at each depth as a series of wetting
fronts migrated downward during the period from February to April of 1999 (see Figure 5-16). The
shallowest tensiometer is emplaced within fractured basalt (see Figure 5-17) and shows the influence of
infiltrating water that appears to be three separate infiltration events, likely caused by snow melting at
land surface. The middle tensiometer, at a depth of 9.4 m (31 ft), was emplaced within a thin interbed of
approximately 15 cm (0.5 ft) thickness. The deeper tensiometer is located in fractured basalt beneath the
thin interbed and shows some degree of damping of the infiltration fronts.

so -

I 4)
3 -so •

rt, • -100

•150 -

a.
u -200

2 -250

6.7 m (22 8)

9.4 m (31 rt)

— 11.6 re (38 III

-300 -

I-Feb 8-Feb 16-Feb 22-Feb 1-Mar 8-Mar 15-Mat 22-Mar 29-Mar 5 Apr 12-Apr 19-Apr 26-Apr 3-May

Figure 5-16. Tensiometric monitoring results in Well 76-5 during the winter and spring of 1999.

Three one-dimensional TETRAD simulations were implemented to compare simulated matric
potentials to tensiometric monitoring data from Well 76-5. Figure 5-17 shows the one-dimensional
simulation grid juxtaposed with a well construction and instrumentation diagram for Well 76-5. The
sediment moisture characteristic curve in each run was parameterized the same as that used for the ABRA
model described above in Section 5.2.4.3.4. The first run applied the Corey-type fractured-basalt moisture
characteristic curve implemented for the ABRA modeling. The second run applied a Corey-type moisture
characteristic curve for the fractured basalt with lower capillary pressures. The third run simulated a
fractured basalt van Genuchten moisture characteristic curve that partially mimics the ABRA Corey-type
curve. The parameter values for the fractured basalt residual moisture content, van Genuchten alpha, and
van Genuchten N were 0.001, 1.066 rn-1, and 1.523, respectively. The three moisture characteristic curves
are shown in Figure 5-18. Initial conditions were obtained by imposing a background flux of 1 cm/year
(0.4 in./year) of water for 100,000 days. Three pulses of water (related to melting events at the surface)
were imposed at the top boundary by prescribing a first-type boundary condition consisting of saturated
conditions for one day per melting event.
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Figure 5-17. Simulation grid for Well 76-1 with Ethology and tensiometer monitoring locations.

The simulated matric potentials at equivalent depths for each of the three moisture characteristic
curves are shown in Figure 5-19. Although there was considerable difference between the results, each
simulation successfully mimicked some of the observed matric potential behavior. The results with the
van Genuchten curve showed the lowest tensions (capillary pressures), which are more feasible in
fractures than tensions indicated by either of the results from the Corey-type curves. The alternate Corey-
type curve resulted from a desire to run the ABRA simulations without the resulting extremely high
capillary pressures. However, numerical convergence could not be obtained when the alternate Corey-
type curve was implemented in the full three-dimensional ABRA simulation.
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Figure 5-19. Simulated matric potentials for the three moisture characteristic curves.
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Using the van Genuchten curve, simulation results better matched the compounding behavior
observed in the monitoring results where the second and third fronts resulted in increasingly wetter
conditions at depth because the moisture accumulated from the earlier wetting events had not drained out
of the system. Using either of the Corey-type simulations, the wetting front propagates more completely
through the simulation domain for each wetting event.

To compare the three simulations, the resulting water flux at a depth of 11.6 m (38 ft) is shown for
each simulation in Figure 5-20. Similar to what was seen in the matric potential results, fluxes with either
of the Corey-type curves are much more compressed in time, yielding higher values and quicker
penetration to depths greater than those observed in the field tensiometric monitoring. Therefore, the
Corey-type curve for the fractured basalts used in the IRA model is demonstrably conservative with
respect to maximizing water and contaminant movement downward through the fractured basalt. This
same conservative Corey-type curve was applied in the ABRA modeling. Note that the use of first-type
boundaries at the surface to impose the melting events does not require that the cumulative water flux
down through the system to this depth be the same for each of the three simulations.

An alternative suite of simulations was performed to investigate the effect of using second-type
prescribed fluxes as the upper boundary condition representing each melting event. The amount of water
applied for each event was 2.54 cm (1 in.) over a 1-day duration. Results shown in Figure 5-21 were
similar to those using first-type conditions because the Corey-type curves both allowed much faster
propagation of water fronts down through the system. The time axis in Figure 5-21 was extended the full
length of the 200-day simulation period to allow the flux curve resulting from the van Genuchten curve to
be partially seen on the plot.

5.2.4.3.8 Spreading Area Influence in the Vadose Zone—The base case model for the
ABRA includes the influence of water entering the domain in the vadose zone at the C-D interbed from
the spreading areas. The decision to include spreading area effects resulted from the tracer test conducted
by the USGS in 1999 (Nimmo et al. 2002). In that test, perched water sampled from Well 92 in the
vadose zone beneath the SDA yielded a tracer within 90 days after it was applied in the spreading areas
during a period when water was diverted from the Big Lost River to both Spreading Areas A and B. In the
implementation for the ABRA model, the additional water that entered the simulation domain was
assumed to be located just above the C-D interbed and to affect only the western portion of the C-D
interbed beneath the SDA.

To mimic these effects, the initial vadose zone domain was defined to include the spreading areas.
When simulations with the resulting grid from that domain were impractical, it was necessary to use a
smaller domain, which did not include the spreading areas. To implement the additional spreading-area
water into the simulation it was necessary to assign an amount of water, a location to apply the water, and
a duration for the application. The latter is not important in the use of the ABRA model for long-term
predictive simulations because they consider only a steady-state influence at depth.

A series of transient simulations was made in which additional water was added above the C-D
interbed at two different locations. These simulations used the model developed above as the starting
point. One of the locations, chosen to mimic Spreading Area A, was defined as two grid blocks along the
central portion of the western simulation boundary. The other location represented Spreading Area B and
was defined as three grid blocks along the southern boundary of the domain beginning in the extreme
southwestern corner. The approximate length of time that water was present in the spreading areas in
1999 was 60 days (Nimmo et al. 2002). Amounts of water representing 0.04, 0.08, 0.2 and 0.4 % of the
water discharged to Spreading Area A in 1999 were applied over 60 days to the first location. Similarly,
amounts of water representing 0.02, 0.05, 0.1 and 0.2 % of the water discharged to Spreading Area B in
1999 were applied at the second location.
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The varying slope of the C-D interbed had a large influence on the simulation results. The location
chosen to represent Spreading Area A was slightly upgradient from the SDA compared to the location for
Spreading Area B, which was off gradient. This resulted in Spreading Area A water easily reaching
Well 92 within 90 days, while the larger amounts of water applied at the Spreading Area B location never
advanced to the location of Well 92. Figures 5-22 and 5-23 show the simulation results at 90 days for
each case. The contour lines show the relative fraction of water from the spreading areas compared to
total water present. Well 92 is in the west-central portion of the SDA and is just touched by the 0.01
isoline. This 1% concentration is approximately the same as the tracer concentration observed in Well 92
compared to the input concentration in the spreading areas (Nimmo et al. 2002). Though not conclusive,
comparison of these simulation results implies that Spreading Area A is the source of water affecting the
vadose zone beneath the SDA. The location that was used to represent Spreading Area A was chosen for
use in the steady-state ABRA simulations. By choosing the Spreading Area A location, an influence from
spreading-area water beneath the SDA is reflected in the simulation, regardless of whether the actual
influence is from Spreading Area A or B.
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The next series of simulation results (Figures 5-24, 5-25, 5-26, 5-27, and 5-28) indicates the
sensitivity of the modeling results to the magnitude of applied spreading-area water volumes. Amounts of
1, 2, 3, 4, and 8 acre-ft of water per day in perpetuity were evaluated. Simulations were run for
10,000 days to obtain steady-state conditions. Results shown in the figures depict relative presence of
spreading-area water within the C-D interbed. As greater amounts of water are added at the western
boundary, the spreading-area water spreads farther eastward because the simulated upper surface of the
C-D interbed slopes east-southeast. Horizontal no-flux boundaries also impact solutions by keeping water
within the simulation domain, as can be seen in the refraction of the isolines, especially along the northern
boundary. In general, good modeling practice proscribes having the boundary condition influence the
simulation results. However, in this case the proximity of the boundaries helps achieve the goal described
earlier in this subsection of obtaining a spreading area influence under the western portion of the SDA.

Simulation with an additional 1 acre-ft (1,233 m3) per day applied at the western boundary was
selected for further use in the ABRA model. The 0.01 isoline bisects the SDA west to east, indicating that
all locations west of this line exhibit some impact from the spreading-area water. The spreading area
influence in the base case is implemented at the beginning of 1965 when the first significant flows in the
Big Lost River occurred since it was constructed in 1958 (Wood 1989). The history of diversions from
the Big Lost River to the spreading areas is presented in Figure 5-29.
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Historical data were obtained from the USGS web site (http://water.usgs.gov/id/nwis) (USGS 2001). The

overall average monthly diversion for the data in the figure is 3,000 acre-ft/month, which equates to

100 acre-ft/day. The 1 acre-ft/day amount of water applied in the ABRA simulations represents 1% of the

overall average diversion, which is a reasonable proportion to apply to ensure an impact beneath the SDA

in the model.

One scenario evaluated below in the sensitivity analyses involved investigating the effect of twice

the impact of spreading-area water on predicted contaminant migration. Rather than simply doubling the

amount of water applied, the simulation with 4x the amount of water was selected because it showed an

impact over nearly all the SDA, which effectively doubled the impacted area.

5.2.4.3.9 Vadose Zone Water Travel Times—This section provides a discussion of

simulated water travel times through the vadose zone. Because no incontrovertible evidence exists to

demonstrate required time to reach the aquifer from the SDA surface, model calibration is indirect and

uncertain at best. Best-available knowledge based on site-specific information on infiltration, lithology,

and hydrologic properties was used to assign parameters in the model, and the water travel time through

the vadose zone was a simulation result. Because the simulated vadose zone water travel times impact

dissolved-phase transport of mobile contaminants, these resulting vadose zone water travel times are of

interest and are presented in this section. A comparison also is made to the vadose zone water travel times

that resulted from the IRA model.

Travel times for the ABRA model were determined using the same method as was used for the IRA

model. Starting from an equilibrium condition in 1952, the spatially distributed infiltration at land surface

inside the SDA was applied as a separate nonsorbing tracer component for the first 1,000 days. At each

grid block location at the bottom of the vadose zone simulation domain, the breakthrough curve for the

tracer component was evaluated to determine the peak value. The time corresponding to this peak value

was then decreased by 500 days, the midpoint of the initial application pulse, to determine the vadose

zone water travel time. Travel times at each grid block determined through this approach do not

necessarily represent the time for water movement from the grid block at land surface directly above each

location because of water redistribution that occurs from the sloping, undulating interbeds. The travel

times (in years) for water to advect through the vadose zone, as determined by these breakthrough curves,

are shown in Figure 5-30 for the base ABRA model, which includes spreading areas. In addition, travel

times are shown for a simulation that does not include the spreading areas. If the maximum value was less

than a relative fraction of 1 x 10.6, the travel time to that grid block was not determined and is represented

by the symbol: **. The simulation was truncated at 100,000 days (272 years); therefore, if the

breakthrough curve was above 1 x 10-6 but had yet not reached a peak, a value of more than 272 years is

shown for that grid block. For completeness, both of these simulations also included the three floods of

1962, 1969, and 1982.

The effect of including a spreading area source at the C-D interbed can be determined from the

difference between the two sets of simulated travel times. The travel times inside the western portion of

the SDA decrease approximately by a factor of 2 from 34 to 17 years. The fastest travel time in either

case is 14 years, which occurs in the eastern portion of the SDA.

For comparison to the current ABRA model, Figure 5-31 shows the simulated travel times from the

IRA model, for which the fastest water travel time through the vadose zone was 23 years. Therefore, the

revisions to the IRA model implemented in this ABRA model result in shorter simulated water travel

times through the vadose zone. The extremely long 210-year vadose zone water travel time in the west-

central portion of the SDA from the IRA model is completely absent in the ABRA modeling results.
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Figure 5-31. Simulated water travel times from the Interim Risk Assessment model.

Primary causes for reducing vadose zone water travel time were: (a) including the spatially variable
hydrologic properties in the B-C and C-D interbeds, (b) the additional grid refinement in the ABRA
model, and (c) using the conformable gridding approach that more closely matches the lithologic contacts
between the sedimentary and fractured basalt portions of the subsurface. The application of spatially
variable infiltration inside the SDA is essentially the same between models.

5.2.4.3.10 Vadose Zone Interbed Moisture Contents—The last topic presented in the
development of the vadose zone transport model is the simulation results for moisture content in the
interbeds. Figure 5-32 shows the maximum water saturation for the most refined grid in calendar
year 2001 forithe B-C and C-D interbeds, respectively. All locations where perched water has been
detected are shown in orange for comparison. The simulation results for calendar year 2001 reflect
steady-state saturations well after the 1982 flood.

The areas of elevated moisture content partially mimic the distribution of known perched water
locations. Less apparent is the control exerted by the presence or absence of the A=B interbed. The
regions in the B-C interbed where the moisture content is elevated generally correspond to where the A-B
interbed is absent or is very thin. This same behavior persists down into the C-D interbed, but is less
obvious because of the influence of the additional water added in the simulation to represent a spreading
area influence.

In the simulation results, the location containing Well 92 is still in a region of lower water content.
Perched water has been observed continuously in this well since it was drilled in 1992. The proximity of
the simulated elevated saturation region immediately to the west of Well 92 (see the lower plot in
Figure 5-32) implies that the continuous presence of water in Well 92 could be attributed to spreading
area influences.
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Vadose Zone Transport Model. This section describes development and implementation

of the transport model for the vadose zone. Overall, there were very few changes in this portion of the

ABRA model from that implemented in the IRA model.

5.2.4.4.1 Interface from Source Release Model into Vadose Zone Model—Similar

to the IRA model, the vadose zone model implements the temporal source term release (described above)

spatially. In addition, the release is distributed vertically at each assigned location based on the number of

grid blocks within the surficial sediments. Once released, the contaminants are allowed to migrate with

the simulated water movement.

5.2.4.4.2 Partition Coefficient—Sorption was considered to follow linear, reversible

isotherms that could be described by use of Kds, also known as distribution coefficients. A Kd lumps all

possible geochemical interactions into a single parameter. Since sorption was assumed to not occur within

the fractured basalt portions of either the vadose zone or the aquifer, only sediment Kd values were

necessary in the ABRA model.

Consistent with the approach recommended in Hull (2001), sediment Kds were assigned based on

best-estimated values rather than conservative screening values. The set of best-estimate Kds developed

by Dicke (1997) was once again the primary source used in this application. Dicke (1997) placed primary

reliance on site-specific measured Kds as opposed to using literature values. Values measured on

sediments from the SDA were given priority as opposed to Kds measured on sediments from elsewhere on

the INEEL. This approach is consistent with the guidance contained in EPA (1999), which includes the

following statement in the introduction to Volume 1:

It is important to note that soil scientists and geochemists knowledgeable of

sorption processes in natural environments have long known that generic or

default partition coefficient values found in the literature can result in significant

errors when used to predict the absolute impacts of contaminant migration or

site-remediation options. Accordingly, one of the major recommendations of this 

report is that for site-specific calculations, partition coefficient values measured

at site-specific conditions are absolutely essential. 

Table 5-13 gives the Kds used in the ABRA model. A Kd value of 0.1 mL/g was used for C-14

based on additional site-specific work (Dicke 1998). For comparison, the Kd used for C-14 in the IRA

model was 5 mL/g. One additional contaminant that was not a COPC, chromium, was also simulated, and

it was assigned a Kd value of 0.1 mL/g based on Dicke (1997).

Table 5-13. Best-estimate site-specific Kds used in the baseline risk assessment model.

Contaminant
of Potential
Concern

IQ
(mL/g)

Contaminant
of Potential
Concern

IQ
(mL/g)

Contaminant
of Potential
Concern

Kd

(mL/g)

Actinium 400 Niobium 500 Radium 575

Americium 450 Neptunium 8 Technetium 0

Carbon 0.1 Protactinium 8 Thorium 500

Chlorine 0 Lead 270 Uranium 6

Iodine 0.1 Plutonium 5,100 Nitrate 0

Linear isotherms were assumed for the ABRA model for all COPCs. Results determined on SDA

soil (Grossman et al. 2001) clearly demonstrate that the isotherms for uranium and neptunium were

nonlinear. An example of a laboratory result and fitted isotherms for sample 7DS00501 is provided
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in Figure 5-33. The fitted nonlinear isotherm crosses the linear isotherm (Kd approach) at concentrations
greater than 250 pCi/mL. It can be argued that using a linear isotherm is conservative as long as simulated
concentrations are less than this crossover point. For example, at a concentration of 100 pCi/mL, the
adsorbed concentration for the linear case is —10,000 pCi/g, while concentrations for nonlinear cases are
—17,000 pCi/g. Nonlinear isotherms thus take more of a sorbing contaminant out of solution for
concentrations less than the crossover point. Results from all the other samples that were analyzed for
uranium and neptunium isotherms were similar with crossover points approximately equal to
250 pCi/mL.

Maximum simulated concentrations in this modeling effort logically occurred in the most refined
simulation domain closest to the source. For Np-237 and U-238, these concentrations were 20 and
100 pCi/mL, respectively. These concentrations are to the left of the crossover point of the linear and
nonlinear curves on Figure 5-33. Therefore, using a linear isotherm (Kd approach) is conservative in the
ABRA model. For completeness, from the Section 4 discussion, the maximum observed uranium isotope
concentrations are on the order of 0.08 pCi/mL, which is also well within the portion of the isotherm
where using a linear isotherm is conservative compared to nonlinear isotherms. Neptunium-237 has not
been detected in subsurface sampling.

Cumulative frequency distribution of site-specific measured Kds for uranium and neptunium is
shown in Figures 5-34 and 5-35, respectively. These two distributions are based on the &is in Table 3-22.
The best-estimated Kd values from Dicke (1997) of 6 and 8 mL/g for uranium and neptunium
(see Table 5-13), respectively, were used in the ABRA. These values are within the distributions, thus
validating their representativeness when compared to site-specific measurements. Because they are at the
low end of the site-specific measured values, they also are demonstrably conservative with respect to
maximizing the likelihood of contaminant migration predicted with the ABRA model.
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Figure 5-34. Cumulative frequency distribution of uranium Kd values measured on Subsurface Disposal

Area sedimentary interbed samples.
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Figure 5-35. Cumulative frequency distribution of neptunium Kd values measured on Subsurface Disposal

Area sedimentary interbed samples.

Plutonium behavior in the subsurface at the SDA has continued to receive scrutiny since vadose

zone investigations started in the early 1970s. For the base case estimates in the ABRA, the plutonium Kd

of 5,100 mL/g is assigned based on the best-available, site-specific data. The assigned value is from the

low end of the measured Kd values for plutonium(IV), which is the predominant state (Hull 2001).

Figure 5-36 shows the cumulative frequency distribution for measured plutonium Kd values, including

both plutonium(IV) and plutonium(VI). The topic of facilitated transport of plutonium is addressed

below.
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Plutonium IC,1
(mL/g) Frequency

Cumulative

<100 0 0

100 to 250 2 13

250 to 500 1 19

500 to 1,000 1 25

1,000 to 2,500 I 31

2,500 to 5,000 3 50

5,000 to 10,000 6 88

10,000 to 25,000 2 100

>25,000 0 100

01LC. 11:0.251 205-520 500. 000 1230-2102 2500.E400 6000.1 101(0-26000 Mew

fin

Figure 5-36. Cumulative frequency distribution of plutonium Kd values measured on Idaho National
Engineering and Environmental Laboratory soil and sedimentary interbed materials by Newman and
Dunn ivant (1995).

5.2.4.4.3 Other Transport Parameters—A variety of additional parameters were required
in order to implement the vadose zone transport model. These were the particle density, diffusion
coefficients, tortuosity, and half-lives. The particle density was assigned the typical value for sediments of
2,700 kg/m3 (Freeze and Cherry 1979). This was the same value that was assigned in the IRA model.
Since sorption was assumed not to occur in the fractured basalt, the grain density assigned for that portion
of the simulation domain did not matter.

Diffusion of contaminants within the aqueous phase was assigned the common literature value of
1 x 10-5 cm2/s (Freeze and Cherry 1979). This was the same value that was assigned in the MA model.
The restriction of diffusion caused by tortuosity also was included based on a relationship from
Lerman (1988) used to describe diffusion as follows:

D D„0„,2

where

D = diffusion in the porous medium (length2/time)

Do = free-water diffusion coefficient (length2/time)

0„ = volumetric moisture content (unitless).

(5-1)
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In any numerical simulation exercise, correct implementation of diffusion is important. Various

formulations of diffusion and tortuosity are implemented in different simulators. In the TETRAD

simulator, diffusion within the aqueous phase is treated as

D — 
9D

°eff
Zw

where Deff = effective diffusion coefficient (length2/time)

= aqueous-phase tortuosity.

The aqueous-phase tortuosity term for TETRAD was then calculated as

(5-2)

(5-3)

The end result of this application is to have greater tortuosities assigned for drier conditions. Single

tortuosity values were assigned for each sedimentary feature and for the fractured basalt; the values

assigned were the same as the IRA model and are given in Table 5-14. The fractured basalt has a very low

simulated moisture content, less than 0.01, and therefore was assigned the highest aqueous-phase

tortuosity.

Table 5-14. Aqueous-phase tortuosities for the baseline risk assessment model.

Material TETRAD Tortuosity (Dimensionless)

Surficial sediments 3.4

A-B interbed 5.3

B-C interbed 3.8

C-D interbed 2.1

Fractured basalt 133

Longitudinal and transverse dispersivities of 5.0 and 0.5 m, respectively, were assigned in the

vadose zone transport model. The longitudinal value is the same as the IRA model and was originally

based on inverse modeling from the Large-Scale Infiltration Test (Magnuson 1995). The IRA model used

a value of 0.0 m for the transverse dispersion in the vadose zone. The ABRA model assigned the value

0.5 m by using the modeling rule-of-thumb that the transverse dispersion is one-tenth of the longitudinal

dispersion (Freeze and Cherry 1979). The 5.0 m longitudinal value is smaller than would be assigned

using the general rule of thumb that the dispersivity should be approximately 1/10th of the domain size

(Gelhar 1986). In the absence of calibration data, such as the breakthrough of a nonsorbing contaminant,

there is no basis to substantially adjust the dispersivities from those used in the IRA model. Ideally,

higher concentrations would result for pulses of mobile contaminants because the simulated front would

remain sharper because of the lower dispersivity. For a long slow release, such as a solubility-limited

release of a lower-mobility contaminant, the lower dispersivity would ideally result in slightly later first-

arrival. However, because dispersion control was not used in the TETRAD simulation, the relative

contribution of numerical dispersion compared to simulated dispersion is unknown.

Half-lives for each radioactive COPC were assigned based on literature values (GE 1989) and were

the same as those used in the IRA model.
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5.2.4.4.4 Interface from Vadose Zone Model into Aquifer Model—Because of the
separation of the vadose zone and aquifer domains, it was necessary to take the mass of water and
contaminants emanating from the vadose zone simulation domain and transfer them into the top of the
aquifer simulation domain as a boundary condition. This was done on a grid-block-by-grid-block basis;
therefore, no spatial averaging was necessary. Refinement was used in the aquifer domain to establish a
one-to-one correspondence between grid blocks in each domain. The complete time-history of the flux of
water and contaminants from the vadose zone model was transferred into the aquifer model.

5.2.4.5 Aquifer Flow Model. Water levels and flow directions for aquifer simulations were
recalibrated with additional data collected after the development of the IRA model. Complete details of
aquifer model development and calibration are contained in Whitmire (2001).

Calibration of the aquifer model was necessary to take advantage of additional water level data
from aquifer monitoring wells that were not present for the calibration of the IRA model. The additional
seven aquifer wells were Ml1S, M12S, M13S, M14S, M15S, M16S, and M17S. Deviation-corrected
water level data from the March and April measurements and the October and November measurements
in 2000 were used. Figure 5-37 is the water table map that was developed using data collected in March
and April of 2000. Superimposed on the figure is the base aquifer simulation domain, which used grid
blocks 305 m (1,000 ft) on a side. Open circles indicate locations where data were used in creating the
water table map. Prescribed boundary conditions for the aquifer simulation were interpolated onto the
outer edge of each external grid block based on this water table map. Figure 5-38 illustrates just the
aquifer simulation domain with the one level of refinement that was used to match the vadose zone model
in the vicinity of the SDA.

The thickness of the aquifer model was kept the same as in the IRA model, namely 76 m (250 ft).
This thickness was again discretized using seven vertical grid blocks varying in size from 8 m (26 ft) at
the top to 18 m (59 ft) at the bottom. The 76 m (250 ft) thickness originated from generalizations of
Robertson, Schoen, and Barraclough (1974) on the depth to which contaminants were detected in plumes
in the southern part of the INEEL. This aquifer thickness was first implemented in simulations by
Robertson (1974). Recent estimates of effective aquifer thickness show that it varies across the INEEL
and is approximately 150 m (490 ft) in Well CIA, immediately northeast of the SDA (Arnett and
Smith 2001). The effect of retaining the thinner aquifer in the ABRA simulations is conservative in that
there is less aquifer thickness is available for contaminant dispersion. Thus, the resulting estimates of
contaminant concentrations are higher than for a larger effective aquifer thickness.
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Figure 5-37. Water table map generated with deviation-corrected data from March and April 2000. Also
shown is the base aquifer simulation domain.
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Simulated hydraulic heads were compared with values measured from wells across the southern
portion of the INEEL. The final optimized simulation results are shown in Figure 5-39 for the base and
refined simulation domains. The small localized mound in the refined area is a result of additional water
flux being applied inside the refined area from the vadose zone simulation. These heads were optimized
through manual trial-and-error by trying different permeability distributions across the aquifer simulation
domain. It is recognized that this does not result in a unique solution. The root mean squared error of the
residuals, or difference between observed and simulated water levels, was used to judge between results
of different attempts to simulate water levels in the aquifer. The value was calculated using

RMS =1

where

n

y (Residuals) i 2
i=1

n

RMS =

Residuals

n = number of locations at which observed water level measurements were available.

(5-4)

The root mean squared error for the optimal fit shown in Figure 5-39 was RMS=0.899 ft. The optimal set
of aquifer permeabilities that minimized the root-mean-squared-error differences between measured and
simulated water levels is shown in Figure 5-40. The measured water level at Well Ml3S (close to the
EBR-1 facility) exerted the greatest impact in terms of changing the simulated water levels from the IRA
model. This optimized set of aquifer permeabilities was used in predictive modeling for the ABRA. The
final optimized aquifer permeability set was a combination of the permeabilities and distribution used in
the IRA model and the permeabilities and distribution from the WAG 10 model (McCarthy et al. 1995).
A difference from the IRA model was that no vertical variation in aquifer permeability was included.

Resulting relative average linear groundwater velocities (also known as seepage or pore velocities)
in the uppermost layer are shown in a vector plot in Figure 5-41 for the base and refined domain. Results
for successively deeper model layers are essentially identical, given no vertical permeability contrasts in
the model. The size of the vectors from each grid point is drawn on a scale relative to the maximum
velocity in the model. The bottom plot in the figure is for the refined grid and has velocities in meters per
year overlaid at each grid block. The dominant influence of the low-permeability zone to the south and
southwest of the SDA can be seen in the results, especially in the refined grid. Water movement is
effectively blocked by the low-permeability region and has to diverge around the low-permeability zone.
This divergence results in simulated westward velocities just to the northwest of the SDA and simulated
southeastward velocities beneath the eastern half of the SDA.

As part of this aquifer calibration effort, kriged permeability distributions based on single-well
pump-test results were tested. Kriged aquifer permeability distributions were taken from
Leecaster (2002). However, short spatial correlation range and limited data points restricted the accuracy
of the kriged aquifer permeabilities and did not result in an accurate prediction of water levels. These
results are not shown in this section but are contained in Whitmire (2001).

Possible influences on aquifer velocities from Big Lost River water discharged to the spreading
areas were also investigated. Two methods were used to apply additional water in the aquifer simulation
and are shown in Figure 5-42. The period from December 1982 through June 1985 was selected for
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domain.

simulation because water was diverted continuously to the spreading areas during this period. Average
amounts of water discharged to both Spreading Areas A and B were determined based on the gauging
results (see Figure 5-29) which show an overall approximate diversion from the river of 16,300 acre-
ft/month during this period. In one scenario, this average discharge to the spreading areas was applied
over 47 grid blocks to emulate the effect of the entire area of Spreading Areas A and B being filled. This
was termed the "large area application." In the second method, the same amount of water was applied
over just 11 grid blocks and was termed the "small area application." These water fluxes are applied
directly to the top of the aquifer model as if the water transit through the vadose zone was instantaneous
and no water was lost either to storage within the vadose zone or to evaporation. Though the modeling for
these spreading area simulations was originally performed in Whitmire (2001), the spreading area impact
results presented in this section are somewhat different because an implementation error was discovered
that resulted in significantly less water being applied than was intended. In this section, the intended
fluxes shown in Table 5-15 are applied continuously throughout the period in a step-wise fashion.

Table 5-15. Water fluxes (m/day) applied in spreading area simulations.

Water Flux Spreading Area A Spreading Area B

Large area application 0.29 0.97

Small area application 0.091 0.19

Simulated water levels for November 1984, near the end of the application of the spreading-area
water, are shown for both cases in Figures 5-43 and 5-44. The same March 2000 water level
measurements are still included on these figures for reference. In each case a substantial groundwater
mound results. The simulated rise in water levels is partly substantiated by the water level measurements
from that period (Wood 1989). Table 5-16 shows measured water level rises in four SDA-vicinity wells
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during the period 1982 to 1985 based on the hydrographs presented in Wood (1989). The simulated

mound is in part limited by the first-type boundaries prescribed at the perimeter of the model. Ideally, the

boundary conditions should not impact this simulation and partially limit the results. Well 88 is included

in the table, though its rise is considered abnormal (Wood 1989).

Table 5-16. Measured and simulated rises in water level for wells in the vicinity of the Radioactive Waste

Management Complex during 1982 to 1985 spreading area diversions. 

Ancillary Basis Small Area
for Risk Large Area Application

Measured Analysis Large Area Application Small Area Rise
Gross Water Model Water Application Water Level Application in Water Level
Level Rise Level Water Level Rise Water Level Rise

Well (ft) (ft) (ft) (ft) (ft) (ft)

USGS-87 11 4,431.5 4,436 4.5 4,437.5 6

USGS-89 20 4,429 4,440 11 4,444 15

USGS-90 12 4,430.5 4,434.5 4 4,435.5 5

USGS-88 80 4,429.5 4,439.5 10 4,443 13.5

Rises in the simulated water level, based on comparing the large and small spreading area

application simulations to the ABRA model, are shown in Table 5-16 for comparison to the measured rise

in water level. Though the simulated rises are less than the observed rises, they show similar

characteristics. Simulation could possibly be improved by (a) more closely matching actual discharges to

the spreading areas instead of using an averaged step-function, and by (b) either moving simulation

boundaries farther away so they do not impact the results or by modifying boundaries temporally to

reflect regional changes in water levels.

The resulting velocity distribution in the refined portion of the aquifer grid for these two spreading

area impact simulations is shown in Figure 5-45. Comparing velocities shown previously in Figure 5-41

for the ABRA aquifer simulation shows the increase in the magnitudes of groundwater flow velocity

beneath the eastern portion of the SDA when additional water was input into the aquifer at the spreading

areas; however, directions shift only slightly and still generally trend southeast. As expected, flow

velocity magnitudes increase more when input from the spreading areas is concentrated into a smaller

region. In both cases, westward velocities are reversed northwest of the SDA.

In summary, relative to the aquifer flow model calibration, the flatness of the water table coupled

with an apparent low permeability region to the south-southwest of the SDA precludes accurate

determination of groundwater flow directions. The IRA hypothesis that the flow velocities immediately

under the SDA are slow is consistent with new evidence. Before the IRA model, water velocity beneath

the SDA was treated as if it were the same as the regional aquifer, with average linear velocities of 0.15 to

4.6 m/day (0.5 to 15 ft/day) (Maheras et al. 1994). The ongoing tracer test in Well M 17S immediately

beneath the SDA has been showing a very slow dilution of tracers introduced directly into the well,

indicating slow water movement within the aquifer at that location (see Section 2.3.3). This hypothesis is

also consistent with the interpretation by Roback et al. (2001) that the RWMC is in a low-permeability

region extending southerly from the Lost River Range onto the INEEL. Additional water levels collected

during the ongoing WAG 7 quarterly monitoring program will be a key part of conclusively determining

the direction and timing of aquifer flow velocities in the SDA region. The use of isobaric techniques may

be beneficial in making more accurate quarterly water level measurements in a manner uninfluenced by

atmospheric pressure fluctuations.
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of spreading-area water.

5-83



676000 -

670000 -

665000 -
c

it
0 -

660000 -

655000 -

250000

671000

670000

F

t 669000

668000

667000

PW at 12000.0 days in la er 1, depth = 4.0 meters

pt.tr (  frNr_ k
.M:11114116 tv't

\\ AtIr

447 

9P-1'

4

4430 

4428

.4426

.1.

V

( 

4427

260000 270000
Easting (ft)

280000

FVV at 1 zuuu.0 days, n layer 1, claim = 4.0 meters

4430.1

\ /

Aiv 1

/
_

l 1\

T
442%7

16„.. 443.0

442.9 7

4Q9 .I

\ OA

264000 266000

Easting (ft)

268000 270000

Figure 5-44. Simulated water levels for the base and refined aquifer domain for the small area application
of spreading-area water.

5-84



Avg. Linear Velocity (m/yr): Large Spreading Area Application
73.

671000
- 61. 48.

2.

670000 _

:cm 669000

0

668000

667000

2.

1.

1.

30, 25, 24. 21. 2Q. 18.

33. 28. 28, 24, 22 21. 20.

25. 26, 25. 23, 21.

1. 1. 1. 2 2.

1. 1.

1. 1. 1. 1.

1. 1. 1. 1.

18.

20.

23.

1. 1. 1. 2.

1. 1. 1. 1.

17.

19.

14. I 15.

16. 14.

18.

22. 20.

1.

18.

19.

17.

55.

47.

1.

1.

266000 268000
Easting

Avg. Linear Velocity (m/yr): Small Spreading Area Application

671000

670000 

cn
669000

0

668000

667000

264000 270000

112 82. 68.

104. 91.

3. 3 28.

3. 5. 15.

4. 4.

51 45, 37, 35. 26. 28. 24.

49. 41, 37, 33 30. 21. 25.

33. 36, 36, 34, 31„ 28. 26.

2. 2. 3. 2.

2. 2. 2. 2. 2 3. 3.

2.

2. 2.

2. 2.

2.

2. 2. 2.

2.

22. 20. 18. 17.

23. 21. 19. 17.

25. 22. 29. 19.

27. 24. 21. 18.

2. 3.

2. 2.

19.

15.

55.

264000 266000 268000 270000

Easting

Figure 5-45. Simulated groundwater average linear velocities (m/year) in the refined simulation domain
with additional water applied at the spreading areas.

5-85



5.2.4.6 Aquifer Transport Model. Simulating transport in the aquifer model was straightforward

compared to the vadose zone. The flux of water and contaminants from the vadose zone model was

applied as an upper boundary condition in the refined portion of the model. The remainder of the upper

surface of the model was treated as a no-flux area, as was the bottom surface of the model. Contaminants

could advect out external boundaries.

Because it was assumed that sorption did not occur within the fractured basalts, and only fractured

basalts were simulated in the aquifer portion of the model, no IQ values were necessary in the aquifer

portion of the model. Diffusion was included and was parameterized the same as in the vadose zone

model. Tortuosity was assigned using the same approach as in the vadose zone model (i.e., following the

approach in Lerman [1988]). Dispersion was parameterized differently in the aquifer model than in the

vadose zone model. Longitudinal and transverse dispersivities of 9 and 4 m (30 and 13 ft) were assigned,

respectively. These values were the same as those used in the IRA model. Similar to the vadose zone

model, assigned dispersivities are small relative to the 1/10th domain size general rule of thumb.

However, because dispersion control was not used in the TETRAD simulation, the relative contribution of

numerical dispersion compared to simulated dispersion is unknown.

In the remainder of this section are comparisons of simulated and observed nitrate and chromium

concentrations. These two contaminants are chosen for scrutiny because they offer the most insight into

how the model results compare to data. Both contaminants are conservative in that they do not adsorb

and, thus, avoid the complication of assigning a IQ.

5.2.4.6.1 Comparison of Simulated and Observed Nitrate Concentrations—This

section shows comparisons of simulated results and monitoring results for nitrate as elemental nitrogen.

Emphasis is on aquifer results because that is where the longest-term monitoring has occurred. Both time

history and contour plots are presented to show spatial resolution. Nitrate is a ubiquitous chemical in

groundwater; background concentrations must be considered even though it is assumed for the ABRA

modeling that contaminant concentrations in the vicinity of the SDA are not influenced by upgradient

sources. The local background concentration was previously estimated as 0.7 mg/L (Burgess 1996). For

the time history plots shown in Figure 5-46, the simulation results are added to this background

concentration. Time history plots are all shown with a consistent time axis and a consistent concentration

axis. The value selected for the maximum on the concentration scale was the maximum observed in field

monitoring data. In some cases, predicted values extend above the concentration axis.

These same 16 time histories, with an additional time history for Well 120, are shown again in

Figure 5-47 superimposed onto a plan-view map showing their locations with respect to the SDA. As can

be seen in the figure, nitrate is sometimes over predicted and sometimes under predicted. Ignoring for the

moment the complexity of flow and transport in the vadose zone, nitrate monitoring results in Figure 5-47

highlight what is obviously a complex flow system in the aquifer. Monitoring data for nitrate are not

spatially consistent. It is tempting to interpret an influence in aquifer nitrate monitoring results from the

Big Lost River water that is discharged into the spreading areas. This could explain elevated

concentrations of nitrate above the interpreted local background in Wells 89, MIS, and 88, which are

closer to the spreading areas. Concentration of nitrate in Well M4D differs from that in Well 88 but that

can be explained by the screened interval being much deeper in Well M4D and, therefore, Well M4D

samples were obtained from a different portion of the aquifer. However, by this logic, Well 120 should

also show elevated nitrate concentrations above the local background and it does not. Wells M lOS and

119 show slightly increased concentrations of nitrate, which may be caused by migration of nitrate

disposed of in the SDA. Well M 17S, located directly beneath the SDA, has shown no elevated nitrate

concentrations in its short monitoring history. Wells 87, M3S, the RWMC Production Well, M7S, M16S,

90, and MISS all show nitrate concentrations consistent with the estimated local background

concentration of 0.7 mg/L. Well M6S, located approximately 914 m (3,000 ft) to the southeast of the
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Figure 5-46. Comparison of simulated and observed nitrate (as N) concentration time histories for aquifer
monitoring wells in the vicinity of the Subsurface Disposal Area.
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Figure 5-47. Simulated and observed nitrate concentrations.superimposed onto monitoring locations in
the vicinity of the Radioactive Waste Management Complex.

SDA, also shows elevated concentrations and the most likely increasing trend that can be identified in any
RWMC vicinity wells. Most of these monitoring data are consistent with the conceptual model of the
aquifer flow system being dominated by a low-permeability region to the south and southwest of the SDA
that directs flow eastward around the low permeability system. Well 117 data are contradictory, which
may be caused by very low formation permeability at this location limiting communication with the
nitrate contaminant plume and resulting in elevated concentrations at Wells M1OS and 119. A contour
plot of the simulated nitrate concentrations in calendar year 2001 is shown in Figure 5-48 for both the
base and refined aquifer simulation domain. The estimated local background of 0.7 mgfL is not added to
the simulation results in this figure. The simulated results are similar to those predicted for nitrate in the
IRA model (Magnuson and Sondrup 1998).

In comparing simulation results to monitoring results, concentrations are over predicted in
Wells MIS, 117, MlOS, and 119 immediately south of the SDA; in Well Ml7S inside the SDA; and in
Well 90 and the RWMC Production Well east of the SDA. Concentrations are under predicted in
Well M6S to the southeast of the SDA. The observed high nitrate concentrations at the Well M6S aquifer
monitoring location are the only monitoring results that appear to show an increasing trend. An eastward
component exists in the simulated aquifer water velocities under the eastern portion of the RWMC that
results in the simulated nitrate concentrations increasing at the grid block representing Well M6S.
However, the simulated concentrations had just barely begun increasing by calendar year 2001. Other
factors also contribute to the under prediction at the location of Well M6S. This location is just outside
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Figure 5-49. Simulated aquifer nitrate concentration profile beneath the Subsurface Disposal Area for
calendar year 2001.

the area of grid refinement, so the concentrations are averaged over a grid block volume four times as
large. In addition, the low-permeability region is simulated as if it extends almost to the M6S location.
This causes simulated contaminants to continue to migrate eastward around this location.

A vertical profile of simulated nitrate concentrations in calendar year 2001 is shown in Figure 5-49.
The concentrations decrease throughout the profile at each of the seven grid blocks representing the
aquifer. As discussed below, concentrations used for determining risk are taken from the second grid
block down, based on the typical screened interval in wells.

Calibration of simulated nitrate concentrations to the observed aquifer nitrate concentrations was
not attempted for these simulations. Rather, simulations for both the vadose zone and the aquifer were
developed based on best-available information. The only calibration consisted of optimizing agreement
between the simulated and observed aquifer water levels. Simulations were then run once in a forward
mode. With the exception of Well M6S, simulated concentrations at all locations are either over predicted
when compared to measured values, or match measured values as long as the estimated background
concentration of 0.7 mg/L is assumed. Except for the under prediction at Well M6S, it would be possible
to make a claim of conservatism for the transport model. Well M6S is located farthest southeast of the
SDA and, therefore, the well most likely to be affected by an upgradient facility influence, if such an
influence exists.
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Obviously, the system is more complex than has been represented in the model. However, the

model does provide a foundation for explaining most of the observed behavior and, thus, meets the goal

of general representability. There is, however, substantial uncertainty associated with the results because

of what is not explained by the model. This discussion has focused on the subsurface flow and transport

model and does not address the lack of calibration for the source term model (see Section 5.1). Results of

the subsurface model are highly sensitive to the source-term inputs.

5.2.4.6.2 Comparison of Simulated and Observed Chromium Concentrations—

Chromium is another contaminant that was buried in the SDA for which transport was simulated. In these

transport simulations, chromium was assumed to remain in the mobile hexavalent state. Though

chromium is not considered as a COPC in the ABRA, an examination of how the subsurface model

predictions for chromium compare to measured values is useful. Time histories of simulated chromium

concentrations are compared to observed aquifer concentrations in Figure 5-50. The monitored

concentrations are inferred to represent hexavalent chromium also. The time history plots are all scaled

consistently to the maximum observed field value, which was just under 100 µg/L in Well M3S. Similar

to the time history plots for nitrate concentrations, the simulated chromium concentrations are added onto

the estimated regional background concentration of 2.5 µg/L for the Snake River Plain Aquifer (Orr,

Cecil, and Knobel 1991). Only simulated chromium concentrations for Well Ml7S begin to be

discernable above background for the 1970 to calendar year 2001 timeframe presented in Figure 5-50.

The maximum simulated chromium concentration anywhere in the aquifer through calendar year 2001 is

3.7 µg/L, including background. This is approximately an order of magnitude greater than the maximum

simulated chromium concentration through the same period for the IRA model. Both models under

predict observed values.

Field data for chromium are all greater than the reported background value, which gives rise to

several interpretations. Elevated chromium concentrations could indicate that either the local background

is greater than indicated in On, Knobel, and Cecil (1991) or that the SDA may be contributing to elevated

chromium concentrations in these monitoring wells. Conversely, elevated chromium concentrations could

imply that the interpretation is incorrect that SDA-vicinity aquifer concentrations are not affected by

upgradient facilities such as the TRA.

5.2.5 Base Case Simulations for the Baseline Risk Assessment

The model developed for the ABRA was run for each COPC. This section presents concentration

results from those simulations and makes comparisons to observed values. Results are presented

graphically as time history comparisons to field monitoring results at grid locations representing SDA

aquifer monitoring wells (Figures 5-51 through 5-57). In contrast to results presented previously for

nitrate and chromium, no background concentration is added to these simulation results. Local

background concentrations are zero for the COPCs presented in Figures 5-51 through 5-57, based either

on evaluations in Section 4 or in On, Cecil, and Knobel (1991). Results also are presented below in a

table comparing simulated maximums through calendar year 2001 to observed values. Refer to

Figure 5-47 when locating wells indicated in the figures. Monitoring results for radionuclide COPCs that

represent 3a detections or greater are included as blue diamonds on the time history plots along with a

whisker-style indication of their associated la uncertainties. In cases where analyses were performed but

no COPCs were detected, nondetects are plotted in red at the extreme lower bound of the plot. Simulation

results are portrayed as a continuous line with black asterisks. Simulation results representing all wells,

except Well M4D, are taken from the second slice down in the aquifer model. Well M4D is unique in that

it is screened much deeper, so simulated concentrations from deeper in the model are used. The second

slice of grid blocks was from a depth of 8 to 16 m (26 to 52 ft) in the aquifer domain and is similar to
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Figure 5-50. Comparison of simulated and observed chromium concentration time histories for aquifer
monitoring wells in the vicinity of the Subsurface Disposal Area.
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most of the screened intervals in the monitoring wells. As such, simulated concentrations represent
concentrations at a depth of 12 m (39 ft) below the water table.

Results in Figures 5-51 through 5-57 highlight the erratic nature of detections compared to the
majority of nondetect results. Sporadic detections include low-level actinide concentrations that are just at
instrument detection limits and may be false-positives.

Table 5-17 lists maximum simulated concentration anywhere in the aquifer through calendar year
2001 for chromium and all human health COPCs and their long-lived decay-chain progeny. No
background concentrations are added to any of the simulated results. Almost all of the simulated peak
values in Table 5-17 occur during calendar year 2001, indicating that concentrations were still increasing
at that time. Two exceptions were Pu-238, which was simulated to not be in the aquifer anywhere at any
concentration, and C1-36, which peaked earlier in 1994. For comparison, the corresponding maximum
simulated chromium concentrations through 1995 from the IRA model are given in the third column of
the table. Estimated background concentrations from Knobel, On, and Cecil (1992) are shown in the
fourth column of the table. Uranium isotopes were estimated from proportioning the total uranium
background concentration of 3 µg/L contained in Knobel, On, and Cecil (1992) into the respective
isotopes in accordance with their known specific activity and isotopic abundance (weight percent) known
to exist in nature. The last two columns present the range of observed values taken from the nature and
extent discussion in Section 4 along with comments concerning some of those values. Observed values
from earlier than 1987 are not presented in Table 5-17. Numerous COPCs do not have corresponding
analyses, as indicated in the table.

Changes in simulated values between the ABRA model and the IRA model result primarily from
the following: (a) differences in the use of best-estimate and revised inventories, (b) different source
release rates for activation and fission products attributable to changes in the assigned corrosion rates,
(c) use of smaller partition coefficients for C-14, (d) differences in simulated water travel times through
the vadose zone caused by including spatially variable hydrologic properties for the B-C and C-D
interbeds, and (e) the conformable gridding approach. Regarding the latter, using a conformable grid most
likely resulted in less numerical dispersion because of improved uniformity of grid sizes across lithologic
interfaces. Less numerical dispersion would result in lower simulated concentrations for those
contaminants that strongly adsorb, such as Am-241 and the plutonium isotopes, because a contaminant
would not be artificially "smeared" ahead of its advective front.

In comparing simulated results from the ABRA model to the range of observed 3a detections or the
background concentrations, several patterns emerge. Simulated aquifer concentrations for fission products
(i.e., Tc-99 and 1-129) and the activation products (i.e., C-14 and C1-36) are all over predicted to varying
degrees compared to observed monitoring results. This over prediction is thought to be more likely caused
by inadequacies in the source release model than in the subsurface flow and transport model. Monitoring
results for U-234, U-235, and U-238 are similar to reported background values. Simulated uranium
isotope values are slightly less than observed values or background values, indicating that simulated
anthropogenic uranium is migrating but has not reached the aquifer in high enough concentrations to be
detected yet. All other contaminants are predicted to be either not in the aquifer yet or to be present at
concentrations below detectable levels. If it is assumed that background concentrations for anthropogenic
radioisotopes are zero for those contaminants not explicitly identified in Knobel, Orr, and Cecil (1992),
then model results are in agreement with nondetections for this last group of contaminants. This statement
disregards sporadic detections of plutonium isotopes and Am-241 as anomalies. At a minimum, for this
latter set of contaminants, model results are not in conflict with observed results.
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Figure 5-51. Comparison of simulated and observed 1-129 concentration time histories for aquifer
monitoring wells in the vicinity of the Subsurface Disposal Area.
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Figure 5-54. Comparison of simulated and observed Np-237 concentration time histories for aquifer

monitoring wells in the vicinity of the Subsurface Disposal Area.
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Figure 5-55. Comparison of simulated and observed Pu-238 concentration time histories for aquifer

monitoring wells in the vicinity of the Subsurface Disposal Area.
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Figure 5-56. Comparison of simulated and observed Pu-239 and Pu-240 concentration time histories for

aquifer monitoring wells in the vicinity of the Subsurface Disposal Area.
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Figure 5-57. Comparison of simulated and observed C-14 concentration time histories for aquifer

monitoring wells in the vicinity of the Subsurface Disposal Area.
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Table 5-17. Comparison of model concentrations and observed concentrations with no adjustments for background concentrations. 

Contaminant of
Potential Concerna

Baseline Risk Assessment
Model Maximum Simulated

Concentration at 12-m
Depth through Year 2001

(pCi/L)

Interim Risk Assessment
Model Maximum Simulated

Concentration at 12-m
Depth through Year 1995

(pCi/L)

Background
Concentrations
(On, Cecil, and
Knobel 1992)
(pCi/L)b

Range of Observed
la Concentrations in

Subsurface Disposal Area
Vicinity Wells Since 1987

(pCi/L or µg/L)`

Ac-227 5E-07 6E-08 NA No analysesd

Am-241 9E-17 1E-06 0 0.026 to 1.97

Am-243 7E-24 2E-11 0 No analyses

C-14 3E+03 5 E+00 NA 1.8 to 28.0

C1-136 3E+02 1E+00 NA All nondetects

1-129 5E+01 4E+00 0 0.59 to 17.0

Nb-94 1E-23 1E-14 NA No analyses

Np-237 4E-04 8E-04 NA All nondetects

Pa-231 7E-06 1E-06 NA No analyses

Pb-210 3E-10 4E-08 NA No analyses

Pu-238 0 1E-12 0 0.018 to 0.37

Pu-239 5E-28 2E-11 0 0.094 to 4.3

Pu-240 3E-30 7E-12 0 0.094 to 4.3

Ra-226 4E-09 1E-08 0.0 to 0.1 4.0 to 5.4

Tc-99 4E+04 5E+01 NA 0.97 to 35.4

Th-229 1E-06 4E-08 NA No analyses

Th-230 3E-06 8E-7 NA No analyses

Th-232 6E-13 1E-11 NA No analyses

U-233 4E-03 3E-04 0. No analyses

U-234 1E-01 5E-02 1.1 1.0 to 1.84

Comments on Observed
3a Concentrations`

None

None

None

Analysis began in 1994.

Analyses for C1-36 began
in year 2001. C1-36
analysis will be done
annually.

None

None

None

None

None

NA

None

None

Gamma spectroscopy
results with inadequate
sensitivity. Values shown
are near detection limits,
use with caution.

None

None

None

None

NA

None



Table 5-17. (continued).

Contaminant of
Potential Concern'

Baseline Risk Assessment
Model Maximum Simulated

Concentration at 12-m
Depth through Year 2001

(pCi/L)

Interim Risk Assessment
Model Maximum Simulated

Concentration at 12-m
Depth through Year 1995

(pCi/L)

Background
Concentrations
(Orr, Cecil, and
Knobel 1992)
(pCi/L)b

Range of Observed
la Concentrations in

Subsurface Disposal Area
Vicinity Wells Since 1987

(pCi/L or 1.1g/L)`

U-235 2E-02 3E-03 0.05 0.003 to 0.18

U-236 4E-03 2E-03 0. No analyses

U-238 3E-01 4E-02 1.1 0.21 to 0.88

Nitrate (as N) 1E+02 mg/L 1.4E+01 mg/L 1.0 to 2.0 mg/L 0.28 to 2.9 mg/L

Chromium 1E+001.1g/L 1E-011.tg/L 2.0 to 3.0 ptg/L 5.5 to 99.6 Kg/L

a. Observed values from earlier than 1987 are not presented in this table.
b. NA = information not available on background concentrations.
c. The range of observed values is taken from the nature and extent discussion in Section 4.
d. See the respective contaminant discussions in Section 4 regarding lack of analysis. 

Comments on Observed
3a Concentrations`

Gamma spectroscopy
results with inadequate
sensitivity. Values shown
are near detection limits,
use with caution.

None

Gamma spectroscopy
results with inadequate
sensitivity. Values shown
are near detection limits,
use with caution.

None

Most other high chromium
values were approximately
40 to 60 pCi/L



5.2.6 Baseline Risk Assessment Sensitivity Simulations

This section discusses the implementation of the simulations for the ABRA sensitivity analyses.

Results, when presented, are in terms of water travel times and concentrations. Risk results are presented

in Section 6. Often, these sensitivity simulations test assumptions used in the model and, as such, the

simulations represent an assessment of conceptual uncertainty. For each sensitivity simulation of this

type, the entire suite of potential contaminants was simulated. Other sensitivity simulations tested

contaminant-specific parameters assigned in the model, and only those contaminants directly affected

were evaluated.

5.2.6.1 Upper-Bound Inventories. A simulation suite was performed in which the upper-bound

inventories were used instead of the best estimates. The only difference in the subsurface flow and

transport models was that a different source term was supplied. Differences in risks are discussed in

Section 6.

5.2.6.2 B-C interbed Gaps. The method used to create the interbed upper surfaces and interbed

thicknesses resulted from a consistent statistical approach that was based on all lithologic data available.

The use of geostatistics to incorporate spatial variability was implemented and robustly tested by

Leecaster (2002). For the ABRA model, kriging results were used without imposing any bias into them.

In contrast, the kriging results for the IRA model were modified to enforce gaps in the interbeds in grid

block locations containing wells that showed an interbed was missing at that location.

To determine the effect of including gaps, a simulation suite was performed where gaps were

enforced in the model for three locations having a grid block that contained a well where the B-C interbed

was known to be absent. These interbed gaps were created in the model by modifying the hydrologic

properties of the entire interbed at that location so that it consisted of fractured basalt instead of sediment.

Locations that had B-C interbed gaps superimposed in the first level of grid refinement are shown in

Figure 5-58. No gaps were simulated in the C-D interbed because the one location where a gap has been

observed is in Well M7S. Well M7S is located outside the base vadose zone simulation domain. In two

out of three locations where the gaps were superimposed in the B-C interbed, other wells that had nonzero

thicknesses were present in the grid block.

The effect on predicted risks of including these gaps is discussed in Section 6. Simulated water

travel times in the vadose zone, with gaps included in the B-C interbed, are shown in Figure 5-59. Note

that travel times are only determined for the base vadose zone domain grid, while the gaps are

superimposed in the first level of refinement grid. By comparing travel times in Figure 5-59 to those

shown previously for the base simulation (see Figure 5-30), the primary simulated impact is along the

northern edge of the SDA, where water travel times are reduced anywhere from 2 to 8 years. Inclusion of

the gap to the east of the SDA within the TSA facility causes, at most, a 2-year reduction in water travel

time in the vadose zone.
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5.2.6.3 Plutonium Partition Coefficients. The plutonium Kd used in the ABRA model and in the

IRA model has been carefully examined. The 5,100-mL/g value selected for the base ABRA simulation

was selected as the best site-specific value available. To test the effect of the assigned Kd, a series of

simulations was performed in which the plutonium Kd was varied consistently in both the source model

and in the vadose zone transport model. The values assigned were 22, 320, and 1,700 mL/g. The 22-mL/g

value was taken from the Track 2 screening default (DOE-ID 1994) and represents the extreme low end

of measured plutonium Kds. The value is actually an average of four crushed Hanford basalt samples. The

second two values are taken from EPA guidance (see Appendix G of EPA 1999), which was based on

work by Glover, Miner, and Polzer (1976) and Miner, Evans, and Polzer (1982). These latter two values

were measured on Polatis-type soil taken from unspecified locations on the INEEL. Polatis soil is
described as loess over lava. The selected range represents approximately an order of magnitude of

changes from 5,100 mL/g down to 22 mL/g and provides a broad spectrum of possible behavior.

Both Pu-238 and Pu-239 were simulated in this sensitivity analysis. The Pu-240 was not simulated,

because results would be similar to Pu-239. Comparisons of maximum simulated aquifer concentrations

are given in Table 5-18. The maximum values are for the period beginning in 1952 and ending in calendar

year 2001. Also shown are the maximum observed Pu-238 and Pu-239 aquifer concentrations from

sampling activities since 1987. Decreasing Kd for plutonium isotopes increases resulting simulated
concentrations, as shown in Table 5-18. However, even the maximum concentration from the

Ka = 22 mL/g simulation is not quite high enough to be detected with normal quarterly sampling
conducted by WAG 7 because the instrument detection limit for the analyses is approximately 0.02 pCi/L.

Table 5-18. Maximum 12-m (39-ft) depth simulated Pu-238 and Pu-239 aquifer concentrations (pCi/L)

through calendar year 2001 for the base simulation and plutonium Kd sensitivity simulations. 

Baseline Risk Range of Observed 3a
Contaminant Assessment Concentrations in the Subsurface
of Potential Kd = 5,100 Kd,= 1,700 Kd,= 320 Kd; 22 Disposal Area Vicinity Wells
Concern mL/g mL/g mL/gmL/g Since 1987

Pu-238 0 1 x 10-" 4 x 10-17 4 x 10-4 1.8E-02 to 3.7E-01

Pu-239 5 x10-28 2 x 10-24 1x10"15 1 x 10-2 9.4E-02 to 4.3E+00

Comparison of simulated Pu-238 and Pu-239 soil concentrations in the B-C interbed are presented

in Figures 5-60 and 5-61 and Table 5-19. Soil concentrations are determined from simulated aqueous

concentrations using the Kd. Contour levels in the figures are for every other order of magnitude

beginning at 1 x 10-19 Ci/g up through the maximum value. Two locations with elevated simulated

concentrations of Pu-238 and Pu-239 are shown in Figures 5-60 and 5-61. As expected, the simulated soil

concentrations increase with decreasing Kds. The one location that actinides are generally accepted as

being detected at depth is for the triad of wells (i.e., Wells 79-2, DO-2, and TW1) located just northeast of

Pit 5. This well location is included in the region of elevated soil concentrations in the figures. Locations

near this well triad have yielded interbed samples that do not indicate similar concentrations. Comparing

these sampling results to the simulation results in Figures 5-60 and 5-61 indicates that broad-spread

elevated actinide soil concentrations predicted with the lowest plutonium IQ of 22 mL/g are not
reasonable. However, the simulation results from the mid-range Kds of 1,700 and 320 mL/g do not

contradict the sampling results because they show maximums lower than observed values.
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Figure 5-61. Comparison of simulated Pu-239 B-C interbed soil concentrations (Ci/g) for the base
simulation and the Pu-238 IQ sensitivity simulations.
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Table 5-19. Simulated maximum Pu-238 and Pu-239 B-C interbed soil concentrations (Ci/g) through

calendar year 2001 for the base simulation and plutonium Kd sensitivity simulations.

Contaminant
of Potential Base Simulation

Maximum
Sampling

Concern Kd= 5,100 mL/g Kd = 1,700 mL/g Kd = 320 mL/g Kd = 22 mL/g Results

Pu-238 7 x 10-18 1 x 10-" 1 x 10-" 2 x 1041 1 x 10-13

Pu-239 2 x 10-16 3 x 10-18 3 x 10-13 4 x 10-1° 1 x 10-12

5.2.6.4 Plutonium Mobile Fractions. Studies on actinide mobility have indicated a potential

small mobile fraction of plutonium (Grossman et al. 2001). A series of sensitivity simulations was

conducted to test the effect of a small mobile fraction. Both Pu-238 and Pu-239 were simulated in the

same manner as for the IQ sensitivity simulations. The source term model was used to release fractions of

1 x 10-6, 1 x 10, and 1 x 10-2 of the total mass disposed of each year. This range of fractions was very

broad and provides a spectrum of possible results. It was necessary to assign a small Kd value of 0.1 mL/g

in the sediments and interbeds in the vadose zone model to allow some plutonium to adsorb onto the soil

for comparison between predicted and observed soil concentrations in the interbeds.

Table 5-20 shows the maximum simulated aquifer concentrations for Pu-238 and Pu-239 for the

plutonium mobile fraction. These values are all at least two orders of magnitude greater than the

maximum observed concentrations. A contour plot of simulated aquifer concentrations at the 12-m (39-ft)

depth for the smallest mobile fraction simulation is shown in Figure 5-62. Even with the 1 x 10-6

fractional release, the predicted aquifer concentrations at the current time in most of the locations sampled

with aquifer wells would be greater than 0.1 pCi/L. Because most of the sample results are nondetects and

the detects are generally just at the instrument detection limit of 0.01 to 0.02 pCi/L, these mobile fraction

simulations do not mimic concentrations observed in the aquifer. Therefore, if a small mobile fraction

does exist, it must be considerably smaller than the 1 x 10-6 fractional release modeled in this analysis.

Otherwise, it should be much easier to detect plutonium in the aquifer.

Table 5-20. Maximum 12-m (39-ft) depth simulated Pu-238 and Pu-239 aquifer concentrations (pCi/L)

through calendar year 2001 for the base simulation and the plutonium mobile fraction sensitivity

simulations.

Baseline Risk Range of Observed 3a
Contaminants
of Potential

Assessment,
No Mobile

Mobile
Fraction Mobile Fraction Mobile Fraction

Concentrations in the
Subsurface Disposal Area

Concern Fraction 1 x 10-6/year 1 x 104/year 1 x 10-2/year Vicinity Wells Since 1987

Pu-238 0 8 x 10+1 8 x 10+3 8 x 10+5 0.018 to 0.37

Pu-239 5 x le 4 x 10+2 4 x 10-4 4 x 10-6 0.094 to 4.3
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Figure 5-62. Simulated 12-m (39-ft) depth Pu-238 and Pu-239 aquifer concentrations (pCi/L) at calendar
year 2001 for the simulation with a 1 x 10-6 mobile fraction.

Table 5-21 shows maximum simulated plutonium soil concentrations in the B-C interbed for
comparison to those presented previously in Table 5-19 for plutonium Kd sensitivity simulations.
Simulated interbed plutonium soil. concentrations are approximately 1 to 7 orders of magnitude greater
than results for the Kd sensitivity simulations. Except for the 1 x 10-6 mobile fraction, the results also
significantly aver predict the maximum observed B-C interbed soil concentrations. Contour plots of the
interbed soil concentrations are not included because they look similar to those for the Kd sensitivity
results but with higher concentrations.

The conclusion from the interbed results for the mobile fraction is slightly different than that for
the aquifer. Aquifer results precluded any of the simulated mobile fractions as being plausible, while the
lowest mobile fraction does not, at least, contradict the observed interbed soil concentrations.

Table 5-21. Simulated maximum Pu-238 and Pu-239 B-C interbed soil concentrations (Ci/g) through
calendar year 2001 for the base simulation and the plutonium mobile fraction sensitivity simulations. 

Contaminants
of Potential
Concern

Base Simulation
No Mobile
Fraction

Mobile Fraction
1E-06/year

Mobile Fraction
1E-04/year

Pu-238

Pu-239

7E-18

2E-16

3E-13

3E-13

3E-11

3E-11

Mobile Fraction
1E-02/year

3E-09

3E-09

Maximum
Sampling Results

1E-13

1E-12
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5.2.6.5 Uranium Solubility. This sensitivity study was limited to changes in the source term

release. No changes were required in the subsurface flow and transport models. Results are discussed in

terms of risk in Section 6.

5.2.6.6 Neptunium Solubility. This sensitivity study was limited to changes in the source term

release. No changes were required in the subsurface flow and transport models. Results are discussed in

terms of risk in Section 6.

5.2.6.7 Spreading Area Influence. Two different simulations were implemented to test the

effects of including additional water from the spreading areas. The implementation of these two

simulations was discussed in Section 5.2.4.5. One simulation set had no additional water added at depth,

and one had four times as much water added so that the whole region of the C-D interbed beneath the

SDA was affected by spreading-area water. For each of these cases, the entire suite of COPCs was

simulated. These cases represent conceptual uncertainty bounds on the possible effects of the additional

spreading-area water in the vadose zone. The case without the spreading area influence is the most

comparable to the IRA model because that model also did not include any effect from the spreading area.

In both simulation sets, the amount of water exiting the bottom of the vadose zone was also input

into the aquifer model along with contaminant masses. Additional spreading-area water entering from the

vadose zone, coupled with the low-permeability region, results in dilution of simulated concentrations in

the extreme western part of the refined portion of the aquifer.

5.2.6.8 Uniform Subsurface Disposal Area Infiltration Rates. Water infiltration rates are

assigned at the upper boundary of the vadose zone simulation domain. These amounts of water also are

input into the source term model and impact the contaminant release. Two simulation sets were performed

to investigate the sensitivity of the simulated flow and transport to these assigned infiltration rates. Both

simulation results are presented in terms of risk in Section 6.

In the first set, a uniform infiltration rate of 8.5 cm/year (3.3 in./year) was assigned instead of the

spatially varying rate that was used in the ABRA simulation. This uniform infiltration rate was assigned

beginning in 1952. This simulation tested the impact of the detailed spatially variable infiltration

assignment and included the three historical transient flooding events. The discussion of the impact on

risk is included in Section 6. Figure 5-63 shows the simulated vadose zone water travel times with a

uniform 8.5 cm/year (3.3 in./year) infiltration rate inside the SDA. These travel times are slightly longer

than the ABRA simulated vadose zone water travel times discussed previously. The ABRA travel times

ranged from 14 to 30 years at grid blocks contained entirely within the SDA boundary. By comparison,

with the 8.5-cm/year (3.3-in./year) uniform infiltration rate, the travel times for the same grid blocks

range from 17 to 38 years.
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Figure 5-63. Simulated vadose zone water travel times (years) with a uniform infiltration rate of
8.5 cm/year (3.3 in./year) inside the Subsurface Disposal Area.

The second simulation set had a uniform infiltration rate of 23 cm/year (9 in./year) applied inside
the SDA, which is equivalent to the total average annual precipitation infiltrating into the subsurface with
no loss to evaporation. This infiltration rate was assigned beginning in 1952. This 23-cm/year (9-in./year)
infiltration rate was approximately a factor of three times greater than that in the ABRA simulation and
can represent the possible effect of a change in climate that resulted in three times as much precipitation
at the INEELl Yet another way to consider this simulation is as a surface treatment being applied that
ensured that the total precipitation currently received on the INEEL infiltrated into the subsurface and no
portion of that water evaportranspirated back into the atmosphere.

5.2.7 Simulation Nomenclature

Given the extensive number and types of simulations performed for the ABRA, development of a
nomenclature to track the simulations was necessary. This nomenclature section is included to allow the
reader to recognize headings in the simulation results figures.

The contaminants, as they were divided into seven groups for purposes of performing the
simulations, are described in Section 5.1.4 and listed in Table 5-6. Table 5-22 provides the nomenclature
for the leading character string in the run names. The first letter is always a "b" for a BRA-related
simulation. Table 5-23 shows how these conventions were applied to define names for each of the
simulation groups. The table gives the application that was being simulated and a detailed description of
the simulation group. The "grp*" indicates Groups 1 through 7, as appropriate for each name.
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Table 5-22. Run-naming nomenclature.

Run Nomenclature Run Description

Leading b Baseline risk assessment

kd Ka

mf Mobile plutonium fraction

us Uranium solubility

nps Neptunium solubility

nsa No spreading area influence

2sa Twice spreading area

ui Uniform 8.5 cm/year infiltration rate

ui2 Uniform 23 cm/year infiltration rate

gap B-C interbed gap 



Table 5-23. Simulation group names and descriptions.

Simulation Group Name Application Description

b_grp*

bub_grp*

bkdl_grp*, bkd2_grp*,bkd3_grp*

bmf1_grp*,bmf2_grp*,bmf3_grp*

busl_grp*,bus2_grp*,bus3_grp*

bnpsl_grp*,bnps2_grp*

bnsa_grp*,b2sa_grp*

bui_grp*,bui2_grp*

bgap_grp*

NO ACTION

Baseline risk assessment (BRA)
base case

Best-estimate inventories, average infiltration = 8.5 cm/year, plutonium
Kd = 5,100 mL/g.

No mobile fraction, uranium solubility = 5.9E-04 g/cc,
neptunium solubility = 7.5E-08 g/cc.

Spreading areas do have influence on transport.

NO ACTION SENSITIVITY: Hold all values constant as in BRA base case except as noted:

Upper-bound inventories

Plutonium Kd

Plutonium mobile fractions

Uranium solubility

Neptunium solubility

Spreading area influence

Uniform Subsurface Disposal Area
(SDA) infiltration

Gaps included in BC interbed

Retrieval

Upper-bound instead of best-estimate inventories.

Three Kd values each for Groups 2 and 4 (Kd = 22, 320, and 1,700).

Three mobile fractions each for Groups 2 and 4 (mobile fraction = 1E-02, 1E-04, and
1E-06).

Two masses for Group 5 (mass = 9.3E-07 g/cc and 9.3E-11 g/cc).

Two masses for Group 1 (mass = 1.3E-11 g/cc and 1.2E-06 g/cc).

No influence and double the ABRA base case influence for Groups 1 through 7.

Uniform infiltration rates inside the SDA of 8.5 cm/year and 23 cm/year.

Gaps included in B-C interbed in grid blocks where any wells show zero thickness.

Removal of all contaminant mass in surficial sediments, necessary for assessing
potential contamination in the vadose zone.



5.3 Volatile Organic Compound Modeling

This section addresses VOCs, which have the added complication of being able to exist and be

transported in a gaseous phase. Unlike dissolved-phase contaminants, which were simulated with an

updated model since the IRA, no new modeling of VOCs has been performed for the ABRA. Instead,

modeling for VOCs has been deferred to future activities planned for OU 7-08, the OCVZ Project. The

IRA modeling results, with some adjustment to account for different inventories, were incorporated into

this ABRA. Using the IRA results for VOCs is appropriate from the standpoint that modeling with new

inventory estimates would not change the risks considerably. This section discusses the results of the IRA

VOC modeling, the revised VOC COPC inventory estimates, and how both were used to estimate media

concentrations for the ABRA.

5.3.1 Interim Risk Assessment Volatile Organic Contaminant Modeling and Results

The IRA VOC model is documented in Magnuson and Sondrup (1998). At its publication, it was

the most comprehensive model developed for predicting water and contaminant movement in the SDA

subsurface. The model included spatially variable lithology and time-dependent, spatially-variable

infiltration in an integrated vadose zone-saturated zone (aquifer) representation. Contaminants were

transported primarily by advection and diffusion in aqueous and gaseous phases. The model was

implemented using the numerical simulation code TETRAD. Time-dependent releases of VOCs were

calculated external to the TETRAD simulator using the DUST-MS code.

The vast majority of VOCs in the SDA subsurface were released from Rocky Flats Plant 743-series

sludge. The sludge was prepared in an organic waste treatment processing facility at the Rocky Flats Plant

by mixing lathe coolant (liquid carbon tetrachloride and Texaco Regal Oil) with calcium silicate. Small

amounts of miscellaneous oils and other VOCs (e.g., tetrachlorethylene, trichloroethylene, and 1,1,1-

trichloroethane) were also sometimes added. The resulting mixture was a very thick pasty substance

devoid of free liquids. Because of the viscous nature of the 743-series sludge, it is unlikely that the VOCs

were released or migrated as free liquids. Thus, VOC release by diffusion was simulated using

DUST-MS. However, for computational convenience the VOCs were initially entered into the TETRAD

model as free liquids, then quickly partitioned into aqueous- and vapor-phase components. Migration as a

free liquid was not simulated, which is consistent with monitoring results because non-aqueous phase

liquids have not been detected in vapor, perched water, or the aquifer.

The IRA VOC transport model was calibrated using carbon tetrachloride concentrations in soil gas,

and aqueous concentrations in the aquifer and perched water. Calibration consisted of simulating the

release and migration of VOCs until modeled concentrations matched actual concentrations within some

specified tolerance. Initially, the HDT (LMITCO 1995) best-estimate carbon tetrachloride inventory value

of 113,000 kg (250,000 lb) was used in the calibration. However, this inventory was insufficient to

achieve adequate calibration despite relaxing other model parameters. To improve the calibration, the

inventory was arbitrarily doubled to 226,000 kg (497,200 lb), and a much better match was obtained.

However, it required that nearly all of the carbon tetrachloride be released in order to achieve calibration.

Specifically, the IRA model assumed that 213,000 kg (468,600 lb) (94%) of the 226,000 kg (164,200 lb)

of the carbon tetrachloride had been released by 1995, the end of the IRA calibration period. Of the

213,000 kg (468,600 lb) released by 1995, approximately 168,000 kg (369,6001b) (79%) were predicted

to have been lost to the atmosphere through vapor diffusion or advection, and 45,000 kg (90,000 lb)

(21%) remained in the vadose zone.

In response to suspicions that the carbon tetrachloride inventory was too low, the inventories for

the other organic COPCs (i.e., tetrachloroethylene and methylene chloride) also were doubled for the

IRA. This made sense for tetrachloroethylene because it was codisposed with carbon tetrachloride in the
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743-series sludge. Conversely, methylene chloride was not a component of 743-series sludge, but it did
come from RFP as did the 743-series sludge. Therefore, doubling the methylene chloride seemed
appropriate and fit with the intent of the IRA to be conservative.

The IRA model calibration was rather good in terms of agreement between modeled and measured
concentrations of carbon tetrachloride. However, the model did not consider chemical degradation.
Degradation is likely occurring based on detections of chloroform (a degradation byproduct). The IRA
model did not include degradation because of uncertainty regarding the rate and mechanism. Neglecting
degradation is conservative because byproducts of carbon tetrachloride degradation (i.e., chloroform,
methylene chloride, and chloromethane) have transport properties similar to carbon tetrachloride, yet they
all are less toxic (i.e., have higher risk-based concentrations).

Results of the IRA VOC model predicted VOC concentrations in soil and surface gas fluxes would
peak shortly after burial. Soil concentrations and gas fluxes were used to calculate ingestion and
inhalation risk. The VOC concentrations in groundwater were predicted to peak after the 100-year
institutional control period at levels well above MCLs. Predicted maximum concentrations of VOCs in
soil and groundwater as presented in the IRA are provided in Table 5-24 (Becker et al. 1998).

Table 5-24. Maximum predicted soil and groundwater concentrations for volatile organic contaminants of
potential concern quantitatively evaluated in the Interim Risk Assessment.a 

Year
Predicted Year Predicted Maximum of Predicted

Maximum Soil of Predicted Groundwater Maximum
Contaminant Concentration Maximum Soil Concentration Groundwater

of Potential Concern (mg/kg) Concentration (.tg1L) Concentration

Carbon tetrachloride 1.65E+00 1967 304 2106

Methylene chloride 1.61E-02 1967 487 2187

Tetrachloroethylene 4.70E-01 1968 127 2138

a. Concentrations and dates were calculated from model results using a 30-year running average (Becker et al. 1998).

5.3.2 Revised Volatile Organic Compound Inventory Estimates

The IRA VOC modeling indicated that the best-estimate inventory as presented in the HDT was
too low for carbon tetrachloride, which led to a two-part investigation that ultimately resulted in an
estimate for carbon tetrachloride that was several times higher than the HDT value. The initial
investigation by Miller and Navratil (1998) evaluated monthly shipping records rather than yearly records
as had been done in the past. Miller and Navratil (1998) also used newly acquired information on the
makeup of 743-series sludge and concluded that the carbon tetrachloride inventory could be
approximately 4x the HDT value. The follow-on investigation by Miller and Varvel (2001) made use of
other critical sources of information (e.g., RFP Building 664 waste disposal sheets and the RFP Building
774 Organic Waste Treatment Process Logbook) that were obtained as a result of inquiries made by
Miller and Navratil (1998). These other sources of information allowed an even more accurate count of
the 743-series sludge drums buried in the SDA. Miller and Varvel (2001) estimated that the carbon
tetrachloride mass in the 743-series sludge was 8.2E + 05 kg, which is approximately 7.3x more than the
best-estimate value in the HDT.
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Miller and Varvel (2001) also estimated total VOC mass in 743-series sludge to be 1.0E + 05 kg.

From that estimate, Varvel (2001) calculated the mass of the other VOCs in 743-series sludge:

trichloroethylene, tetrachloroethylene, and 1,1,1-trichloroethane. Lacking any evidence to the contrary,

Varvel (2001) assumed the VOC mass that was not carbon tetrachloride consisted of equal volumes of the

other three VOCs. This resulted in an estimated mass of 9.8E + 04 kg of tetrachloroethylene, or about

3.9x more than in the HDT estimate. Varvel (2001) also investigated methylene chloride, which is not a

component of 743-series sludge, and concluded that the methylene chloride inventory presented in the

HDT was reasonable and appropriate.

Table 5-25 contains a summary of the VOC COPC inventories. The table shows that the revised

best-estimate inventory for carbon tetrachloride and tetrachloroethylene is greater than the HDT inventory

and even greater than the IRA inventories, which were double the HDT values. The current best-estimate

inventory for methylene chloride, the other organic COPC, has not changed from the value used in the

HDT. Therefore, the inventory for methylene chloride used in the ABRA is the same inventory reported

in the HDT (LMITCO 1995a) value, or one-half the IRA value.

Table 5-25. Summary of volatile organic compound contaminant of potential concern inventories. 

Ratio of
Revised to
Original'

Best-Estimate
Inventory

Contaminant of
Potential Concern

Original
Best-Estimate
Inventory'

(kg)

IRA
Inventory"

(kg)

Revised
Best-Estimate
Inventory
(kg)

Ratio of
Revised to IRA

Inventory

Carbon tetrachloride 113,000 226,000 820,000c 7.3 3.6

Tetrachloroethylene 25,000 50,000 98,000d 3.9 2.0

Methylene chloride 14,000 28,000 14,000d 1 (no change) 0.5

a. Taken from A Comprehensive Inventory of Radiological and Nonradiological Contaminants in Waste Buried in the Subsurface

Disposal Area of the INEL RWMC During the Years 1952-1983 (LMITCO 1995).

b. Interim Risk Assessment (Becker et al. 1998) with modeling in Magnuson and Sondrup (1998). The IRA inventory is 2x the original

best-estimate inventory.
c. Reconstructing Past Disposal of 743 Series Waste in the Subsurface Disposal Area for Operable Unit 7-08, Organic Contamination in

the Vadose Zone (Miller and Varvel 2001).
d. Varvel (2001) 

5.3.3 Implications of Revised Volatile Organic Compound Inventories

The IRA inventories and ABRA revised best-estimate inventories are different for the VOC

COPCs; therefore, it is reasonable to assume that media concentrations (soil, groundwater) and surface

gas fluxes would be different. Information from a previous modeling study was used (Sondrup 1998) to

appropriately scale the IRA results to the new ABRA revised best-estimate inventory. Before completion

of the carbon tetrachloride inventory investigation by Miller and Varvel (2001), Sondrup (1998)

performed some preliminary modeling of carbon tetrachloride transport. At the time, Miller and Varvel

(2001) were confident that the carbon tetrachloride inventory would be at least 5x greater than the best

estimate reported in the HDT. Sondrup then evaluated potential groundwater impacts assuming a

preliminary carbon tetrachloride inventory of 5x the HDT (LMITCO 1995a) value, or 2.5x greater than

the IRA value. While complete details of the study are documented in Sondrup (1998), relevant

information has been included here.

Sondrup (1998) modeled carbon tetrachloride using essentially the same model as the IRA VOC

model documented in Magnuson and Sondrup (1998), with some modifications. The major modification

used a smaller model domain and increased grid refinement in the vertical dimension. These changes
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were enacted to speed simulation times and increase resolution in the vicinity of the SDA. The drawback
was that the new domain did not extend to the INEEL boundary; therefore, concentrations at the boundary
could not be predicted with the model.

Because of modifications to the IRA model and the larger source inventory of carbon tetrachloride,
it was decided that the model should be recalibrated. To limit the effort required for recalibration, it was
decided that all source-release parameters could be modified to make the release rate using the
preliminary 5x inventory (i.e., 5x the HDT inventory) imitate the general release rate character of the IRA
inventory (i.e., 2x the HDT inventory) during the period of IRA model calibration (1952 to 1995). The
additional mass from the 5x inventory would then be released after the calibration period. Figure 5-64
illustrates a comparison of the release rate for the IRA and 5x sources. The IRA and 5x results are similar
in trend with one major difference: A few years before the end of the calibration period, virtually nothing
is being released from the IRA source, while the 5x source is still active. This can be seen more
dramatically in Figure 5-65, which compares the cumulative release of the IRA and 5x sources. At
approximately the year 2000, virtually nothing is left in the IRA source, while the cumulative release
from the 5x source continues to increase.
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Figure 5-64. Comparison of carbon tetrachloride release rates using the Interim Risk Assessment
inventory (2x) and the preliminary 5x inventory estimate.
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Figure 5-65. Comparison of carbon tetrachloride cumulative release using the Interim Risk Assessment

inventory (2x) and the preliminary 5x inventory estimate.
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Figure 5-66 compares carbon tetrachloride concentrations in groundwater at the southern boundary
of the SDA for the IRA and 5x inventories, as predicted by the Sondrup (1998) model. The predicted
peak concentration for the recalibrated model using the IRA inventory is 337 µg/L and occurs in calendar
year 2110, while the peak concentration for the 5x inventory is 740 µg/L and occurs in calendar
year 2165, over 50 years later. The recalibrated model using the IRA inventory is close to the result using
the original IRA model (304 µg/L) published in Magnuson and Sondrup (1998). The difference is
attributable to modifications made to the IRA model and to the new calibration of the VOC model from
Sondrup (1998).
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Figure 5-66. Comparison of simulated carbon tetrachloride concentrations in the aquifer near Well MlOS
for the Interim Risk Assessment and revised inventory estimates.

Results show that the 5x inventory (which is 2.5x larger than the IRA inventory) produced a peak
groundwater concentration 2.2x larger than the IRA inventory. While the results are not a direct 1:1
correlation, they are close enough that a 1:1 correlation is reasonable and appropriate in light of the
uncertainties. Therefore, because the ABRA revised best-estimate inventory is 3.6x larger than the IRA
inventory, it is appropriate to assume that peak groundwater concentration from the ABRA revised best-
estimate inventory could be 3.6x larger than the IRA peak concentration, or 1,094 µg/L (3.6 x 304 µg/L).
This value should be thought of as an upper-bound estimate of peak concentration based on the following
logic. The IRA inventory can be considered the minimum amount necessary to generate the carbon
tetrachloride plume as observed in 1995. This is because it was necessary to release essentially all of the
IRA inventory before 1995 and also use fairly extreme values for key model parameters to keep enough
contamination in the subsurface to recreate the observed plume. When simulating the 5x inventory
(Sondrup 1998), all additional mass above the minimum amount necessary to generate the plume was
released after the calibration period because the release rate was essentially the same as the IRA model up
to 1995. This additional mass, coupled with the model parameters designed to keep mass in the
subsurface, produces high groundwater concentrations. These high groundwater concentrations can be
considered upper-bound impacts to groundwater because if the same model parameters that were adjusted
to keep mass in the subsurface were conversely relaxed, more mass would escape to the atmosphere,
meaning a larger inventory could be tolerated by increasing the release rate. This, in turn, would reduce
impact to groundwater.
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Assuming a 1:1 correlation between inventory and peak groundwater concentration, groundwater

impacts for the other VOC COPCs were estimated by scaling the IRA modeling results using a ratio of

the ABRA revised best-estimate inventory to the IRA inventory. Table 5-26 contains estimated peak

groundwater concentrations for the three VOC COPCs.

Table 5-26. Estimated peak groundwater concentrations for revised inventories of volatile organic

compound contaminants of potential concern.

Interim Risk Assessmenta
Peak Groundwater

Ratio of Ancillary Basis for Risk
Analysis Revised Best-Estimate

Estimated Peak
Groundwater

Contaminant of Concentrations Inventory to the Interim Risk Concentrations

Potential Concern (p.g/L) Assessmenta Inventory (µg/L)

Carbon tetrachloride 304 3.6 1094

Methylene chloride 487 0.5 244

Tetrachloroethylene 127 2.0 254

a. Interim Risk Assessment (Becker et al. 1998) concentrations were calculated using a 30-year running average.

Though the predicted peak groundwater concentration occurred later in time for the Miller and

Varvel (2001) inventory simulation when compared to the IRA simulation, the ABRA simply used scaled

IRA results without regard to timing.

Soil concentrations and surface gas fluxes used to calculate ingestion and inhalation risks also were

scaled based on the inventory ratio. This is likely a more conservative approach than it was for

groundwater because the surface soil concentrations and surface fluxes are very closely tied to release

rates. Because the 5x release rate was made to look similar to the IRA release rate (see Figures 5-64 and

5-65), it can be expected that the soil concentrations and surface fluxes are also similar. However, given

that the release rate could have been higher for a larger inventory, as discussed previously in this section,

it is reasonable that soil concentrations and flux results also can be scaled using the inventory ratio.

5.3.4 Impact of Vapor Vacuum Extraction on Volatile Organic Compound

Concentrations

In January 1996, OU 7-08 began operation of a multi-well VVE system inside the SDA to remove

gas-phase VOCs from the subsurface. This system has operated on a nearly continuous basis since 1996

and removed more than 45,000 kg (99,000 lb) of total VOCs from the subsurface.

Estimated concentrations and fluxes discussed in the previous section are base case estimates,

taking no account for remedial actions such as those performed for OU 7-08. Operation of the VVE

system has reduced vadose zone soil gas concentrations and perched water concentrations considerably in

many locations and will certainly reduce future impacts to groundwater; however, the full extent is not

known at this time. Also, it appears that sufficient mass may be remaining in both the source and vadose

zone (Sondrup 1998) to necessitate continued operation of the VVE system in order to meet the OU 7-08

ROD objectives. Therefore, OU 7-08 will continue to monitor VOC concentrations and predict plume

development caused by operation of the VVE system and future releases.
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5.4 Biotic Transport

The biotic pathway model predicts the transport of contaminants to the surface through plant
intrusion or animal burrowing. Selection of DOSTOMAN for the biotic pathway model for the ABRA is
detailed in Becker (1997). The following subsections describe how the DOSTOMAN code was used to
predict surface concentrations of contaminants at the SDA.

Unlike other WAGs, the contaminants at WAG 7 are buried under an average of 1.5 m (5 ft) of soil
cover. The contaminants must be brought to the surface to enable human contact with contaminants. One
possible mechanism for the contaminants to be brought to the surface is biotic transport, which has been
measured at the INEEL. The 1.5-m (5-ft) soil cover at WAG 7 is not deep enough to prevent intrusion
into the waste by the deeper burrowing animals and rooting plants; therefore, biotic transport was
modeled for WAG 7.

5.4.1 Biotic Model Methodology

The DOSTOMAN code was used to predict the amount of contaminants brought to the surface.
Yearly average concentrations were computed for the SDA. Four successive phases have been addressed
that describe transition from the current disturbed setting back to a native vegetation mixture. The
processes modeled using DOSTOMAN include animal burrowing, burrow collapse, plant uptake,
radioactive decay, and leaching of contaminants from infiltrating water. Loss caused by erosion or surface
runoff was not modeled. Neglecting erosion and surface runoff is conservative because it leads to higher
surface concentrations at the SDA. The effect of including erosion would be to remove contaminant mass
from the surface and, thereby, reduce the soil concentration to which the receptor would be exposed. The
effect would be offset by the reduced depth to the waste and the enhanced intrusion. However, the erosion
scenario is not appropriate for the SDA because it is a depositional environment (Hackett et al. 1995).

The SDA has been used for shallow land disposal since 1952. The possibility exists that animals
and insects on or adjacent to the SDA could serve as mechanisms of transport or accumulation of
contaminants at the surface. The DOSTOMAN code was used to simulate the movement of contaminants
by plant uptake, as well as animal and insect excavation, to evaluate the transport of contaminants through
biota. Release of nonvolatile contaminants to the surface environment involves mechanical transport of
waste to the surface. The mechanical transport can be simulated using a compartmentalized model that
provides for flora to uptake waste and burrowing animals to burrow into the waste and deposit it at the
surface. The compartmentalized modeling approach has been used (Shuman, Case, and Rope 1985) to
model the movement of radionuclides at the INEEL with the DOSTOMAN code (Root 1981).

Subsurface contamination at the SDA can be moved to the surface and near-surface soil profile
through root assimilation. Once transferred to aboveground plant structures, contamination may be
transported by primary consumers through the food web or accumulate in the surface soil through plant
death and decay. Most of the SDA has been seeded with crested wheatgrass (Agropyron cristatum) to
reduce moisture infiltration and erosion. Russian thistle (Salsola kali) has invaded disturbed areas that
have not been seeded successfully with grass. The vegetation surrounding the SDA is dominated by big
sagebrush (Artemisia tridentata), green rabbitbrush (Chrysothamnus viscidiflorus), and bluebunch
wheatgrass (Pseudoroegneria spicata).

Redistribution of soil by burrowing animals may impact mobility of buried waste through transport
enhancement, intrusion and active transport, and secondary transport (Arthur and Markham 1982;
Cline et al. 1982). Four rodent species account for more than 90% of the composition of small mammals
inhabiting the crested wheatgrass and Russian thistle habitat types at the SDA. These are Townsend's
ground squirrel (Spermophilus townsendii), 4%; Ord's kangaroo rat (Dipodomys ordii), 10%; montane
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vole (Microtus montanus), 23%; and the deer mouse (Peromyscus maniculatus), 57% (Groves and

Keller 1983).

Evidence exists that harvester ants (Pogonomyrmex salinus) are active at the INEEL. The sampling

of harvester ant nests at TRA ponds suggests that the ants redistribute radionuclide concentrations in soil

and the effect is seen mainly in the mound material (Blom, Johnson, and Rope 1991). In addition,

harvester ants appear to have transported radioactive contaminants at the Boiling Water Reactor

Experiment I site (Blom, Johnson, and Rope 1991) where a zone of surface contamination was covered

with a layer of gravely soil at least 15 cm (6 in.) deep. Harvester ants also exhibit a preference for

disturbed conditions similar to those found on the SDA (Fitzner et al. 1979; McKenzie et al. 1982).

The DOSTOMAN code mathematically simulates movement of contaminants from subsurface

source compartments to overlying sink compartments by solving a system of differential equations at

specified time steps. The general equation is shown below:

N N

dQn / dt = Ea,„,mQm-Exm,nQn-A.RQ.±-sn
m=1 m=1

where

(5-5)

Qn = quantity of contaminant in compartment n (g)

Qm = quantity of contaminant in compartment m (g)

Xn,m = rate constant for the transport of contaminants from compartment m to compartment n

(yew' 1)

Xm,n = rate constant for the transport of contaminants from compartment n to compartment m

(yew' 1)

XR = decay constant for the contaminant (year-1)

Sn = source or sink term in compartment n (g/year)

N = total number of subsurface source compartments under consideration.

The first summation term in Equation (5-5) is the sum of all input rates to compartment n. The

second summation term includes all rate-constant losses from compartment n. The remaining two terms

include contaminant decay and the gain or loss in compartment n from sources or sinks.

At specified time increments, the system of differential equations presented by Equation (5-5) for

n compartments can be solved to determine the contaminant inventory Qn for each compartment. Details

of the mathematical approach for determining a solution are given in Root (1981).

The DOSTOMAN model is represented graphically in Figure 5-67. Up to eight contaminants can

be modeled in a single run. The figure shows only two components that are part of a single decay chain.

This simplification was used to illustrate how the model was set up. The first contaminant mass is

contained in the dotted blue box at the left of Figure 5-67. Waste zones are represented by the two red

boxes at the bottom of the figure. Once mass is released from the waste by the source term model, the

mass amount is input into the waste zones. Empty black boxes above the waste zone represent the

5-130



Contaminant 1 Contaminant 2

RADIOACTIVE DECAY

PLANT
COMPARTMENT

PLANT
DEATH

SURFACE

PLANT
COMPARTMENT

RADIOACTIVE DECRY

PLANT
DEATH

'
C
A
N
T
 U
P
T
A
K
E
 

SOIL RADIOACTIVE DECAY1

..LEACHING BURROW COLLAPSE

SOIL
I

RADIOACTIVE DECAY

SOIL RADIOACTIVE DECAY

LEACHING BURROW COLLAPSE

LEACHING BURROW COLLAPSE

SOIL RADIOACTIVE DECAY

SOIL RADIOACTIVE DECAY 

LEACHING BURROW COLLAPSE

FA CHING BURROW COLLAPSE

SOIL. RADIOACTIVE DECAY

SOIL RADIOACTIVE DECAY 

LEACHING BURROW COLLAPSE

  SOIL RADIOACTIVE DECAY

LEACHING BURROW COLLAPSE

SOIL RADIOACTIVE DECAY

LE ACHING BURROW COLLAPSE

SOIL RADIOACTIVE DECAY

J.G. BURROW COLLAPSE

WASTE
ZONE

RADIOACTIVE DECAY

LEACHING BURROW COLLAPSE 1

• I

SOIL RADIOACTIVE DECAY

LEACHING BURROW COLLAPSE

SOIL RADIOACTIVE DECAY

BURROW COLLAPSE

LEACHING BURROW COLLAPSE LEACHING BURROW COLLAPSE

RADIOACTIVE DECAY; RADIOACTIVE DECAY

LEACHING BURROW COLLAPSE LEACHING BURROW COLLAPSE

SINK COMPARTMENT

Figure 5-67. DOSTOMAN biotic modeling.
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individual soil compartments. The green shaded box at the upper left corner is the plant compartment.

Contaminant mass is assimilated by the plants and becomes part of the plant compartment, which is

represented by the green lines that come from the waste zone and the individual soil zones to the plant

compartment.

The mass of contaminant that is assimilated by plants is released when the plants die. Plant death is

represented by the blue line from the plant compartment to the surface compartment. In reality, plant

death contributes contaminant mass to all the soil compartments; however, for simplicity, the contaminant

is shown as going only to the surface compartment.

Contaminant movement is represented by the purple line from the individual compartments to the

surface compartment. Contaminant mass can be removed from an individual compartment by leaching or

burrow collapse, which effectively moves mass to the next lower compartment and is represented by the

gray lines in Figure 5-67.

Radioactive contaminants decay. If a stable isotope decays, the lost mass goes to the sink

compartment; that is, the stable isotopes are not hazardous and are no longer tracked. However, if another

radioactive isotope in a decay chain decays, then the mass is transferred to the set of compartments seen

on the right of Figure 5-67 (in the purple dotted box labeled Contaminant 2). The contaminant mass can

be transported by all the same mechanisms as the original isotope. The transport rates are controlled by

the properties (e.g., plant uptake factors or soil-to-water partition coefficient) of each isotope. The

contaminant blocks were repeated for each contaminant modeled in a single simulation. Contaminants in

any given compartment were assumed in the modeling to be available for transport by animals that

burrow into a compartment even though they may not burrow as deeply as the waste. In addition,

shallow-rooted plants were assumed to be able to uptake contaminants in nonwaste compartments.

Uptake of contaminants by sagebrush was not modeled during the occupational period because it

was assumed that current RWMC operations would inhibit growth of sagebrush during the period of

institutional control. It also was assumed that maintenance of the SDA surface soil would continue during

the institutional control period. Contaminant mass available is 23.2% of the mass released from the source

term model. This accounts for the burying of much of the waste more deeply than the plant roots or

animal burrows are expected to go. Average depth to basalt is 5.3 m (17.5 ft) with 1.5 m (5 ft) of

overburden and 0.6 m (2 ft) of underburden. The 1.5-m (5-ft) overburden is the weighted average of

thickness of overburden based on recent survey results. The 0.6-m (2-ft) underburden is based on current

operational practices. Therefore, the average waste thickness is 3.2 m (10.5 ft). Maximum depth of biotic

intrusion is 2.3 m (7.6 ft) of which 1.5 m (5 ft) is overburden. Therefore, the fraction of the waste that is

available for uptake is 0.8/3.2 m (2.6/10.6 ft) or 25%.

5.4.2 Methodology for Determining DOSTOMAN Rate Constants

Transport and uptake parameters are determined using applicable literature. The biotic transport

rate constants allow the determination of radionuclide and nonvolatile chemical movement between the

contaminated waste compartment and overburden compartments. The generic symbol for the rate

coefficient for compartment n to compartment m is The specific coefficients for each process are

defined below. A superscript is used to identify the coefficients for an individual process such as plant

uptake. For example, the plant uptake rate coefficient for compartment n to compartment m is AP,„'",. These

coefficients are then used as shown in Equation (5-1) to determine soil contaminant concentrations. The

plant death-rate constant determines the rate at which biomass dies and decays in the soil of each

compartment. The rate constant is given by the following expression:
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N

XPZ = ER1-FBAG) x FDi X FPi,m + (FBAG; X Fn )surface-
i=1

where

1PD
m,n =

FBAG, =

FD, =

FP,,,T, =

N =

death-rate constant for each plant in each compartment m (year-1)

fraction of total biomass of plant species i that is aboveground

fraction of belowground biomass of plant species i that dies annually (years)

fraction of belowground mass of plant i in soil compartment m

number of plant species.

(5-6)

The second term in this expression is used only in the uppermost (surface) soil compartment. This
term accounts for aboveground biomass that is assumed to enter the uppermost soil compartment
(surface) at a rate equal to the annual death rate. The second term is deleted for all other soil
compartments. The death-rate constant is calculated for each plant species, which is then summed to give
an aggregate death-rate constant for each soil compartment.

Data for plant death and plant uptake were compiled from both INEEL-specific and outside
literature. All source references, data reviews, and compilations have been summarized in Hampton and
Benson (1995) and Hampton (2001).

The current scenario reflects plant production over a period of 100 years, during which time the
current vegetation community is maintained. Community composition for future scenarios was modeled
for four separate periods to replicate change in community structure over time (e.g., 100 to 130,
130 to 150, 150 to 200, and greater than 200 years).

Plant-age composition for current and future scenarios was assumed to remain constant over the
modeled periods. Biomass calculations were based on a total community production and fractional
contributions of individual plant species (NRCS 1981). Successional trends of the SDA from the current
vegetation community were assumed to result in a natural community similar to sagebrush-grass
communities surrounding the RWMC and other parts of the region (Anderson 1991; Anderson and
Inouye 1988; NRCS 1981).

Where possible, best-estimate input values from studies conducted in disturbed soil were used for
the current scenario and values from undisturbed studies for 100+-year scenarios. Average values from
studies with the greatest sample size were given preference and the largest average was selected if there
were no differences in sample sizes. If no average was reported, a median value was calculated from a
published range. Otherwise, the smallest reported maximum value from all studies was selected. Data
specific to the INEEL were selected over off-Site data unless the study was flawed or somehow less
applicable; for example, plants grown in media other than native soil.

5.4.3 Flora—Current Scenario

The vegetation cover on the SDA comprises two species: crested wheatgrass (Agropyron
cristatum) and Russian thistle (Salsola kali) (Arthur and Markham 1982). Biomass and rooting depths for
these species are summarized in Table 5-27. The total average community biomass (aboveground and
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belowground) was estimated as approximately 11,000 kg/ha (2.2 ton/ha) for current SDA conditions
(Arthur and Markham 1982).

Table 5-27. Fractional root distribution for individual plant species for the current scenario.

Depth
(cm)

Crested
Wheatgrassa Russian Thistlea

0 to 15 0.35 0.22
15 to 30 0.25 0.21
30 to 45 0.10 0.21
45 to 90 0.23 0.23
90 to 135 0.04 0.10
135 to 180 0.03 0.03
180 to 225 0 0.02
225 to 270 0 0

a. Reynolds (1990).
Note: Data in bold are specific to the Idaho National Engineering and Environmental Laboratory.

The composition was assumed to remain constant through 100 years of maintenance of current
conditions. Rooting depths and root mass distribution are summarized on Table 5-28. The maximum
rooting depth for crested wheatgrass is not expected to reach a depth sufficient to penetrate the waste
matrix during the current scenario. However, Russian thistle can penetrate into the waste zone during the
current occupational scenario. The establishment of sagebrush and other deeper rooting shrub species is
controlled on the SDA; therefore, those species were not included as components for the current scenario.

5.4.4 Flora-100+-Year Scenario

The 100+-year scenario for vegetation consists of several phases in which transitional changes in
the current SDA community composition result in reestablishment of a natural sagebrush and bunchgrass
community (Anderson and Inouye 1988; Anderson et al. 1978; NRCS 1981). The composition of
different species for communities modeled after 100 years is presented in Table 5-28, which summarizes
the biomass and maximum rooting depth of the individual species for each transitional phase.
Composition and percent biomass for successive increments are based on Arthur and Markham (1982),
Anderson and Inouye (1988), Hull and Klomp (1974), Anderson et al. (1978), and Anderson (1991).

Table 5-28. Fractional root distribution for individual plant species for the 100+-year scenario.

Depth
(cm)

Crested
Wheatgrassa

Russian
Thistle' Sagebrush'

Greenb
Rabbitbrush

Bluebunch
Wheatgrassa

Needle
and

Thread'
Grasses

Other'
Grasses Forbsa

Other
Shrubsb

0 to 15 0.35 0.22 0.21 0.125 0.35 0.35 0.35 0.22 0.12
15 to 30 0.25 0.21 0.20 0.10 0.25 0.25 0.25 0.21 0.10
30 to 45 0.10 0.21 0.20 0.07 0.10 0.10 0.105 0.21 0.07
45 to 90 0.30 0.23 0.23 0.45 0.23 0.20 0.23 0.23 0.45
90 to 135 0 0.10 0.13 0.20 0.04 0.05 0.065 0.10 0.20
135 to 180 0 0.03 0.015 0.04 0.03 0.05 0 0.03 0.04
180 to 225 0 0 0.015 0.015 0 0 0 0 0.02
225 to 270 0 0 0 0 0 0 0 0 0
a. Reynolds (1990). Adjusted for
b. McKenzie et al. (1982).

maximum depths given on Table 5-28.

5-134



Biomass calculations for the three periods (130 to 150, 150 to 200, and greater than 200 years) are
based on average yearly above land-surface estimates of 1,490, 2,030, and 1,000 kg/ha, respectively (see
Table 5-27). Root mass distribution with depth for this scenario is contained in Table 5-29. Sagebrush and
similar shrubs (e.g., gray rabbitbrush [Chrysothamnus nauseosus]) are expected to attain maximum
rooting depths with maximum shrub density developing at 200 years.

The other plant-rate constant is plant uptake, which simulates uptake of contaminants into the plant
biomass. The death of the plants returns the contaminants to the soil compartments. The equation
describing the uptake constant is shown in Equation (5-7).

= E(BV x PP; x FPi,m) MSm
i=1

where

= plant uptake rate constant (year-1)

By = plant bioaccumulation factor ([mg/g plant]/[mg/g soil])

PP; = annual plant productivity (g/year) for all plants of species i

= fraction of root mass of all plant species i in soil compartment m

MS,, = mass of soil in compartment m (g)

number of species.

The annual plant productivity (PP,) can be found by using Equation (5-8):

PP, = SB, x (RS, + 1) x FN, x SA

where

PP; = annual plant productivity

SB; = shoot biomass per unit area for species i (g/m2)

RS; = root-to-shoot ratio for species i

FN; = fraction of total biomass produced each year (1/year)

SA = surface area of the SDA (m2).

(5-7)

(5-8)
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Table 5-29. Estimated parameters for the uptake of plant species for the Subsurface Disposal Area for current and 100- to 200+-year scenarios.

Plant Species

Current Scenario 100
+
-Year Scenarios

Fraction Fraction
Root-to-Litterfall Root Death

Shoot Ratio (Year- f)a (Year-l)b

Maximum
Root Depth
(cm)

Fraction of
Total Biomassa

Maximum
Root Depth
(cm)

Fraction of
Total

Biomass
130 Yearsd

Fraction of Total Fraction of
Biomass Total Biomass
150 Yearsd 200+ Yearsd

Crested wheatgrass 8e 1 0.5 150f 0.75 75g 0.55 0.30

Russian thistle 1.4b 1 1 172" 0.25 172" 0.15

Sagebrush 1.3a 0.50f 0.5 220f 0.05 0.10 0.20

Green rabbitbrush 1.3e O. 85f 0.5 200f 0.11 0.06 0.05

Bluebunch wheatgrass 8e 1 0.5 150' 0.03 0.05 0.10

Needle and thread
grasses

9' 1 0.5 139' 0.02 0.09 0.10

Other grasses 9i 1 0.5 100fJ 0.05 0.20 0.29

Forbs 1.5b 0.8a 145h 0.02 0.10 0.15

Other shrubs 1 . 5 b 1 0.8a 183k 0.02 0.10 0.11

Community aboveground biomass 1,490 1,490 1,700 800
(kg/ha)

Community root-to-shoot ratio 6.35 5.57 5.70 5.22

a. Estimate based on root-to-shoot and fractional root depths for grass and shrub species presented in Becker et al. (1994).

b. Becker et al. (1994).

c. Arthur (1982); Arthur and Markham (1982).

d. Composition and percent biomass based on successive increments based on data presented in Arthur (1982); Anderson and Inouye (1988); Anderson (1991).

e. Hull and Klomp (1974).

f. Reynolds and Fraley (1989).

g. Abbott, Fraley, and Reynolds (1991).

h. Klepper, Gano, and Caldwell (1985).

i. Pearson (1965).

j. McKenzie et al. (1982).

k. For gray rabbitbrush from Klepper et al. (1979).

Notes: Data in bold are specific to the Idaho National Engineering and Environmental Laboratory.

- = Plant species is not present for this scenario.



Mass of soil in compartment m (MSm) can be found by using the following equation:

MSm = VCm X P

where

MSm =

VCm =

P =

mass of soil in compartment m

volume of compartment m (cm3)

density of soil (1.5 g/cm3).

Plant uptake constants are determined for each plant species in each compartment and then
summed to produce the aggregate uptake rate constant for that compartment.

(5-9)

Movement of contaminants by burrowing animals and ants requires soil transport rate constants.
The equation describing calculation of the soil transport rate constant is as follows:

VAn = X ma X FNB1 X FBi,m)/ MSm

where

1=1

Alt,n = soil transport rate constant (year-I)

= number of individual animals in species i

MB; = mass of soil moved to the surface per individual by species i (g)

FNB; = fraction of new burrows per year for species i (year"')

FB;,m = fraction of burrows of species i in soil compartment m

MSm = mass of soil in compartment m (g)

N = number of species.

(5-10)

A soil transport rate constant is calculated for each compartment for each species that burrows in
that compartment. Constants for each species are summed to produce the aggregate soil transport rate
constant for each compartment. The predominant effect produced by this constant occurs when a
burrowing animal digs directly into the waste and transports it to the surface.

Burrowing animals enhance waste transport through intrusion activities that move contaminants to
the surface. The DOSTOMAN biotic transport model includes the contributions of both burrowing
mammals and harvester ants. Data were compiled from SDA- and INEEL-specific and outside literature.

5.4.5 Fauna—Current Scenario

Composition of burrowing species, population density, burrow volumes, and average burrow
depths reflecting estimated current burrowing activity at the SDA are shown in Table 5-30. Burrow
distribution with depth for individual species is listed in Table 5-31. Burrow distributions with depth for
the current scenario are based on average burrow depths and the soil profile was assumed to be disturbed.
No animals are expected to attain burrow depths sufficient to exceed the current overburden thickness of
1.5 m (5 ft) (calculated average). The deepest average burrow depths are 1.4 m (4.5 ft) for harvester ants
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and 1.3 m (4.3 ft) for Townsend's ground squirrels (see Table 5-30). Species densities (see Table 5-32)

are based primarily on previous studies of the SDA by Groves (1981), Groves and Keller (1983), Koehler

(1988), Boone (1990), and Boone and Keller (1993). Burrow volume, depth, composition, and average

population densities were assumed to remain constant for 100 years, assuming institutional controls

maintain current conditions over that period (see Tables 5-31 and 5-32).

5.4.6 Fauna-100+-Year Scenario

The composition of the animal community for the 100+-year scenario was altered to reflect changes

as the vegetation community is transformed to simulate conditions at the Site if institutional controls were

discontinued. The composition, burrow depth, volume, and density of species for the 100+-year modeled

periods are summarized in Table 5-33. The fractional burrow distribution for each individual species is

presented in Table 5-33. Burrow distributions with depth for the 100+-year scenario are based on average

burrow depths and undisturbed soil profiles. While rodent populations fluctuate widely from year to year

(Boone and Keller 1993), the population densities presented are average species compositions and

population levels over time.

Leaching from a compartment is computed using the following equation:

Am,m+1 =

where

P

OR Tm

Am,m+1

P

9

R

T

= leach rate coefficient for compartment m (year-1)

net infiltration (m/year)

volumetric moisture content (unitless)

contaminant-specific retardation coefficient (unitless)

thickness of compartment m (m).

(5-11)
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Table 5-30. Small-animal density and burrowing parameters for the current scenario.

Burrowing Animal
Speciesa

Population
(Individuals
per Hectare)a

Maximum Depth
(cm)

Burrow
Volume
(L)

Number of New
Burrows

(per Year)b

Townsend's ground squirrel 5 130c 9.4` 0.75

Ord's kangaroo rat 5 90c 73C 0.87

Deer mouse 17 50c 1.3` 0.87

Montane and sagebrush voles 30 40` 2.1c 0.87

Great Basin pocket mouse 15 77d 6.8d 0.75

Western harvester ant 13e 138f 2.4g 0.1e
a. Mammal species composition and populations are based on studies
Koehler (1988), Boone (1990), and Boone and Keller (1993).

b. McKenzie et al. (1982).

c. Reynolds and Laundre (1988).

d. Landeen and Mitchell (1981).

e. Blom, Clark, and Johnson (1991).

f. Gaglio et al. (1998).

g. Fitzner et al. (1979).

Note: Data in bold are specific to the Idaho National Engineering and Environmental Laboratory.

conducted on the SDA by Groves (1981), Groves and Keller (1983),

Table 5-31. Burrow volume and fraction of volume excavated at depth by small animals for the current
scenario.

Depth of Disturbed Townsend's
Soil (cm) Ground Squirrela

Ord's
Kangaroo

Rata Deer Mousea Volesa
Great Basin Pocket

Mouseb

Fraction of Volume

0 to 15 0.06 0.16 0.38 0.46 0.24

15 to 30 0.18 0.13 0.29 0.46 0.24

30 to 45 0.34 0.23 0.25 0.08 0.24

45 to 90 0.24 0.47 0.08 0 0.29

90 to 135 0.18 0 0 0 0

135 to 180 0 0 0 0 0

180 to 225 0 0 0 0 0

225 to 270 0 0 0 0 0

Total burrow
volume (L)

9.4 7.3 1.3 2.1 6.8

a. Reynolds and Laundre (1988); Reynolds and Wakkinen (1987).

b. McKenzie et al. (1982).
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Table 5-32. Small-animal density and burrowing parameters for the Subsurface Disposal Area 100+-year

scenario.

Species'

Number
per Hectare'

Current/100+ Years
Average Depth

(cm)
Burrow Volume

(L)
New Burrows
(Year-1)h

Badger 1/3 180' 318.0h'd 3
(diameter =30 cm,
length = 450 cm)

Deer mouse 17/30 24e 1.7e 0.87

Great Basin pocket mouse 15/25 44.4f 5.6f 0.75

Least chipmunk 3/8 17.5g 5.5g 0.75

Montane and sagebrush voles 30/10 23' 1.5' 0.87

Northern pocket gopher 7/7 13.4h 5.5h4 0.75

Ord's kangaroo rat 8/5 34' 7.2' 0.87

Rabbits 8/20 150 87.0d 0.75
(length = 170 cm)

Townsend's ground squirrel 5/5 128e 8.2e 0.75

Western harvester ant 201/361 138k 7.014 0.1

a. Compiled from Groves (1981), Groves and Keller (1983), Koehler (1988), Boone (1990), and Boone and Keller (1993) unless otherwise

noted.
b. Lindzey (1976).
c. McKenzie et al. (1982).
d. Calculated from data presented in reference.
e. Reynolds and Wakkinen (1987).
f. Landeen and Mitchell (1981).
g. Laundre (1989a).
h. Winsor and Whicker (1980).
i. Reynolds and Laundre (1988).
j. Blom, Clark, and Johnson (1991).
k. Gaglio et al. (1998).
1. Fitzner et al. (1979).
Note: Data in bold are specific to the Idaho National Engineering and Environmental Laboratory.

5-140



vi.

Table 5-33. Burrow volume and fraction of volume excavated at depth by small animals for the 100+-year scenario in undisturbed soil.

Depth
of

Undisturbed
Soil
(cm)

Townsend's
Ground
Squirrel'

Ord's
Kangaroo

Rata Deer Mouse' Voles'

Northern
Great Basin Pocket

Pocket Mouseb Gopherb
Least

Chipmunk' Badgerb Rabbits"

Western
Harvester

Ant

Fraction of Volume

0 to 15 0.08 0.21 0.32 0.46 0.32 0.98 0.48 0.21 0.17 0.21

15 to 30 0.18 0.29 0.68 0.54 0.31 0.02 0.52 0.21 0.17 0.21

30 to 45 0.08 0.14 0 0 0.37 0 0 0.20 0.17 0.21

45 to 90 0.11 0.36 0 0 0 0 0 0.19 0.17 0.15

90 to 135 0.55 0 0 0 0 0. 0 0.10 0.17 0.12

135 to 180 0 0 0 0 0 0 0 0.09 0.15 0.10

180 to 225 0 0 0 0 0 0 0 0 0 0

225 to 270 0 0 0 0 0 0 0 0 0 0

Total
burrow
volume (L)e

8.2 7.2 1.7 1.5 5.6 5.5 5.5 170 87 2.4

a. Reynolds and Laundre (1988).
b. McKenzie et al. (1982).
c. Laundre (1989a; 1989b).
d. Wilde (1978).
e. Total burrow volumes from Appendix C, Table C-3.
Note: Data in bold are specific to the Idaho National Engineering and Environmental Laboratory.



Burrow collapse is computed using the burrow compartment mass excavation given in

Equation (5-12). The lowest compartment receives mass from the middle compartment equal to the

amount of soil moved to the surface from the lowest compartment. The middle compartment receives

mass from the upper compartment equal to mass moved to the surface from both the first and second

compartments. This way mass removed by burrowing is replaced by burrow collapse from the

compartment above. Total mass moved into any compartment by burrow collapse is equal to mass

removed from that compartment plus total mass moved to the surface from all compartments below. The

equation for computing the burrow collapse for a compartment is shown in Equation (5-12):

n1 Tn

Xcrn,n =

i=1 Ti

where

(5-12)

X4. = burrow collapse rate constant (year-I)

XL = soil transport rate constant for compartment i (year-1) for burrowing animals

T, = thickness of compartment n (m)

T, = thickness of compartment i (m)

nl = the number of compartments lower than compartment i.

5.4.7 Biotic Model Calibration.

The biotic model was not calibrated for two reasons. First, data from surface sampling are

inconsistent and probably reflect past operational releases and flooding events rather than biotic uptake.

In addition, ongoing recontouring efforts have made data for surface concentrations less useful for

calibration purposes. Concentrations of Cs-137 and Co-60 decrease more rapidly than can be accounted

for by decay or leaching. Rapid decrease is believed to be caused by the sampling of clean soil used in

recontouring. Second, regardless of which potential remedy is selected, it is assumed that some form of

recontouring and capping of the waste will be required. Any additional cover would tend to eliminate the

potential for biotic intrusion into the waste. With this assumption, effort to calibrate to suspect data did

not seem appropriate. If the assumption of additional cover is not appropriate in the future, then additional

work on the biotic model would be warranted at that time.

5.4.8 Summary

The DOSTOMAN biotic model was used to predict surface soil concentrations for use in the

exposure assessment. The concentrations are believed to be conservative for the processes modeled.

However, operational releases and flooding releases were not simulated. The biotic model was not

calibrated to measured soil concentrations because (a) soil data were inconsistent for many contaminants,

(b) the surface of the SDA is routinely modified by subsidence repair and recontouring, and (c) some

form of covering with additional material (i.e., a cap) will be implemented as a component of any

remedial action at the SDA. An appropriately designed cover would eliminate the possibility of biotic

intrusion into the waste.
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5.5 Summary and Conclusions

Modeling presented in this section is the basis for analysis of risk, remedial alternatives, and
remedial decisions for OU 7-13/14. Except for the VOC COPC analysis, modeling in the ABRA is
improved compared to the IRA model. Improvements in the inventory and results of characterization
activities have been successfully incorporated. Table 5-34 summarizes improvements in the ABRA
models compared to the modeling implemented for the IRA. However, results must be considered in the
context of uncertainties inherent in the modeling relative to conceptual models and parameterization of
the conceptual model that was implemented. For discussion of uncertainties, see Section 6.

Table 5-34. Summary of improvements in the remedial investigation/feasibility study models compared to
the Interim Risk Assessment models.

Topic

Contaminant
screening

Source term
inventory

Source
discretization

IRA Approach

Assessed 91 radioactive and
chemical contaminants
(53 quantitatively in 11 groups
and 38 qualitatively)

Contaminant Inventory
Database for Risk Assessment
(CIDRA) best-estimate
inventories through 1993 used
for limited calibration,
upper-bound inventories used
for base case risk estimates,
and projected inventories not
assessed.

Three time periods reflecting
the types of disposal
operations that were simulated
are: 1950 to 1970, 1971 to
1983, and 1983 to 1993

Modifications for the
Ancillary Basis for Risk

Analysis

• Simulated fate and transport
for contaminants in seven
groups.

• Only surface pathway risks
were assessed for C-137 and
Sr-90 (human health) and
ecological contaminants of
potential concern (COPCs)
using DOSTOMAN.

• Risk estimates for the three
volatile organic compound
(VOC) COPCs were scaled
from the IRA and not
remodeled by Operable Unit
(OU) 7-13/14.

(Note: OU 7-08 remodeling is
planned for calendar
year 2003.)

Corrected CIDRA
best-estimate inventories were
used to generate base-case risk
estimates. Uncertainties in
inventories were assessed by
simulating corrected upper-
bound quantities and the
projected maximum limits on
the facility disposal quantities.

The CIDRA inventories were
proportioned into 13 discrete
source areas based on shipping
information in the
WasteOScope database.

Bases for Improvement 

Eliminated contaminants were
shown in the IRA to be clearly
outside of the cumulative risk
ranges for all pathways.
Several contaminants with
1E-07 or 0.1 order of
magnitude risks or hazard
quotients (HQs) were retained
based on uncertainties
(e.g., Ac-227, Pa-231, Pb-210,
with groundwater
concentrations still rising at
the 10,000-year simulation
period; methylene chloride and
tetrachloroethylene because of
uncertain VOC disposal
quantities).

CIDRA revisions:

• Projected disposal data
replaced with actual disposal
quantities for 1994 to 1999

• Adjusted to include
estimated historical Idaho
National Engineering and
Environmental Laboratory
(INEEL) reactor operations
waste.

Revisions to CIDRA and
development of WasteOScope
database.
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Table 5-34. (continued)

Topic IRA Approach

C-14 risk Based on CIDRA upper-bound
inventories and release rates
from literature reviews of
corrosion data

• The CIDRA best-estimate
inventories were doubled for
both model calibration and
base-case risk

• The VOC mass removed by
the ongoing extraction was
not accounted for

• Conservative diffusion from
the sludge was simulated.

Uranium risk Unlimited solubility.

Volatile
organic
contaminant
mass
remaining in
the waste

Interbed
hydrologic
and transport
properties

Interbed
lithology

Infiltration
rates

Aquifer
boundary
conditions

Upgradient
contributions

Used average values estimated
from site-specific data where
available and literature values
in other cases.

Kriged available values.

Source term model used
spatially averaged value of 8.5
cm/year.

Interpolated from 1994 to
1995 measured water levels.

Upgradient contribution
assumed not to occur.

Modifications for the
Ancillary Basis for Risk

Analysis

Revised inventory, mobility
(Kd), and site-specific
corrosion rates were used.

Scaled concentrations and
risks based on inventory
corrections.

Unlimited solubility.

Included spatial variability in
hydrologic properties in the
B-C and C-D interbeds.

Used updated kriging with
additional information.

A unique infiltration rate was
implemented for each of the
13 source areas.

Additional data were used to
update the aquifer model.

Looked for upgradient
contributions but detected no
discernable impact.

Bases for Improvement 

Revised inventory (see above),
mobility, and site-specific
corrosion test data.

Disposal records showed
actual number and weight of
buried organic sludge.

Addressed solubility limits in
uncertainty based on Eh and
pH combinations possible in
waste.

• Cores collected in calendar
year 2000 were analyzed to
profile hydrologic properties

• Cores collected in calendar
year 2000 were analyzed to
improve basis for site-
specific uranium and
neptunium partition
coefficients.

New well data (e.g., interbed
tops and thicknesses from 22
vadose zone and aquifer wells
installed in
calendar year 2000).

Model change allowing
discrete infiltration rates for
each of the areas.

Water level measurements
from expanded monitoring
network.

Ongoing work to help
fingerprint isotopes and
determine if upgradient impact
exists.
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Table 5-34. (continued)

Topic

Sporadic low-
level
detections of
actinides in
aquifer

Separation of
vadose zone
and aquifer
simulation
domains for
dissolved-
phase
transport

Calibration of
vadose zone
flow model

Calibration of
aquifer flow
model

Partition
coefficient
assignments

Facilitated
transport

IRA Approach

Assumed to be anomalous or
related to upgradient
influences.

Modifications for the
Ancillary Basis for Risk

Analysis

Combined domains to consider
downgradient off-gassing.

Used perched water locations
and temporal behavior as
targets (poor results).

Steady-state calibration using
three values assigned to
specific zones in the aquifer
and a value developed by
Waste Area Group 3 to the
I-Basalt at depth.

Used data from Dicke (1997),
which included site-specific
values when available and
values from other literature.

Assumed not to occur.

Spreading area Assumed not to occur.
influences

Not included.

Separated domains for vadose
zone and aquifer.

Updated properties for the B-C
and C-D interbeds.

Steady-state calibration to
improved water-level data set
and kriged aquifer
permeabilities before
calibration.

Used data from Dicke (1997)
except for revised value for
C-14.

Three sensitivity cases
implemented using 1E-02,
1E-04, and 1E-06 fractions of
the plutonium mass.

Included influence as part of
base case and implemented
sensitivity runs with no
influence and with double the
influence modeled in the base
case.

Bases for Improvement 

Isotopic analysis (thermal
ionization mass spectrometry)
of aquifer samples from across
the INEEL delayed so results
are not available to support
this analysis.

None necessary, simply a
modeling change.

New data from core collected
from the 22 wells drilled in
1999 and 2000.

Additional water level data
from expanded monitoring
network (routinely measured
during quarterly sampling).

Site-specific 2000 core
interbed sample analysis
shows the Kd values in Dicke
(1997) for uranium and
neptunium are on the
conservative end of the range.
Dicke (1998) provides a site-
specific C-14 value of
0.1 mL/g instead of 5 inL/g.

Clemson column studies
indicate less than 1%
facilitated transport.

1999 U.S. Geological Survey
tracer test results and total
chemistry sampling to include
chlorine to bromine ratios.
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In each case, best judgment was used in implementing the source-release model and the subsurface

flow and transport model. Lack of data for calibrating the source-release model and the subsurface flow

and transport model for strictly dissolved contaminants has resulted in an ongoing monitoring program

representing considerable investment of time and expenditure of money. Eventually, results of these

monitoring activities will improve the ability to simulate processes occurring in the subsurface.

Currently, results of these models are useful in estimating potential risks to human health and the

environment and assessing appropriate remedial alternatives to mitigate unacceptable risk. However,

results must be considered in light of uncertainties associated with this analysis. Existing data sets for

dissolved-phase contaminants were inadequate for model calibration; therefore, model parameters were

not adjusted in an attempt to achieve calibration by improving agreement between simulated and observed

results. Comparisons were made to assess model predictions relative to observed results. Several

sensitivity cases were completed that indicate the results of the modeling are generally conservative.

Future activities that would improve the overall ability of the ABRA model to represent the

movement of contaminants in the subsurface include the following:

• Sensitivity of risk results to the infiltration regime through the waste was demonstrated in a

sensitivity case. This result points out the importance of continuing the monitoring and

interpretation of data being collected by the SDA Type A and B probes. Hydrologic conditions

within the waste and leachate contaminant concentrations are particularly important.

• Monitoring data from the deep vadose zone monitoring network should be incorporated to update

and improve the subsurface flow and transport model. The model used in the ABRA is

inadequately calibrated. An influence appears to exist in observed aquifer concentrations

from dissolved-phase nonsorbing transport of nitrate as well as a potential impact from hexavalent

chromium. Monitoring and data interpretation to determine if these constituents are truly useful for

model calibration should be continued. Monitoring of the vadose zone network also should be

continued to improve the delineation of the extent of lateral influence from the spreading areas

within the vadose zone.

• The low-permeability zone within the aquifer has previously been demonstrated to exert a large

influence on predicted concentrations and risks. Continued monitoring and interpretation of

ongoing tracer testing within the aquifer is necessary to improve understanding the extent of this

low-permeability zone. The flat nature of the water table in the SDA vicinity has made determining

direction of local water flow within the aquifer difficult. A proposed method to use existing

isobaric wells at the SDA to more accurately measure water levels could also improve the state of

knowledge regarding directions of groundwater flow.

• Evaluating the likelihood of fast pathways down through the interbeds should be continued. Part of

this evaluation should include taking interbed samples for measuring hydrologic and transport

properties, if any additional wells are drilled in the SDA vicinity. Spatially variable Kds in the

interbeds could not be included based on the currently available data. The data set resulting from

the calendar year 1999 drilling campaign represents a good start, but spatial structure in the Kds

could not be identified.

• Another reason to make additional measurements of hydrologic and transport properties on

interbed samples is to compare the Kds used in the ABRA for uranium and neptunium to the

distribution of measured values in Hull (2001). If the basis could be improved by increasing the

number of samples on which analyses had been conducted, the assigned Kds for the interbeds could
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be justifiably increased, which would result in substantial changes in the time period within which
concentration increases in the aquifer are simulated to occur.

• Modeling VOCs should be conducted with the improved ABRA model and should include or use
(a) new inventory data, (b) estimates of VOC mass remaining in the pits, (c) information from the
recently completed flux chamber and source-release studies, (d) updated mass removal data from
operation of the VVE system, (e) updated monitoring data, and (0 all other improvements listed in
this section (e.g., spreading area influences and aquifer flow analysis).

5.6 References

Abbott, M. L., L. Fraley Jr., and T. D. Reynolds, 1991, "Root Profiles of Selected Cold Desert Shrubs and
Grasses in Disturbed and Undisturbed Soils," Environmental & Experimental Botany 31,
pp. 165-178.

Adler Flitton, M. Kay, Carolyn W. Bishop, Ronald E. Mizia, Lucinda L. Torres, and Robert D. Rogers,
2001, Long Term Corrosion/Degradation Test Third-Year Results, INEEL/EXT-01-00036, Idaho
National Engineering and Environmental Laboratory, Bechtel BWXT Idaho, LLC, Idaho Falls,
Idaho.

Anderson, J. E., 1991, Vegetation Studies to Support the NPR Environmental Impact Statement,
NPR-DEIS-SR-003, Environmental Science and Research Laboratory, U.S. Department of Energy
Idaho Operations Office, Idaho Falls, Idaho.

Anderson, J. E., and R. Inouye, 1988, Long-Term Dynamics of Vegetation in Sagebrush Steppe of
Southeastern Idaho, Final Report, Task Order 5, Modification 21, Contract No. C84130479,
Department of Biological Sciences, Idaho State University, Pocatello, Idaho.

Anderson, J. E., R. J. Jeppson, R. J. Rjwilkosz, G. M. Marlette, and K. E. Holte, 1978, "Trends in
Vegetation Development on the Idaho National Engineering Laboratory Site," ed. 0. D. Markham,
Ecological Studies on the Idaho National Engineering Laboratory Site 1978 Progress Report,
IDO-12087, Environmental Science and Research Laboratory, U.S. Department of Energy Idaho
Operations Office, Idaho Falls, Idaho.

Anderson, S. R., D. A. Ackerman, M. J. Liszewski, and R. M. Freiburger, 1996, Stratigraphic Data for
Wells at and near the Idaho National Engineering Laboratory, Idaho, DOE/ID-22127,
U.S. Geological Survey Open-File Report 96-248, U. S. Geological Survey.

Arnett, R. C., and R. P. Smith, 2001, "WAG 10 Groundwater Modeling Strategy and Conceptual Model,"
1NEEL/EXT-01-00768 Rev. B, Idaho National Engineering and Environmental Laboratory,
Bechtel BWXT Idaho, LLC, Idaho Falls, Idaho.

Arthur, W. J., and 0. D. Markham, 1982, "Ecological Vectors of Radionuclide Transport at a Solid
Radioactive Waste Disposal Facility in Southeastern Idaho," ed. M. A. Feraday, Proceedings of the
International Conference on Radioactive Waste Management, Winnipeg, Manitoba, Canada,
September 12-15,1982, ISBN 0-919784-01-1, Canadian Nuclear Society, Toronto, Ontario,
Canada.

Arthur, W. J. III, 1982, "Radionuclide Concentrations in Vegetation at a Solid Radioactive
Waste-Disposal Area in Southeastern Idaho," Journal of Environmental Quality, Vol. 11, No. 3,
pp. 394-399.

5-147



Baca, Robert G., Swen 0. Magnuson, Hoa D. Nguyen, and Pete Martian, 1992, A Modeling Study of

Water Flow in the Vadose Zone Beneath the Radioactive Waste Management Complex,

EGG-GEO-10068, Idaho National Engineering and Environmental Laboratory, EG&G Idaho,

Idaho Falls, Idaho.

Becker, B. H., J. D. Burgess, K. J. Holdren, D. K. Jorgensen, S. 0. Magnuson, and A. J. Sondrup, 1998,

Interim Risk Assessment and Contaminant Screening for the Waste Area Group 7 Remedial

Investigation, DOE/ID-10569, U.S. Department of Energy Idaho Operations Office, Idaho Falls,

Idaho.

Becker, B. H., 1997, Selection and Development of Models Used in the Waste Area Group 7 Baseline

Risk Assessment, lNEL/EXT-97-00391, Idaho National Engineering and Environmental

Laboratory, Lockheed Martin Idaho Technologies Company, Idaho Falls, Idaho.

Becker, B. H., T. A. Bensen, C. S. Blackmore, D. E. Burns, B. N. Burton, N. L. Hampton, R. M. Huntley,

R. W. Jones, D. K. Jorgensen, S. 0. Magnuson, C. Shapiro, and R. L. VanHorn, 1996, Work Plan

for Operable Unit 7-13/14 Waste Area Group 7 Comprehensive Remedial Investigation/Feasibility

Study, INEL-95/0343, Idaho National Engineering and Environmental Laboratory, Lockheed

Martin Idaho Technologies Company, Idaho Falls, Idaho.

Becker, B. H, C. A. Loehr, S. M. Rood, and J. A. Sondrup, 1994, Risk Assessment of Remedial Objectives

for Nontransuranic Waste in Pit 9, EGG-ER-11093, Rev. 1, Idaho National Engineering and

Environmental Laboratory, EG&G Idaho, Idaho Falls, Idaho.

Blom, P. E., W. H. Clark, and J. B. Johnson, 1991, "Colony Densities of the Seed Harvesting Ant
Pogonomyrmex salinus (Hymenoptera: Formicidae) in Seven Plant Communities on the Idaho

National Engineering Laboratory," Journal of the Idaho Academy of Science, Vol. 27, No. 1,

pp. 28-36.

Blom, P. E., J. B. Johnson, and S. K. Rope, 1991, "Concentrations of 137Cs and 60Co in Nests of the

Harvester Ant, Pogonomyrex Salinus, and Associated Soils near Nuclear Reactor Waste Water

Ponds," American Midland Naturalist, Vol. 126, pp. 140-151.

Boone, J. D., 1990, Ecological Characteristics and Preferential Edge Use of Small Mammal Populations

Inhabiting a Radioactive Waste Disposal Area, M.S. Thesis: Idaho State University, Pocatello,

Idaho.

Boone, J. D., and B. L. Keller, 1993, "Temporal and Spatial Patterns of Small Mammal Density and

Species Composition on a Radioactive Waste Disposal Area: the Role of Edge Habitat," Great

Basin Naturalist, Vol. 53, No. 4, pp. 341-349.

Brooks, R. H., and A. T. Corey, 1966, "Properties of Porous Media Affecting Fluid Flow," J. Irrig.

Drain. Div., American Society of Civil Engineering, Vol. 92 (IR2), pp. 61-88.

Burgess, J. D., 1996, Tritium and Nitrate Concentrations at the RWMC, Engineering Design File

EDF-ER-024, INEL-96/204, Idaho National Engineering and Environmental Laboratory, Lockheed

Martin Idaho Technologies Company, Idaho Falls, Idaho.

Case, Marilyn J., Arthur S. Rood, James M. McCarthy, Swen 0. Magnuson, Bruce H. Becker, and

Thomas K. Honeycutt, 2000, Technical Revision of the Radioactive Waste Management Complex

Low-Level Waste Radiological Performance Assessment for Calendar Year 2000,

5-148



INEEL/EXT-2000-01089, Idaho National Engineering and Environmental Laboratory, Bechtel
BWXT Idaho, LLC, Idaho Falls, Idaho.

Cecil, L. D., J. R. Pittman, T. M. Beasley, R. L. Michel, P. W. Kubik, P. Sharma, U. Fehn, and H. Gove,
1992, "Water Infiltration Rates in the Unsaturated Zone at the Idaho National Engineering
Laboratory Estimated from Chlorine-36 and Tritium Profiles, and Neutron Logging," Proceedings
of the 7th International Symposium on Water-Rock Interaction, WRI-7, Park City, Utah.

Cline, J. F., F. G. Burton, D. A. Cataldo, W. E. Skiens, and K. A. Gano, 1982, Long-Term Biobarriers to
Plant and Animal Intrusion of Uranium Tailings, DOE/UMT-0209, Pacific Northwest Laboratory,
Richland, Washington.

Dicke, C. A., 1998, Carbon-14 Distribution Coefficients Measured from Batch Experiments on SDA
Sediments, INEEL/INT-98-00068, Engineering Design File EDF-RWMC-1011, Idaho National
Engineering and Environmental Laboratory, Lockheed Martin Idaho Technologies Company,
Idaho Falls, Idaho.

Dicke, C. A., 1997, Distribution Coefficients and Contaminant Solubilities for the Waste Area Group 7
Baseline Risk Assessment, INEL/EXT-97-00201, Idaho National Engineering and Environmental
Laboratory, Lockheed Martin Idaho Technologies Company, Idaho Falls, Idaho.

DOE-ID, 1998, Addendum to the Work Plan for the Operable Unit 7-13/14 Waste Area Group 7
Comprehensive Remedial Investigation/Feasibility Study, DOE/ID-10622, U.S. Department of
Energy Idaho Operations Office, Idaho Falls, Idaho.

DOE-ID, 1994, Track 2 Sites: Guidance for Assessing Low Probability Hazard Sites at the INEL,
DOE/ID-10389, Rev. 6, U.S. Department of Energy Idaho Operations Office, Idaho Falls, Idaho.

EPA, 1999, Understanding Variation in Partition Coefficient, Kd Values, EPA 402-R-99-004A&B,
Office of Radiation and Indoor Air, U. S. Environmental Protection Agency.

Fabryka-Martin, J., A. Flint, G. Gee, "Peer Review Team Report on Conceptual Models and Field
Verification of Radionuclide Transport through the Vadose Zone at INEEL," Final Report,
November 5, 1998, prepared for Idaho National Engineering and Environmental Laboratory.

Fitzner R. E., K. A. Gano, W. H. Rickard, and L. E. Rogers, 1979, Characterization of the Hanford
300 Area Burial Grounds, Task IV-Biological Transport, PNL-6779, Pacific Northwest
Laboratory, Hanford, Washington.

Freeze, R. A., and J. A. Cherry, 1979, Groundwater, Englewood Cliffs, New Jersey: Prentice-Hall.

Gaglio, M. D., W. P. Mackay, E. A. Osorio, and I. Iniguez, 1998, "Nest Populations of Pogonomyrmex
salinus Harvester Ants (Hymenoptera: Formicidae)," Sociobiology, Vol. 332, pp. 459-463.

GE, 1989, Nuclides and Isotopes Fourteenth Edition Chart of the Nuclides, General Electric Nuclear
Energy.

Gelhar, L. W., 1986, "Water Resources Research," Volume 22, No. 9, August 1986 Supplement,
pp. 135S-145S.

5-149



Glover, P. A., F. J. Miner, and W. 0. Polzer, 1976, "Plutonium and Americium Behavior in the

Soil/Water Environment, I., 'Sorption of Plutonium and Americium by Soils,' Proceedings of

Actinide-Sediment Reactions Working Meeting, Seattle, Washington, BNWL-2117, pp. 225-254,

Battelle Pacific Northwest Laboratories, Richland, Washington.

Grossman, Christopher J., Robert A. Fjeld, John T. Coates, and Alan W. Elzerman, 2001, The Sorption of

Selected Radionuclides in Sedimentary Interbed Soils from the Snake River Plain,
lNEEL/EXT-01-01106, Clemson University, Clemson, South Carolina, Idaho National
Engineering and Environmental Laboratory, Bechtel BWXT Idaho, LLC, Idaho Falls, Idaho.

Groves, C. R., and B. Keller, 1983, "Ecological Characteristics of Small Mammals on a Radioactive

Waste Disposal Area in Southeast Idaho," American Midland Naturalist, Vol. 109, No. 2.

Groves, C. R., 1981, The Ecology of Small Mammals on the Subsurface Disposal Area, Idaho National
Engineering Laboratory Site, M.S. Thesis: Idaho State University, Pocatello, Idaho.

Hackett, W. R., J. A. Tullis, R. P. Smith, S. J. Miller, T. V. Dechert, P. A. McDaniel, and A. L. Falen,

1995, Geologic Processes in the RWMC Area, Idaho National Engineering Laboratory:
Implications for Long Term Stability and Soil Erosion at the Radioactive Waste Management

Complex, INEL-95/0519, Idaho National Engineering and Environmental Laboratory, Lockheed

Martin Idaho Technologies Company, Idaho Falls, Idaho.

Hampton, N. L., 2001, Biological Data to Support Operable Unit 7-13/14 Modeling of Plant and Animal

Intrusion at Buried Waste Sites, INEEL/EXT-01-00273, Rev.0, Idaho National Engineering and
Environmental Laboratory, Bechtel BWXT Idaho, LLC, Idaho Falls, Idaho.

Hampton, N. L., and T. A. Benson, 1995, SDA Biotic Data Compilation, Engineering Design File

EDF-ER WAG7-76, INEL-95/139, Idaho National Engineering and Environmental Laboratory,

Lockheed Martin Idaho Technologies Company, Idaho Falls, Idaho.

Hull, A. C., Jr., and G. J. Klomp, 1974, "Yield of Crested Wheatgrass Under Four Densities of Big

Sagebrush in Southern Idaho," Technical Bulletin No. 1483, Agricultural Research Service,

U.S. Department of Agriculture.

Hull, Larry, 2001, Interoffice Memorandum to Theodore J. Meyer, Doug Burns, Swen Magnuson, and

James McCarthy, "Approach to Simulation of Actinides for the OU 7-13/14 Baseline Risk

Assessment," Idaho National Engineering and Environmental Laboratory, Bechtel BWXT Idaho,

LLC, Idaho Falls, Idaho, LCH-04-01, April 4, 2001.

INEEL, 2002a, User's Manual for the WasteOScope Operable Unit 7-13/14 Mapping Software,

INEEL/EXT-01-01585, Rev. 0., Idaho National Engineering Laboratory, Bechtel BWXT Idaho,

LLC, Idaho Falls, Idaho, March 2002.

INEEL, 2002b, Waste Area Group 7 Geographic Information Systems WasteOScope Application,
INEEL/EXT-02-00292, Rev. 0., Idaho National Engineering and Environmental Laboratory,

Bechtel BWXT Idaho, LLC, Idaho Falls, Idaho, March 2002.

Klepper, E. L., K. A. Gano, L. L. Cadwell, 1985, Rooting Depth and Distributions of Deep-Rooted Plants

in the 200 Area Control Zone of the Hanford Site, PNL-5247, Pacific Northwest Laboratory,

Battelle Memorial Institute, Hanford, Washington.

5-150



Klepper, E.L., L. E. Rogers, J. D. Hedlund, and R. G. Schreckhise, 1979, Radioactivity Associated with
Biota and Soil of the 216-A-24 Crib, PNL-1948, Pacific Northwest Laboratory, Hanford,
Washington.

Knobel, L. L., B. R., Orr, and L. D. Cecil, 1992, "Summary of Background Concentrations of Selected
Radiochemical and Chemical Constituents in Groundwater from the Snake River Plain Aquifer,
Idaho: Estimated from an Analysis of Previously Published Data," Journal of the Idaho Academy
of Science, Vol. 28, X10.1, p. 48.

Koehler, D. K., 1988, Small Mammal Movement Patterns Around a Radioactive Waste Disposal Area in
Southeastern Idaho, M.S. Thesis: University of Wyoming, Laramie, Wyoming.

Kudera, D. E., and B. W. Brown, 1996, Volatile Organic Compounds Disposed of from 1952 Through
1983 at the Radioactive Waste Management Complex: Quantities Forms, Release Mechanisms and
Rates, ER-WAG7-90, Idaho National Engineering and Environmental Laboratory, Lockheed
Martin Idaho Technologies Company, Idaho Falls, Idaho.

Landeen, D. S., and R. M. Mitchell, 1981, "Invasion of Radioactive Waste Burial Sites by the Great Basin
Pocket Mouse (Perognathus parvus)," International Symposium on Migration in the Terrestrial
Environment of Long-lived Radionuclides from the Nuclear Fuel Cycle, Knoxville, Tennessee,
July 27-31, RHO-SA-211.

Laundre, J. W., 1989a, "Horizontal and Vertical Diameter of Burrows of Five Small Mammal Species in
Southeastern Idaho," Great Basin Naturalist, 1989, Vol. 49, pp. 646-649.

Laundre, J. W., 1989b, "Burrows of Least Chipmunks in Southeastern Idaho," Northwestern Naturalist,
Vol. 70, pp. 18-20.

Leecaster, Molly K., 2002, Geostatistic Modeling of Subsurface Characteristics in the Radioactive Waste
Management Complex Region, Operable Unit 7-13/14, INEEL/EXT-02-00029, Rev. 0. Idaho
National Engineering and Environmental Laboratory, Idaho Falls, Idaho, Bechtel BWXT
Idaho, LLC, Idaho Falls, Idaho.

Lerman, A., 1988, "Geochemical Processes Water and Sediment Environments," Reprint ed., Melbourne,
Florida: Krieger Publishing Company.

Lindzey, F. G., 1976, "Characteristics of the Natal Den of the Badger," Northwest Science, Vol. 50,
No. 3, pp. 178-180.

LMITCO, 1995, A Comprehensive Inventory of Radiological and Nonradiological Contaminants in
Waste Buried in the Subsurface Disposal Area of the INEL RWMC During the Years 1952-1983,
INEL-95/0310 (formerly EGG-WM-10903), Rev. 1, Idaho National Engineering and
Environmental Laboratory, Lockheed Martin Idaho Technologies Company, Idaho Falls, Idaho.

Magnuson, S. 0., and A. J. Sondrup, 1998, Development, Calibration, and Predictive Results of a
Simulator for Subsurface Pathway Fate and Transport of Aqueous- and Gaseous-Phase
Contaminants in the Subsurface Disposal Area at the Idaho National Engineering and
Environmental Laboratory, INEEL/EXT-097-00609, Idaho National Engineering and
Environmental Laboratory, Lockheed Martin Idaho Technologies Company, Idaho Falls, Idaho.

5-151



Magnuson, S. 0., 1995, Inverse Modeling for Field-Scale Hydrologic and Transport Parameters of
Fractured Basalt, INEL-95/0637, Idaho National Engineering and Environmental Laboratory,

Lockheed Martin Idaho Technologies Company, Idaho Falls, Idaho.

Magnuson, S. 0. and D. L. McElroy, 1993, Estimation of Infiltration from In Situ Moisture Contents and

Representative Moisture Characteristic Curves for the 30-, 110-, and 240-ft Interbeds, Engineering

Design File RWM-93-001.1, EG&G Idaho, Idaho Falls, Idaho.

Maheras, S. J., A. S. Rood, S. 0. Magnuson, M. E. Sussman, and R. N. Bhatt, 1994, Radioactive Waste
Management Complex Low-Level Waste Radiological Performance Assessment, EGG-WM-8773,

Idaho National Engineering and Environmental Laboratory, EG&G Idaho, Idaho Falls, Idaho.

Martian, P., 1995, UNSAT-H Infiltration Model Calibration at the Subsurface Disposal Area, Idaho
National Engineering Laboratory, INEL-95/0596, Idaho National Engineering and Environmental
Laboratory, Lockheed Martin Idaho Technologies Company, Idaho Falls, Idaho.

MathSoft, 2000, S+SPATIALSTATS User's Manual Version 1.5, Data Analysis Products Division,
MathSoft, Seattle, Washington.

McCarthy, J. M., B. H. Becker, S. 0. Magnuson, K. N. Keck, and T. K. Honeycutt, 2000, Radioactive
Waste Management Complex Low-Level Waste Radiological Composite Analysis,
INEEL/EXT-97-01113, Idaho National Engineering and Environmental Laboratory, Bechtel

BWXT Idaho, LLC, Idaho Falls, Idaho.

McCarthy, J. M., R. C. Arnett, R. M. Neupauer, M. J. Rohe, and C. Smith, 1995, Development of a

Regional Groundwater Flow Model for the Area of the Idaho National Engineering Laboratory,

Eastern Snake River Plain Aquifer, INEL-95/0169, Rev. 1, Idaho National Engineering and

Environmental Laboratory, Lockheed Martin Idaho Technologies Company, Idaho Falls, Idaho.

McKenzie, D. H., L. L. Caldwell, C. E. Cushing Jr., R. Harty, W. E. Kennedy Jr., M. A. Simmons,

J. K. Soldat, and B. Swartzman, 1982, Relevance of Biotic Pathways to the Long-Term Regulation

of Nuclear Waste Disposal, NUREG/CR-2675, U.S. Nuclear Regulatory Commission.

Merck, 1989, An Encyclopedia of Chemicals, Drugs, and Biologicals, 11th ed., Rahway, New Jersey:

Merck & Co. Publishing.

Miller, Eric C., and Mark D. Varvel, 2001, Reconstructing Past Disposal of 743 Series Waste in the

Subsurface Disposal Area for Operable Unit 7-08, Organic Contamination in the Vadose Zone,

INEEL/EXT-01-00034, Rev. 0, Idaho National Engineering and Environmental Laboratory,

Bechtel BWXT Idaho, LLC, Idaho Falls, Idaho.

Miller, E. C., and J. D. Navratil, 1998, Estimate of Carbon Tetrachloride in 743 Series Sludges Buried in

the Subsurface Disposal Area at the Radioactive Waste Management Complex,
INEEL/EXT-98-00112, Rev. 0, Idaho National Engineering and Environmental Laboratory,

Lockheed Martin Idaho Technologies Company, Idaho Falls, Idaho.

Miner, F. J., P. A. Evans, and W. L. Polzer, 1982, "Plutonium Behavior in the Soil/Water Environment

Part I. Sorption of Plutonium by Soils," RFP-2480, Rocky Flats Plant, Golden, Colorado.

5-152



Nagata, P. K., and J. Banaee, 1996, Estimation of the Underground Corrosion Rates for Low-Carbon
Steels: Types 304 and 316 Stainless Steels; and Inconel 600, 601, and 718 Alloys at the
Radioactive Waste Management Complex, INEL096/098, Idaho National Engineering and
Environmental Laboratory, Lockheed Martin Idaho Technologies Company, Idaho Falls, Idaho.

Newman, M. E., and F. M. Dunnivant, 1995, Results from the Large-Scale Infiltration Test: Transport of
Radionuclide Tracers, Engineering Design File EDF-ER-WAG7-77, INEL-95/146, Idaho National
Engineering and Environmental Laboratory, Lockheed Martin Idaho Technologies Company,
Idaho Falls, Idaho.

Nimmo, J. R., K. S. Perkins, P. A. Rose, J. P. Rousseau, B. R. Orr, B. V. Twining, and S. R. Anderson,
2002, "Rapid Transport of Naphthalene Sulfonate Tracer in the Unsaturated and Saturated Zones
near the Big Lost River Flood-Control Areas at the Idaho National Engineering and Environmental
Laboratory," Submitted to the Vadose Zone Journal.

NRCS, 1981, NRCS Range Site Descriptions for MLRA, BLM-BLMB-Bllb, National Resource
Conservation Service.

Orr, B. R., L. D. Cecil, and L. L. Knobel, 1991, Background Concentrations of Selected Radionuclides,
Organic Compounds, and Chemical Constituents in Ground Water in the Vicinity of the Idaho
National Engineering Laboratory, DOE/ID-22094, U.S. Department of Energy, Idaho Operations
Office, Idaho Falls, Idaho.

Oztunali, 0. I., and G. W. Roles, 1985, Update of Part 61 Impacts Analysis Methodology,
NUREG/CR-4370, Vol. 1, U.S. Nuclear Regulatory Commission.

Pearson, L. C., 1965, "Primary Production in Grazed and Ungrazed Desert Communities of Eastern
Idaho," Ecology, Vol. 46, pp. 278-285.

Reynolds, T. D., and L. L. Fraley Jr., 1989, "Root Profiles of Some Native and Exotic Plant Species in
Southeastern Idaho," Environmental and Experimental Botany, Vol. 29, No. 2. pp. 241-248.

Reynolds, T. D., 1990, "Root Mass and Vertical Root Distribution of Five Semi-Arid Plant Species,"
Health Physics, Vol. 58, No. 2.

Reynolds, T. D., and J. W. Laundre, 1988, "Vertical Distribution of Soil Removed by Four Species of
Burrowing Rodents in Disturbed and Undisturbed Soils," Health Physics, 1988, Vol. 54, No. 4,
pp. 445-450.

Reynolds, T. D., and W. L. Wakkinen, 1987, "Characteristics of the Burrows of Four Species of Rodents
in Undisturbed Soils in Southeastern Idaho," American Midland Naturalist, Vol. 118, No. 2,
pp. 245-250.

Roback, R. C., T. M. Johnson, T. L. McLing, M. T. Murrell, S. Luo, and T. L. Ku, 2001, "Uranium
isotopic evidence for groundwater chemical evolution and flow patterns in the eastern Snake River
Plain aquifer, Idaho," Geological Society of America Bulletin, Vol. 113, pp. 1133-1141.

Robertson, J. B., 1974, Digital Modeling of Radioactive and Chemical Waste Transport in the Snake
River Plain Aquifer at the National Reactor Testing Station, Idaho, IDO-22054, U.S. Geological
Survey Open File Report, U.S. Geological Survey.

5-153



Robertson, J. B., R. Schoen, J. T. Barraclough, 1974, "The Influence of Liquid Waste Disposal on the
Geochemistry of Water at the National Reactor Testing Station, Idaho: 1952-1970, IDO-22053,"

U.S. Geological Survey Open File Report, U.S. Geological Survey.

Rodriguez, R. R., A. L. Schafer, J. McCarthy, P. Martian, D. E. Burns, D. E. Raunig, N. A. Burch, and

R. L. Van Horn, 1997, Comprehensive RI/FS for the Idaho Chemical Processing Plant OU 3-13 at

the INEEL-'art A. RI/BRA Report (Final), DOE/ID-10534, U. S. Department of Energy Idaho

Operations Office, Idaho Falls, Idaho.

Rood, A. S., 1999, GWSCREEN: A Semi-Analytical Model for Assessment of the Groundwater Pathway

from Surface or Buried Contamination, Theory and User's Manual Version 2.5,
INEEL/EXT-9800750, Idaho National Engineering and Environmental Laboratory, Lockheed

Martin Idaho Technology Company, Idaho Falls, Idaho.

Root, R. W. Jr., 1981, Documentation and User's Guide for "DOSTOMA1V," A Pathways Computer

Model f Radionuclide Movement, DPST-81-549, Idaho National Engineering and Environmental

Laboratory, EG&G Idaho, Idaho Falls, Idaho.

Shleien, B., ed., 1992, The Health Physics and Radiological Health Handbook, revised ed., Scinta, Silver

Spring, Maryland.

Shuman, R. D., M. J. Case, and S. K. Rope, 1985, Documentation of a Simple Environmental Pathways

Model of the Radioactive Waste Management Complex at the Idaho National Engineering

Laboratory, EGG-WM-6916, Idaho National Engineering and Environmental Laboratory,

EG&G Idaho, Idaho Falls, Idaho.

Sondrup, A. J., 1998, Preliminary Modeling of VOC Transport for Operable Unit 7-08, Evaluation of

Increased Carbon Tetrachloride Inventory, INEEL/EXT-2000-00849, Rev. 0, Idaho National

Engineering and Environmental Laboratory, Bechtel BWXT Idaho, LLC, Idaho Falls, Idaho.

Sullivan, T. M., 1993, DUST Data Input Guide, NUREG/CR-6041, U.S. Nuclear Regulatory

Commission.

Sullivan, T. M., 1992, Development of DUST: A Computer Code That Calculates Release Rates from

LLW Disposal Unit, BNL-NUREG-47118, Brookhaven National Laboratory, U.S. Nuclear

Regulatory Commission.

USGS, 2001, "Science for a Changing World," http://water.usgs.gov/id/nwis, April 17, 2001.

USGS, 1998, "Significant Issues to Be Resolved to Support and Defend the Interim Risk Assessment and

Additional Work Required to Resolve Those Issues," Letter report from J. P. Rousseau to

K. E. Hain, U.S. Department of Energy, Idaho Operations Office, U.S. Geological Survey, Idaho

Falls, Idaho.

van Genuchten, M. T., 1980, "A closed-Form Equation for Predicting the Hydraulic Conductivity of

Unsaturated Soils," Solo Science Society of America Journal, Vol. 44, pp. 892-898.

Varvel, Mark D., 2001, Mass Estimates of Organic Compounds Buried in the Subsurface Disposal Area

for Operable Unit 7-08 and 7-13/14, INEEL/EXT-01-00277, Engineering Design File

EDF-ER-301, Rev. 0, Idaho National Engineering and Environmental Laboratory, Bechtel BWXT

Idaho, LLC, Idaho Falls, Idaho.

5-154



Vigil, M. J., 1988, Initial Estimate of Hazardous Waste Constituents in Pit 9, Engineering Design File
EDF-BWP-02, Idaho National Engineering and Environmental Laboratory, EG&G Idaho,

Idaho Falls, Idaho.

Vinsome, P. K. W., and G. M. Shook, 1993, "Multi-Purpose Simulation," Journal of Petroleum Science

and Engineering, Vol. 9, pp. 29-38.

Visual Numerics, 1996, PV-WAVE Version 6.0 User's Guide, Visual Numerics, Inc., 6230 Lookout

Road, Boulder, Colorado.

Whitmire, D. L., 2001, Summary Report: Simulation of Groundwater Flow near the Subsurface Disposal
Area at the Idaho National Engineering and Environmental Laboratory, 1NEEL/EXT-01-01643,
Rev. 0, North Wind Environmental, Idaho National Engineering and Environmental Laboratory,

Bechtel BWXT Idaho, LLC, Idaho Falls, Idaho.

Wilde, D. B., 1978, "A population Analysis of the Pygmy Rabbit (Sylvilagus idahoensis) on the INEL

Site," Ph.D. Dissertation, Idaho State University, Pocatello, Idaho.

Winsor, T. F., and F. W. Whicker, 1980, "Pocket Gophers and Redistribution of Plutonium in Soil,"

Health Physics, Vol. 39, pp. 257-262.

Wood, T. R., 1989, Preliminary Assessment of the Hydrogeology at the Radioactive Waste Management
Complex, Idaho National Engineering Laboratory, EGG-WM-8694, Idaho National Engineering
and Environmental Laboratory, EG&G Idaho, Idaho Falls, Idaho.

5-155



5-156



6. BASELINE RISK ASSESSMENT

The ABRA evaluated potential risks to human health and the environment from contaminants
buried at the SDA. The risk assessment approach was based on EPA and lNEEL guidance (EPA 1989;
LMITCO 1995c). A comprehensive approach was used to evaluate WAG 7 risk. That is, cumulative
health effects were assessed for all complete pathways for the entire SDA. This risk assessment builds on
the work presented in the IRA (Becker et al. 1998). A source term model (see Section 5.1) was used to
estimate contaminant releases into the environment for the COPCs identified in Section 3.4. Additional
long-lived radioactive decay products were assessed for completeness. For groundwater pathway analysis,
a three-dimensional model was used to estimate potential groundwater concentrations (see Section 5.2).
Volatile organic compound risks were developed by scaling the concentrations and risk estimates from
the IRA, as explained in detail in Section 5.3. For the human health soil exposure pathways and the
ecological risk assessment, the concentrations derived from modeling biotic intrusion into the waste were
used to assess the cumulative health effects (see Section 5.5). All the modeling is discussed in Section 5.

The majority of Section 6 is directed specifically at assessing human health risks in Sections 6.1
through 6.5. The ecological risk assessment is presented in Section 6.6. The components of the risk
analysis are described under the general headings listed below:

• Section 6.1—Assumptions for the baseline risk assessment

• Section 6.2—Human health exposure assessment

• Section 6.3—Toxicity profiles for human health COPCs

• Section 6.4—Human health risk characterization

• Section 6.5—Uncertainty analysis

• Section 6.6—Ecological risk analysis

• Section 6.7—References cited in this section.

6.1 Assumptions for Baseline Risk Assessment

Assumptions specific to developing human health risk estimates are discussed below. Assumptions
related to source release, fate and transport, and biotic modeling are discussed in Section 5. The DOE land
use projections incorporate an assumption that institutional control will be maintained at the INEEL for at
least 100 years (DOE-ID 1996). The same assumption was adopted as a basis for the ABRA. For this
assessment, the 100-year simulated institutional control period was assumed to begin in 2010.
Occupational exposure was evaluated for a total of 158 years to encompass SDA operations beginning in
1952 and ending in 2110, at the end of the simulated 100-year institutional control period. Current
monitoring precludes the drinking of contaminated groundwater during the occupational scenario.
Therefore, occupational exposures are limited to soil ingestion, dermal contact with soil, inhalation of
particulates and vapors, and exposure to ionizing radiation.
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An additional 900 years of residential exposure was simulated for all pathways, which include
inhalation of particulates and vapors, soil ingestion, groundwater ingestion, ingestion of homegrown
produce, dermal contact with organic chemicals both from the soil and while showering, and direct
exposure to ionizing radiation. The following assumptions were incorporated into the ABRA.

• Residential receptors will be located at the nearest downgradient edge of the INEEL during the
simulated 100-year institutional control period from 2010 to 2110.

• Residential receptors will be located on the SDA but will not intrude directly into the waste after
the 100-year simulated institutional control period. This is equivalent to having the receptor living
at the edge of the SDA. The receptor will be exposed to the average SDA soil concentrations and
maximum groundwater concentrations. Intrusion was assessed qualitatively.

• Occupational receptors are located on the SDA.

• Nonradioactive contaminants do not degrade. The only mechanisms that reduce risk over time are
radioactive decay and COPC concentrations diminishing through transport.

All pathways were simulated for 1,000 years from closure (2010). Because groundwater ingestion
risk might not peak in that 1,000-year simulation period, groundwater is simulated for 10,000 years.
Results are shown for 1,000 years for all pathways and 10,000 years for groundwater ingestion.

6.2 Human Health Exposure Assessment

In the human health exposure assessment, receptor intake of COPCs was quantified for all
complete exposure pathways. The assessment consisted of estimating the magnitudes, frequencies,

durations, and exposure routes of COPCs to humans. The following activities were performed as part of

the exposure assessment:

• Identifying and characterizing exposed populations

• Evaluating exposure pathways

• Estimating contaminant concentrations at points of exposure for soil, air, and groundwater

• Estimating contaminant intakes.

The first two tasks are discussed together in Section 6.2.1. Media concentrations are discussed in

Section 6.2.2. The quantification of the exposure is performed in Section 6.2.3.

6.2.1 Exposure Scenarios and Conceptual Site Model

The current occupational exposure scenario is used for modeling the timeframe from the opening

of the SDA in 1952, through SDA closure in 2010, and until the end of the simulated institutional control

period in 2110. (See Section 6.1.) A small portion of the SDA, Pits 17 through 20, is currently used for

LLW disposal. During the simulated 100-year institutional control period, the occupational scenario is the

only realistic exposure scenario for WAG 7 because institutional controls will prevent public access to the

SDA. Therefore, in the ABRA, an occupational scenario was assessed for 100 years after closure. For this

analysis, closure is assumed to occur in 2010, a total of 58 years from the start of waste burial operations

at the SDA. However, because contaminants could leach into groundwater and be transported off-Site,
residential groundwater risk at the INEEL boundary also was assessed for the simulated 100-year
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institutional control period. Other residential exposure scenarios are not applicable for the institutional
control period and were not evaluated.

A residential scenario was evaluated for 900 years following the simulated 100-year institutional
control period. All pathways were assessed. The 900 years of residential scenario combined with
100 years of simulated institutional control provide the 1,000-year simulations for the pathway analysis.
However, many contaminants do not reach peak concentration in groundwater within this timeframe.
Therefore, the groundwater simulations were continued to 10,000 years (or the peak) and are presented
separately.

The human health conceptual site model in Figure 6-1 shows complete exposure pathways for
residential scenarios. Groundwater, air, and soil pathways are complete for residential exposures. The
conceptual site model also shows some of the complexities in the exposure scenarios. For example,
contaminated groundwater is directly ingested and also is used to irrigate crops, shower, and cook.

The conceptual site model shows that the groundwater pathway is incomplete for the occupational
scenario because current operational procedures preclude the use of contaminated water as a drinking
source. Complete occupational scenario exposure pathways include inhalation, soil ingestion, and direct
exposure to ionizing radiation.

The ABRA addressed potential impacts of waste buried in the SDA but did not address past
operational or flooding releases to the surface. Because perched water is ephemeral at the SDA, it is not
considered a viable drinking water source. Therefore, perched water is an incomplete pathway for the
analysis.

The following human health exposure routes (see Figure 6-1) were evaluated:

• Soil ingestion

• Inhalation of fugitive dust

• Inhalation of volatiles (includes residential scenario indoor use of groundwater)

• External radiation exposure

• Dermal absorption from soil (organic contaminants only)

• Groundwater ingestion (residential scenario only)

• Ingestion of homegrown produce (residential scenario only)

• Dermal absorption of contaminants in groundwater (residential scenario only).
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6.2.2 Media Concentrations

Media concentrations were estimated by the modeling discussed in Section 5. The biotic transport
code DOSTOMAN was used to estimate average concentrations of COPCs at the surface and at shallow
depths down to 2.2 m (7.2 ft) for the entire SDA. The source release code DUST-MS was used to
simulate release of COPCs from buried waste into the subsurface beneath the SDA, and the resulting
fluxes were input to the subsurface model TETRAD. The subsurface model simulated vadose zone
transport and emulated COPC fluxes into the aquifer. TETRAD also was used to estimate concentrations
and transport of COPCs in the aquifer.

Estimated media concentrations were used directly, (e.g., groundwater concentrations for the
groundwater ingestion route) and indirectly (e.g., to develop media concentrations for other pathways
such as air concentrations) to assess risk. The development of media concentrations for each exposure
route is summarized in the sections below.

6.2.2.1 Soil Ingestion. Soil concentrations used to estimate the risk from ingesting contaminated
soil were taken from the biotic model DOSTOMAN. The biotic model was used to predict surface soil
concentrations in the SDA. Twenty-five-year average concentrations were used for the occupational
exposure. Thirty-year averages were used for residential exposure.

6.2.2.2 Inhalation of Fugitive Dust. Soil concentrations produced by the DOSTOMAN biotic
model were used to derive concentrations of contamination in the air caused by suspended dust. The
following equation was used:

Cair = (1E - 06)RC„i/

where

(6-1)

Cair = particulate concentration in the air (mg/m3 or pCi/m3)

1E-06 = conversion from kg to mg

airborne respirable particulate matter (mg/m3) (measured value of 1.5E-08 kg/m3 from
PM10 monitoring at the RWMC)

Csoii = average soil concentration (mg/kg or pCi/kg).

6.2.2.3 Inhalation of Volatiles. As noted in Section 5.3, VOC modeling was not included in this
ABRA. The IRA results were scaled based on ratios of the inventory modifications identified by Varvel
(2001). For the IRA, the subsurface model TETRAD computed the flux through the ground surface of any
of the volatile contaminants. The volatile flux is the result of vapor-phase diffusion and barometric
pumping effects. The flux was input into a "box model" to compute the air concentration used to assess
the risk from inhalation of volatiles. The equation used to represent the air concentration resulting from
the flux of volatile contaminants is the following:

FIX
Cair = X CF1xCF2

MH xW xWS
(6-2)
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where

Cair = the air concentration (mg/m3or pCi/m3)

FLX = volatile flux (kg/day or pCi/day)

mixing height (2 m)

facility width (181 m)

windspeed (2.83 m/second)

conversion factor (1 day/86,400 seconds)

conversion factor (1E+06 mg/kg or 1pCi/pCi).

MH =

W =

WS =

CF1 =

CF2 =

6.2.2.4 External Radiation Exposure. Exposure to ionizing radiation is caused by concentrations
in the surface soil. The average surface concentrations predicted by the biotic model DOSTOMAN were
used to estimate the potential exposure.

6.2.2.5 Dermal Absorption from Organic Contaminants in Soil. As noted in Section 5.3,
VOC modeling was not included in this ABRA. The IRA results were scaled based on ratios of the
inventory revisions. For the IRA, concentrations of organic contaminants in the soil were computed
directly by the TETRAD model and used in the exposure calculations. The largest VOC concentration in
any grid in the SDA was used for the total SDA risk calculation.

6.2.2.6 Residential Groundwater Ingestion. TETRAD was used to estimate aquifer
concentrations anywhere in the modeling domain. Maximum predicted groundwater concentrations along
the INEEL boundary were used to quantify potential exposure to contaminated groundwater during the
simulated 100-year institutional control period. Estimated groundwater concentrations concurrent with
maximum groundwater risk for all contaminants were used to quantify potential exposure for the
hypothetical future residential scenario.

6.2.2.7 Residential Ingestion of Homegrown Produce. Concentrations of contaminants in
homegrown produce were computed using both the soil concentrations and groundwater concentrations.
Groundwater concentrations were used to mimic irrigating produce with contaminated groundwater. The
methodology for determining crop concentrations is detailed in an INEEL report on the
food-crop-ingestion exposure route (LMITCO 1996).

6.2.2.8 Residential Dermal Absorption of Contaminants in Groundwater. Contaminant
concentrations predicted by the subsurface model were used directly to address the dermal exposure to
contaminated groundwater.

6.2.2.9 Residential Inhalation of Volatiles from Indoor Use of Groundwater. As noted in
Section 5.3, VOC modeling was not included in this ABRA. The IRA results were scaled based on the
ratios of the inventory revisions. For the IRA, concentrations of contaminants in the indoor air from
indoor water use were given by the following equation:

Cair = C water VF (6-3)
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where

Cair = concentration in air (mg/m3)

concentration in water (mg/L)

VF = volatilization factor (EPA value of 0.5 L/m3 [EPA 1991]).

Cwater =

Maximum soil and groundwater concentrations and the years of the predicted occurrences of
maximum concentrations are presented in Table 6-1. Figures illustrating surface soil concentrations used
in the risk calculations for each of seven groups of contaminants appear in Section 6.4.3. Predicted
groundwater concentrations also are illustrated in Section 6.4.3.

6.2.3 Quantification of Exposure

Contaminant intake is dependent on the ingestion or contact rate with the contaminated media. For
radioactive contaminants, exposure was described as a total lifetime intake (in pCi). For hazardous
contaminants, exposure was quantified using an intake rate (in mg/kg-day). The following sections
present methods used to compute intake for each human health exposure pathway.

6.2.3.1 Soil Ingestion. The equation below was used to compute intake from soil ingestion. For
radionuclides, the denominator (BW x AT) is removed from the equation. Default values were taken from
Track 2 guidance (DOE-ID 1994).

Intake

where

and

s„,1 x CF x IR x EF x ED

or pCi)

(6-4)=
C

BW x AT

Intake = contaminant intake (mg/kg-day

Occupational Residential
Parameter Exposure Value Exposure Value

Csoil = Contaminant concentration in
the soil (mg/kg or pCi/g)

Contaminant dependent Contaminant dependent

CF = Conversion factor 10-6 kg/mg nonradionuclide or 10-6 kg/mg nonradionuclide or
10-3 g/mg radionuclide 10-3 g/mg radionuclide

IR = Ingestion rate of soil (mg/day) 50 100

EF = Exposure frequency 250 350
(day/year)

ED = Exposure duration (year) 25 30

BW = Body weight (kg) 70 70

AT = Averaging time (day) 9.13E+03 (noncarcinogenic) 1.10E+04 (noncarcinogenic)
2.55E+04 (carcinogenic) 2.55E+04 (carcinogenic).
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Table 6-1. Maximum soil and groundwater concentrations for each quantitatively evaluated contaminant
of potential concern and associated decay chain members.

Contaminant

Maximum Soil
Concentration

(pCi/g or mg/kg)a

Year of Predicted
Maximum Soil
Concentration

Maximum
Groundwater
Concentration

(pCi/L or mg/L)b

Year of Predicted
Maximum

Groundwater
Concentration

Ac-227 1.95E-06 2274 2.58E-01 3010

Am-241 2.18E+01 2954 1.15E-03 3010

Am-243 2.07E-03 2997 7.71E-07 3010

C-14 2.94E-02 2211 2.02E+04 2282

C1-36 6.33E-05 1963 9.74E+01 2110

Cs-137 7.26E-02 2106 NA NA

1-129 3.98E-09 1970 2.33E+01 2110

Nb-94 4.63E-01 3010 6.22E-08 3010

Np-237 4.36E-03 2669 2.82E+02 3010

Pa-231 1.21E-06 2234 8.47E-02 3010

Pb-210 1.91E-02 3010 1.96E-01 3010

Pu-238 1.91E-03 2287 1.13E-19 3010

Pu-239 4.0E+00 3010 3.20E-12 3010

Pu-240 4.21E+00 3010 1.70E-15 3010

Ra-226 1.10E-02 3010 2.32E-02 3010

Sr-90 9.35E+00 2033 NA NA

Tc-99 3.95E-01 1971 5.23E+03 3010

Th-229 7.35E-05 3010 3.61E-02 3010

Th-230 9.12E-04 3003 3.80E-01 3010

Th-232 9.16E-04 3009 1.97E-07 3010

U-233 1.63E-04 2968 1.71E+01 3010

U-234 8.65E-03 3003 1.06E+03 3010

U-235 6.29E-04 2206 7.94E+01 2663

U-236 5.49E-04 2217 7.09E+01 3010

U-238 1.27E-02 2231 1.62E+03 3010

Carbon tetrachloride 5.94E+00 1967 1.09E+00 2106

Methylene chloride 8.05E-03 1967 2.44E-01 2187

Nitrates 1.51E-02 1999 6.03E+01 2110

Tetrachloroethylene 9.40E-01 1968 2.54E-01 2138

a. Units are pCi/g for radionuclides and mg/kg for nonradionuclides.

b. Units are pCi/L for radionuclides and mg/L for nonradionuclides 
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6.2.3.2 Inhalation of Fugitive Dust Intake from inhalation can be computed similarly to intake

from soil ingestion. That is, the contaminant air concentration was adjusted by factors to account for the
type of exposure (residential or occupational) and was compared to the unit risk concentration. The
equation below was used to compute intake from inhalation. For radionuclides, the denominator

(BW x AT) is removed from the equation. The default values were taken from Track 2 guidance
(DOE-ID 1994).

Intake =
C

a`r 
x IR x EF x ED

where

and

Cair

IR

EF

ED

BW

AT

Parameter

= Contaminant concentration in
the air (mg/m3 or pCi/m3)

= Inhalation rate of air (m3/day)

= Exposure frequency (day/year)

= Exposure duration (year)

= body weight (kg)

= Averaging time (day)

BW x AT

Intake = contaminant intake (mg/kg-day or pCi)

Occupational
Exposure Value 

Contaminant dependent

20

250

25

70

9.13E+03 (noncarcinogenic)
2.55E+04 (carcinogenic)

(6-5)

Residential
Exposure Value 

Contaminant dependent

20

350

30

70

1.10E+04 (noncarcinogenic)
2.55E+04 (carcinogenic).

6.2.3.3 Inhalation of Volatiles. As noted in Section 5.3, VOC modeling was not included in this
ABRA. The IRA results were scaled based on the ratios of inventory revisions. For the IRA, the
methodology and parameter values for computing the intake from inhalation of volatiles is the same as the
method used for computing the intake from inhalation of fugitive dust.

6.2.3.4 External Radiation Exposure. The equation below was used to compute total exposure
for radionuclides. The parameters and their values are given above. Default values were taken from
Track 2 guidance (DOE-ID 1994).

Exposure = C s„,1 x ET x EF x ED x CF

where

Exposure = contaminant intake (pCi-year/g)

(6-6)
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and

Csoil =

ET =

EF =

ED =

CF =

Parameter 

contaminant concentration in the soil (pCi/g)

exposure time (hours/day)

exposure frequency (days/year)

exposure duration (years)

conversion factor

Occupational
Exposure Value 

Contaminant dependent

Residential
Exposure Value

Contaminant dependent

8 24

250 350

25 30

1.14E-04 year/hour 1.14E-04 year/hour.

6.2.3.5 Dermal Absorption of Organic Contaminants from Soil. As noted in Section 5.3,
VOC modeling was not included in this ABRA. The IRA results were scaled based on the ratios of
inventory revisions. For the IRA, the absorbed dose of a contaminant is computed based on the
methodology for the dermal exposure route EPA. Toxicity values provided in the Integrated Risk
Information System (IRIS) database and other EPA sources are developed for the ingestion exposure
route. Toxicity values are based on the amount of contaminant ingested, not the amount that actually
enters the bloodstream. Only some fraction of the contaminant is absorbed through the gastrointestinal
tract after being ingested. The fraction absorbed through the gastrointestinal tract can be used to modify
the oral toxicity for use in the dermal exposure route. For organic contaminants, the fraction absorbed
through the gastrointestinal tract is large, and is conservatively assumed to be in unity in this analysis. No
scaling of the toxicity or intake is required.

The absorbed dose for dermal contact with contaminated soil is computed using the equation
below. The default values were taken from EPA Region 10 guidance (EPA 1991).

AD =
CSxCFxSAxAFxABSxEFxED

BWxAT

where

AD = adsorbed dose (mg/kg-day)

and

CS =

CF =

SA =

AF =

ABS =

EF =

ED =

BW =

AT =

Parameter

contaminant concentration in the soil (mg/kg)

conversion factor

skin surface area (cm2/event)

soil to skin adherence factor (mg/cm2)

absorption factor (unitless)

exposure frequency (events/year)

exposure duration (years)

body weight (kg)

averaging time (day)

Occupational
Exposure Value 

Contaminant dependent

10-6 kg/mg

5,000

1

Contaminant dependent

250

25

70

9.13E+03
(noncarcinogenic)
2.55E+04
(carcinogenic)

(6-7)

Residential
Exposure Value 

Contaminant dependent

10-6 kg/mg

5,000

1

Contaminant dependent

350

30

70

1.10E+04
(noncarcinogenic)
2.55E+04
(carcinogenic).
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6.2.3.6 Residential Groundwater Ingestion. The intake from groundwater ingestion was given

by the equation below. For radionuclides, the denominator (BW x AT) is removed from the equation.
Default values were taken from Track 2 guidance (DOE-ID 1994).

Intake = CAW 
IR x EF x ED

BW x AT

where

and

Intake = contaminant intake (mg/kg-day or pCi)

Parameter
Occupational Residential

Exposure Value Exposure Value

(6-8)

Cow = contaminant concentration in NA Contaminant dependent
groundwater (mg/L or pCi/L)

IR = ingestion rate of groundwater NA 2
(L/day)

EF = Exposure frequency (days/year) NA 350

ED = Exposure duration (years) NA 30

BW = body weight (kg) NA 70

AT = averaging time (day) NA 1.10E+04
(noncarcinogenic)
2.55E+04 (carcinogenic).

6.2.3.7 Residential Ingestion of Homegrown Produce. The intake from ingestion of
homegrown produce is given by the equation below. For radionuclides, the denominator (BW x AT) is
removed from the equation. Default values were taken from Track 2 guidance (DOE-ID 1994). Derivation
of the ingestion rates is available in an INEEL report on the food-crop-ingestion exposure route
(LMITCO 1996).

Cproduce xIRxEFxEDxCFIntake =
BWx AT

where

Intake = contaminant intake (mg/kg-day or pCi)

(6-9)
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and

Parameter

Cproduce

IR = ingestion rate of produce (g/day)

= contaminant concentration in
produce (mg/kg or pCi/g)

EF

ED

CF

BW =

AT

exposure frequency (days/year)

exposure duration (years)

conversion factor (kg/g)

body weight (kg)

averaging time (day)

Occupational Residential
Exposure Value Exposure Value

NA Contaminant dependent

NA 2.76E-01 g/kg-d (nonradionuclide)
1.67E-01 g/d (radionuclide)

NA

NA

NA

NA

350

30

le (nonradionuclide only)
70

NA 1.10E+04 (noncarcinogenic)
2.55E+04 (carcinogenic).

6.2.3.8 Residential Dermal Absorption of Organic Contaminants in Groundwater. As
noted in Section 5.3, VOC modeling was not included in this ABRA. The IRA results were scaled based
on the ratios of inventory revisions. For the IRA, dermal adsorption from contact with contaminated
groundwater was computed using the equation below. The default values were taken from EPA Region 10
guidance (EPA 1991).

AD =

where

and

DA event X SA x EF x ED

BW x AT

AD = absorbed dose (mg/kg-day)

DAevent

SA

EF

ED

BW =

AT

Parameter

amount absorbed per event
(mg/cm2-event)

skin surface area (cm2)

exposure frequency (events/year)

exposure duration (years)

body weight (kg)

averaging time (day)

Occupational
Exposure Value

NA

NA

NA

NA

NA

NA

(6-10)

Residential
Exposure Value

See below

20,000

350

30

70

1.10E+04
(noncarcinogenic)
2.55E+04 (carcinogenic).
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The amount absorbed per event is given by the equation below. Default values were taken from
EPA Region 10 guidance (EPA 1991). Table 5-8 of the EPA dermal exposure assessment (EPA 1992)
provides values of Kp and T.

DA event = 2 x Kp xCwater xCFx
V IC

6><TX  tevent

where

DAevent = amount absorbed per event (mg/cm2-event)

and

(6-11)

Occupational Residential
Parameter Exposure Value Exposure Value 

Kp = permeability coefficient for contaminant NA Contaminant specific
through skin (cm/hour)

Cwater = concentration in the water (mg/L) NA Contaminant specific

CF = conversion factor NA 1E-03 L/cm3

t = lag time (hour/event) NA Contaminant specific

tevent = event time (hour/event) NA 0.17.

6.2.3.9 Residential Inhalation of Volatiles from Indoor Use of Groundwater. As noted in
Section 5.3, VOC modeling was not included in this ABRA. The IRA results were scaled based on the
ratios of inventory revisions. For the IRA, the intake from indoor use of groundwater was computed using
the same methodology and parameter values as for inhalation of volatiles. The only difference is that
indoor air concentration was substituted in the equation for the air concentration.

6.3 Toxicity Profiles for Human Health
Contaminants of Potential Concern

A toxicity assessment was conducted to identify the potential adverse effects of WAG 7 COPCs
and compile toxicity values for use in the ABRA. A toxicity value is a numerical expression of a
substance-dose-response relationship. Reference doses (RfDs) and reference concentrations (RfCs) are
used to evaluate noncarcinogenic effects. Unit risk values and slope factors (SFs) apply to carcinogenic
effects. Each toxicity value is specific to both a particular substance and to the exposure pathway. The
majority of the toxicity values for this assessment were obtained from the EPA IRIS database (EPA 2002)
and the Health Effects Assessment Summary Tables (HEAST) (EPA 2001).

Each of 24 WAG 7 human health COPCs is classified as either a chemical or a radionuclide.
Potential carcinogenic and noncarcinogenic effects were considered for the four chemical COPCs. Only
carcinogenic effects were considered for the 20 radioactive COPCs.

For noncarcinogenic effects, descriptions of critical effects, oral RfDs, inhalation RfCs, and MCLs
are shown in Table 6-2. A critical effect, as defined by the EPA (1996), is the first adverse effect of a
contaminant or its known precursor that occurs as the dose rate increases—that is, the first observable
symptom that results from an exposure.
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Table 6-2. Toxicity values for quantitatively evaluated noncarcinogens.

Chemical

Carbon
tetrachloride

Methylene
chloride

Nitrate

Tetrachloro-
ethylene

Chronica
Oral

Reference
Dose

Critical Effect (mg/kg-day)

Liver lesions

Liver toxicity

Early clinical
signs of
hemoglobin in
oxidized state
in the blood

Liver toxicity
in mice,
weight gain in
rats

Chronic Oral
Reference

Dose Uptake
Factor

Chronica
Inhalation
Reference

Concentration
(mg/m3)

Chronic
Inhalation
Reference

Concentration
Uptake Factor

Maximum
Concentration

Level"

(Ing/L)

7.0E-04 1,000 ND ND 5.0E-03

6.0E-02 100 3.0E+00c 100 5.0E-03

1.6E+00 1 ND ND 1.0E+01 d

1.0E-02 1,000 ND ND ND

ND means that no data are available.

a. Values are from the Integrated Risk Information System database (EPA 2002) except where noted.

b. The maximum contaminant levels (MCLs) are obtained from 40 CFR 141.

c. The toxicity value is from the Health Effects Assessment Summary Tables (EPA 2001).

d. The MCL for nitrate is 10 mg/L as nitrogen.

Weight-of-evidence classes, oral SFs, inhalation unit risk values, and MCLs are used to assess
carcinogenic toxicity for chemicals. The EPA has grouped substances to describe carcinogenicity
according to the weight of evidence that supports the classification. Groups A, B 1, B2, and C are
described as follows:

• Group A—Direct evidence is sufficient to classify the substance as a probable human carcinogen

• Group B 1—Direct evidence is sufficient of carcinogenesis in animals with some supporting human

data to classify the substance as a probable human carcinogen

• Group B2—Evidence is sufficient of carcinogenesis in animals with some human data, but of lesser

quality than in Group B 1, to classify the substance as a possible human carcinogen

• Group C—Some carcinogenesis in animals and humans is evident, but data are sufficient to assess

the probability of carcinogenesis.

All radionuclides are classified as Group A carcinogens.

6.3.1 Chemicals

Carbon tetrachloride, methylene chloride, nitrate, and tetrachloroethylene were evaluated for
noncarcinogenic effects based on the availability of toxicity data needed for the risk calculations (see

Table 6-2). Carbon tetrachloride and methylene chloride also were evaluated for carcinogenic effects. The

EPA weight-of-evidence classification and available oral SFs, inhalation unit risks, and MCLs for
chemical carcinogens are provided in Table 6-3. Potential toxic effects associated with the evaluated
exposure routes and sources of toxicity values used in the toxicity assessment are described in the
following sections.
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Table 6-3. Toxicity values for quantitatively evaluated chemical carcinogens.

Chemical
EPA

Weight of Evidencea

Oral Slope
Factora

(mg/kg-d)-1

Inhalation
Unit Riska
(mg/m3)-'

MCLb

(mg/L)

Carbon tetrachloride B2 1.3E-01 1.5E-05 5.0E-03

Methylene chloride B2 7.5E-03 4.7E-07 5.0E-03

Tetrachloroethylene B2 5.1E-02c NA NA

a. Values are from the Integrated Risk Information System database (EPA 2002).

b. Maximum contaminant levels (MCLs) are from 40 CFR 141.

c. The value for tetrachloroethylene is under EPA review and not available. The same value applied in the 7-08 RI/FS
(Duncan, Troutman, and Sondrup 1993) was used.

6.3.1.1 Carbon Tetrachloride. The critical effect of carbon tetrachloride is liver lesions
(EPA 2002). Exposure to high levels of carbon tetrachloride can be fatal. The most immediate harmful
effects are to the central nervous system. Other common effects include headaches, dizziness, nausea, and
vomiting. In severe cases, stupor, coma, and permanent damage to nerve cells can occur (ATSDR 1989).

The liver is sensitive to carbon tetrachloride. Liver damage can result from either acute or chronic
exposure. In mild exposure cases, the liver becomes swollen and tender, and fat tends to build up
inside the tissue. In severe cases, many cells may be killed, leading to decreased liver function.
Carbon tetrachloride can be absorbed through the skin in sufficient quantity to cause liver damage
(ATSDR 1989).

The kidneys also are sensitive to carbon tetrachloride. Kidney disease and inflammation leading to
kidney failure and death are common effects in humans following inhalation exposure. Abnormally high
serous fluid in the lungs (i.e., pulmonary edema) commonly occurs in humans exposed to high levels of
carbon tetrachloride in air. Ingestion of carbon tetrachloride has been associated with decreased function
of the central nervous system, kidney and lung injury, and marked hepatoxicity.

The occurrence of liver cancer in individuals exposed to carbon tetrachloride fumes, both acutely
and for long periods, has been noted in some reports. A number of studies have shown that prolonged
administration of high levels of carbon tetrachloride by oral or subcutaneous routes can induce liver
tumors in rats, mice, and hamsters (ATSDR 1989). Though no studies have established that inhalation
exposure to carbon tetrachloride poses a risk of cancer, the evidence for liver carcinogenicity has been
shown by oral or parenteral exposure in animals. Because similar noncarcinogenic effects are observed in
the liver following oral and inhalation exposure, it is likely that carcinogenic effects are similar for both
types of exposure (i.e., inhalation exposure could lead to liver cancer) (ATSDR 1989).

The EPA has classified carbon tetrachloride as a B2 human carcinogen for both ingestion and
inhalation (EPA 1996). The oral SF for carbon tetrachloride is 1.3E-01 (mg/kg-day)-I, and the inhalation
unit risk is 1.5E-05 (mg/m3).1 (EPA 2002). The inhalation SF assumes 40% absorption of carbon
tetrachloride. Though tumor incidence and death are indicated in several studies, all the studies are
deficient in some respect. Therefore, confidence in the carcinogenic toxicity values is medium.

The evaluation of noncarcinogenic effects after ingestion of carbon tetrachloride is based on an
EPA-established chronic RfD, 7.0E-04 mg/kg-d (EPA 2002). The potential for noncarcinogenic effects
from inhalation exposure to carbon tetrachloride is not evaluated because of a lack of appropriate data
with which to develop a RfC.
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6.3.1.2 Methylene Chloride. The critical effect of methylene chloride is liver toxicity (EPA 2002).
The principal route of human exposure to methylene chloride is inhalation. Evaluation of pulmonary
uptake in humans indicates that 70 to 75% of inhaled methylene chloride vapor is absorbed. As for
absorption of other lipophilic organic vapors, methylene chloride absorption appears to be influenced by
factors other than the vapor concentration. Increased physical activity and higher body fat increases the
amount of methylene absorbed by the body (ATSDR 1993).

Effects from inhalation of methylene chloride include headaches, giddiness, stupors, irritability,
numbness, and tingling in the limbs. Irritation to the eyes and upper respiratory passages occurs at higher
doses. In severe cases, toxic brain disease with hallucinations and effusion of fluid into the alveoli and
interstitial spaces of the lungs, coma, and death have been observed. Cardiac arrhythmias have been
produced in animals but have not been common in humans. Exposure to methylene chloride may cause
elevated carboxyhemoglobin levels that may be significant in smokers, workers with anemia or heart

disease, and those exposed to carbon monoxide (Sittig 1985).

The central nervous system is affected adversely in humans and animals at exposure levels of

500 ppm or higher. Noted effects from these exposure levels were decreased visual and auditory
functions; however, these effects were reversible once exposure ceased. Similarly, psychomotor
performance (reaction time, hand precision, and steadiness) was impaired and alterations in visually
evoked response have been observed in humans exposed to higher levels of methylene chloride

(ATSDR 1993c).

The EPA has classified methylene chloride as a B2 human carcinogen for both ingestion and

inhalation (EPA 2002). The oral SF for methylene chloride is 7.5E-03 (mg/kg-day)-1, and the inhalation

unit risk is 4.7E-07 (mg/m3)-1 (EPA 2002). Though important uncertainties remain about
pharmacokinetics, pharmacodynamics, and mechanisms of carcinogenicity for methylene chloride, the

confidence in the toxicity values is medium.

Evaluation of noncarcinogenic effects after ingestion of methylene chloride is based on a chronic

RfD of 6.0E-02 mg/kg-day (EPA 2002). The inhalation RfC for methylene chloride is 3.0E+00 mg/m3

(EPA 1995). The uncertainty factor of 100 accounts for both expected intraspecies and interspecies

variability to the toxicity of this chemical in lieu of specific data. Overall confidence in the oral RfD is

medium, because the associated database is rated medium to low based on the limited number of studies.

6.3.1.3 Nitrate. The critical effect of nitrate is early clinical signs of the presence of hemoglobin in

an oxidized state in the blood (EPA 2002). Because nitrates can have adverse effects, sodium and

potassium nitrate are evaluated for noncarcinogenic effects. The nitrate form of nitrogen is of concern

because the ion is highly soluble in water, which enhances leaching, diffusion, and environmental

mobility in soil and water.

Nitrates in the environment are of primary concern because they can reduce to nitrates in biological

systems. Nitrite is formed from nitrate by certain microorganisms in the alimentary tract and in soil,

water, and sewage (Amdur, Doull, and Klassen 1991). Nitrate reduction to nitrite can occur under certain

conditions in the stomach as well as in the saliva. Nitrite acts in the blood to oxidize hemoglobin to
methemoglobin, which cannot conduct oxygen to the tissues. This condition, known as
methemoglobinemia, is caused in humans by high levels of nitrite or, indirectly, excessive levels of

nitrate. Nitrate toxicity can result from ingestion of water and vegetables high in nitrates (EPA 2002).

Newborns (0 to 3 months) are more susceptible to nitrate toxicity than adults. The increased susceptibility

of newborns has been attributed to a high intake per unit weight, the presence of nitrate-reducing bacteria

in the upper gastrointestinal tract, condition of the mucosa, and the greater ease of oxidation of fetal
hemoglobin.
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Other effects associated with the ingestion of nitrates can include hypotension, relatively rapid
heartbeat, respiratory dysfunction (from methemoglobinemia), headache, nausea, vomiting, and diarrhea.

It has been reported that exposure to nitrates has resulted in convulsions following severe intoxication.

Little scientific basis supports conclusions about the relationship between nitrate concentrations
and the carcinogenic potential (EPA 2002). The EPA does not classify nitrates as carcinogens. Therefore,
nitrates are not evaluated for carcinogenic effects for WAG 7.

The oral RfD for nitrate is 1.6E+00 mg/kg-day (EPA 2002). An uncertainty factor of 1 was
employed because available data define no observable effect levels for the critical toxic effect in the most
sensitive human subpopulation. Confidence in the RfD is high, based on evaluation of the database and
studies included in the database.

6.3.1.4 Tetrachloroethylene (perchloroethylene). The noted critical effects of
tetrachloroethylene are liver toxicity in mice and weight gain in rats (EPA 2002). Exposure to
tetrachloroethylene may cause dysfunction of the central nervous system, hepatic injury, and death.
Cardiac arrhythmia and renal injury have been observed in animal experiments. Signs and symptoms of
exposure to tetrachloroethylene include malaise, dizziness, headaches, increased perspiration, fatigue,
difficulty in walking, and slowing of mental ability (Sittig 1985).

Other effects of tetrachloroethylene exposure in humans range from loss of muscular coordination
at low concentrations to unconsciousness and respiratory paralysis at high concentrations.
Tetrachloroethylene is of moderate to low toxicity by the oral route. Ingestion may cause bleeding and
diarrhea and irritate the gastrointestinal membranes. Chronic exposure to tetrachloroethylene most readily
affects the central nervous system and liver (ATSDR 1990).

Evaluation of noncarcinogenic effects after ingestion of tetrachloroethylene is based on an RfD of
1.0E-02 mg/kg-day (EPA 2002). Tetrachloroethylene was not evaluated for noncarcinogenic effects by
inhalation exposure because of a lack of data.

No conclusive evidence has been found to indicate that tetrachloroethylene is carcinogenic in
humans. However, animal studies have shown that tetrachloroethylene can cause liver and kidney
damage, liver and kidney cancers, and leukemia. Based on evidence from animal studies,
tetrachloroethylene is considered carcinogenic in humans (ATSDR 1990). Preliminary toxicity data for
carcinogenic effects are available from the EPA (EPA 1989). The oral SF is 5.1E-02 (mg/kg-day)-', and
the inhalation unit risk is 5.8E-07 (pg/m3)-1. The value of 5.1E-02 previously was used in the OU 7-08
RI/FS (Duncan, Troutman, and Sondrup 1993) to evaluate the relative impact of tetrachloroethylene on
groundwater.

Dermal absorption of tetrachloroethylene is relatively insignificant by comparison to the inhalation
exposure route. However, two cases occurred in which workers at a dry-cleaning business had blistering
of the skin after accidental exposure (ATSDR 1990).

6.3.2 Radionuclides

The EPA has classified all radionuclides as Group A carcinogens based on the extensive weight of
evidence provided by epidemiological studies of radiation-induced cancers in humans (EPA 1995). Target
organs for radiation-induced cancers in humans can include the thyroid, breast, lungs, blood (bone
marrow), stomach, liver, small and large intestines, brain, bone, esophagus, bladder, pancreas, lymphatic
tissue, skin, pharynx, uterus, ovaries, and kidneys (EPA 1989). Any dose of radiation is assumed to
produce adverse effects with no minimum threshold for radiation carcinogenesis.
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The degree of radiotoxicity associated with a specific radioisotope is dependent on the type of
emission (i.e., alpha, beta, or gamma), magnitude of energy, half-life, and exposure pathway. The SFs
developed by the EPA reflect those characteristics. Shleien (1992) also grouped nuclides according to
toxicity, based on the same characteristics, and rated them from one to four, describing very high, high,
moderate, or low radiotoxicity. The 25 radioisotopes evaluated for carcinogenic effects in the ABRA are
listed in Table 6-4. The primary decay mode, toxicity classification, pathway-specific SFs, and MCLs are
tabulated for each nuclide. Pathway-specific SFs have been identified for ingestion, inhalation, and
external exposure. The EPA recently updated their slope factor methodology to include individual
ingestion slope factors for water, food, and soil ingestion. The ABRA incorporates this new methodology
in the analysis.

Descriptions of bodily effects for specific isotopes are available for only a few radionuclides.
Others are assessed in general terms according to the type of decay emission and its associated linear
energy transfer value. The linear energy transfer value is "...a measure of the ability of biological
material to absorb ionizing radiation; specifically, for charged particles traversing a medium, the energy
lost per unit length of path as a result of those collisions with electrons in which the energy lost is less
than a specified maximum value..." (Shleien 1992).

Low linear energy transfer isotopes typically are sparsely ionizing gamma or beta radiations and
tend to travel farther into tissues than alpha particles. Target organs for low linear energy transfer induced
cancers in humans can include the thyroid, breast, and blood (bone marrow) (NCRP 1980).
Alpha-emitting isotopes usually exhibit high linear energy transfer and effects tend to be more localized,
reflecting the lesser degree of penetration associated with alpha particles.

Consequently, alpha-emitters and low-energy beta particles generally are considered ingestion and
inhalation hazards but not a significant external exposure concern. Conversely, gamma radiation can
generate significant exposures by inhalation, ingestion, and external exposure. Target organs for
gamma-induced cancers in humans can include the thyroid, breast, lung, blood (bone marrow), stomach,
liver, small and large intestines, brain, bone, esophagus, bladder, pancreas, lymphatic tissues, skin,

pharynx, uterus, ovaries, and kidneys. Breast cancer typically occurs 10 years after exposure
(BEIR IV 1988), and thyroid cancer is a late consequence of ionizing radiation.

The most likely tissues to exhibit adverse health effects following intake of transuranic isotopes

(i.e., elements of atomic number greater than 92) are the lungs, liver, bone (bone marrow), and lymph
nodes, and to a lesser degree thyroid gland, gonads, and kidneys (BEIR IV 1988). By far the greatest

emphasis has been placed on the lungs and bone because these two tissues have been the predominant

sites of neoplasia in experimental animals.

The EPA SFs reflect the considerations discussed above. Additional descriptions available for

specific radioactive elements are given below.

6.3.2.1 Actinium. Data from early studies have shown the absorption of actinium through the

gastrointestinal tract to be very low. Like other actinides, intravenously or intramuscularly injected

actinium becomes concentrated in the liver, skeleton, and to some extent, the kidneys (ICRP 1978).

6.3.2.2 Americium. Data from animal studies have shown the absorption of americium through the

gastrointestinal tract to be very low. Americium compounds are more rapidly cleared from the lung than

are compounds of plutonium (ICRP 1978). After inhalation, Am-241 resides more in the skeleton than in

the lungs (BEIR IV 1988), and approximately 30% of inhaled Am-241 resides in the liver. Inhalation has

been shown to induce lung tumors in rats (BEIR IV 1988).
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Table 6-4. Slope factors and other data used to estimate carcinogenic risks for radionuclide contaminants of potential
chain members.

concern and associated decay

Radionuclide

Primary
Decay
Modea

Toxicity
Groupb

Water
Ingestion Slope

Facto!'
(pCi)-1

Food
Ingestion

Slope Factor'
(pCi)-1

Soil
Ingestion

Slope Factor'
(pCi)-1

Inhalation
Slope Facto!'

(pCi)-I

External
Exposure

Slope Factor`
(y/pCi/g)-1

MCLd
(pCi/L)

Ac-227+D B, A 1 4.86E-10 6.53E-10 1.16E-09 2.09E-07 1.47E-06 1.5E+01

Am-241 A 1 1.04E-10 1.34E-10 2.17E-10 2.81E-08 2.76E-08 1.5E+01

Am-243+De A 1 1.08E-10 1.42E-10 2.32E-10 2.70E-08 6.36E-7 1.5E+01

C-14 B 3 1.55E-12 2.00E-12 2.79E-12 7.07E-12 7.83E-12 2.00E+03

C1-36 Bf 2 3.30E-12 4.44E-12 7.66E-12 2.50E-11 1.74E-09 7.00E+02

Cs-137+De B 3 3.04E-11 3.74E-11 4.33E-11 1.19E-11 2.55E-06 2.00E+02

I-129 B 4 1.48E-10 3.22E-10 2.71E-10 1.60E-10 6.10E-09 1.00E+00

Nb-94 Bf 2 7.77E-12 1.11E-11 2.05E-11 3.77E-11 7.29E-06 1.07E+03

°N Np-237+De A 1 6.74E-11 9.10E-11 1.62E-10 1.77E-08 7.97E-07 1.5E+01

-f5 Pa-231 A 1 1.73E-10 2.26E-10 3.74E-10 4.55E-08 1.39E-07 1.50E+01

Pb-210+De B 1 8.81E-10 3.44E-09 1.84E-09 1.39E-08 4.21E-09 NA

Pu-238 SF, A 1 1.31E-10 1.69E-10 2.72E-10 3.36E-08 7.22E-11 1.50E+01

Pu-239 A 1 1.35E-10 1.74E-10 2.76E-10 3.33E-08 2.00E-11 1.50E+01

Pu-240 SF, A 1 1.35E-10 1.74E-10 2.77E-10 3.33E-08 6.98E-11 1.50E+01

Ra-226+De A 1 3.86E-10 5.15E-10 7.30E-10 1.16E-08 8.49E-06 5.00E+00

Sr-90+D B 2 7.40E-11 9.53E-11 1.44E-10 1.13E-10 1.96E-08 8.00E+00

Tc-99 B 3 2.75E-12 4.00E-12 7.66E-12 1.41E-11 8.14E-11 9.00E+02

Th-229+De A 1 5.28E-10 7.16E-10 1.29E-09 2.25E-07 1.17E-06 1.50E+01

Th-230 A 1 9.10E-11 1.19E-10 2.02E-10 2.85E-07 8.19E-10 1.50E+01

Th-232 A 2 1.01E-10 1.33E-10 2.31E-10 4.33E-08 3.42E-10 1.50E+01

U-233 A 1 7.18E-11 9.69E-11 1.60E-10 1.16E-08 9.82E-10 2.90E+055

U-234 A 1 7.07E-11 9.55E-11 1.58E-10 1.58E-08 2.52E-10 1.87E+05 g



Table 6-4. (continued).

Radionuclide

Primary
Decay
Mode

Toxicity
Groupb

Water
Ingestion Slope

Factor`
(pCi)-I

Food
Ingestion

Slope Factor'
(pCi)-1

Soil
Ingestion

Slope Factor'
(pCi)-1

Inhalation
Slope Factor'

(pCi)-1

External
Exposure

Slope Factor'
(y/pCi/g)-1

MCLd
(pCi/L)

U-235+De

U-236

U-238+De

A

A

SF, A

4

2

4

7.18E-11

6.70E-11

8.71E-11

9.76E-11

9.03E-11

1.21E-10

1.63E-10

1.49E-10

2.10E-10

1.01E-08

1.05E-08

9.35E-09

5.43E-07

1.25E-10

1.14E-07

6.49E+01 g

1.94E+03 g

1.01E+01 g

a. Data are taken from Table 8.13 in Shleien (1992) except as noted. Only primary emissions are listed. Many isotopes
Most emit gamma rays.
A = alpha emission
B = beta emission
EC = electron capture
SF = spontaneous fission.

b. Values are taken from Table 11.1.1.1 in Shleien (1992).
Group 1 = very high radiotoxicity

, Group 2 = high radiotoxicity
Group 3 = moderate radiotoxicity
Group 4 = low radiotoxicity.

c. Values are taken from the EPA Health Effects Assessment Summary Tables (EPA 2001).

d. Values are taken from 40 CFR 141.

e. +D indicates that slope factors include the effects of daughter products.

f. Data are taken from GE (1989).

g. Based on proposed MCL of 30 Rg/L total uranium.

are characterized by multiple decay modes.



6.3.2.3 Carbon. Carbon is readily absorbed into the bloodstream through the gastrointestinal tract or
the lungs and subsequently is deposited throughout all organs and tissues of the body. Data from the
International Commission on Radiation Protection (ICRP 1975) suggest that the biological half-life of
dietary carbon in the body is about 40 days. However, studies of autopsy samples of people exposed to
C-14 from fallout indicate that bone collagen and bone mineral retain carbon with a biological half-life in
excess of 5 years (ICRP 1978).

6.3.2.4 Cesium. Regardless of the mode of exposure, Cs-137 is rapidly absorbed into the
bloodstream and distributes throughout the active tissues of the body. Metabolically, Cs-137 behaves as
an analog of potassium. Distribution of cesium throughout the body and energetic beta and gamma
radiation from the decay daughter, Ba-137m, result in essentially whole-body irradiation (Amdur, Doull,
and Klassen 1991).

6.3.2.5 Iodine. Iodine is absorbed rapidly and almost completely through the gastrointestinal tract,
mainly from the small intestine. Approximately 30% of the iodine that enters the blood is retained in the
thyroid (ICRP 1978). Iodine eventually is lost from the thyroid gland in the form of organic iodine and is
retained in the remaining organs and tissues within the body. The biological half-life of iodine within the
body is approximately 120 days (ICRP 1978).

6.3.2.6 Lead. The fractional absorption of lead through the gastrointestinal tract of humans has an
estimated range of 0.05 to 0.65 (ICRP 1978). It has been shown that when injected in the body, Pb-210 is
deposited in bone, liver, and kidneys but is tenaciously retained only by mineral bone (ICRP 1978).

6.3.2.7 Neptunium. Data from animal studies have shown the absorption of neptunium through the
gastrointestinal tract to be very low. Experiments on rats indicate that neptunium is cleared from the lungs
more rapidly than plutonium. Data on the distribution and retention of neptunium in rats indicate that the
metabolic behavior of neptunium is similar to that of plutonium. However, in the skeleton, the
distribution of neptunium may more closely resemble calcium than plutonium (ICRP 1978).

6.3.2.8 Niobium. Data from the ICRP Reference Man report (ICRP 1975) indicate that a large
fraction of dietary niobium is absorbed through the gastrointestinal tract. However, other studies on a
number of compounds of the element have indicated that the fractional absorption is 0.01 or less in small
animals (ICRP 1978). Inhaled niobium oxide is tenaciously retained in the lungs. Animal studies have
shown a preferential retention of niobium in mineral bone, with a concentration 10 times the whole-body
average, and in the kidneys, spleen, and testes, with concentrations three to five times the whole-body
average.

6.3.2.9 Plutonium. After inhalation, plutonium may remain in the lungs but can move to the bones
and liver (BEIR V 1990). Plutonium generally stays in the body for a very long time and continues to
expose the surrounding tissues to radiation (ATSDR 1990a), increasing the probability of carcinogenesis
over time. Approximately 50% of the plutonium that enters the blood is retained in the bone and 30% in
the liver with retention times of 20 to 50 years (BEIR IV 1988). Inhalation can cause lung tumors in rats,
and dermal absorption is limited (BEIR IV 1988).

Plutonium absorption through the gastrointestinal tract appears to be limited but is increased with
decreased iron and calcium levels (BEIR IV 1988). Data have been reported that indicate a much higher
gastrointestinal absorption for certain compounds of plutonium that are unlikely to be encountered in
occupational exposures, (e.g., hexavalent plutonium compounds, citrates, and other organic complexes).
Absorption also is increased in the very young (ICRP 1978).
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6.3.2.10 Protactinium. Data from early studies have shown the absorption of protactinium through
the gastrointestinal tract to be very low. Protactinium has been shown in animal studies to be deposited
primarily in the skeleton, with the liver and kidneys as secondary sites of deposition (ICRP 1978).
Protactinium deposited in the skeleton is retained there with a biological half-life in excess of 100 days.
Protactinium deposited in the liver or kidneys has a biphasic retention with the two components having
biological half-lives of about 10 and 60 days, respectively.

6.3.2.11 Radium. Radium, as a metabolic analog of calcium, is readily absorbed through the
gastrointestinal tract or the lungs into the bloodstream and subsequently is deposited in the bones. Values
for fractional absorption through the gastrointestinal tract have been observed in a range from 0.15 to 0.21
(ICRP 1978). During the first few days after intake, radium becomes concentrated heavily on bone
surfaces, and then gradually shifts its primary deposition site to bone volume. A large percentage of the
subjects exposed to high doses of radium have developed bone cancer (BEIR IV 1988).

6.3.2.12 Strontium. Strontium, as a metabolic analog of calcium, is readily absorbed into the
bloodstream through the gastrointestinal tract or the lungs and subsequently is deposited in the bones.
Observations indicate that a single brief oral, intravenous, or inhalation intake generates a high incidence
of tumors in bones and bone-related tissues (BEIR V 1990). Inhalation is the major risk. Data from
animal studies indicate that exposure to strontium results in lung and possibly liver damage (Sittig 1985).

6.3.2.13 Technetium. Technetium is readily absorbed through the gastrointestinal tract or the lungs
into the bloodstream. Once in the body, technetium subsequently is deposited in the thyroid,
gastrointestinal tract, and liver (ICRP 1978).

6.3.2.14 Thorium. Thorium is incorporated into the body mainly by inhalation. It is poorly absorbed
through the gastrointestinal tract, and approximately 60% of the thorium body burden is present in the
skeleton (BEIR IV 1988). In the body, thorium tends to stay where it is first deposited. When injected into
humans as the drug Thorotrast, thorium is deposited in the liver, spleen, bone marrow, and lymph nodes
(BEIR IV 1988). Because of its deposition in the bone marrow in which red blood cells are formed,
thorium-induced anemia has been observed in conjunction with therapeutically administrated Thorotrast.
Liver cancers also have been associated with Thorotrast therapy (BEIR IV 1988).

6.3.2.15 Uranium. Uranium and its compounds are highly toxic. Studies have shown that fractions on
the order of 0.005 to 0.05 of a uranium compound are likely to be absorbed into the blood through the
gastrointestinal tract (ICRP 1978). Soluble uranium compounds such as UF6, UO2F2, and UO2(NO3)2 are
absorbed rapidly through the lungs (ICRP 1978). Retention times for uranium in the body may range from
20 to 50 years (ICRP 1978). Major target organs for uranium toxicity are the respiratory system, blood,
liver, lymphatic system, kidneys, skin, and bone marrow. Reports have confirmed that carcinogenicity is
related to dose and exposure time. Soluble compounds have been reported to cause lung and bone cancers
and cancer of the lymphatic tissues, whereas insoluble compounds have been reported to cause cancer of
the lymphatic and blood-forming tissues (Sittig 1985).

6.4 Risk Characterization

Risk characterization involves estimating the magnitude of potential adverse human health effects
from released COPCs. Specifically, risk characterization combines the results of the exposure and toxicity
assessments to develop numerical estimates of the health risk. These estimates, with a given intake, are
either comparisons of exposure levels with appropriate WIN or estimates of the lifetime cancer risk.
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6.4.1 Generalized Approach

To quantify human health risks, contaminant intakes are calculated for each COPC for each
applicable exposure route. As discussed in Section 6.2, these contaminant intakes are based on the
modeled soil and groundwater concentrations listed in Table 6-1. The equations used to estimate the risks
for each pathway are discussed below.

6.4.1.1 Carcinogenic Health Effects. The following equations are used to obtain numerical
estimates (i.e., probability) of lifetime cancer risks:

Risk = Intakex SF (6-12)

where

Risk = potential lifetime cancer risk (unitless)

SF = slope factor, for chemicals (mg/kg/day)-1, or radionuclides (pCi)-1

Intake = chemical intake rate (mg/kg/day), or total radionuclide intake (pCi).

The linear low-dose equation shown in Equation 6-12 is valid at low risk levels (i.e., below the
estimated risk of 1E-02). In accordance with the EPA Risk Assessment Guidance to Superfund (RAGS)
(EPA 1989), risks that are greater than 1E-02 should be calculated using the one-hit equation. While none
of the WAG 7 COPCs fall into this category, the one-hit equation is described below for completeness.

Risk =1- exp(4ntakex SF)

where

Risk = potential lifetime cancer risk (unitless)

SF = slope factor, for chemicals (mg/kg/day)-1, or radionuclides (pCi)-1

Intake = chemical intake rate (mg/kg/day), or total radionuclide intake (pCi).

To develop the total risk for each contaminant, each pathway risk is summed as follows:

RiskT = E Risk,

where

(6-13)

(6-14)

RiskT = total cancer risk for that contaminant

Risk, = risk for the ith pathway.

Similarly, the total risk for each contaminant is summed to estimate the potential cumulative cancer
risk associated with the SDA.

6.4.1.2 Noncarcinogenic Effects. Health risks associated with exposure to individual
noncarcinogenic compounds are evaluated by calculating hazard quotients (HQs). The quotient for health
hazards is the ratio of intake to the RfD, as follows:

HQ = Intake/RfD (6-15)
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where

HQ = noncarcinogenic HQ (unitless)

Intake = chemical intake rate (mg/kg/day)

RfD = reference dose (mg/kg/day).

Hazard indexes (HIs) are calculated by summing the HQs for each chemical across all exposure
routes. If the HI for any COPC exceeds 1.0, potential health effects from exposure to the COPC may be a
concern. The contaminant-specific HI is calculated using the following equation:

HI =E HQ (6-16)

where

HI = hazard index (unitless)

HQ, = hazard quotient for each pathway (unitless).

Similarly, the HI estimated for each contaminant as described above can be summed to provide a
cumulative HI for the entire SDA.

6.4.2 Estimates of the Potential Human Health Risk

Risk results are summarized in this section. Graphical illustrations of risk results for the
hypothetical future residential scenario are found in Section 6.4.3. All exposure pathways were simulated
for 1,000 years from 2010 (to the year 3010). Because the groundwater pathway risk did not peak for
many of the contaminants during the first 1,000 years, the groundwater pathway was simulated until
either a peak was reached or for a total of 10,000 years.

Risks and HIs for the occupational exposure scenario are provided in Table 6-5. Peak risks and HIs
through the simulated 100-year institutional control period ending in 2110 and the 1,000-year simulation
period ending in 3010 are listed. A comparison of the results in Table 6-5 for the occupational scenarios
with the hypothetical future residential risk estimates in Table 6-6 shows that occupational risks are
bounded by the residential risks.

The maximum risk and HI for each contaminant for the 1,000-year simulation period are provided
in Table 6-6 for hypothetical future residential exposures. The peak risks, the years in which the peak
risks occur, and the major pathways contributing to the total risks are also provided in Table 6-6. The
peak risk or HI is for the maximum anywhere in the aquifer and is not spatially consistent. That is, a
receptor with a well in one location would not see the maximum groundwater risk for all contaminants.
The total risk (Figure 6-2) is shown as a spatially consistent receptor. Those contaminants with an HI
greater than 1.0 or a risk greater than or equal to 1E-06 are highlighted. The radionuclides C-14, Np-237,
Sr-90, Tc-99, U-234, U-235, U236, and U-238, and the chemicals carbon tetrachloride and
tetrachloroethylene have peak risk values greater than 1E-04. Plots of the risk for each of the 10 risk
drivers greater than 1E-04 are shown in Figures 6-3 through 6-12. Contaminants with a total HI greater
than 1.0, carbon tetrachloride, nitrates, and tetrachloroethylene, are illustrated in Figures 6-13, 6-14, and
6-15. Contaminants with a carcinogenic risk in the range of 1E-06 to 1E-04 include the radioisotopes
Ac-227, Am-241, C1-36, Cs-137, 1-129, Nb-94, Pa-231, Pu-239, Pu-240, Ra-226, and U-233 and the
nonradioactive contaminant methylene chloride. Plots for each of these 12 contaminants are included in
Figures 6-16 through 6-27.
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Table 6-5. Summary of estimated risks and hazard indexes for current and future occupational exposure
scenarios.

Contaminant

Peak Risk Through
100-Year

Simulation Period Year of Peak Risk

Peak Risk Through
1,000-Year

Simulation Period Year of Peak Risk

Ac-227 6.E-14 2110 2.E-11 2273

Am-241 9.E-09 2110 5.E-06 2951

Am-243 2.E-11 2110 8.E-09 3005

C-14 7.E-12 2051 2.E-11 2209

C1-36 7.E-13 1963 7.E-13 1963

Cs-137 1E-06 2105 1E-06 2105

1-129 3.E-16 1970 3.E-16 1970

Nb-94 1.E-08 2110 2.E-05 3007

Np-237 3.E-10 2110 2.E-08 2664

Pa-231 5.E-15 2110 1.E-12 2234

Pb-210 6.E-14 2110 4.E-09 3005

Pu-238 1.E-12 2110 2.E-10 2288

Pu-239 5.E-11 2110 4.E-07 3010

Pu-240 5.E-11 2110 4.E-07 3008

Ra-226 2.E-11 2110 5.E-07 3005

Sr-90 1E-06 2033 1E-06 2033

Tc-99 5.E-10 1971 5.E-10 1971

Th-229 4.E-13 2110 5.E-10 3010

Th-230 5.E-15 2110 5.E-10 3005

Th-232 9.E-14 2110 1.E-10 3007

U-233 3.E-14 1997 8.E-12 2972

U-234 1.E-12 2110 5.E-10 3005

U-235 2.E-11 2073 2.E-09 2208

U-236 2.E-13 2110 2.E-11 2217

U-238 6.E-11 2110 9.E-09 2234

Carbon tetrachloride 2E-03 1968 2E-03 1968

Methylene chloride 5E-07 1968 5E-07 1968

Peak Hazard Index Peak Hazard Index
Through 100-Year Through 1,000-Year

Contaminant Simulation Period Year of Peak Risk Simulation Period Year of Peak Risk

Carbon tetrachloride 4E-03 1967 4E-03 1967

Methylene chloride 7E-08 1967 7E-08 1967

Nitrate 5E-06 1999 5E-06 1999

Tetrachloroethylene 5E-05 1968 5E-05 1968
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Table 6-6. Maximum simulated risks and hazard indexes for the 1,000-year simulation period for a

hypothetical future residential exposure scenario. 

Contaminant
of Potential Simulation Peak
Concern Group Risk

Ac-227 2

Am-241 1

Am-243

C-14

C1-36

Cs-137

I-129

Nb-94

Np-237

Pa-231

Pb-210

Pu-238

Pu-239

Pu-240

Ra-226

Sr-90

Tc-99

3.E-06

3.E-05

2 4.E-08

7

7

NA

7

7

4, 5 5.E-07

4 1.E-09

3

4, 5

6.E-06

5E-06

8.E-05

4.E-01

3.E-06

NA

7

2.E-01

2.E-06'

3.E-0

:TA
Th-229 1 4.E-07

Th-230 4, 5 7.E-07

Th-232 3 ' 1.E-09

U-233 1

U-234 

U-235

U-236

U-238 • 5

Carbon tetrachloride Scaled IRA

Methylene chloride Scaled IRA

Nitrates 6 NAb

Tetrachloroethylene Scaled IRA 2E-04'

2.E-0

I

1.E-0

3.E-03

2.E-0

2.E-05

Year

Peak
Hazard
Index Year

Primary
Exposure Pathway

3010a NAb NA Groundwater ingestion

2953 NA NA Soil ingestion, inhalation, external
exposure, and crop ingestion

3010' NA NA External exposure

2278 NA NA Groundwater ingestion

2110 NA NA Groundwater and crop ingestion

2110 NA NA External exposure

2110 NA NA Groundwater ingestion

3010' NA NA External exposure

3010' NA NA Groundwater ingestion

3010' NA NA Groundwater ingestion

3010a NA NA Groundwater ingestion

2286 NA NA Soil and crop ingestion

3010' NA NA Soil and crop ingestion

3010' NA NA Soil and crop ingestion

3010 NA NA External exposure

2110 Crop ingestion

2110 NA NA Groundwater ingestion and crop
ingestion

3010' NA NA Groundwater ingestion

3010' NA NA Groundwater ingestion

3010' NA NA Crop ingestion

3010' NA NA Groundwater ingestion

3010' NAb NAb Groundwater ingestion

2662 NAb NAb Groundwater ingestion

3010' NAb NAb Groundwater ingestion

3010a NAb NAb Groundwater ingestion

2105 5.E+01 2105 Groundwater ingestion

2185 1.F-01 2 i 85 Groundwater ingestion

NAb 1.E +00 2120 Groundwater ingestion

1968 1.E+00 2137 Groundwater ingestion and dermal
exposure to contaminated water

Note: For toxicological risk, the peak hazard index (Hl) is given. and for carcinogenic probability, the peak risk is given.

Red = carcinogenic risk 1E-04.
B I Lk. = carcinogenic risk a. 1E-06 and c I E-04.
Pink = toxicological (noncarcinogenic) HI 1.0.
a. The peak risks and His for the contaminant did not occur before the end of the 1,000-year simulation period. Only groundwater ingestion risks
and His were simulated for 10.000 years. The risks and His for the 10,000-year simulation period are illustrated in Section 6.4.
b. NA = not applicable.

c. The risk estimate is based on a slope factor that is currently under EPA review.
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Figure 6-2. Total carcinogenic risks for all radionuclides for hypothetical future residential exposure
pathways
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Figure 6-3. Carbon-14 carcinogenic risks for hypothetical future residential scenario exposure pathways.
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Figure 6-4. Neptunium-237 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-5. Strontium-90 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-6. Technetium-99 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-7. Uranium-234 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-8. Uranium-235 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-9. Uranium-236 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-10. Uranium-238 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-11. Carbon tetrachloride carcinogenic risks for hypothetical future residential exposure
pathways.
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Figure 6-12. Tetr,achloroethylene carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-13. Carbon tetrachloride hazard index for hypothetical future residential exposure pathways.
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Figure 6-14. Nitrate hazard index for hypothetical future residential exposure pathways.
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Figure 6-15 Tetrachloroethylene hazard quotient for the hypothetical future residential scenario.
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Figure 6-16. Actinium-227 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-17. Americium-241 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-18. Chlorine-36 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-19. Cesium-137 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-20. Iodine-129 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-21. Niobium-94 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-22. Proiactinium-23 I carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-23. Plutonium-239 carcinogenic risks for hypothetical future residential exposure pathways.

6-37



P
u
-
2
4
0
 R
is

k 

1E+01

1E+00

1E-01

1E-02

1E-03

1E-04

1E-05

1E-06

1E-07

1E-08

1 E-09

1 E-10

1E-11

1 E-12

1950

Total risk

Soil ingestion risk

Inhalation risk

External exposure risk

 Groundw ater ingestion risk

Crop ingestion risk

x Gray text indicates risk <1E-12

 End of simulated institutional control

2150 2350 2550

Time (years)

2750 2950

Figure 6-24. Plutonium-240 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-25. Radium-226 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-26. Uranium-233 carcinogenic risks for hypothetical future residential exposure pathways.
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Figure 6-27. Methylene chloride carcinogenic risks for hypothetical future residential exposure pathways.
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Intrusion into the buried waste would produce unacceptable direct exposure risk because of the
very high radiation fields associated with much of the waste. Many of the disposals were handled
remotely. Exposure rates as high as 1.5E+08 mrem/hr, which would exceed a 100-mrem/year dose rate in
less than one second, are shown on historical shipping records. Shipments exceeding 1 rem/hr, which
would exceed 100 mrem/year in 6 minutes or less, were not uncommon. Though these high exposure rate
waste streams contain short-lived radionuclides such as Co-60, longer-lived beta-emitting radionuclides
(e.g., C-14, Ni-59, Nb-94, and Tc-99) also are contained in the waste. Because these isotopes also are
gamma-emitters, they generate substantial activity and must be handled remotely. Therefore, intrusion
that results in direct exposure to the waste will continue to pose unacceptable risk far into the future. In
addition to gamma radiation exposure, long-lived beta emitters pose unacceptable risk from other
exposure pathways, as do the alpha-emitters contained in the transuranic waste buried in the SDA.
Therefore, it is not necessary to develop quantified risk estimates for an intrusion scenario to determine
that intrusion into the waste poses unacceptable risk.

As illustrated in Figure 6-2, the total maximum carcinogenic risk from radionuclides within the
1,000-year simulation period is 5E-03 for the hypothetical future residential scenario. The total estimated
risk is dominated by the groundwater ingestion risks. In the early period, the primary risk drivers are
mobile fission and activation products (C-14, Tc-99, and 1-129), and in the later periods, Np-237, U-234,
and U-238 drive the groundwater risks. Risk estimates are still rising at the end of the 1,000-year
simulation period for some radionuclides.

The total HI was not computed for the ABRA because contaminants contributing to the HI, nitrates
and VOCs, were evaluated with different methodologies. Nitrates were explicitly evaluated in the ABRA
while VOCs were evaluated by scaling the IRA results based on inventory ratios (see Section 5.3). Plots
of the individual HIs are presented in Figures 6-13 through 6-15.

Similarly, total risk was not computed for chemical carcinogens. The three chemical carcinogens,
carbon tetrachloride, tetrachloroethylene, and methylene chloride, are VOCs that were evaluated by
scaling the IRA results. Plots of these contaminants are shown in Figures 6-11, 6-12, and 6-27.

Plots of risk and HI show a marked increase at the year 2110 because the exposure scenario
changes from occupational to residential. The change in scenario affects exposure parameters (e.g., the
exposure frequency is 250 days/year for occupational and 350 days/year for residential), exposure
pathways (e.g., crop ingestion was not complete for the occupational scenario but was complete for the
residential scenario), and receptor location (e.g., groundwater ingestion receptor location moves from the

INEEL boundary to the boundary of WAG 7 next to the SDA).

Groundwater risk at the INEEL boundary was computed for the simulated 100-year institutional
control period. The only contaminants with a risk greater than 1E-06 for groundwater ingestion during
institutional control is carbon tetrachloride at 1E-05, C-14 at 2E-06, and Tc-99 at 7E-06. No contaminant
had an HI greater than 1.0 for groundwater ingestion in the simulated 100-year institutional control
period.

Scaled modeling results from the IRA show carbon tetrachloride has a high risk for both inhalation
and groundwater ingestion, as shown in Figure 6-11. Dermal contact with contaminated water presents a
significant risk in the later periods, as well. The risk from carbon tetrachloride peaks in the year 2107.
Because results were scaled from the IRA, the timeframe for the simulated 100-year institutional control
period differs slightly. The IRA modeling simulated an institutional control period ending in the year
2097 instead of 2110.

Crop ingestion dominates the Sr-90 risk as shown in Figure 6-5. The risk peaks immediately after
the simulated 100-year institutional control period and drops rapidly after that because of radioactive
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decay. Soil ingestion produces a risk above 1E-04 during institutional control. Risk from Sr-90 is below
1E-04 by the year 2117, and the risk is below 1E-06 by the year 2336. Groundwater ingestion risks were
not computed for Sr-90 because of the short half-life and low mobility.

The greatest risk from C-14 is from the groundwater ingestion pathway as shown in Figure 6-3.
The increased release rate and higher mobility used in this analysis, compared to previous results, indicate
an earlier peak for C-14. The peak risk is 6E-04 in the year 2278. Comparisons to measured
concentrations suggest that the models are overpredicting the release and mobility of C-14 (see
Section 5.3 for discussion). C-14 has been detected sporadically at low concentrations in the aquifer.

The U-238 risk is dominated by the groundwater ingestion pathway. As illustrated in Figure 6-10,
the risk continues to climb through the 1,000-year simulation period. The risk peaks at 3E-03 near the
year 3033 (approximately 1,000 years from the current time), as shown in the plots of the groundwater
simulation for a 10,000-year simulation period provided in Section 6.4.3. The U-238 risk is predicted to
remain above 1E-04 during the entire 10,000-year simulation period.

The Np-237 risk is dominated by the groundwater ingestion pathway. As seen in Figure 6-4, the
risk is still rising at the end of the 1,000-year simulation period. The highest risk during this period is
2E-04. The peak risk is 6E-04, occurring near the year 3913, and is reduced to below 1E-04 by the
year 7755 (see Section 6.4.3).

The U-234 risk is dominated by the groundwater pathway. As seen in Figure 6-7, the risk peaks
near the end of the 1,000-year simulation period. The U-234 risk peaks at 1E-03 near the year 3193 and
falls below 1E-04 by the year 8757 (see Section 6.4.3).

The Tc-99 risk peaks at 4E-04 at the end of the simulated 100-year institutional control period at
the year 2110. As seen in Figure 6-6, the risk is posed by groundwater ingestion and crop ingestion (the
crops are irrigated with contaminated water). The risk drops below 1E-04 in the year 2422, but remains
above 1E-06 during the 1,000-year simulation period. The majority of the Tc-99 is contained in INEEL
reactor operations waste. The inventory is still being reviewed (see Section 3.3), and the release rate is
uncertain for this waste type. As discussed in Section 5.3, the model greatly overpredicts the measured
concentrations of Tc-99 for the current time period. Section 6.6 provides some analysis of the uncertainty
in the Tc-99 release rate.

Scaled IRA results for carbon tetrachloride show that the HI is dominated by the groundwater
ingestion pathway (see Figure 6-13). The HI peaks at 50 in the year 2105. Because the results were scaled
from the IRA, the institutional control period differs slightly from that assumed for the radioactive
contaminants.

Scaled IRA results for tetrachloroethylene show that the peak groundwater ingestion risk is 2E-05
(see Figure 6-12). The risk peaks in the year 2097. Because the results were scaled from the IRA, the
institutional control period differs slightly from that assumed for the radioactive contaminants.

The nitrate HI peaks at the end of the simulated 100-year institutional control period at a value of
1.0 (see Figure 6-14) because nitrate is rapidly released and is mobile. The nitrate HI is below 1.0 in the
year 2120. The HI for nitrate was computed using the infant toxicity values (the most restrictive) with
adult exposure parameters.

Scaled IRA results for tetrachloroethylene show a peak HI of 1.0 at the end of the simulated
100-year institutional control period. Scaled results are presented in Figure 6.15.

Scaled IRA results show methylene chloride has a peak risk of 2E-05 from the groundwater
ingestion pathway. The risk for methylene chloride is shown in Figure 6-27. Because the results were
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scaled from the IRA, the timeframe for the simulated 100-year institutional control period differs slightly.
The IRA modeling simulated an institutional control period ending in the year 2097 instead of 2110.

As shown in Figure 6-16, the Ac-227 risk is still growing at the end of the 1,000-year simulation
period. The risk from groundwater ingestion peaks at 4E-06 in the year 4073.

Americium-241 has several pathways that contribute significantly to the total risk. The primary
pathway is soil ingestion but inhalation of fugitive dust, external exposure, and crop ingestion also
contribute to the total risk. As shown in Figure 6-17, the risk peaks near the end of the 1,000-year
simulation period.

The Cs-137 risk is dominated by the external exposure pathway. As shown in Figure 6-19, the risk
peaks at 5E-06 in the year 2110 immediately after the end of the simulated 100-year institutional control
period. Because of the short half-life and low mobility, groundwater ingestion risks were not computed
for Cs-137.

The C1-36 risk peaks at 6E-06 and is dominated by the groundwater ingestion and crop ingestion
pathways. The C1-36 risk peaks at the end of the simulated 100-year institutional control period in the
year 2110, as illustrated in Figure 6-18.

The Ra-226 risk is dominated by the external exposure pathway. As shown in Figure 6-25, the risk

is still increasing at the end of the 1,000-year simulation period.

The Pu-239 risk peaks at 2E-06. As shown in Figure 6-23, the primary pathways are soil ingestion
and crop ingestion. The risk is still increasing at the end of the 1,000-year simulation period.

The U-235 risk is dominated by the groundwater ingestion pathway. As seen in Figure 6-8, the risk
peaks near the end of the 1,000-year simulation period.

The U-236 risk also is dominated by the groundwater ingestion pathway. The risk peaks at 1E-04 at
the end of the 1,000-year simulation period (see Figure 6-9).

The Pu-240 risk is dominated by the soil ingestion and crop ingestion pathways. As shown in

Figure 6-24, the risk is still increasing at the end of the 1,000-year simulation period.

The Pa-231 risk is dominated by the groundwater pathway. As shown in Figure 6-22, the risk is

still increasing at the end of the 1,000-year simulation period.

The U-233 risk is dominated by the groundwater ingestion pathway. As shown in Figure 6-26, the

risk does not peak at the end of the 1,000-year simulation period. The risk peaks at 4E-05 near the

year 3590. The risk is reduced to 7E-07 by the end of the 10,000-year simulation period
(see Section 6.4.3).

The Nb-94 risk is from the external exposure pathway. As shown in Figure 6-21, the risk is
increasing at the end of the 1,000-year simulation period.

The 1-129 risk is dominated by the groundwater ingestion pathway. As shown in Figure 6-20, the
risk peaks at 6E-05 and falls below 1E-06 in the year 2835.

Scaled IRA results for tetrachloroethylene show a peak HI of 1.0 soon after the end of the

simulated 100-year institutional control period. Scaled results are presented in Figure 6-15.

6.4.2.1 Maximum Contaminant Levels. Another indication of potential health risks is a
comparison of predicted groundwater concentrations to MCLs. The MCLs given in Table 6-7 are taken
from 40 CFR 141. The MCL for alpha-emitting nuclides is 15 pCi/L total. The limit has been used for
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individual radionuclides as an indication of the potential to exceed the limit. The MCL for beta- and
gamma-emitting radionuclides is based on a 4-mrem/year dose. Values used are taken from the 1977 rule
as identified in EPA Notice of Data Availability (2000).

Simulated concentrations for carbon tetrachloride, methylene chloride, nitrates,
tetrachloroethylene, C-14, 1-129, Np-237, Tc-99, U-235, and U-238 exceed the MCLs. Simulated
concentrations of C1-36 and Pa-231 are approximately 36 and 10% of the MCL, respectively, and would
add to the total beta/gamma or total alpha MCL exceedance.

6.4.2.2 Groundwater Risk Isopleths. Isopleths shown in Figures 6-28 through 6-31 for the total
groundwater risk were computed as a function of time by summing the risk from each contaminant in
each grid block at the time specified. The isopleths were generated to illustrate risk at the end of the
simulated 100-year institutional control period and at the year of the peak risk to show how the risk
profile in the aquifer changes with time. Two plots are shown for each period. The local (refined) grid,
and the regional grid for the end of the simulated 100-year institutional control period are shown in
Figures 6-28 and 6-29. Peak cumulative risk isopleths are shown in Figures 6-30 and 6-31. Effects of the
low flow zone south of the SDA and of the additional spreading area water in the vadose zone model that
is transmitted to the aquifer, are visible in these plots as the area of reduced concentration immediately
southwest of the SDA. As shown in Figure 6-31, the model predicts that the 1E-04 risk does not extend
downstream large distances from the SDA.

6.4.2.3 Summary. For all simulated pathways, the highest risk and HI for carbon tetrachloride occur
during the first 1,000 years. Risks from uranium isotopes are higher than those from carbon tetrachloride,
but occur farther out in time. Risks from Am-241, Co-60, Cs-137, Nb-94, Pu-239, Pu-240, Ra-226, and
Sr-90 are from surface exposure pathways. Any method (e.g., a biotic barrier) that inhibits biotic intrusion
and contaminant transport to the surface would interrupt the exposure pathway and, thus, eliminate
unacceptable risks from those COPCs. Risks from the other radionuclide contaminants, C1-36, Np-237,
1-129, Tc-99, U-233, U-234, U-235, U-236, and U-238, and the nonradionuclide contaminants carbon
tetrachloride, nitrates, and methylene chloride are driven primarily by groundwater ingestion. The
simulated concentrations for the radionuclides C-14, 1-129, Np-237, Tc-99, U-235, and U-238 and
nonradionuclides carbon tetrachloride, methylene chloride, nitrates, and tetrachloroethylene exceed
MCLs.

All the results presented in this assessment use the models described in Section 5. Assumptions and
limitations of the modeling are discussed in Section 6.1, and the models currently are not calibrated, as
noted in the same section. Comparisons to measured data in the vadose zone and aquifer are presented in
Section 5.2. An effort to collect data within the waste zone that would allow calibration of the source
model is ongoing. Because the source model is the input for the other fate and transport models,
calibration of the other models is dependent on calibration of the release model.
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Table 6-7. Predicted maximum groundwater concentrations and maximum contaminant levels during

1,000-year and 10,000-year simulation periods.

Contaminant

Peak Concentration
for 1,000-Year

Period
(pCi/L or mg/L)a Year

Peak Concentration
for 10,000-Year

Period
(pCi/L or mg/L)a Year

Maximum
Contaminant Level
(pCi/L or mg/L)a

Radionuclide Contaminants

Ac-227 2.58E-01 3010 4.35E-01 4073 15b

Am-241 1.15E-03 3010 6.60E-02 5355 15b

Am-243 7.71E-09 3010 1.30E-03 12010 15b

C-14 2.02E+04 2282 2.02E+04 2296 2,000

C1-36 9.74E+01 2110 2.50E+02 1993 700

Cs-137 NA NA NA NA 200

1-129 2.33E+01 2110 8.41E+01 2029 1

Nb-94 6.22E-08 3010 9.97E-01 12010 1,070

Np-237 2.82E+02 3010 4.27E+02 3833 15"

Pa-231 8.47E-01 3010 1.28E+00 4153 15"

Pb-210 1.96E-02 3010 2.32E-01 11357 Not regulated

Pu-238 1.13E-19 3010 1.47E-19 3273 15b

Pu-239 3.20E-12 3010 3.54E-05 12010 15b

Pu-240 1.70E-15 3010 2.93E-06 12010 15b

Ra-226 2.32E-02 3010 2.33E-01 12010 5

Sr-90 NA NA NA NA 8

Tc-99 5.23E+03 2110 3.87E+04 2007 900

Th-229 3.61E-02 3010 2.45E-01 4354 15"

Th-230 3.80E-01 3010 7.52E-01 3833 15"

Th-232 1.97E-07 3010 8.27E-03 12010 15b

U-233 1.71E+01 3010 2.89E+01 3593 2.9E+05e

U-234 1.06E+03 3010 1.13E+03 3193 1.87E+05c

U-235 7.94E+01 3010 7.94E+01 2696 6.49E+01`

U-236 7.09E+01 3010 7.19E+01 3113 1.94E+03c

U-238 1.62E+03 3010 1.62E+03 3033 1.01E+01'

Nonradionuclide Contaminants

Carbon tetrachloride 1.09E+00 2110 1.09E+00 2110 5.00E-03

Methylene chloride 2.43E-01 2187 2.43E-01 2187 5.00E-03

Nitrates 6.03E+01 2110 6.03E+01 2110 10

Tetrachloroethylene 2.54E-01 2138 2.54E-01 2138 5.00E-03

a. Units are pCi/L for radionuclides and mg/L for nonradionuclides.

b. In accordance with the 15-pCi/L limit on total alpha in 40 CFR 141.15.

c. The uranium limit is 30 ug/L for total uranium.
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Figure 6-28. Isopleths of cumulative groundwater ingestion risk for radionuclides at the end of the
simulated 1.00-year institutional control period for the refined aquifer grid.
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Figure 6-29. Isopleths of cumulative groundwater ingestion risk for radionuclides at the end of the
simulated I00-year institutional control period for the regional base aquifer grid.
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Figure 6-30. Isopleths of peak cumulative groundwater ingestion risk for radionuclides for the refined
aquifer grid.
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Figure 6-31. Isopl.eths of peak cumulative groundwater ingestion risk for adionuclides for the regional
base aquifer grid.
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6.4.3 Risk and Concentration Plots

This section contains a set of seven plots for each simulation group (see Figure 6-32 through
Figure 6-82) as listed below:

■ Simulated groundwater concentrations for the 1,000-year period

■ Estimated total risk from all pathways for the 1,000-year simulation period

• Simulated maximum groundwater concentrations for 10,000 years

■ Estimated maximum groundwater ingestion risks for 10,000 years

■ Simulated groundwater concentrations at the 1NEEL boundary for 10,000 years

■ Estimated groundwater ingestion risks at the 1NEEL boundary for 10,000 years

• Simulated soil concentrations in the SDA for the 1,000-year simulation period.

64.3.1 Group 1 Contaminants. This subsection provides the simulated risk and concentration
plots for Group 1 contaminants, Am-241, Np-237, U-233, and Th-229.
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Figure 6-32. Simulated maximum groundwater concentrations for Group 1 contaminants for 1,000 years.
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Figure 6-33. Total carcinogenic risk for Group 1 contaminants for hypothetical future residential exposure
pathways.
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Figure 6-34. Simulated maximum groundwater concentrations for Group 1 contaminants over

10,000 years.
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Figure 6-35. Simulated maximum groundwater ingestion risks for Group 1 contaminants over
10,000 years anywhere in the aquifer.
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Figure 6-36. Simulated maximum groundwater concentrations for Group 1 contaminants over
10,000 years at the southern Idaho National Engineering and Environmental Laboratory boundary.
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Figure 6-37. Simulated maximum groundwater ingestion risks for Group 1 contaminants over
10,000 years at the southern Idaho National Engineering and Environmental Laboratory boundary.
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Figure 6-38. Simulated soil concentrations for Group 1 contaminants.
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6.4.3.2 Group 2 Contaminants. This subsection provides the simulated risk and concentration
plots for Group 2 contaminants Am-243, Pu-239, U-235, Pa-231, and Ac-227.
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Figure 6-39. Simidated maximum groundwater concentrations for Group 2 contaminants over
1,000 years.
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Figure 6-40. Total carcinogenic risk for Group 2 contaminants for hypothetical future residential exposure
pathways.
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Figure 6-41. Simulated maximum groundwater concentrations for Group 2 contaminants over

10,000 years.
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Figure 6-42. Simulated maximum groundwater ingestion risks for Group 2 contaminants over
10,000 years anywhere in the aquifer.
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Figure 6-43. Simulated maximum groundwater concentrations for Group 2 contaminants over

10,000 years at the southern Idaho National Engineering and Environmental Laboratory boundary.

1E+00
1E-01
1E-02

1E-03
1E-04
1E-05
1E-06
1E-07

1E-08
1E-09

._u• ) 1E-10
1E-11
1E-12

1E-13
1E-14
1E-15
1E-16
1E-17

1E-18
1E-19
1E-20

- Am_243

- Ri-239

U-235

—Pa-231

—Ac-227

1950 3950 5950 7950 9950

Time (years)

11950

Figure 6-44. Simulated maximum groundwater ingestion risks for Group 2 contaminants over
10,000 years at the southern Idaho National Engineering and Environmental Laboratory boundary.

6-53



Co
nc
en
tr
at
io
n 
(p

Ci
/g

) 

1E+03
1E+02
1E+01
1E+00
1E-01
1E-02
1E-03
1E-04
1E-05
1E-06
1E-07
1E-08
1E-09
1E-10
1E-11
1E-12
1E-13
1E-14
1E-15
1E-16
1E-17
1E-18
1E-19
1E-20

Arn-243
 Pu 239

U-235
Pa-231

  Ac 227
 End of simulated institutional control

1950 2150 2350 2550 2750 2950

Time (years)

Figure 6-45. Simulated soil concentrations for Group 2 contaminants.

6.4.3.3 Group 3 Contaminants. This subsection provides the simulated risk and concentration
plots for Group 3 contaminants Pu-240, U-236, and Th-232.
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Figure 6-46. Simulated maximum groundwater concentrations for Group 3 contaminants over
1,000 years.
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Figure 6-47. Total carcinogenic risk for Group 3 contaminants for hypothetical future residential exposure
pathways.
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Figure 6-48. Simulated maximum groundwater concentrations for Group 3 contaminants over
10,000 years.
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Figure 6-49. Simulated maximum groundwater ingestion risks for Group 3 contaminants over
10,000 years anywhere in the aquifer.
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Figure 6-50. Simulated maximum groundwater concentrations for Group 3 contaminants over
10,000 years at the southern Idaho National Engineering and Environmental Laboratory boundary.
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Figure 6-51. Simulated maximum groundwater ingestion risks for Group 3 contaminants over
10,000 years at the southern Idaho National Engineering and Environmental Laboratory boundary.
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Figure 6-52. Simulated soil concentrations for Group 3 contaminants.

6.4.3.4 Group 4 Contaminants. This subsection provides the simulated risk and concentration
plots for Group 4 contaminants Pu-238, U-234, Th-230, Ra-226 and Pb-210. However, U-234, Th-230,
Ra-226, and Pb-210 are also included in Group 5. Risks shown in this section for U-234, Th-230, Ra-226,
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and Pb-210 are attributable to decay of the Pu-238. The contributions from the U-234 decay chain are
presented under Group 5.
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Figure 6-53. Sirqulated maximum groundwater concentrations for Group 4 contaminants over
1,000 years.
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Figure 6-54. Total carcinogenic risk for Group 4 contaminants for hypothetical future residential exposure
pathways.
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Figure 6-55. Simulated maximum groundwater concentrations for Group 4 contaminants over
10,000 years.
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Figure 6-56. Simulated maximum groundwater ingestion risks for Group 4 contaminants over
10,000 years anywhere in the aquifer.
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Figure 6-57. Simulated maximum groundwater concentrations for Group 4 contaminants over
10,000 years at the southern Idaho National Engineering and Environmental Laboratory boundary.
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Figure 6-58. Simulated maximum groundwater ingestion risks for Group 4 contaminants over
10,000 years at the southern Idaho National Engineering and Environmental Laboratory boundary.
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Figure 6-59. Simulated soil concentrations for Group 4 contaminants.
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6.4.3.5 Group 5 Contaminants. This subsection provides simulated risk and concentration plots
for Group 5 contaminants U-238, U-234, Th-230, Ra-226, and Pb-210. Disposal inventories for U-234,
Th-230, Ra-226, and Pb-210 are included in the simulations in this section. Contributions to the total
cumulative risks for U-234, Th-230, Ra-226, and Pb-210 risks are also included with Group 4
contaminants from the decay of Pu-238, as indicated in the section above.
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Figure 6-60. Simulated maximum groundwater concentrations for Group 5 contaminants over
1,000 years.
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Figure 6-61. Total carcinogenic risk for Group 5 contaminants for hypothetical future residential exposure
pathways.
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Figure 6-62. Simulated maximum groundwater concentrations for Group 5 contaminants over
10,000 years.
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Figure 6-63. Simulated maximum groundwater ingestion risks for Group 5 contaminants over
10,000 years anywhere in the aquifer.
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Figure 6-64. Simulated maximum groundwater concentrations for Group 5 contaminants over
10,000 years at the southern Idaho National Engineering and Environmental Laboratory boundary.
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Figure 6-65. Simulated maximum groundwater ingestion risks for Group 5 contaminants over

10,000 years at the southern Idaho National Engineering and Environmental Laboratory boundary.
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Figure 6-66. Simulated soil concentrations for Group 5 contaminants.
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6.4.3.6 Group 6 Contaminants. This subsection provides simulated HI and concentration plots
for nitrate, the only contaminant in Group 6.
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Figure 6-67. Simulated maximum groundwater concentrations for Group 6 contaminants over
1,000 years.
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Figure 6-68. Hazard index for Group 6 contaminants for hypothetical future residential exposure
pathways.
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Figure 6-69. Simulated maximum groundwater concentrations for Group 6 contaminants over
10,000 years.
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Figure 6-70. Simulated maximum groundwater hazard quotient for Group 6 contaminants over
10,000 years anywhere in the aquifer.
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Figure 6-71. Simblated maximum groundwater concentrations for Group 6 contaminants over
10,000 years at the southern Idaho National Engineering and Environmental Laboratory boundary.
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Figure 6-72. Simulated maximum groundwater ingestion hazard quotient for Group 6 contaminants over
10,000 years at the southern Idaho National Engineering and Environmental Laboratory boundary.
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Figure 6-73. Simulated soil concentrations for Group 6 contaminants.

6.4.3.7 Group 7 Contaminants. This subsection provides the simulated risk and concentration
plots for Group 7 contaminants C-14, C1-36, 1-129, Tc-99, and Nb-94.
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Figure 6-74. Simulated maximum groundwater concentrations for Group 7 contaminants over
1,000 years.
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Figure 6-75. Total carcinogenic risk for Group 7 contaminants for hypothetical future residential exposure
pathways.
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Figure 6-76. Simulated maximum groundwater concentrations for Group 7 contaminants over
10,000 years.
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Figure 6-77. Simulated maximum groundwater ingestion risks for Group 7 contaminants over
10,000 years anywhere in the aquifer.
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Figure 6-78. Simulated maximum groundwater ingestion risks for Group 7 contaminants over
10,000 years at the southern Idaho National Engineering and Environmental Laboratory boundary.
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Figure 6-79. Simulated maximum groundwater ingestion risks for Group 7 contaminants over 10,000
years at the southern Idaho National Engineering and Environmental Laboratory boundary.
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Figure 6-80. Simulated soil concentrations for Group 7 contaminants.
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6.4.3.8 Surface Exposure Pathway Contaminants. This subsection provides simulated risk
and concentration plots for two contaminants, Cs-137, and Sr-90, which were evaluated only for surface
exposure pathways. Therefore, only soil concentration and total risk plots are shown because groundwater
was not simulated for these two contaminants. Their short half-lives and low mobility preclude them from
impacting the aquifer.
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Figure 6-81. Simulated soil concentrations for Group 8 contaminants.
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Figure 6-82. Total carcinogenic risk for Group 8 contaminants for hypothetical future residential exposure
pathways.
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6.5 Uncertainties in the Human Health Baseline Risk Assessment

Results presented in this ABRA are dependent on methodologies described in Sections 5 and 6.
Developed over a period of several years by INEEL risk assessment and risk management professionals,
these methods provide the most realistic, and yet conservative, estimates of human health risks that can be
produced for WAG 7 with the data currently available. Nonetheless, if different risk assessment methods
or different assumptions had been used, the ABRA likely would have produced different risk assessment
results. This section presents the uncertainties associated with the ABRA results. The uncertainties are
classified into three broad categories: (a) scenario uncertainty, (b) model uncertainty, and (c) parameter
uncertainty. Each category is discussed below.

6.5.1 Scenario Uncertainty

Scenario uncertainty incorporates the uncertainty associated with future land use at the INEEL and
the choice of exposure scenarios assessed. The scenario choices were described earlier as critical
assumptions for the overall risk assessment. Furthermore, many of the other assumptions are based on the
scenario choices, making the scenario uncertainty difficult to quantify. Scenarios were chosen that are
consistent with INEEL land-use documents (DOE-ID 1995, 1996), provide direct comparison with
similar scenarios in other INEEL risk assessments, and generate reasonable upper-bound estimates of the
potential risk to human health.

An occupational exposure scenario was chosen for the next 100 years because DOE Order 435.1-1
requires 100 years of institutional control after closure of a LLW disposal facility. It is not clear whether
the exposure assumptions of 25 years of exposure for 8 hours a day are representative of a closed LLW
disposal facility, but this should provide a reasonable upper-bound estimate of the potential exposure. The
choice of exposure parameter values is discussed in more detail in Section 6.5.3.

After the assumed 100-year institutional control period following closure of the current LLW
disposal, land use at the RWMC is uncertain. Parts of the INEEL could be returned to public use. Though
future residential development at the INEEL may seem improbable, assuming residential use generates
reasonable upper-bound risk estimates. Other scenarios such as recreational use would produce lower
potential risk estimates. However, direct intrusion into the waste would be unlikely because of deed
restrictions and other closure procedures at the RWMC. Therefore, the residential scenario addressed
living adjacent to the SDA but did not assess intruding directly into the waste.

6.5.2 Model Uncertainty

Model uncertainty describes the degree to which a model represents the physical system that the
model simulates. All models are simplifications of a real physical system. The issue becomes whether the
model contains enough detail to adequately represent the physical system and whether the appropriate
choice of inputs can be made to match that physical system. As with scenario uncertainty, it is nearly
impossible to quantify model uncertainty. At best, the uncertainty can be minimized by comparing results
to known solutions and by calibrating the model to measured data.

Models used for this ABRA were compared to measured data. Some components of the model had
fewer available comparison data than others. Little source term or biotic data exist with which to calibrate
the models. Section 5.4 presents results of the comparisons for the groundwater model.
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6.5.3 Parameter Uncertainty

Many of the parameters used as inputs to the models have associated uncertainties. In the ABRA,
conservative assumptions for the parameters were developed in an effort to provide reasonable
upper-bound risk estimates. However, as conservative assumptions were made at each step in the process,
the resulting degree of cumulative conservatism was difficult to determine. Evaluations of the uncertainty
can range from a qualitative assessment to sophisticated methods that propagate the uncertainty through
the models used to derive original risk estimates. Even though many simulations were performed to
determine the probable range of uncertainty for specific parameters, overall uncertainty was not
quantified. Uncertainty is addressed in a qualitative manner in Section 6.5.3.1.

6.5.3.1 Qualitative Uncertainty Analysis. Overall uncertainty is discussed qualitatively in this
section, and then specific contaminants that cannot be analyzed quantitatively with currently available
information are discussed. Contaminants were identified in the contaminant screening documented in the
Work Plan (Becker et al. 1996).

The risk estimates found in this report are products of a four-step process:

1. Data collection and evaluation

2. Exposure assessment

3. Toxicity assessment

4. Risk characterization.

The uncertainties in each of these steps are discussed in the following sections.

6.5.3.1.1 Data Collection and Evaluation—The nine-step process recommended by the
EPA (1989) to assess data usability for risk assessment is listed as follows:

1. Gather all available data and sort by medium

2. Evaluate the analytical methods used

3. Evaluate data in accordance with sample quantitation limits

4. Evaluate data in accordance with data flags and qualifiers

5. Evaluate data in accordance with contamination found in laboratory blanks

6. Evaluate tentatively identified compounds

7. Compare data to background concentrations

8. Develop the data set for risk assessment

9. If appropriate, screen the list to limit the number of contaminants to be evaluated.

Samples are handled by analytical laboratories that are subcontracted to the INEEL and certified by

the Contract Laboratory Program. Numerous quality assurance and quality control precautions are
implemented during sampling, handling, analysis, and data management to ensure that sampling data
meet data usability criteria (see Section 4.5.1) and are assigned the appropriate data quality flags. Even
given this level of rigor in sampling and analysis methods, occasionally data pass all the tests but may still
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be suspect. Because of the importance of the decisions these data may support, further data review may be
justified.

One such case involved detection of plutonium in the sedimentary interbeds. Originally, detections
in the interbeds were assumed to be the result of down-hole contamination during the drilling of wells.
However, data were subjected to independent review and determined to be valid detections and not the
result of down-hole contamination. Use of these data in comparison to model predictions is discussed in
Section 5.3.2.6.

In addition to contaminant concentrations, other types of data were used in the models but were not
subjected to the standard quality control procedures associated with determining media concentrations
using the Contract Laboratory Program. All available data were evaluated to determine whether they were
of sufficient quality to be used as input for modeling. Model inputs are discussed in Section 5.
Site-specific data of sufficient quality were used when available. If site-specific data were not available,
the literature was reviewed to determine values appropriate for conditions at the SDA. Examples of other
types of data used include the following:

• Lithologic logs from well-drilling operations. Logs were used to determine the relative thickness of
the basalt flows and interbeds in the subsurface model.

• Soil-to-water partition coefficients. Priority was given to site-specific data developed using native
soil in column tests. When this type of data was unavailable, national databases were searched for
appropriate values. (Note that flow through the basalt is assumed to be in fractures and partitioning
is minimal, and assumed to be zero in the model.)

• Container failure data taken from waste retrieval operations.

• Beryllium reflector block corrosion rates, which were estimated analytically based on sample data
corrected for site-specific conditions.

• National Bureau of Standards data, which were used to estimate stainless steel corrosion rates.

• The contaminant inventory, which was the result of reviewing the disposal records and directly
contacting personnel at the waste generators to validate the amounts.

Comparing the modeling results to measured concentrations is the ultimate test of a model and all
its associated input. Comparisons of simulated concentrations to the measured aquifer concentrations are
discussed in Section 5.3. In most cases, the model provided a reasonable match to measured data. In a few
cases, the model predictions were grossly inconsistent with measured concentrations. Therefore, the input
data were evaluated to analyze the lack of agreement. In some cases, independent reviews of the original
data determined the source of the error, and the input was corrected. In other cases, the need for further
investigation was warranted. A parametric uncertainty analysis is documented in Section 6.5.3.2 to
address input where additional data could not be gathered in a timely manner to support this analysis.

6.5.3.1.2 Exposure Assessment—Uncertainties associated with the exposure assessment
are produced by inadequate source term inventories; characterizing transport, dispersion, and
transformation of COPCs in the environment; establishing exposure settings; and deriving estimates of
chronic intake. The initial characterization that defines the exposure setting for a site requires many
professional judgments and assumptions. Definition of the physical setting, population characteristics,
and selection of the chemicals included in the ABRA are examples of areas for which a quantitative
estimate of uncertainty cannot be achieved because of the inherent reliance on professional judgment.
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Contaminant inventories used in the analysis introduce uncertainty into the model results. As
discussed in Section 3.3, several corrections, revisions, and updates were applied to source term
inventories originally developed in the HDT and RPDT (LMIT'CO 1995a, 1995b). Some inventories,
specifically those attributed in Table 5-3 to INEEL reactor operations, are still in review. Corrections to
CIDRA were implemented for the ABRA, but are subject to change.

Release parameters used in the source term model also can introduce large uncertainty in the
exposure assessment. For example, the solubility of uranium can vary by more than 10 orders of
magnitude. Because the chemical form of the uranium disposed of is unknown, conservative release rates
were used. A parametric analysis of the expected values is presented later in this section.

Uncertainties from the subsurface fate and transport modeling also contribute to uncertainties in the
exposure assessment. The primary uncertainties are the contaminant inventories and release rates. Also
important are the amount and timing of infiltration through the buried waste, the possibility of preferential
pathways through the vadose zone, the influence of spreading area water in the vadose zone, and low
permeability region in the aquifer that affects dilution of contaminants emanating from the vadose zone.
Sensitivity analyses related to each of these uncertainties are included in this section.

Exposure and intake parameters used in the ABRA were EPA default values, developed to provide

a reasonable upper-bound estimate of exposure. The combination of exposure parameters protects the
population at greater than the 90th percentile for each exposure pathway. In addition, the exposure
assumptions included the assumption that a worker or resident is actually at the site to receive an
exposure. As noted in Section 6.5.1, the assumption is conservative.

In addition, a "double accounting" was made of the constituent mass. All the mass released by the

source term model was available for transport by the subsurface model. Part of the mass released by the

source term model also was available for transport by the biotic model. The ABRA modeling minimized

the double accounting by simulating the subsurface transport to the aquifer by leaching mass from the

biotic model. The net effect of the double accounting on the total risk should have been negligible
because of accounting for the leaching in the biotic model.

6.5.3.1.3 Toxicity Assessment—Several important measures of toxicity are needed to
conduct an assessment of risk to human health. For example, RfDs are applied to oral and inhalation

exposure to evaluate noncarcinogenic and developmental effects, and SFs are applied to oral and
inhalation exposures to carcinogens. The RfDs are derived from no observable effect level or lowest

observable adverse effect level and applying uncertainty factors and modifying factors. Uncertainty

factors are used to account for variation in sensitivity of human subpopulations and the uncertainty

inherent in extrapolation of results of animal studies to humans. Modifying factors account for additional

uncertainties in the studies used to derive the no observable effect level or lowest observable adverse

effect level. Uncertainty associated with SFs is accounted for by an assigned weight-of-evidence rating

that reflects the likelihood that a toxicant is a human carcinogen. Weight-of-evidence classifications are

tabulated and included in Table 6-3, and a discussion of the factors used to derive RfDs is presented in

Section 6.3.

6.5.3.1.4 Risk Characterization—The last step in the ABRA is risk characterization. As

discussed in Section 6.4, risk characterization is the process of integrating results of the exposure and

toxicity assessments. Uncertainties defined throughout the analysis process are combined and presented

as part of the risk characterization to provide an understanding of the overall uncertainty inherent in the

risk estimates. This qualitative assessment of uncertainty is presented in Table 6-8. In general, risk results

are biased high to be protective of human health. A sensitivity study is presented below to illustrate some

of the specific parameters that generate uncertainty in the risk estimates.
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6.5.3.2 Quantitative Sensitivity Analysis. Sensitivity was analyzed for several parameters to
assess the effect of the uncertainty on the overall risk results. Table 6-9 presents a summary of the
sensitivity analysis performed. The sensitivity analysis focused on the groundwater ingestion pathway.

6.5.3.2.1 Inventory Uncertainty—Upper-bound inventories were used to address the
uncertainty based on the inventory. Section 3 provides a summary of the work performed to correct the
inventory and provide upper bounds used for this analysis. Figure 6-83 shows the total estimated risk for
groundwater ingestion from the radionuclides. The peak total risk increased from 5E-03 to 3E-02.
However, that peak occurred during the simulated 100-year institutional control period. The peak after
institutional control is 2E-02, and it occurs at the year 3110. The inventory uncertainty is a factor of 4 on
the total risk. Risks shown before the year 2110 are for comparison only because exposure to
contaminated groundwater during the simulated 100-year institutional control would be prevented in that
time period.

6.5.3.2.2 Plutonium Mobility—Two different sensitivity cases were implemented to mimic
postulated enhanced mobility of plutonium in the environment. The first case applied various
soil-to-water partition coefficients (Kd) and the second simulated small fractional releases of highly
mobile plutonium. For the change in partition coefficient, the base case, computed using the site-specific
plutonium partition coefficient of 5,100 mL/g, was compared to sensitivity cases with partition
coefficients of 22, 320, and 1,700 mL/g for simulation Group 2 (Pu-239) and Group 4 (Pu-238). The
value of 22 mL/g is for crushed basalt and is the screening value from the Track 2 Guidance (DOE 1994).
The values 320 mL/g and 1,700 mL/g come from Understanding Variation in Partition Coefficient, Kd
Values (EPA 1999). The values were roughly an order of magnitude spaced between the baseline number
and the screening number. In addition, the value of 1,700 mL/g was used for the barrier material in the
ICDF PA. Results are illustrated in Figure 6-84 for Pu-239. The estimated aquifer concentrations for all
Kds used are lower than 1E-02 pCi/L, which is less than detectable with routine analytical methods.
However, for Kd = 22 mL/g, vadose zone media (i.e., core data and routine soil moisture monitoring)
concentrations would be detectable with widespread detections about two orders of magnitude higher than
reported observations. At this point, the lowest plutonium Kd can be eliminated based on measurements in
the vadose zone. Data from continued monitoring can improve the description of plutonium transport
mechanisms needed to quantify mobility. Fractions of plutonium mass may be exhibiting facilitated
transported, as assessed in the graphs below. The risk for Pu-238 is shown in Figure 6-85. With its shorter
half-life, the groundwater risks from Pu-238 are lower even with the greater mobility. Concentrations and
risks shown before the year 2110 are for comparison only. Exposure to contaminated groundwater in the
INEEL would be prevented during the simulated 100-year institutional control period.

To address the possibility of a tiny mobile fraction of plutonium, the release of plutonium was set
to a fraction and the mobility (Kd) was set to 0.1. This allowed for some sorption to interbed soil and
comparison to measured results. Three fractions were simulated to cover a complete range of possibilities.
The three fractions are 1E-02, 1E-04, and 1E-06. Figure 6-86 shows the risk for Pu-239 for the three
fractions compared to the base case. Figure 6-87 shows the analogous results for Pu-238. Aquifer
concentrations predicted for any of these cases are far above anything that has been measured, and clearly
overestimate the actual release that might have occurred by this mechanism. Therefore, the fractional
release for any small mobile fraction must be less than 1E-06 per year or additional detections in the
aquifer would be seen. Mobile fractions of 1E-04 and 1E-02 overpredict measured soil moisture
concentrations in the vadose zone. The 1E-06 fraction does not contradict measured values.
Concentrations and risks shown before the year 2110 are for comparison only. Exposure to contaminated
groundwater in the INEEL would be prevented during the simulated 100-year institutional control period.
As stated above, continued monitoring can be used to assess mobility and the mechanisms of transport for
plutonium.
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Table 6-8. Human health uncertainty factors.

Uncertainty Factor Effect of Uncertainty Comment

Source term assumptions

Source term inventories

Natural infiltration rate

Moisture content

Water table fluctuations

Spreading area influences

Interbed gaps

Low permeability zone in
aquifer

Estimating the mass of
contaminants in soils by
assuming an average
contamination concentration for
the surface soils

Chemical form assumptions

May overestimate risk

May overestimate or
underestimate risk

May overestimate or
underestimate risk

May overestimate or
underestimate risk

May overestimate

May overestimate or
underestimate risk

May underestimate risk

May overestimate risk

May underestimate risk

May overestimate or
underestimate risk

The release assumptions used site-specific data where available but a lack
of geochemistry information within the waste precludes a full
understanding of the release rate. In general it is believed that conservative
assumptions were used when the data were uncertain.

The model used best-estimate inventories estimates that were still under
review when the simulations were performed. Depending on the results of
the review, the inventories of some contaminants may increase or decrease.

Value used is based on site-specific measurements outside the waste.
Measurements within the waste would help reduce this uncertainty.

Soil moisture contents vary seasonally in the upper vadose zone and may
be subject to measurement error.

Flow reversals would cause additional spreading (dilution) and reduce
concentrations.

Depending on the magnitude of the influence, the dilution provided by the
addition of spreading area water would increase or decrease the risk relative
to the predicted values.

If gaps occurred at key places, risk would be underestimated.

Without it, the dilution would be much greater.

This ignores potential soil hot spot risks and computes an average
exposure. The procedure is compatible with assuming a long-term average
exposure and using chronic toxicity values.

In general, the methods and inputs used in contaminant migration
calculations, including assumptions made about the chemical forms of
contaminants, were chosen to err on the protective side. This assumption
results in a probable overestimate of risk.



Table 6-8. (continued).

Uncertainty Factor Effect of Uncertainty Comment

Exposure scenario assumptions

Exposure parameter
assumptions

Receptor locations

Exposure duration

Exclusion of some hypothetical
pathways from the exposure
scenarios

Not considering biotic decay

Use of occupational intake
value for inhalation for
occupational and residential
scenarios

Use of cancer slope factors

May overestimate risk

May overestimate risk

May overestimate risk

May overestimate risk

May underestimate risk

May overestimate or
underestimate

May slightly overestimate
risk

May overestimate risk

The likelihood of future scenarios has been qualitatively evaluated as
improbable for residential and credible for industrial. The likelihood of
future residential development at the Subsurface Disposal Area (SDA) is
small. If future residential use of the SDA does not occur, then future
residential risk estimates are likely to overestimate the actual risk
associated with future use of the SDA.

Assumptions about media intake, population characteristics, and exposure
patterns may not characterize actual exposures.

Groundwater ingestion risks are calculated using maximum concentrations.
Other well locations would show lower risks.

The assumption that an individual will work or reside at the SDA for 25 or
30 years is conservative. Short-term exposures involve comparison to
subchronic toxicity values, which are generally less restrictive than chronic
values.

Exposure pathways are considered for each scenario and are eliminated
only if the pathway is either incomplete or negligible compared to other
evaluated pathways.

Biotic decay would tend to reduce contamination over time. However,
decay products could be produced that are as toxic as the parent product.

Standard exposure factors for inhalation conservatively have the same
value for occupational as for residential scenarios, though occupational
workers would not be on site all day.

Slope factors for chemicals are associated with upper-95th-percentile
confidence limits. It is likely that their use would result in overestimating
actual risk. For radionuclides, slope factors are maximum likelihood
estimates, so represent a best estimate for the dose response assuming a
linear effect at low exposure levels.



Table 6-8. (continued).

Uncertainty Factor Effect of Uncertainty Comment

Toxicity values derived
primarily from animal studies

Toxicity values derived
primarily from high doses while
most exposures are at low doses

Toxicity values and
classification of carcinogens

Lack of slope factors

Lack of reference doses

Risks and hazard quotients
summed across pathways

Inadequate toxicity or inventory
information to quantify risk for
nine contaminants

May overestimate or
underestimate risk

May overestimate or
underestimate risk

May overestimate or
underestimate risk

May underestimate risk

May underestimate risk

May overestimate or
underestimate risk

May underestimate risk

Extrapolation from animals to humans may induce error caused by
differences in absorption, pharmacokinetics, target organs, enzymes, and
population variability.

Linearity is assumed at low doses. Exposure assumptions tend to be
conservative.

Not all values represent the same degree of certainty. All are subject to
change as new evidence becomes available.

Contaminants of potential concerns (COPCs) without slope factors may or
may not be carcinogenic through the oral pathway.

COPCs without reference doses may or may not have noncarcinogenic
adverse effects.

Synergistic or antagonistic effects of mixtures of contaminants are ignored.

Nine contaminants that were qualitatively evaluated in the Interim Risk
Assessment (Becker et al. 1998) were retained for further analysis
depending on the additional availability of toxicity or inventory data.
Because additional data have not become available, these contaminants
were not evaluated. The nine contaminants are chloroform,
dibutylethylcarbutol, nitrocellulose, organic acids, organophosphates,
toluene, trichloroethylene, 1,1,1-trichloroethane, and xylene. 



Table 6-9. Sensitivity cases addressed.

Uncertainty addressed

Inventory amounts

Plutonium mobility

Plutonium mobility

Uranium solubility

Neptunium solubility

Spreading area influence

Base Case

Best-estimate inventory

IQ of 5,100

No mobile fraction assumed

Uranium solubility of 5.98E-4 g/cc

Neptunium solubility of 7.49E-8 g/cc

Attempted to match observed effect

Effect of spatial infiltration Spatially variable infiltration

Gaps in the B-C interbed Continuous interbeds, narrow in
places; kriged lithology used 

Cases Simulated

Upper-bound inventory for all
contaminants

K d values of 22, 320, and 1,700
for plutonium in Groups 2 and 4

Mobile fractions of 1E-2, 1E-4,
and 1E-6 for plutonium in
simulation Groups 2 and 4

Uranium solubility of 9.3E-7 g/cc
and 9.3E-11 glee for Group 5

Neptunium solubility of
1.3E-11 g/cc and 1.2E-6 g/cc

No influence and double the
base-case influence

Uniform infiltration of 8.5 and
23 cm/yr

Known gaps in the B-C interbed
simulated
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Figure 6-83. Comparison of the estimated groundwater ingestion risk for the best-estimate and
upper-bound inventories.

6-81



P
u
-
2
3
9
 G
r
o
u
n
d
w
a
t
e
r
 I
ng

es
ti

on
 R
i
s
k
 

1E+00
1E-01
1E-02
1E-03
1E-04
1E-05
1E-06
1E-07
1E-08
1E-09
1E-10
1E-11
1E-12
1E-13
1E-14
1E-15   Base case

1E-16   Kd=22

1E-17   Kd=320

1E-18   Kd=1700

1E-19    End of simulated institutional controls

1E-20  

1950 3950 5950 7950 9950 11950

Time (years)

Figure 6-84. Comparison of the estimated plutonium-239 groundwater ingestion risks for plutonium
mobility sensitivity cases.
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Figure 6-85. Comparison of the estimated plutonium-238 groundwater ingestion risk for plutonium
mobility sensitivity cases.
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Figure 6-87. Comparison of the estimated plutonium-238 groundwater ingestion risk for mobile fraction
sensitivity.
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Uranium Release Rates—Two different solubility limits were simulated to
address the uncertainty in the release of uranium. The base-case limit was 5.98E-04 g/cm3, and the
sensitivity cases used 9.3E-7 g/cm3 and 9.3E-11 g/cm3. Both solubility limits for the sensitivity runs were
based on work by Hull and Pace (2000) to evaluate solubility of various COPCs for different redox and
pH conditions. The base-case solubility (5.98E-04 g/cm3) was based on the work by Dicke (1997) and is
considered an upper limit. The 9.3E-07 number represents a best guess for the pH and redox conditions
assumed in the waste (see Figure 6-88). The 9.3E-11 limit represents the lower bound for reasonable Eh
and pH combinations. The solubility of 9.3E-07 reduces the peak U-238 groundwater ingestion risk to
9E-05. If 1E-04 is the action level, additional investigations to determine the release of U-238 could result
in cost savings in any remedial action. Concentrations and risks shown before the year 2110 are for
comparison only. Exposure to contaminated groundwater in the INEEL would be prevented during the
simulated 100-year institutional control period.
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Figure 6-88. Comparison of the estimated uranium-238 groundwater ingestion risk for selected uranium
solubility.
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6.5.3.2.4 Neptunium Release—Solubility limits were modified to address uncertainties in
the release of Np-237. As with the uranium, new limits were based on work by Hull and Pace (2000). The
base solubility of 7.49E-08 g/cm3 corresponds to the average conditions presented in Hull and Pace
(2000). Upper and lower bounds were simulated to determine the effect on the Np-237 risk from
groundwater ingestion. Figure 6-89 shows the comparison with the base case. The base case and the
1.2E-06 solubility limit overlay each other, indicating that neither one limits release of the Np-237.
Concentrations and risks shown before the year 2110 are for comparison only. Exposure to contaminated
groundwater in the INEEL would be prevented during the simulated 100-year institutional control period.
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Figure 6-89. Comparison of the estimated neptunium-237 groundwater ingestion risk for neptunium
solubility sensitivity cases.
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6.5.3.2.5 Spreading Area Influence—The effect of the spreading areas on fate and
transport was included in the base case simulations because of work performed by the USGS
(Nimmo et al. 2002) showing that a tracer put in the spreading area has been detected in the subsurface
beneath the SDA. While data were not sufficient to calibrate the flow model, some indication of the effect
of the spreading areas was seen in the tracer measured in the subsurface beneath the SDA. The influence
of the spreading areas simulated for the ABRA included a water source that came part way across the
SDA at the C-D interbed. To address the uncertainty in the amount of water impacting the transport of
contaminants, no water in the spreading area, and twice the amount of water used in the base case were
simulated. Figure 6-90 presents the results of those simulations. The effect of the spreading area is to
introduce additional water in the subsurface, which dilutes contaminants before they reach the aquifer.
Part of the reason for this is the low permeability zone in the aquifer beneath and immediately south of
the SDA. Because of the low permeability zone, the amount of water flowing through this region is low
enough that the additional water added in the vadose zone would dilute overall concentrations. Risks
shown before the year 2110 are for comparison only. Exposure to contaminated groundwater in the
INEEL would be prevented during the simulated 100-year institutional control period.
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Figure 6-90. Comparison of the estimated total groundwater ingestion risk for spreading area influence
sensitivity cases.
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6.5.3.2.6 Effect of Spatially Variable Infiltration—To assess the effects of average and
maximum infiltration, two additional simulations were run. Results are presented in Figure 6-91, which
shows that increased infiltration increases the peak risk and causes the peak to occur sooner. Using the
average infiltration rate increases the risk by a factor of 2, because more water is going through grid
blocks that represent waste zones in the model. This demonstrates the sensitivity of risk to the infiltration
through the waste and the need for measuring infiltration rates in the waste zone. Risks shown before the
year 2110 during the simulated 100-year institutional control period are shown only to compare the effect
of the variation in infiltration rates.
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Figure 6-91. Comparison of the estimated total groundwater ingestion risk for infiltration rates sensitivity
cases.
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6.5.3.2.7 Gaps in the B-C interbed—Gaps in the B-C interbed were simulated to address
the potential effect on overall risk. The base case used the kriged Ethology (Leecaster 2002) that had
narrow interbeds, but no actual gaps were included. Results are presented in Figure 6-92, showing that
modeling gaps in the interbeds have little effect on the total risk. Risks shown before the year 2110 are for
comparison only. Exposure to contaminated groundwater in the INEEL would be prevented during the
simulated 100-year institutional control period.

To
ta

l 
G
r
o
u
n
d
w
a
t
e
r
 R
is

k 

Interbed gaps

Base case

Bid of simulated institutional control

5950 7950

Time (years)

9950 11950

Figure 6-92. Comparison of the estimated total groundwater ingestion risk for the B-C interbed gaps
sensitivity case.
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6.5.3.2.8 Effect of Inventory Uncertainty on Technetium-99 Risk—Estimated
concentrations of Tc-99 are higher compared to the relatively low measured concentrations in the aquifer
(see Section 5.2). A large fraction of the inventory of Tc-99 is attributed to disposals of INEEL reactor
operations waste, including limited amounts of spent fuel. The inventory is still under review (see
Section 3.3), and the actual release rates are unknown. To bound the risk, it was assumed for the base case
that the release of contaminants from reactor operations waste was not retarded by any type of
containment (e.g., cladding and metal casks). Therefore, Tc-99 was released by the surface washoff
release mechanism with a low Kd in the DUST-MS code. Because Tc-99 is a fission product in the fuel,
Tc-99 would not be released until the fuel dissolved. Fuel dissolution rates were identified in the literature
and used to determine what might be a more representative release rate. However, a large overprediction
of the measured concentrations was still the result. The fraction of Tc-99 in fuel was then modeled as
contained and not available for release. Figure 6-93 shows the effect of these permutations on the risks
produced. Further work to better define the inventory and release rate would improve the risk assessment
results. Risks shown before the year 2110 are for comparison only. Exposure to contaminated
groundwater in the INEEL would be prevented during the simulated 100-year institutional control period.
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Figure 6-93. Comparison of the estimated technetium-99 groundwater ingestion risk for differing release
rates for Idaho National Engineering and Environmental Laboratory reactor operations waste disposal
sensitivity cases.
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6.6 Ecological Risk Assessment

6.6.1 Introduction

An ecological risk assessment evaluates risks to ecological resources from potential exposure to

radiological and nonradiological contaminants at WAG 7. Preliminary screenings were conducted to

identify those contaminants that have the potential to cause adverse ecological effects. Risks to ecological

receptors posed by the WAG 7 COPCs identified in those screenings have been analyzed in this

subsection.

The approach for performing ecological risk assessments at the INEEL was specifically designed to

follow the EPA Framework for Ecological Risk Assessment (EPA 1992b), which is divided into three

steps: problem formulation, analysis, and risk characterization. The present assessment was also

performed using the same general methodology developed in the INEEL guidance manual (VanHorn,

Hampton, and Morris 1995). However, some aspects of the methodology were modified to allow a

limited evaluation of ecological risk rather than a complete ecological risk assessment.

The WAG 7 ecological risk assessment differs from other WAG-level ecological risk assessments

in two main ways. First, a fundamental assumption for the WAG 7 analysis was that ecological risk will

be addressed by actions implemented to reduce risks to human health and the SDA will be capped

(DOE-ID 1998). Capping is also assumed to be a component of all remedial alternatives considered in the

FS (DOE-ID 1998). Intrusion into buried waste by plants and burrowing animals will be impeded by a

biological barrier, thus controlling subsurface-to-surface movement for most COPCs. The presumption

that ecological receptors may be exposed to WAG 7 contaminants is based on observed trends in biotic

data collected in the RWMC area (Peterson, Brewer, and Morris 1995). For example, concentrations

above ecologically based screening levels for Cs-137 and Sr-90 in animal tissue and for Pu-238 and

Pu-239/240 in soil were detected in some samples collected in and around the SDA before 1987. The

primary goal of the WAG 7 ecological risk assessment, therefore, was to demonstrate the existence of

current and ongoing risk to ecological receptors. Only a representative subset of receptors and COPCs

were evaluated. Emphasis of the assessment was on identifying pathways and exposure routes that must

be controlled rather than on quantifying effects on specific species.

The second major difference in the WAG 7 ecological risk assessment is the way in which media

contaminant concentrations were determined for the exposure analysis. Contaminant exposures for

INEEL ecological risk assessments are generally calculated using concentrations in samples from various

media that have been collected specifically to support human health risk assessments. Contact with and

ingestion of contaminated soil are the primary routes of exposure for ecological receptors on the SDA.

However, soil samples collected on the SDA were taken largely from areas between pits and trenches.

Soil cover on the SDA has also been increased and recontoured several times since most samples were

collected, so measured concentrations may not reasonably represent current or future concentrations.

As an alternative to sampling data, the DOSTOMAN model was used to produce surface and

subsurface soil concentrations for the WAG 7 human health risk assessment (see Section 6.4). Modeling

also allowed evaluating changes in concentrations over time, so long-term scenarios associated with

potential transport of buried waste could be assessed. Concentrations were modeled for a suite of

contaminants that are of potential concern for both human and ecological receptors. The modeled surface

and subsurface concentrations were then used to evaluate potential receptor exposure in the ecological

risk assessment. The assumptions and uncertainties associated with the treatment of sampling data and

use of modeled concentrations in the human health assessment also apply for the ecological risk

assessment.
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Traditional measurement and assessment endpoints also were not defined for this assessment.
Rather, the indication of risk represented by HQs was used to meet the objectives of this assessment,
which are to:

• Provide evidence that clearly demonstrates the need to protect ecological receptors

• Provide a preliminary basis for cap design features and cap performance criteria.

The problem formulation part of the ecological risk assessment consists of a brief ecological
characterization of WAG 7 (see Section 6.6.2), identification of COPCs (see Section 6.6.3), and
identification of pathways and receptors that were evaluated (see Section 6.6.4). The analysis portion of
the assessment is presented in Section 6.6.5, where risk is estimated for representative COPCs and
receptors. Risk characterization (see Section 6.6.6) is focused on potential exposures to threatened or
endangered species and receptors targeted for protection by capping (i.e., burrowing species, plants, and
herbivores). Existing biotic and soil sampling data were used to support a qualitative corroboration and
characterization of calculated exposure.

6.6.2 Waste Area Group 7 Ecological Characterization

6.6.2.1 Flora and Fauna. Most of the SDA has been seeded with crested wheatgrass (Agropyron
cristatum) to reduce moisture infiltration and erosion. Weedy species such as Russian thistle
(Salsola kali) and summer cypress (Kochia scoparia) have invaded disturbed areas that have not been
seeded successfully with grass. Areas surrounding the SDA support native communities dominated by
sagebrush (Artemisia tridentata), with large components of green rabbitbrush (Chrysothamnus
viscidiflorus) and bluebunch wheatgrass (Pseudoroegneria spicata).

The SDA has been the site of numerous ecological investigations conducted to evaluate the role of
plants and animals in the transport of subsurface contamination to surface receptors and through the food
web. Most of the biotic studies conducted at the INEEL have focused on exposures of biota to radioactive
contaminants. Sampling and analysis results for biota associated with the SDA are detailed in Section 4.9.

Fauna potentially present at WAG 7 are those species supported by the various vegetation
communities that exist at and around the facility. Nearly all avian, reptile, and mammalian species found
across the INEEL also could be found at WAG 7. Arthur and Markham (1978) conducted ecological
studies that included the investigation of vegetation and animals on and around the SDA. A list of birds
and mammals observed during those studies is given in Table 6-10. This list is not exhaustive. Numerous
other bird species have been identified during breeding bird surveys that are regularly conducted along a
permanent route outside the perimeter of WAG 7. Many other species (e.g., pronghorn, porcupine,
marmot, and sagebrush lizard) have been observed in the area.

Burrowing rodents (e.g., ground squirrels and mice) and insects (e.g., harvester ant
[Pogonomyrmex salinus]) are common WAG 7 inhabitants. Several studies have included the
investigation of community compositions, densities, and habitat use in and around the SDA for small
mammals (Groves 1981; Groves and Keller 1983; Koehler 1988; Boone 1990; Boone and Keller 1993).
Those studies identified Townsend's ground squirrel (Spermophilus townsendii), Ord's kangaroo rat
(Dipodomys ordii), montane vole (Microtus montanus), and the deer mouse (Peromyscus maniculatus) as
the most commonly occurring small mammals in the WAG 7 assessment area. Larger mammals (e.g.,
coyotes and antelope) generally are excluded from the SDA and other facility structures by fences, but
occasionally are seen on facility grounds. No ecologically sensitive areas (i.e., areas of critical habitat)
have been identified in WAG 7.

6-91



Table 6-10. Species observed in habitats in and around the Waste Area Group 7 assessment area.

Observed Speciesa Taxonomic Name

House sparrow

Mourning dove

Chukar

Sage grouse

Horned lark

Dark-eyed junco

Northern flicker

European starling

Sage thrasher

Sage sparrow

Western meadowlark

Killdeer

Yellow-headed blackbird

Merlin

American kestrel

Northern harrier

Loggerhead shrike

Great horned owl

Long-eared owl

Golden eagle

Rough-legged hawk

Black-billed magpie

Black-tailed jackrabbit

Mule deer

Nuttall's cottontail

Pygmy rabbit

Long-tailed weasel

Badger

Bobcat

Coyote

a. This information was taken from Arthur and Markham (1978).

Passer domesticus

Zenaida macroura

Alectoris chukar

Centrocercus urophasianus

Eremophila alpestris

Junco hyemalis

Colaptes auratus

Sturnus vulgaris

Oreoscoptes montanus

Amphispiza belli

Sturnella neglecta

Charadrius vociferous

Xanthocephalus xanthocephalus

Falco columbarius

Falco sparverius

Circus cyaneus

Lanius ludovicianus

Bubo virginianus

Asio otus

Aquila chrysaetos

Buteo lagopus

Pica pica

Lepus californicus

Odocoileus hemionus

Sylvilagus nuttallii

Brachylagus idahoensis

Mustela frenata

Taxidea taxus

Felis rufus

Canis latrans

The concept of functional grouping has also been incorporated in this assessment. The functional

grouping approach is designed to allow the evaluation of the effects of stressors on groups of similar

species. The primary purpose for functional grouping is to apply existing data from one or more species

within the group to assess the risk to the group as a whole. Functional groups were developed as a tool for

conducting screening-level analyses in the absence of site-specific biotic and contaminant data. Simplistic

screening models (see Appendix D, DOE-ID 1999b) were used to perform a limited evaluation of
exposures for a suite of potential receptors and provide a mechanism for focusing on receptors that best
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characterize potential contaminant effects. The concept of functional grouping is described in detail in
Appendix E of Van Horn, Hampton, and Morris (1995).

Functional groups evaluated in the WAG 7 ecological assessment are conservative indicators
of effects for all species in each group. Species characteristics, including trophic level, breeding,
and feeding locations, were used to construct functional groups for INEEL species. Individual groups
were assigned a unique identifier consisting of a one- or two-letter code to indicate taxon
(i.e., A = amphibians, AV = birds, M = mammals, R = reptiles, and I = insects), and a three-digit code
derived from the combination of trophic category and feeding habitats (e.g., AV122 represents the group
of seed-eating [herbivorous] bird species whose feeding habitat is the terrestrial surface or understory).
The trophic categories are indicated by the first digit in the three-digit code and are as follows:

1 = herbivore, 2 = insectivore, 3 = carnivore, 4 = omnivore, and 5 = detrivore. The feeding habitat
codes are the second and third digits in three-digit code and are derived as follows:

1.0 Air

2.0 Terrestrial

2.1 Vegetation canopy

2.2 Surface and understory

2.3 Subsurface

2.4 Vertical habitat (man-made structures and cliffs)

3.0 Terrestrial and aquatic interface

3.1 Vegetation canopy

3.2 Surface and understory

3.3 Subsurface

3.4 Vertical habitat

4.0 Aquatic

4.1 Surface water

4.2 Water column

4.3 Bottom

Individual species are evaluated using the same exposure models as those for functional groups.
However, species modeled in this manner represent neither conservative representatives of the functional
groups with which they are associated nor accurately represent species characteristics. Rather, an
individual species model gives an estimate of risk relative to different species within the same functional
group.

6.6.2.2 Threatened, Endangered, and Sensitive Species. A list of threatened or endangered
(T/E) and sensitive species that may occur on the INEEL is given in Table 6-11. The list was most
recently updated in February 2002 using information contained in USFWS (2001).

The only species documented at the INEEL and currently recognized as threatened or endangered
under the Endangered Species Act is the bald eagle, which was recently down-listed to threatened. The
peregrine falcon, recently removed from the federal T/E list, remains on the endangered species list for
the State of Idaho.
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Table 6-11. Threatened or endangered species, sensitive species, and species of concern that may be
found at the Idaho National Engineering and Environmental Laboratory. 

Common Namea

Plants

Scientific Name
Federal State
Status" Status'

Bureau of Land
Management

Status`

United States
Forest Service

Status'

Lemhi milkvetch

Painted milkvetche

Plains milkvetch

Winged-seed evening
primrose

Nipple cactus'

Spreading gilia

King's bladderpod

Tree-like oxythecae

Inconspicuous
phaceliad

Ute ladies' tressesd

Puzzling halimolobos

Slender moonwortd

Astragalus aquilonius

Astragalus ceramicus var. apus

Astragalus gilviflorus

Camissonia pterosperma

Escobaria (=Coryphantha)
missouriensis

Ipomopsis (=Gilia) polycladon

Lesquerella kingii var. cobrensis

Oxytheca dendroidea

Phacelia inconspicua

Spiranthes diluvialis

Halimolobos perplexa var. perplexa

Botrychium lineare 

SC

C

LT

R

S

R

1

S

R

2

M

R

SSC

M

GP1

S

S

S

S

...._

R

S

S

S

S

S

Birds

Peregrine falcon

Merlin

Gyrfalcon

Bald eagle

Ferruginous hawk

Black tern

Northern pygmy owls

Burrowing owl

Common loon

American white pelican

Great egret

White-faced ibis

Long-billed curlew

Loggerhead shrike

Northern goshawk

Swainson's hawk

Trumpeter swan

Sharptailed grouse

Boreal owl

Flammulated owl

Yellow-billed cuckoos

Falco peregrinus

Falco columbarius

Falco rusticolus

Haliaeetus leucocephalus

Buteo regalis

Chlidonias niger

Glaucidium gnoma

Athene (=Speotyto) cunicularia

Gavia immer

Pelicanus erythrorhynchos

Casmerodius albus

Plegadis chihi

Numenius americanus

Lanius ludovicianus

Accipiter gentilis

Buteo swainsoni

Cygnus buccinator

Tympanuchus phasianellus

Aegolius funereus

Otus flammeolus

Coccyzus americanus 

R

LT

W

W

SC

W

SC

SC

SC

W

SC

SC

W

W

C

E

P

SSC

T

SSC

SSC

SSC

SSC

SSC

SSC

NL

P

SSC

SSC

SSC

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
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Table 6-11. (continued).

Common Namea

Birds (continued).

Scientific Name

Federal State

Status Status'

Bureau of Land

Management

Status'

United States

Forest Servicef

Status'

Greater sage grouse Centrocercus urophasianus SC

Mammals

Gray wolfs

Pygmy rabbit

Townsend's Western

big-eared bat

Merriam's shrew

Long-eared myotis

Small-footed myotis

Western pipistrelled

Fringed myotisd

California myotisd

Canis lupus

Brachylagus (=Sylvilagus)

idahoensis

Corynorhinus (=Plecotus)

townsendii

Sorex merriami

Myotis evotis

Myotis ciliolabrum (=subulatus)

Pipistrellus hesperus

Myotis thysanodes

Myotis californicus 

LE/XN

W GSC

SC SSC

— U

W U

W U

W SSC

W SSC

W U

S

S S

Reptiles and amphibians

Northern sagebrush

lizard"

Ringneck snaked

Night snake'

Sceloporus graciosus SC

Diadophis punctatus

Hypsiglena torquata 

C SSC

R

Insects

Idaho pointheaded

grasshopperd

Acrolophitus punchellus W

Fish

Shorthead sculpind Cottus confusus SSC

a. This list was compiled by N. Hampton (INEEL) from letters issued by the U.S. Fish and Wildlife Service (USFWS) (1996, 1997, 1999, 2001)
for threatened or endangered, and sensitive species listed by the Idaho Department of Fish and Game (IDFG) Conservation Data Center (CDC
1994 and IDFG website 1997, 2002) and Radiological Environmental Sciences Laboratory documentation for the INEEL (Reynolds et al. 1986).
b. The USFWS no longer maintains a candidate (C2) species listing but addresses former listed species as "species of concern" (USFWS 1996).
Species that are current candidates for listing are designated by C.
c. Status codes: INPS=Idaho Native Plant Society; S=sensitive; 2=State Priority 2 (INPS); M=State of Idaho monitor species (INPS);
U= undetermined, 1=State Priority 1 (INPS); LE=listed endangered; P=protected nongame species, E=endangered; T = threatened;
XN = experimental population, nonessential; SC=species of concern, SSC=species of special concern; W = watch species and C = candidate for
listing, see item b, formerly Category 2 (defined in CDC 1994). BLM=Bureau of Land Management; R = removed from sensitive list
(nonagency code added here for clarification).
d. No sightings have been documented sightings at the INEEL; however, the ranges of these species overlap the INEEL and are included as
possibilities to be considered for field surveys.
e. Recent updates that resulted from Idaho State Sensitive Species meetings (BLM, USFWS, INPS, and USFS) (IDFG website 2002).
f. U.S. Forest Service (USFS) Region 4.
g. Anecdotal evidence indicates that isolated wolves may visit the INEEL, but observed hunting and breeding are not documented (Morris
1999).
h. The sagebrush lizard was placed on the list as a result of a miscommunication (Dr. Charles Peterson, Idaho State University, lecture at Idaho
Department of Fish and Game attended by N L. Hampton, INEEL, January 10, 2002, Idaho Falls, ID). However, it remains on the official
USFWS T/E update periodically issued for the INEEL (USFWS 2001).

Note: Species in bolded text were individually assessed in the WAG 7 ecological risk assessment.
— = Not applicable.
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A number of former C2 species (candidates for listing) recorded at the INEEL no longer have

status under the Endangered Species Act, but remain species of concern. These include the burrowing owl

(Athene cunicularia), white-faced ibis (Plegadis chichi), trumpeter swan (Cygnus buccinator), long-billed

curlew (Numenius americanus ), loggerhead shrike (Lanius excubitor), greater sage grouse (Centrocercus

urophasianus), sharp-tailed grouse (Tympanuchus phasianellus), and Townsend's western big-eared bat

(Corynorhinus townsendii). Painted milk-vetch (Astragalus ceramicus var. apus) also remains on the

USFWS periodic update for the INEEL (USFWS 2001), but has been removed from the State of Idaho

list. The sagebrush lizard (Sceloporous graciosus) was designated as a candidate for listing through a

miscommunication,a but remains as a species of concern on the periodic T/E species update for the

INEEL (USFWS 2001).

Five additional species documented at the INEEL also appear on the federal watch list and the

USFWS list of species of concern for the INEEL (USFWS 2001) including: the ferruginous hawk

(Buteo regalis), pygmy rabbit (Brachylagus idahoensis), Merriam's shrew (Sorex merriami), long-eared

myotis (Myotis evotis), and small-footed myotis (Myotis ciliolabrum).

Federally listed species or species of concern with a potential for occurring in the vicinity of

WAG 7 include: the ferruginous hawk (Buteo regalis), peregrine falcon (Falco peregrinus), loggerhead

shrike (Lanius ludovicianus), burrowing owl (Athene cunicularia), bald eagle (Haliaeetus leucocephalus),

pygmy rabbit, Townsend's western big-eared bat, long-eared myotis, small-footed myotis, and sagebrush

lizard.

The only surface water present at WAG 7 is temporary accumulation from rain and snowmelt. No

surface water features associated with contamination exist at WAG 7. Consequently, sensitive aquatic

species were not included in this assessment. No critical habitat is known to exist in the WAG 7
assessment area.

Sensitive species for which sightings at or near WAG 7 have been confirmed include the

loggerhead shrike (Morris 1999; Arthur and Markham 1978), pygmy rabbit (Arthur and Markham 1978),

and sagebrush lizard (Morris 1999). Species of concern that were individually evaluated for direct and

indirect exposure to contaminants at WAG 7 include the bald eagle, peregrine falcon, burrowing owl,

loggerhead shrike, pygmy rabbit, Townsend's western big-eared bat, and sagebrush lizard (shown in

boldface text in Table 6-11). Because only contaminant concentrations associated with subsurface soil

were analyzed for this assessment, only individual species most likely to receive exposures through routes

associated with the subsurface soil pathways were evaluated (see Section 6.6.4.1). Other sensitive species

considered unlikely to receive chronic doses through frequenting WAG 7 are represented through

evaluation of these seven species or the functional group with which they are associated (see

Section 6.5.4.1).

6.6.2.2.1 Threatened or Endangered Species Field Surveys—During 1997 and 1999,

biological field surveys were conducted to investigate the presence of T/E species in and around WAG 7.

The surveys were conducted in conjunction with the preparation of OU 10-04 ecological risk assessment

(DOE-ID 2001).

First, a biological survey of the areas surrounding WAG 7 was conducted in 1997 to investigate the

presence of T/E species (Morris 1999). The occurrence of three sensitive species, the pygmy rabbit,

loggerhead shrike, and sagebrush lizard, was confirmed during that survey and the potential for the

a. Dr. Charles Peterson, Idaho State University, lecture at Idaho Department of Fish and Game attended by N L. Hampton,

INEEL, January 10, 2002, Idaho Falls, ID.
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presence of other T/E or sensitive species was evaluated. The complete results and survey methodology
are documented in Morris (1999).

Second, an on-site inspection was conducted and each site of contamination was evaluated for
habitat qualities and potential to support INEEL T/E species or other species of concern. A suite of site
habitat attributes was evaluated with regard to suitability for each species. The attributes evaluated
included:

• Size

• Substrate (gravel, asphalt, and lawn)

• Natural or anthropic features that entice wildlife (water or lights)

• Proximity to areas or sites of facility activity

• Presence and availability of food or prey

• Availability of nesting, roosting, or loafing habitat

• Signs of wildlife use

• Prior history, known sightings, or use.

Attributes were subjectively rated for positive contribution to overall habitat suitability. A rating of
high, medium, low, or none (indicated by a blank cell) was assigned based on the number of positive
habitat features and probability that the species of concern may or does use the site of contamination. The
conventions used to assign ratings for individual habitat attributes are summarized in Table 6-12. Though
T/E and species of concern were of primary consideration, potential use by game species and unique
populations (i.e., spadefoot toad and Merriam's shrew) was also assessed. Sites rated overall as low are
those having one or two positive attributes and, therefore, potential for incidental use by wildlife. These
sites may generally be discounted as contributing significantly to the chronic exposure of wildlife to
contaminated media. The duration and stringency of these surveys were not adequate to verify presence or
frequency of species occurrence. These surveys were conducted to provide information to allow
evaluation of WAG sites of concern in an ecological context. These ratings are subjective and largely
based on the professional opinion of field biologists and ecologists and are supported by limited
observation. Results of the 1999 survey identified the WAG 7 sites of concern that are summarized in
Table 6-13.
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Table 6-12. Habitat rating conventions for sites of concern to be evaluated in the Operable Unit 7-13/14

ecological risk assessment.

Attribute Examples

Size

Substrate

Natural or
manmade
features

Proximity to
areas of activity

Nesting,
roosting, or
loafing habitat

Signs of wildlife
use

Prior history

Physical dimensions of area too small to support species of interest were rated as none unless

enhanced by other attributes. Large, unconfined areas adequate to support wildlife were

assigned higher ratings.

Asphalt = none, gravel =low, lawn and soil = medium to high for some species.
Disturbed vegetation community = medium to high, and natural vegetation community = high.

Water = high, lights = medium. Water (permanent or ephemeral) is an important component in
desert systems. Water and lights attract insects and, consequently, bats and insectivorous birds

(e.g., swallows and nighthawks).

Proximity to areas or sites of moderate or heavy human activity may reduce desirability. Sites
associated with buildings and facilities may be more suitable if abandoned or are little used.

Structures such as fence and power poles adjacent to open fields afford perches for roosting and
hunting.

Signs of wildlife use are considerations that qualitatively feed the evaluation. Examples of these

signs include observation of animal tracks, hair, or scat.

Documented or reported sightings. 
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Table 6-13. Summary of the biological field survey for Waste Area Group 7.

3 .......

tom. bo = ct ▪ a) vs al • =

H 
cr)  0 a) a) uu 04 CA

Waste Area 1.) = = .= czt § =I:1. 3 .g.o...,, .-- = ca a) f4
s.. >, I-.

.. •—, 3 .0 "0
Group 7

as
C.) E c9 tO 0 bo 0 pi) ,,!4

CL)  "0 0 E 0
1a 

.  — bo • a 4. • q) I. tab bi) N
Sites 0-4 PP(X1 (1) .0—* .0cas •—,

• LI• Z g:14 ;Li o-1 0 CP PP v) St' tt) ...1 va 0 Comments

Subsurface L M M L L Crested wheatgrass has been planted across the
Disposal Subsurface Disposal Area (SDA) and is mown.
Area Basalt rip-rap runs along the exterior berm.

Large rabbitbrush plants grow along the interior
and exterior berm edges. Open areas and perches
are available for avian hunting. Rodents inhabit
the area in and around the SDA. Outside areas
provide good sagebrush habitats. Deer have been
sighted recently.

Low-Level This area includes an open pit, bare soil and
Waste Pit gravel, and stacked waste crates.

9` Transuranic  H L  Buildings have gravel and disturbed areas
vz)
.c. Storage around and between them plus night lighting,

Area poles, fences, and building roost sites.

Pit 9  M  Building and construction material have
complex disturbed soil around and between them plus

night lighting, poles, fences, and building roost
sites.

Sewage
lagoons

Key:
H = high
M= medium
L= low

none

See Table 6-12 for examples of rating criteria.

H M H The lagoons contain no contaminants but are in
close proximity to the SDA and are not fenced.
Native vegetation and basalt outcrops are
present in the surrounding area and perches also
exist in the vicinity. Ducks, avocet, killdeer, and
eared grebes were observed on the lagoons.



6.6.3 Contaminants of Ecological Concern

Twelve radionuclide and 44 nonradionuclide WAG 7 ecological COPCs were identified in a

preliminary screening (Hampton and Becker 2000). Minor revisions to the list were made based on

subsequent inventory revisions (see Section 3.3.2). The finalized list of COPCs identified for WAG 7 is

presented in Table 6-14.

Table 6-14. Waste Area Group 7 ecological contaminants of potential concern. 

Radionuclides

Am-241 Pu-239

Am-243 Pu-240

Cm-244 Pu-242

Cs-137 Sr-90

Nb-94 U-234

Pu-238 U-238

Nonradionuclides

1,1,2-trichloro-1,2,2-trifluoroethane Nitric acid

3-methylcholanthrene Nitrates (total)

Alcohols Organophosphates (tributylphosphate)

Aluminum nitrate Organic acids (ascorbic acid)

Asbestos Potassium chloride

Beryllium oxide Potassium hydroxide

Cadmium Potassium nitrate

Carbon tetrachloride Potassium phosphate

Chloroform Potassium sulfate

Dibutylethylcarbutol Sodium chloride

Ether Sodium cyanide

Ethyl alcohol Sodium nitrate

Hydrazine Sodium phosphate

Hydroflouric acid Sodium-potassium

Lead Sulfuric acid

Lithium hydride Tetrachloroethylene

Lithium oxide Trimethylpropane-triester

Manganese Toluene

Magnesium oxide Versenes (EDTA)

Methylene chloride Xylene

Nitrobenzene Copper (total)

Nitrocellulose Mercury (total)

Note: Bolded text indicates contaminants for which inadequate data exist to allow further analysis

(Hampton and Becker 2000). 

6.6.3.1 Nature and Extent of Ecological Contaminants of Potential Concern. No WAG 7

contaminant samples have been collected and analyzed to specifically address ecological receptors nor

were sampling data analyzed in terms of nature and extent for individual ecological receptors

(e.g., compared to ecologically based screening levels). However, results of routine monitoring and
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specific on-site studies were used to confirm the transport of contaminants from subsurface to surface soil
to locations outside the SDA and into the food web. Data also were used to identify and substantiate the
need for analyzing particular pathways of exposure. Contaminant samples that have been collected and
analyzed for biotic media at WAG 7 are discussed in Section 4.

6.6.3.2 Contaminant Concentrations. Ideally, actual concentrations in abiotic and biotic media
for the ecological COPCs would be used in the ecological risk assessment. However, most surface and
subsurface soil data were collected before recontouring and alterations in the overburden thickness on the
SDA (Becker et al. 1998). More recent soil sampling activities at the SDA have been limited. In addition,
composite samples generally were collected for vegetation and tissue, and sampling locations were not
specifically documented. Collocated samples were not collected for all media (both vegetation and soil);
therefore, exposure factors and concentrations cannot be reconstructed from EM or RESL biotic data.
Rather, the DOSTOMAN model was used to generate COPC concentrations across the SDA to allow
evaluation of receptors in terms of a population-level exposure. The model incorporates transport from
subsurface to the surface by plant root uptake and animal intrusion (Section 5.4). Biotic sampling
conducted by WAG 7, Environmental Monitoring, and RESL were used as weight-of-evidence in the
assessment.

6.6.3.2.1 DOSTOMAN Biotic Model Simulations—DOSTOMAN model calculations
(see Section 6.6.3.2.1) were used to estimate potential surface and subsurface soil concentrations for
radionuclide and nonradionuclide COPCs identified in Table 6-14. Modeling was similar to that
conducted for the IRA (Becker et al. 1998). However, more representative assumptions with regard to
biotic intrusion were applied. For example, average rather than maximum burrowing and rooting depths
were applied and best-estimate inventory quantities were used. A detailed discussion of the DOSTOMAN
biotic model can be found in Section 5.5.

The following general assumptions were used for the DOSTOMAN biotic model:

• Waste is distributed homogeneously across the SDA

• The current disturbed habitat will return to its native habitat in 200 years

• Measures to control shrub establishment will be maintained throughout the simulated 100-year
institutional control period.

Soil concentrations were estimated with the DOSTOMAN model for the 13 source zones and then
averaged across the SDA. Both plant uptake and release through plant death were modeled. Burrowing
animal intrusion and burrow collapse as well as leaching and radioactive decay also were incorporated in
the model. Soil concentrations in the 0 to 15-cm (0 to 6-in.) compartment were used to represent surface
concentrations for this analysis. The maximum concentrations calculated in the compartments between
0.15 and 2.m (0.50 and 7.4 ft) were used to represent subsurface concentration levels.

A current scenario (for the year 2010) was analyzed to provide an estimate of current risk to
ecological receptors at the initiation of remediation. The current scenario reflects plant production over a
period of 100 years during which time the current vegetation community is maintained. Community
composition for future scenarios was modeled for four separate periods to replicate change in community
structure over time (e.g., 100 to 130 years, 130 to 150 years, 150 to 200, and greater than 200 years).

The 100-year scenario (for the year 2111) was evaluated to provide an estimate of soil
concentrations at the hypothetical release after the 100-year simulated institutional control period.
Plant-age composition for current and future scenarios was assumed to remain constant over the modeled
period. Biomass calculations were based on a total community production and fractional contributions of
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individual plant species (NRCS 1981). Successional trends from the current SDA vegetation community
were assumed to result in a natural community similar to sagebrush-grass communities surrounding the

RWMC and other parts of the region (Anderson 1991; Anderson and Inouye 1988; NRCS 1981).

Surface and subsurface soil concentrations were simulated for 12 radionuclide and six
nonradionuclide COPCs using the DOSTOMAN model and compared to EBSLs. An EBSL is defined as
the concentration in soil or other media above which chronic exposure by ecological receptors can be

expected to produce adverse effects (Kester et al. 1998). For this comparison, the lowest EBSL across all

receptor groups and individuals was used (DOE-ID 1999b). For radiological contaminants, the lower

EBSL between internal and external exposure EBSLs was used as a measure of conservatism. Parameter

values and methods used to develop the most current EBSLs have been documented in detail in the

OU 10-04 work plan (DOE-ID 1999b). A COPC was eliminated from further analysis when the

calculated subsurface soil concentration was less than the minimum EBSL. As previously noted, both

current and 100-year scenarios were evaluated using best-estimate inventories and revised model

assumptions.

6.6.3.2.2 Radionuclide Concentrations—Simulations were generated for the

12 radionuclide COPCs shown in Table 6-15. Subsurface concentrations exceeded EBSLs for Am-241

and Sr-90 for the current scenario, and Am-241, Pu-239, Pu-240, and Sr-90 for the 100-year scenario

(Table 6-15). Surface concentrations did not exceed EBSLs for any radionuclide COPC for either the

current or 100-year scenario (Table 6-15).

Though designed for conservatism, the DOSTOMAN model apparently underpredicts surface

concentrations between two and three orders of magnitude for some contaminants (Becker et al. 1998).

However, calculated surface concentrations were two to four orders of magnitude below the minimum

EBSL for all contaminants examined. Maximum concentrations that could be generated for most

contaminants may not be reflected in the concentrations presented for the current and 100-year scenarios.

Consequently, DOSTOMAN-generated values for (a) surface and subsurface concentration maximums,

(b) the year those maximums are attained, and (c) the year in which EBSLs are first exceeded are

summarized in Table 6-16. Contaminants for which concentration peaks exceed EBSLs are shown in bold

text. The contaminants for which maximum concentration peaks exceed the EBSL in years beyond the

100-year scenario include Am-241, Pu-238, Pu-239, Pu-240, Pu-242, Ra-226, Sr-90, U-234, and U-238.

Simulated maximum concentrations for all other contaminants were attained before the current or

100-year scenarios.

Am-241, Pu-239/240, and Sr-90 are further evaluated in Section 6.6.5 using the current and

100-year subsurface soil concentrations to calculate receptor exposures.

6.6.3.2.3 Nonradionuclide Concentrations—Surface and subsurface soil concentrations

were generated for six of the 44 nonradionuclide COPCs identified in Section 6.6.3. The six COPCs

represent the contaminants for which DOSTOMAN simulations were performed in the IRA (Becker et al.

1998). Only surface and subsurface soil concentrations for nitrate were revised with updated

DOSTOMAN modeling to support the human health assessment (Section 6.1). Concentrations for most

nonradionuclides could be generated only for the current scenario using uncertain disposal quantities and

no concentrations could be estimated for the 100-year scenario. Surface concentrations, but no subsurface

estimates, could be derived without modeling. Consequently, the six contaminants that were assessed for

human health are used here as indicators of potential risk to ecological receptors from exposures to

nonradionuclide contaminants. For the remaining ecological COPCs, the IRA upper-bound inventory

estimates and more conservative DOSTOMAN model (Becker et al. 1998), were used in the assessment.

Results from the review of ecological contaminant screening (Hampton and Becker 2000) also were used

to calculate receptor exposures (Section 6.6.5).
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Surface concentrations for all nonradionuclide COPCs were below EBSLs in both scenarios
(Table 6-17). Subsurface concentrations exceeded EBSLs for cadmium and lead in both the current and
100-year scenario and for nitrates in the current scenario (Table 6-17). Though subsurface mercury
concentrations in both scenarios exceeded the EBSL for organic mercury, subsurface concentrations were
below the EBSL for inorganic mercury. Therefore, this COPC was not evaluated further.

Contaminants for which maximum concentration peaks exceed the EBSL in years beyond the
100-year scenario include cadmium, lead, and nitrate (Table 6-16). Simulated maximum concentrations
for all other contaminants were attained before the current or 100-year scenarios.

Carbon tetrachloride, methylene chloride, and tetrachloroethane were not evaluated in this
assessment because they were not modeled for the human health assessment. Cadmium, lead, and nitrate
are further evaluated in Section 6.6.5 using the current and 100-year subsurface soil concentrations to
calculate receptor exposures.

6.6.4 Exposure Analysis

Only exposure routes for the subsurface pathway are addressed for this assessment. Concentrations
of WAG 7 COPCs in subsurface soil were simulated by the DOSTOMAN model to evaluate risk to
ecological receptors. The surface soil pathway was eliminated through screening (see Section 6.5.2,
Tables 6-15 and 6-16) and no surface water features or pathways to groundwater for ecological receptors
exist on the SDA. The model for ecological pathways and exposure for WAG 7 contaminated subsurface
soil is presented in Figure 6-94.

Contaminants in subsurface soil can be transported to ecological receptors by plant uptake and
ingestion by herbivorous and burrowing animals. Animals receiving direct exposure are potential sources
of indirect exposure when preyed upon by carnivorous receptors. Though inhalation and direct contact
(by burrowing animals) are important exposure routes, they are not evaluated in INEEL ecological risk
assessments because data and models have not been developed for ecological receptors.

Subsurface soil is defined at depths of 0.15 to 3 m (0.5 to 10 ft) for the receptor exposure analysis.
Contamination depths greater than 3 m (10 ft) below ground surface are considered inaccessible to
ecological receptors because this depth is generally below the root zone of plants and the burrowing depth
of ground-dwelling animals.

The exposure model for the subsurface soil pathway is presented as a component of the WAG 7
conceptual site model shown in Figure 6-95. This model reflects both direct and indirect (i.e., predation)
receptor exposure pathways for WAG 7 ecological COPCs.
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Table 6-15. Comparison of estimated surface and subsurface soil concentrations for radionuclide ecological contaminants of potential concern to
ecologically based screening levels. 

Radionuclide
Contaminant

Revised
Inventory
Disposal
Quantity
(Ci)a

Best-Estimate
Concentrationb

(pCilg)

Minimum
Ecologically Based
Screening Level

(pCilg)

Estimated Current
Surface

Concentrationd
(pCi/g)

Estimated
Current

Subsurface
Concentration'

(pCi/g)

Estimated
100-year Surface
Concentration

(pCi/g)

Estimated
100-year

Subsurface
Concentration

(pCi/g)

Am-241 1.83E+05 3.98E+05 1.78E+01 9.81E-03 3.75E+02 4.91E-02 7.30E+02

Am-243 1.34E+02 2.92E+02 1.85E+01 2.16E-06 7.90E-02 8.14E-06 7.78E-02

Cm-244 5.24E+04 1.14E+05 1.68E+01 6.54E-05 1.24E+01 7.32E-06 4.77E-01

Cs-137 6.17E+05 1.34E+06 4.95E+03 3.50E-02 8.19E+01 1.09E-01 1.02E+02

Nb-94 1.00E+03 2.19E+03 1.87E+03 2.32E-05 6.68E-01 4.05E-04 2.90E+00

Pu-238 1.71E+04 3.72E+04 1.78E+01 1.02E-05 1.02E+00 2.20E-05 7.33E-01

Pu-239 6.49E+04 1.41E+05 1.89E+01 1.10E-04 1.16E+01 6.63E-04 2.63E+01

Pu-240 1.71E+04 3.72E+04 1.89E+01 8.41E-05 1.06E+01 6.40E-04 2.77E+01

Pu-242 1.65E+01 3.58E+01 2.00E+01 7.75E-09 1.58E-03 4.66E-08 3.31E-03

Sr-90 4.52E+05 9.84E+05 3.34E+03 9.61E+00 4.25E+03 7.26E+00 1.24E+03

U-234 6.74E+01b 1.47E+02 2.05E+01 4.02E-07 7.53E-02 8.63E-07 1.46E-01

U-238 1.17E+02 2.55E+02 2.32E+01 5.38E-05 8.80E+00 7.20E-05 1.23E+01

a. A discussion of revised inventory disposal quantities is contained in Section 3.3.
b. Best-estimate concentrations were developed from inventory data collected as part of the Historical Data Task and Recent and Projected Data Task projects (Becker et al. 1996).

c. The minimum ecologically based screening level (EBSL) across receptor groups was selected for both radionuclide and nonradionuclide contaminants (DOE-ID 1999b). The smallest EBSLs between

internal or external exposures were selected for radionuclide contaminants (DOE-ID 1999b).
d. The surface concentration is the DOSTOMAN concentration modeled for the 0 to 15-cm (0 to 6-in.) compartment for the given scenario.
e. The subsurface concentration is the maximum DOSTOMAN concentration from the lower profile for the given scenario (excluding the surface compartment).

Note: Bolded text indicates contaminants for which the simulated concentration exceeds the EBSL. This contaminant of potential concern is evaluated further in Section 6.5.3.



Table 6-16. Comparison of estimated surface and subsurface soil concentrations for nonradionuclide ecological contaminants of potential concern
to ecologically based screening levels. 

Estimated Estimated Estimated
Minimum Estimated Current Current 100-year 100-year

Ecologically Based Screening Upperbound Surface Subsurface Surface Subsurface
Nonradionuclide Levelsb Concentration' Concentrations Concentration' Concentration Concentration
Contaminanta (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Beryllium 7.14E-01 4.79E+01 1.16E-07 3.21E-03 1.44E-06 8.62E-03

Cadmium 2.36E-03 5.01E+00 1.71E-05 3.58E-02 9.64E-05 1.03E-01

Hydrazine 1.42E-03 4.79E-03 7.15E-15 7.87E-08 6.97E-34 4.25E-28

Lead 9.94E-01 1.70E+03 1.26E-03 3.44E+01 2.01E-02 1.08E+02

Mercury (total)f'g 6.21E-03h ,4.18E+00' 4.27E+00 7.55E-05 9.29E-02 5.92E-04 2.64E-01

Nitrate (totalY 1.84E+01 1.35E+03 1.43E-02 3.71E+01 1.75E-11 1.31E-08

a. DOSTOMAN analyses for human health were run only for these COPCs. No additional nonradionuclide COPCs were modeled for the ecological risk assessment.
b. The minimum EBSL across receptor groups was selected for both radionuclide and nonradionuclide contaminants (DOE-ID 1999b). The smallest EBSLs between internal or external exposures were
selected for radionuclide contaminants (DOE-ID 1999b).
c. Concentrations were modeled using upper bound disposal inventory estimates and conservative model assumptions as presented in Hampton and Becker (2000).
d. The surface concentration is the DOSTOMAN concentration modeled for the 0 to 15-cm (0 to 6-in.) compartment for the given scenario.
e. The subsurface concentration is the maximum DOSTOMAN concentration from the lower profile for the given scenario (excluding the surface compartment).
f. The known disposal quantity for this contaminant is suspected to be smaller than the actual amount disposed of (Becker et al. 1998).
g. Total includes mercury and mercury nitrate monohydrate.
h. The EBSL for organic mercury (presented for reference but not used in the ecological risk assessment).
i. The EBSL for inorganic mercury.
j. Total includes aluminum nitrate, ammonia, copper nitrate, mercury nitrate monohydrate, nitric acid, potassium nitrate, sodium nitrate, and uranyl nitrate.

Note: Bolded text indicates contaminants for which the simulated concentration exceeds the ecologically based screening level (EBSL). This contaminant of potential concern is evaluated further in
Section 6.5.3.



Table 6-17. Summary of the simulated soil concentrations for Waste Area Group 7 ecological
contaminants of potential concern.

Minimum Year
Ecologically Ecologically

Based Screening Based Screening Concentration'
Level Level was (pCi/g

Contaminant (pCi/g or mg/kg) Exceeded or mg/kg)
Soil Interval

(cm)

Maximum
Concentration'

(pCi/g or mg/kg)

Year
of Maximum
Concentration

Soil Interval
(cm)

Am-241 1.78E+01 1962 2.54E+01 190 to 225 1.23E+03 2470 to 2613 190 to 225

Am-243 1.85E+01 NA NA NA 7.94E-02 1978 to 1979 190 to 225

Cm-244 1.68E+01 1977 2.13E+01 190 to 225 3.102E+01 1978 190 to 225

Cs-137 4.95E+03 NA NA NA 1.19E+02 2064 to 2080 190 to 225

Nb-94 1.87E+03 NA NA NA 2.11E+01 2992e 190 to 225

Pu-238 1.78E+01 NA NA NA 1.06E+00 1977 to 1979 190 to 225

Pu-239 1.89E+01 2061 1.90E+01 190 to 225 1.52E+02 3002e 190 to 225

Pu-240 1.89E+01 2060 1.91E+01 190 to 225 1.60E+02 2992 to 3002e 190 to 225

Pu-242 2.00E+01 NA NA NA 5.46E-02 3002e 190 to 225

Sr-90 3.34E+03 1986 3.36E+03 190 to 225 4.25E+03 2008 to 2010 190 to 225

U-234 2.05E+01 NA NA NA 1.43E+00 2478 to 2504 190 to 225

U-238 2.32E+01 NA NA NA 1.44E+00 2197 to 2237 190 to 225

Berylliumb 7.14E-01 NA NA NA 5.46E-02 3002e 225 to 270

Cadmium" 2.36E-03 1963 5.09E-03 180 to 270 4.14E-01 3002e 225 to 270

Hydrazineb 1.42E-03 1973 1.67E-03 225 to 270 2.70E-03 1983 225 to 270

Lead" 9.94E-01 1966 1.22E+00 180 to 270 7.06E+02 3002e 225 to 270

Mercuryb 6.21E-03' NA NA NA 1.47E+00 3002d 225 to 270

4.18E+00d

Nitrate
(total)

1.84E+01 1968 2.03E+01 190 to225 3.97E+01 1971 190 to 225

a. Units are pCi/g for radionuclides and mg/kg for nonradionuclides.
b. These contaminants were screened using more conservative modeling assumptions (e.g. maximum instead of average values for rooting and

burrowing depths) (Hampton and Becker 2000).
c. The ecologically based screening level (EBSL) for organic mercury (presented for reference but not used in the ecological risk assessment).

d. The EBSL for inorganic mercury.
e. Concentrations for the contaminant were increasing at the final DOSTOMAN calculation for the year 3002.

NA = The EBSL for this contaminant was not exceeded for the modeled period.

Note: Bolded text indicates contaminants for which the maximum simulated concentration exceeds the EBSL. 
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6.6.4.1 Ecological Receptors. Modeled contaminant levels in surface soil at the SDA did not

attain concentrations in levels expected to result in adverse effects to ecological receptors for any of the

radionuclide and nonradionuclide COPCs evaluated (see Section 6.6.3, Tables 6-15, and 6-16).

Consequently, potential receptors for which exposures have been assessed include only those anticipated

to receive exposures from contact or ingestion of subsurface contamination (see Table 6-18).

Representative receptors evaluated in the analysis were selected from three general biotic components of

the WAG 7 ecological community:

• Burrowing animals

• Sensitive species

• Plants.

Plants and burrowing animals, including insects, also are accounted for in the analysis as vectors of

transport (see Section 5.4). However, because toxicity data are not available, insects were not specifically

evaluated in the receptor exposure analysis.

Evaluated receptors comprise a combination of functional groups as described in Appendix E of

VanHorn, Hampton, and Morris (1995) and individual TIE or sensitive species chosen to represent

potential ingestion exposure routes contained in Table 6-19 in the subsurface model pathway

(see Figure 6-94). Functional groups are the representative models for species in specific trophic levels

and habitat locations.
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Table 6-18. Receptors selected for analysis in the Waste Area Group 7 ecological risk assessment.

Species or Functional Group Relationship to Exposure Analysis

Avian herbivores (AV122)

Peregrine falcon

Bald eagle

Loggerhead shrike

Burrowing owl

Mammalian herbivores (M122A)

Pygmy rabbit

Townsend's western big-eared bat

Mammalian carnivores (M322)

Sagebrush lizard

Reptilian carnivores (R322)

Plants

Represents herbivorous birds

Sensitive species

Sensitive species

Sensitive species: smallest avian carnivore

Sensitive species: representative avian carnivore

Represents several common herbivorous burrowing species that
are also prey for carnivores

Sensitive species: potential exposures by burrowing and
herbivory

Sensitive species: representative of mammalian insectivores

Represents burrowing carnivores

Sensitive species: burrow inhabiting insectivore

Burrow inhabiting carnivores, prey is small mammals

Primary production, foodweb linkage

6.6.5 Ecological Risk Estimates

Methodology and models used to calculate receptor exposures for radionuclide and
nonradionuclide COPCs are detailed in Appendix D3 of the OU 10-04 Work Plan for the Comprehensive
RI/FS (DOE-ID 1999b). Models account for both internal and external radiation exposure and all routes
of exposure through ingestion, including the uptake of contaminants by vegetation, concentration in prey,
and direct ingestion of soil (see Table 6-19). Exposure parameters used to calculate dose to functional
groups and individual species are presented in Table 6-20. Soil concentrations simulated by the
DOSTOMAN model and used to calculate doses to the selected WAG 7 ecological receptors are
discussed in Section 6.6.4. An HQ was then developed for individual receptor or contaminant
combination by comparing the calculated dose to a contaminant-specific toxicity reference value (TRV)
as shown in Equation (6-1). The TRVs used for calculating HQs for WAG 7 COPCs were taken from the
OU 10-04 Work Plan or the Comprehensive RI/FS (DOE-ID 1999b).
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Table 6-19. Summary of Waste Area Group 7 exposure routes and ecological receptors modeled for the

subsurface soil pathway. 

Exposure Medium

Subsurface soil
(direct)

Exposure Routea

Ingestion (dietary)

Physical contact (external
radionuclides)

Vegetation (direct) Ingestion

Prey (indirect) Ingestion

a. The inhalation pathway was not evaluated in this assessment.

Modeled Receptors (Functional Groups)

Avian herbivores
Mammalian herbivores
Pygmy rabbit
Avian carnivores
Mammalian carnivores
Reptilian insectivores
Loggerhead shrike
Bald eagle
Peregrine falcon

Avian herbivores
Mammalian herbivores
Pygmy rabbit

Avian carnivores
Mammalian carnivores
Reptilian insectivores
Loggerhead shrike
Bald eagle
Peregrine falcon
Burrowing owl
Townsend's western big-eared bat

Use of chemical concentration data modeled for human health risk assessment is assumed to be

representative of the range of concentrations to which ecological receptors using the SDA are likely to be

exposed. If the dose from the contaminant does not exceed its TRV (i.e., HQs are less than 1.0 for

nonradiological contaminants and less than 0.1 for radiological contaminants [VanHorn, Hampton, and

Morris 1995]), adverse effects to ecological receptors from exposure to that contaminant are not expected,

and no further evaluation of that contaminant is required. Therefore, the HQ is an indicator of potential

risk. The HQs were calculated using the following equation:

HQ =

where

Dose

TRV

HQ =

Dose =

TRV =

hazard quotient (unitless)

dose from all media (mg/kg/day or pCi/g/day)

toxicity reference value (mg/kg/day or pCi/g/day).

(6-1)
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Table 6-20. Species exposure model parameters.

Functional Groups Fpa FVb FS` EDd
IRe

(kg/day)
Ingestion
Equationf

BWg
(kg)

HRh
(ha)

Avian herbivores (AV122) 0.00E+00 9.07E-01 9.30E-02 1.00E+00 1.46E-03 All birds 3.50E-03 5.18E+00

Peregrine falcon 9.80E-01 0.00E+00 2.00E-02 2.50E-01 4.96E-02 All birds 7.82E-0l 3.31E+01

Bald eagle 9.80E-01 0.00E+00 2.00E-02 2.50E-01 1.60E-01 All birds 4.74E+00 4.94E+02

Ferruginous hawk 9.80E-01 0.00E+00 2.00E-02 6.50E-01 6.19E-02 All birds 1.10E+00 5.60E+02

Loggerhead shrike 9.80E-01 0.00E+00 2.00E-02 6.50E-01 7.44E-03 All birds 4.25E-02 4.57E+00

Avian carnivores (AV322A) 9.70E-01 0.00E+00 3.00E-02 2.50E-01 1.73E-02 All birds 1.55E-01 1.00E+01

Burrowing owl 9.70E-01 0.00E+00 3.00E-02 2.50E-01 1.73E-02 All birds 1.55E-01 1.00E+01

Mammalian herbivores (M122) 0.00E+00 9.37E-01 6.30E-02 1.00E+00 3.30E-03 Mammalian
herbivore

4.65E+01 2.30E-01

Mammalian herbivores (M122A) 0.00E+00 9.23E-01 7.70E-02 1.00E+00 4.27E-03 Mammalian
herbivore

1.57E-02 3.00E-01

Pygmy rabbit 0.00E+00 9.80E-01 2.00E-02 1.00E+00 4.53E-02 Mammalian
herbivore

4.04E-01 2.80E-01

Townsend's western big-eared bat 9.90E-01 0.00E+00 1.00E-02 1.00E+00 2.37E-03 Rodents 1.10E-02 2.39E+00

Mammalian carnivores (M322) 9.23E-01 0.00E+00 7.70E-02 1.00E+00 1.66E-02 All mammals 1.78E-01 1.30E+01

Sagebrush lizard 9.76E-01 0.00E+00 2.40E-02 1.00E+00 5.60E-05 Reptilian
insectivore

6.61E-03 1.17E-01

Reptilian carnivores (R322) 9.52E-01 0.00+00 4.80E-02 1.00E+00 6.80E-03 Literature
value

1.50E-02 3.00E+00

Plants NA NA 1.00 1.00 NA NA NA NA

a. FP = fraction of diet represented by prey ingested (unitless). Herbivores = 0% prey, total FV = FV - FS; carnivores = 0% vegetation, total FP - FS): and omnivores =(1.00 - FS)/2 for FP and FV.
b. FV = fraction of diet represented by vegetation ingested (unitless).
c. FS = fraction of diet represented by soil ingested (unitless). Soil ingestion for pronghorn antelope and jackrabbits from Beyer, Connor, and Gerould (1994) and Arthur and Gates (1988).
d. ED = exposure duration (fraction of year spent in the affected area) (unitless). Conventions: Residents of species = 0.05 to 1.00 (birds and migratory and transient mammals) and 1.00 for small
mammals; breeding = 0.05 to 0.65 for birds and migratory and transient mammals; summer visitors = 0.05 - 0.25; winter visitors = 0.05 to 0.25.
e. IR = ingestion rate (derived using allometric equations based on body weight [Nagy 1987]) (i.e., kg/day).
f. Ingestion equation used for calculating ingestion rates (Nagy 1987).
g. BW = receptor-specific body weight (kg). Mammalian body weights were taken primarily from Burt and Grossenheider (1976) and the U.S. Environmental Protection Agency Wildlife Exposure
Factors Handbook (1993). Avian body weights were taken from Dunning (1993).
h. Home ranges were taken from Hoover and Wills (1987).



Hazard quotients were derived for all contaminants, functional groups, and T/E and C2 species

identified in Section 6.5.4. If information was not available to derive a TRV, then an HQ could not be

developed for that particular contaminant and functional group or sensitive species combination.

An HQ greater than or equal to 1.0 for nonradiological contaminants or greater than or equal to 0.1

for radiological contaminants indicates that exposure to a given contaminant (at the concentrations and for

the duration and frequencies of exposure estimated in the exposure assessment) may cause adverse health

effects in exposed populations. However, the level of concern associated with exposure may not increase

linearly as HQ values exceed the target value. This means that the HQ values cannot be used to represent

a probability or a percentage because an HQ of 10 does not necessarily indicate that adverse effects are

10 times more likely to occur than an HQ of 1.0. It is only possible to infer that the greater the HQ, the

greater the concern about potential adverse effects to ecological receptors.

6.6.5.1 Uncertainty Association with Hazard Quotients. An HQ is used as an indicator of

risk for this assessment. The HQ is a ratio of the calculated dose for a receptor from a COPC to the TRV.

These ratios provide a quantitative index of risk to defined functional groups or individual receptors under

assumed exposure conditions. The ratio, or HQ method, is commonly used in both human health

assessments and ecological risk assessments. It has been used in INEEL WAG ecological risk

assessments to eliminate contaminants and sites that do not pose a risk to the ecosystem from further

assessment.

The significance of exceeding a target HQ value depends on the perceived value (i.e., ecological,

social, or political) of the receptor, the nature of the endpoint measured, and the degree of uncertainty

associated with the process as a whole. Therefore, the decision to take no further action, order corrective

action, or perform additional assessment should be approached on a site-, chemical-, and species-specific

basis. Because the unit of concern in an ecological risk assessment is usually the population as opposed to

the individual, with the exception of T/E species (EPA 1992b), exceeding conservative screening criteria

does not necessarily mean that significant adverse effects are likely.

An HQ less than 1.0 for nonradionuclides and less than 0.1 for radionuclides implies a low

likelihood of the adverse effects from that contaminant (Van Horn, Hampton, and Morris 1995).

Nonradiological and radiological contaminants are treated separately because exposure mechanisms differ

between these two classes of contaminants. Effects from the nonradioactive metals are expected to cause

systemic toxicity while effects to reproductive processes are typically associated with exposure to

ionizing radiation. A separate approach also could be used in which the target HQ is set to 1/n, where n is

the number of nonradiological or radiological contaminants of concern. This approach would be too

conservative for nonradiological contaminants because it assumes cumulative exposure to all

nonradionuclides and that all contaminants within a given group behave synergistically in a given

receptor. Given that all receptors within a functional group may not be simultaneously exposed to all

contaminants, and that a synergistic effect may not be seen, this approach may be more stringent than

necessary to protect all ecological receptors from nonradiological effects. Therefore, the target HQ is 1

for all nonradiological contaminants. This method may underestimate risk because the method does not

account for cumulative exposure to multiple contaminants by a given receptor.

At this level in the ecological risk assessment approach at the INEEL, both exposure and toxicity

assumptions are generally conservative and represent the upper bound of potential risks to ecological

receptors. The HQ approach does not consider variability and uncertainty in either exposure or toxicity

estimates and, therefore, does not represent a statistical probability of occurrence of adverse ecological

effects. The HQs essentially provide a yes or no determination of risk and, thus, are well suited for

screening-level assessments (EPA 1988). A limitation of the quotient method is that it does not predict the

degree of risk or the magnitude of effects associated with specified levels of contamination (EPA 1988).
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6.6.5.2 Results

6.6.5.2.1 Current Scenario-Hazard quotients generated from internal and external
exposures associated with radionuclide COPC concentrations simulated in subsurface soil for the current
scenario are presented in Table 6-21. Internal HQs for all avian species and functional groups exceeded
the target value of 0.1 for both Am-241 and Sr-90. Hazard quotients for Am-241 ranged from 0.4 for the
bald eagle to 21 for avian herbivores, mammals, and reptiles. Hazard quotient values for Sr-90 ranged
from 0.5 for the bald eagle to 25 for avian herbivores, mammals, and reptiles. External exposure HQs for
Am-241 were well below the target of 0.1 for all receptors for both the current and 100-year scenarios.
However, external HQs for Sr-90 exceeded 0.1 for avian herbivores, mammals, and reptiles. External
HQs for Sr-90 ranged from 0.007 for the bald eagle to 0.4 for avian herbivores and all mammal groups
and species.

Table 6-21. Hazard quotients for ecological internal and external exposure from subsurface soil for the
current scenario.

Receptor

Am-241 Sr-90

Internal External Internal Externala

Avian herbivores (AV122) 21.1 <0.1 25.4 0.4
Peregrine falcon 5.7 <0.1 6.4 0.1
Bald eagle 0.4 <0.1 0.5 <0.1

Loggerhead shrike 13.7 <0.1 17.0 .25
Burrowing owl 5.3 <0.1 6.4 <0.1
Mammalian herbivores (M122A) 21.1 <0.1 25.4 0.4
Pygmy rabbit 21.1 <0.1 25.4 0.4
Townsend's big-eared bat 21.1 <0.1 25.4 0.4
Mammalian carnivores (M322) 21.1 <0.1 25.4 0.4
Sagebrush lizard 21.1 <0.1 25.4 0.4
Reptilian carnivores (R322) 21.1 <0.1 25.4 0.4
Plants 2.3 <0.1 2.7 <0.1

Note: Bolded text indicates a hazard quotient that exceeds 0.1 for radionuclides.
a. Includes external exposure for daughter products.

Hazard quotients generated from exposures associated with nonradionuclide concentrations
simulated in subsurface soil for the current scenario are presented in Table 6-22. Hazard quotients for
cadmium exceeded the target value of 1 for all mammalian receptors, with HQs ranging from 2 for the
pygmy rabbit to 9 for Townsend's western big-eared bat. Lead concentrations resulted in HQs that
exceeded the target of 1 for three of the five avian receptors, ranging from 2 for the burrowing owl to
6 for the loggerhead shrike. In addition, the lead HQ for Townsend's western big-eared bat was 2. Nitrate
HQs exceeded 1 for avian herbivores, loggerhead shrike, and all mammalian receptors, ranging from 1 for
both the pygmy rabbit and mammalian carnivores to 10 for avian herbivores. Risks from all
nonradionuclide COPCs could not be evaluated for reptiles because no toxicity data existed with which to
develop a TRV.

6.6.5.2.2 100-Year Scenario-Hazard quotients generated from internal and external
exposures associated with radionuclide COPC concentrations for the 100-year scenario are presented in
Table 6-23. Internal HQs for all species and functional groups exceeded the target value of 0.1 for
Am-241 ranging from 0.7 for the bald eagle to 41 for avian herbivores and all mammalian and reptilian
receptors. Internal HQs for Pu-239 and Pu-240 also exceeded 0.1 for all receptors except the bald eagle.
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Hazard quotients for Pu-239 ranged from 0.4 for the peregrine falcon and burrowing owl to greater than 1

for avian herbivores and all mammalian and reptilian receptors. The HQs for Pu-240 ranged from 0.4 for

the peregrine falcon and burrowing owl to greater than 1.5 for avian herbivores and all mammalian and

reptilian receptors. Quotient values for Sr-90 ranged from 0.5 for the bald eagle to 25 for avian herbivores

and all mammalian and reptilian receptors. External exposure HQs for Am-241, Pu-239, and Pu-240 were

well below the target of 0.1 for all receptors for the 100-year scenario.

Table 6-22. Hazard quotients for selected nonradionuclide ecological contaminants of potential concern

for the current scenario.

Receptor Cadmium Lead Nitrate

Avian herbivores (AV122) <1 3 10

Peregrine falcon <1 <1 <1

Bald eagle <1 <1 <1

Loggerhead shrike <1 6 3

Burrowing owl <1 2 <1

Mammalian herbivores (M122) 7 <1 4

Pygmy rabbit 2 <1 1

Townsend's western big-eared bat 9 2 3

Mammalian carnivore (M322) 7 <1 1

Sagebrush lizard NA NA NA

Reptilian carnivores (R322) NA NA NA

Plants <1 <1 NA

Note: Bolded text indicates a hazard quotient that exceeds 1 for nonradionuclides.

NA = not applicable. An appropriate toxicity reference value cannot be developed for this ecological contaminant of potential concern. 

Table 6-23. Hazard quotients for ecological internal and external exposure from subsurface soil for the

100-year scenario. 

Am-241 Pu-239 Pu-240

Receptor Internal External Internal External Internal External

Avian herbivores (AV122) 41.0 <0.1 1.4 <0.1 1.5 <0.1

Peregrine falcon 10.3 <0.1 0.4 <0.1 0.4 <0.1

Bald eagle 0.7 <0.1 <0.1 <0.1 <0.1 <0.1

Loggerhead shrike 26.7 <0.1 0.9 <0.1 0.9 <0.1

Burrowing owl 10.3 <0.1 0.4 <0.1 0.4 <0.1

Mammalian herbivores (M122A) 41.0 <0.1 1.4 <0.1 1.5 <0.1

Pygmy rabbit 41.0 <0.1 1.4 <0.1 1.5 <0.1

Townsend's western big-eared bat 41.0 <0.1 1.4 <0.1 1.5 <0.1

Mammalian carnivores (M322) 41.0 <0.1 1.4 <0.1 1.5 <0.1

Sagebrush lizard 41.0 <0.1 1.4 <0.1 1.5 <0.1

Reptilian carnivores (R322) 41.0 <0.1 1.4 <0.1 1.5 <0.1

Plants 4.2 <0.1 <0.1 <0.1 <0.1 <0.1

Note: Bolded text indicates a hazard quotient that exceeds 0.1 for radionuclides.
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Hazard quotients generated from exposures associated with nonradionuclide COPC concentrations
for the 100-year scenario are presented in Table 6-24. Hazard quotients for cadmium exceeded the target
value of 1 for all mammalian receptors, with HQs ranging from 8 for the pygmy rabbit to 30 for
Townsend's western big-eared bat. Lead concentrations resulted in HQs that exceeded the target of 1 for
four of the five avian receptors, ranging from 3 for the peregrine falcon to 20 for the loggerhead shrike.
Only the HQ for the bald eagle was below the target value. Hazard quotients for lead also exceeded the
target for Townsend's western big-eared bat, mammalian carnivores, and plants. All HQs for nitrate were
less than 0.1 for the 100-year scenario.

Table 6-24. Hazard quotients for selected nonradionuclide ecological contaminants of potential concern
for the 100-year scenario.

Receptor Cadmium Lead Nitrate

Avian herbivores (AV122) <1 9 <1

Peregrine falcon <1 3 <1

Bald eagle <1 <1 <1

Loggerhead shrike <1 20 <1

Burrowing owl <1 6 <1

Mammalian herbivores (M122) 20 <1 <1

Pygmy rabbit 8 <1 <1

Townsend's western big-eared bat 3 8 <1

Mammalian carnivores (M322) 2 3 <1

Sagebrush lizard NA NA NA

Reptilian carnivores (R322) NA NA NA

Plants <1 2 NA

Note: Bolded text indicates a hazard quotient that exceeds 1 for nonradionuclides.
NA = not applicable. An appropriate toxicity reference value cannot be developed for this contaminant of potential concern.

6.6.6 Ecological Risk Evaluation

All radionuclide COPCs identified in the WAG 7 preliminary screening were evaluated in this
assessment. Six of 44 nonradionuclide COPCs were evaluated as indicators of potential risk for this group
of contaminants (see Section 6.6.2). The 38 nonradionuclide COPCs that were not specifically analyzed
in this assessment are presented in Table 6-25.

The assessment endpoint for the WAG 7 ecological risk assessment was the indication of risk to
ecological receptors, determined by HQ values that exceeded target values for either the current or
100-year scenario. The WAG 7 contaminants shown to pose risk to ecological receptors (i.e., HQs greater
than 10 times the target value [DOE-ID 1999a]) include Am-241, Sr-90, Pu-240, Pu-239, cadmium, lead,
and nitrate. The risk to ecological receptors posed by exposure to these contaminants also was shown to
be limited primarily to the subsurface soil profile for the scenarios evaluated. Plant uptake and burrowing
by animals are not shown to increase current surface soil concentration to adverse levels during the next
100 years.
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Table 6-25. Contaminants that were not specifically evaluated as part of the Waste Area Group 7
ecological risk assessment.

1,1,2-trichloro-1,2,2-trifluoroethane

3-methylcholanthrene

Alcohols

Aluminum nitrate

Asbestos

Carbon tetrachloride

Chloroform

Dibutylethylcarbutol

Ether

Ethyl alcohol

Hydrofluoric acid

Lithium hydride

Lithium oxide

Manganese

Magnesium oxide

Methylene chloride

Nitrobenzene

Nitrocellulose

Nitric acid

Organophosphates (tributylphosphate)

Organic acids (ascorbic acid)

Potassium chloride

Potassium hydroxide

Potassium nitrate

Potassium phosphate

Potassium sulfate

Sodium chloride

Sodium cyanide

Sodium nitrate

Sodium phosphate

Sodium-potassium

Sulfuric acid

Tetrachloroethylene

Trimethylpropane-triester

Toluene

Versenes (EDTA)

Xylene

Copper (total)

Note: Bolded text indicates contaminants for which inadequate data exist to allow further analysis (see Hampton and Becker 2000). 

Subsurface soil concentrations for Am-241, Sr-90, and nitrate pose current risk to receptors. Risks

to ecological receptors posed by Am-241, Pu-239, Pu-240, cadmium, and lead increase up to and beyond

the simulated 100-year institutional control period (see Table 6-16). However, the maximum
concentrations modeled for Sr-90 and nitrate peak before the year 2010 (see Table 6-16), and by the end

of the simulated institutional control period at year 2110, these contaminants fall below the levels

expected to pose risk to ecological receptors. Current concentrations for Pu-239/240 do not show risk, but

increase over the simulated 100-year institutional control period to unacceptable levels.

Soil concentrations were generated by the DOSTOMAN model from 1952 to the year 3002.

Maximum subsurface concentrations for Am-241 were attained in the year 2470. Example HQs calculated

for the maximum concentration are approximately three times higher than those for the current scenario

(14 for the loggerhead shrike in the year 2010 and 45 in the year 2470), but are nearly the same as HQs at

the end of the simulated 100-year institutional control period (41 for the loggerhead shrike in the

year 2110). Concentrations for Pu-239 and Pu-240 were shown to increase beyond the year 3002. Hazard

quotients in the 100-year scenario for these contaminants are substantially smaller than those for Am-241

(i.e., less than 2), but will increase over three-fold with the maximum modeled concentration (i.e., less

than 2 for avian herbivores in the year 2110 and 7 in the year 3002). Maximum surface concentrations

were not shown to increase to adverse levels for any COPC over the modeled period.

Though modeled soil concentrations were not quantitatively compared to sampling data for this

assessment, a cursory examination of concentrations in biotic tissue in and around the SDA shows that

concentrations of Am-241 and Sr-90 are much higher in plant and animal tissue than are concentrations of

Pu-239 and Pu-240 (see Section 4.9). This generally supports the predicted trend of higher HQs for
Am-241 than for Pu-239 and Pu-240.

6-116



Concentrations of cadmium and lead continue to increase beyond the modeled period. Example
HQs for cadmium, calculated for the maximum modeled concentration, are more than four times higher
than those for the 100-year scenario (i.e., 20 for mammalian herbivores and carnivores in the year 2110
and 90 in the year 3002). Hazard quotients for lead at maximum modeled concentrations are 10 times
those calculated for the 100-year scenario (i.e., 20 for the loggerhead shrike in the year 2110 and 200 in
the year 3002). Human health sampling data were not compared to modeled concentrations for this
assessment, and no biotic data have been collected for these contaminants on the SDA.

Current risk from subsurface contamination is posed by all WAG 7 ecological contaminants of
concern and, without remedial action, risk will continue beyond the 100-year simulated institutional
control period. Risks for the nonradionuclide COPCs presented on Table 6-25 were not evaluated.
In addition, several COPCs eliminated in the screening because risk was not demonstrated for the current
and 100-year scenarios (e.g., mercury, beryllium, and Nb-94) were also shown by the model to be
increasing with time (see Table 6-16). This suggests that in the absence of remediation to control current
intrusion by biotic receptors, risk over the long term may increase above levels identified in this
assessment.
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7. SUMMARY AND CONCLUSIONS OF
THE ANCILLARY BASIS FOR RISK ANALYSIS

Estimated cumulative human health and ecological risks associated with the SDA are presented in
this ABRA in support of the future development of the comprehensive RI/FS for WAG 7. The
comprehensive RI/FS for WAG 7 at the INEEL is identified in the FFA/CO as OU 7-13/14 (DOE-ID
1991). A binding agreement between DOE, IDEQ, and EPA, the FFA/CO governs CERCLA activities at
the INEEL, including remedial decision making for areas at the INEEL that pose unacceptable risk to
human health or the environment. Waste Area Group 7 is the designation in the FFA/CO for the collective
facilities at the RWMC, including the SDA, the TSA, and the adjacent administration and operations
areas. The analysis in this report focuses solely on the SDA. The ABRA and conclusions are summarized
below.

7.1 Summary

Estimates of cumulative human health risks and ecological risks associated with WAG 7 are
presented in this ABRA. Analysis focuses on landfilled waste in the SDA. Because of ongoing operations
at TSA, evaluating residual contamination at the TSA has been deferred until future closure of the facility.
The TSA operations will be closed under RCRA, with any residual contamination to be addressed under
CERCLA (DOE-ID 1998).

Evaluation of risk is typically an iterative process, with each iteration providing an increasingly
refined assessment. This ABRA is a continuation and update of the WAG 7 risk evaluation that was
presented in the IRA (Becker et al. 1998). The same models as those used in the IRA, with some
improvements, were implemented to estimate current and future concentrations of COPCs in
environmental media used to estimate risk.

The fundamental framework for preparation of the ABRA is provided in the first three sections of
this report. Much information was taken from the IRA and updated to reflect additional information
developed over the past few years. The regulatory setting for this ABRA and the physical setting for the
site are described in Sections 1 and 2. Past RWMC operations, historical background, and other
information used to characterize the risk and form a basis for the future analysis of remedial alternatives
are presented in Section 3.

Sections 4 through 6 build on the fundamental framework presented in the first three sections to
estimate potential human health and ecological risks associated with the SDA. The current knowledge
about contaminant inventories and waste buried in the SDA is presented in Section 4, which evaluates the
nature and extent of environmental contamination based on detected concentrations at WAG 7. The
development, implementation, and results of modeling to estimate media concentrations over time are
discussed in Section 5. Estimated media concentrations produced by the modeling are used in Section 6 to
characterize risk in the context of human health and ecological conceptual site models. Information in
Sections 4, 5, and 6, summarized below, is critical to plan ongoing work to support future remedial
decisions for WAG 7.
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7.1.1 Nature and Extent of Contamination

The nature and extent of contamination associated with the SDA are evaluated in Section 4 for all

environmental media. The human health contaminant screening in the IRA (Becker et al. 1998) and the

revised ecological contaminant screening (Hampton and Becker 2000) were used to identify contaminants

for evaluation. The final human health COPC list in the IRA contained 20 radionuclides and four

chemical contaminants. Monitoring data indicate that some COPCs occur in low concentrations in the

vadose zone and aquifer and are likely attributable to waste buried in the SDA.

Evaluation of the nature and extent of contamination concludes that low concentrations of carbon

tetrachloride, nitrates, and C-14 are affecting the aquifer near the SDA. Carbon tetrachloride has been

detected slightly above the MCL and nitrate levels near the southeast corner of the SDA are slowly but

steadily increasing. Low concentrations of C-14 also have been detected in the region.

Several other contaminants buried in the SDA have not impacted groundwater quality, but have

been detected at low concentrations in the vadose zone and may be migrating. Most vadose zone

detections are in the interval above the B-C interbed. Some contaminants have been detected at deeper

intervals above the C-D interbed. Highest densities of detections occur in the region beneath Pit 5 and Pad

A and in the perched water well near the west end of Pit 4 in the SDA. The most frequently detected

contaminants in the vadose zone are nitrates, carbon tetrachloride, C-14, Tc-99, and uranium isotopes. In

addition, Am-241, 1-129, Pu-238, and Pu-239/240 have been detected sporadically at concentrations near

detection limits.

The monitoring network has been greatly expanded since 1998 with the addition of 22 vadose zone

lysimeters, four upgradient aquifer wells, an aquifer well inside the SDA, and 140 Type A and more than

200 Type B probes in the buried waste. Most of these new installations have not been operational long

enough to provide data sets sufficient to assess contaminant trends.

The expanded monitoring network will continue to produce data for assessing source release into

the vadose zone, contaminant migration through the vadose zone, and potential impacts to the aquifer

beneath the SDA. Analyte lists should be reviewed and modified to prioritize analysis COPCs that may be

migrating, especially for vadose zone samples where sample volumes are consistently small.

7.1.2 Contaminant Fate and Transport

Modeling was conducted to simulate release and migration of contaminants from waste buried in

the SDA and estimate future contaminant concentrations in environmental media. The details of the

modeling are presented in Section 5. Models implemented for the ABRA were the same as those used in

the IRA (Becker et al. 1998) with limited improvements to incorporate data obtained since the IRA. Best-

estimate inventories were simulated for a base case. Several sensitivity cases were modeled to evaluate

effects of upper-bound inventories and several additional specific parameters on estimated media

concentrations and risks.

Section 5 addresses potential routes of contaminant migration and persistence of contaminants,

source release and migration, and the methodology for determining rate constants used in the biotic

model. Complete exposure pathways defined by the conceptual site model led to three types of models: a

source release, a subsurface transport, and a biotic transport. Persistence of contaminants in the

environment was evaluated based on contaminant mobility controlled by dissolved-phase transport and

biotic transfer by animals and plants intruding into the waste. For radioactive COPCs, half-lives also were

considered. Chemical degradation was not assessed.
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The source term model, simulated release of contaminants from buried waste into the subsurface.
Best-estimate source term inventories were used for the base case. The DUST-MS code was used to
simulate releases of COPCs and their long-lived decay chain products. Simulated mass release
mechanisms comprised surface washoff, diffusion, and dissolution. Release mechanisms were identified
based on waste-stream-specific data. Once released, contaminant mass was available for biotic transport
to the surface or migration into the subsurface. Sample data for the shallow subsurface from areas around
the SDA were not representative of concentrations beneath the waste and, therefore, were not useful for
calibrating the source term model. Indirect, limited model calibration was achieved by comparing
measured to simulated aquifer concentrations.

Fate and transport of dissolved-phase contaminants in the SDA subsurface were modeled with the
TETRAD simulator. Vapor-phase transport for VOCs and other vapor-phase contaminants such as C-14
was not specifically modeled. Model calibration beyond the limited calibration achieved in the IRA was
not attempted because of the lack of calibration targets provided by monitoring data. In other words,
contaminants of particular interest for model calibration, such as C-14, uranium, and other actinides, are
detected sporadically and at very low concentrations that do not describe migration trends. Low
concentrations, coupled with lack of trends, are not adequate calibration targets and cannot be emulated
with any confidence. A comparison of predicted to detected COPC concentrations in groundwater is
presented in Section 5. However, the limited number of detections and low concentrations preclude
reaching conclusions about the adequacy of model calibrations. Aquifer concentrations were simulated
until peak aquifer concentrations occurred or to a maximum of 10,000 years.

The DOSTOMAN code was used to estimate surface soil concentrations produced by transport of
contaminants to the surface by plants and animals. Rate constants and other input parameters used in the
code were selected from current literature, giving preference to site-specific values for the SDA and the
INEEL when available. However, surface soil monitoring data were too sparse to calibrate the biotic
model, allowing only limited comparisons to measured surface soil concentrations. Further calibration for
the biotic model was not pursued because of the fundamental assumption for this ABRA that future
remedial action at the SDA will include a cap that would inhibit biotic uptake (DOE-ID 1998). The
DOSTOMAN model soil concentrations were estimated for the current time frame and for future human
health and ecological exposure scenarios.

7.1.3 Baseline Risk Assessment

Human health and ecological risk assessments are summarized below.

7.1.3.1 Human Health Baseline Risk Assessment. The ABRA addressed the potential risk to
human health from contaminants buried in the SDA. Based on EPA and 1NEEL guidance (EPA 1988;
LMITCO 1995), WAG 7 was considered in a comprehensive manner by evaluating cumulative,
simultaneous risk for all complete exposure pathways for all COPCs. The risk assessment included
exposure and toxicity assessments, risk characterization, and limited analysis of sensitivity and
uncertainty.

The IRA identified 29 COPCs, 25 radioisotopes and associated decay chain members, and
four nonradioactive constituents. The ABRA quantitatively evaluated cumulative effects for the same 25
radioisotopes and nitrates. Risks from VOCs were scaled from the IRA results based on inventory updates
for the RFP sludge disposals.

Risk estimates were developed for current and future occupational receptors and for current and
hypothetical future residential receptors. For the current residential scenario, groundwater ingestion risk at
the INEEL boundary was assessed. Surface exposure pathways were not examined for a current
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residential exposure because residential development near the RWMC is prohibited by site access

restrictions. Future residential exposures were simulated beginning in 2110 to reflect a postulated

remediation in 2010 followed by an assumed 100-year institutional control period. Future residential

analysis reflects assumptions that a cap and institutional controls would preclude direct access into the

waste, but that a location immediately adjacent to the RWMC could be inhabited. Concentrations and

risks were simulated out to 1,000 years for all pathways except groundwater ingestion. Groundwater risks

were simulated until peak concentrations occurred or to a maximum of 10,000 years.

Carcinogenic risk estimates for the hypothetical future residential exposure scenario exceed 1E-05

for 14 contaminants and a hazard index in excess of 1 is identified for three contaminants. The location of

the maximum cumulative risk is near the southeast corner of the SDA. The groundwater ingestion

pathway risk is greater than or equal to 1E-04 for seven radioisotopes: C-14, Np-237, Tc-99, U-234,

U-235, U-236, and U-238. Strontium-90 exceeds 1E-04 in the crop ingestion pathway. Carbon

tetrachloride exceeds 1E-04 for the groundwater ingestion and inhalation exposure pathways.

Carcinogenic risks between 1E-05 and 1E-04 were estimated for 1-129, U-233, and methylene chloride

for the groundwater ingestion pathway. Risk between 1E-05 and 1E-04 is identified for Nb-94 in the

external exposure pathway; and Am-241 in the soil ingestion, inhalation, external exposure, and crop

ingestion pathways. The combined hazard index is greater than 2 for nitrates and tetrachioroethylene in

the groundwater ingestion pathway. The carbon tetrachloride hazard index is 50, primarily from

inhalation and groundwater ingestion exposure pathways. For the remaining COPCs, risk estimates are

less than 1E-05 and the hazard indexes are less than 1.

A qualitative uncertainty analysis and limited sensitivity analysis is provided in Section 6. The

sensitivity analysis shows the effect on predicted risks to changes in selected model inputs. Sensitivity

cases were implemented to address inventory uncertainty, uranium release rate, neptunium release rate,

plutonium mobility both by a traditional partitioning approach and by a mobile fraction approach,

infiltration uncertainty, B-C interbed gaps, release of Tc-99 from INEEL reactor operations waste, and the

influence of subsurface water originating in the spreading areas on contaminant transport beneath the

SDA.

7.1.3.2 Ecological Risk Evaluation Summary. The scope of the ecological risk evaluation

discussed in Section 6.6 was limited because of the fundamental assumption that the SDA will be covered

with a cap (DOE-ID 1998). Current year and 100-year scenarios were evaluated for representative

receptors. Contaminant screening was performed to limit evaluation to those contaminants most likely to

pose unacceptable risk. Concentrations in surface soil and subsurface intervals were estimated with the

DOSTOMAN biotic uptake model. Receptor exposures were evaluated for all WAG 7 radionuclide

COPCs and a suite of representative nonradionuclide COPCs. Seven contaminants, Am-241, Pu-239, Pu-

240, Sr-90, cadmium, lead, and nitrate, were shown to pose risk greater than screening values to WAG 7

ecological receptors.

Plant uptake and burrowing by animals are not shown to increase current surface soil concentration

levels above EBSLs during the next 100 years. However, current and ongoing risk results from the

following: (a) toxic exposures for plants with roots reaching surface and subsurface contamination,

(b) ingestion exposures for animals eating those plants, (c) external and inhalation exposures for

burrowing animals that feed above ground, (d) external, inhalation, and ingestion exposures for below

ground feeders, and (e) ingestion exposures for predators preying on animals contaminated on the SDA.
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7.2 Conclusions

Human health contaminants of concern (COCs) for OU 7-13/14 are identified in Table 7-1.
Contaminants of concern were identified initially based on risk estimates by apply human health criteria
of 1E-05 carcinogenic risk and a hazard index greater than or equal to 1. Sixteen human health COCs
were identified. In addition, three plutonium isotopes were classified as special case groundwater COCs
to acknowledge uncertainties about plutonium mobility in the environment and to reassure stakeholders
that risk management decisions for the SDA will be fully protective. Because most plutonium in the SDA
is collocated with risk-based COCs that have similar properties, treating plutonium isotopes as COCs will
have little effect on analysis of alternatives or on risk management decisions.

Seven ecological COCs were identified based on a hazard quotient in excess of 1 for radionuclides
and a hazard quotient of 10 or greater for nonradionuclides (see Table 7-2). Five of the seven ecological
COCs also are human health COCs. Ecological risk can be addressed by actions implemented to reduce
human health. Installation of a cap that incorporates a biotic barrier would inhibit plant and animal
intrusion into contaminated subsurface soil, protect ecological receptors from long half-lived
radionuclides and nonradionuclide contaminants, and reduce human exposures by preventing biotic
transport of contamination to the surface.
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Table 7-1. Identification of contaminants of concern and 1,000-year peak risk estimates fora hypothetical
future residential exposure scenario. 

Peak
Contaminant Note Risk Year

Peak
Hazard
Index

Primary 1,000-Year
Year Exposure Pathway

Ac-227 3E-06 3010' NA6 NA Groundwater ingestion

Am-241 1,3 3E-05 2953 NA NA Soil ingestion, inhalation, external exposure, and crop
ingestion

Am-243 4E-08 3010' NA NA External exposure

C-14 1,4 2278 NA NA Groundwater ingestion

C1-36 6E-06 2110 NA NA Groundwater ingestion

Cs-137 5E-06 2110 NA NA External exposure

1-129 1,3 6E-05 2110 NA NA Groundwater ingestion

Nb-94 1,3 8E-05 3010' NA NA External exposure (groundwater ingestion)

Np-237 1,4_3010$ NA NA Groundwater ingestion

Pa-231 3E-06 3010' NA NA Groundwater ingestion

Ph-210 5E-07 3010' NA NA Soil and crop ingestion

Pu-238 2 2286 NA NA Soil and crop ingestion

Pu-239 2 3010' NA NA Soil and crop ingestion

Pu-240 2 t 3010' NA NA Soil and crop ingestion

Ra-226 3E-06 3010' NA NA External exposure

Sr-90 1,4 417';'t 2110 NA NA Crop ingestion

Tc-99 1,4 2110 NA NA Groundwater ingestion and crop ingestion

Th-229 4E-07 3010' NA NA Groundwater ingestion

Th-230 7E-07 3010' NA NA Groundwater ingestion

Th-232 1E-09 3010' NA NA Crop ingestion

U-233 1,3 3E-05 3010' NA NA Groundwater ingestion

U-234 1,4 3010' NA NA Groundwater ingestion

Li-235 1,4 2662 NA NA Groundwater ingestion

U-236 1,4 3010' NA NA Groundwater ingestion

U-238 1,4 3010' NA NA Groundwater ingestion

Carbon tetrachloride 1,5 2105 5E+01' 2105 Inhalation and groundwater ingestion

Methylene chloride 1,3 2E-05' 2185 1E-01' 2185 Groundwater ingestion

Nitrates 1,6 NA NA 1E+00 2120 Groundwater ingestion

Tetrachloroethylene 1,6 NA 1952 1E+W 2137 Groundwater ingestion and dermal exposure to
contaminated water

Notes: For toxicological risk, the peak hazard index is given. and for carcinogenic probability, the peak risk is given.

1. Green = the contaminant is identified as a human health contaminant of concern based on carcinogenic risk greater than 1E-05 or a hazard
index -ater than or equal to 1 contributing to a cumulative hazard index greater than 2.
2. Brnwr = plutonium isotopes are classified as special case contaminants of concern to acknowledge uncertainties about plutonium mobility
in the environment and to reassure stakeholders that risk management decisions for the SDA will be fully protective

3. Slue= carcinogenic risk between 1E-05 and 1E-04
4. = carcinogenic risk greater than 1E-04
5. Pink = toxicological (noncarcinogenic) hazard index greater than or equal to 1.

a. The peak groundwater concentration does not occur before the end of the 1.000-year simulation period. Groundwater ingestion risks and
hazard indices were simulated for the peak concentration occurring within 10.000 years and are not presented in this table.
b. NA = not applicable.
c. The risk estimates were produced by scaling results from the Interim Risk Assessment (IRA) (Becker et al. 1998) based on inventory updates. 
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Table 7-2. Ecological contaminants of concern and risk summary for subsurface soil contamination.
Hazard Quotienta Hazard Quotienta' b

Nonradionuclide
Contaminant

Current
Scenario

100-year
Scenario

Radionuclide
Contaminant

Current
Scenario

100-year
Scenario

Cadmium <1 to <9 <1 to 20 Am-241 <0.1 to 21 0.7 to 41

Lead <1 to <6 <1 to 20 Pu-239 NA <0.1 to >1

Nitrate <1 to >10 < 0.1 Pu-240 NA <0.1 to >1

Sr-90 <0.1 to >25 NA
NA— Concentrations for this contaminant did not exceed the ecologically based-screening level (Section 6.6.3.2.2). Therefore,
it was not evaluated in the ecological assessment as a contaminant of potential concern for the given scenario.

a. The values reported represent the range of maximum hazard quotients calculated across receptor functional groups and
species.

b. The range represents hazard quotients for both internal and external exposures. 

Human health risks for individual radionuclides are illustrated in Figure 7-1 and Figure 7-2 shows
total risk attributable to transuranic and nontransuranic COCs. The simulated 100-year institutional
control period precluding residential development near the RWMC, is shown on the figures at 2110 for
risk at the INEEL boundary. A hypothetical future residential scenario at the SDA was evaluated for after
2110, as shown in the figure. Assumptions for the future residential scenario include the following:

• A home can be constructed immediately adjacent to the RWMC

• Groundwater use is unrestricted

• A cap and long-term institutional controls inhibit direct intrusion into the buried waste.

Contributions of individual radionuclides to cumulative human health risk are indicated in Figure
7-1. Uranium-234 is shown with two lines. Generally, the U-234 line represents risk generated by the U-
238 decay chain, primarily posed by RFP waste, whereas the U-234p line indicates risk from the Pu-238
decay chain generated by INEEL reactor operations waste. With exception of Sr-90, all of the
radionuclides contribute to groundwater ingestion risk. The same total risk is shown in Figure 7-2, with
contributing radionuclides classified as either transuranic or nontransuranic isotopes. Transuranic risk-
based COCs are Am-241 and Np-237; the transuranic special case COCs are Pu-238, Pu-239, and Pu-240.
All other human health radionuclide COCs are nontransuranic.
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Figure 7-1. Cumulative risk estimates for individual radionuclides for the hypothetical future residential scenario.
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Figure 7-2. Cumulative risk estimates for transuranic and nontransuranic contaminants of concern for the
hypothetical future residential scenario.

Mobile long-lived fission and activation products pose the most imminent risk, with actinides
driving the risk far into the future. The degree of urgency associated with risk estimates for fission and
activation products may be overstated because of release and transport values implemented in modeling.
However, C-14, 1-129, and Tc-99 have been detected in the environment and some trends in data may be
developing that indicate contaminant migration. Presently, these contaminants are not detected at the
levels or frequency predicted by the modeling. Continued monitoring of locations immediately proximal
to the waste (i.e., Type B probes) is extremely important to assess the rate at which the potential
contamination in the shallow vadose zone near the waste is developing. Interpreting monitoring data can
be used to validate the appropriateness of an expedited remediation of the source term to preclude this
risk.

Several caveats apply to risk estimates, as follows:

Plots reflect maximum cumulative groundwater ingestion risk anywhere in the aquifer for
radionuclides. The simulated receptor location for this maximum risk is at the southeast corner of
the SSA, where the maximum estimate occurs. The region of the aquifer at that location is not
currently accessible because of its location within the boundaries of the INEEL. Modeled
cumulative risk estimates at the INEEL boundary do not exceed the 1E-05 order of magnitude
within the simulated 100-year institutional control period (see Figure 7-3) or the 1E-04 order of
magnitude for the peak risk (see Figure 7-4).
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Figure 7-3, Isopleths of cumulative groundwater ingestion risk at the end of the simulated 100-year
institutional control period in 2110 for radionuclides.
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Figure 7-4 Isopleths of peak cumulative groundwater ingestion risk in 3112 for radionuclides.
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• The peak cumulative risk, occurring approximately 3112, is primarily attributable to uranium and
Np-237. The near-term peak in 2110 is attributable to C-14, 1-129, and Tc-99. Substantial
uncertainties are associated with estimated risks, and detected concentrations in the environment do
not validate the imminent development of the maximum risks. Detected concentrations in the
environment are much smaller than the modeled concentrations.

• Some of the detected concentrations in the environment are of the same order of magnitude as the
estimated concentrations, and some increasing trends in the monitoring data may be developing.
Therefore, the potential vadose zone contamination indicated by the modeling may be developing,
but not as quickly as was shown in the simulations. In addition, the magnitude of the peak could be
less than currently indicated, but disposal records indicate that the mass of these contaminants in
the SDA is enough to predict that their peak risks would still pose unacceptable risks.

• The magnitude of the potential vadose zone contamination depends on the timing of remedial
action. If actions to reduce the release of C-14, 1-129, and Tc-99 are implemented within the next
few years, the potential problem may never develop.

A fundamental assumption in this ABRA is that all remedial alternatives for the SDA will include a
cap (DOE-ID 1998). The cap design would be selected to effectively inhibit unacceptable ecological
exposures, surface pathway exposures for human receptors, and inadvertent intrusion into the waste.
Therefore, remediation of the buried waste should focus on methods to mitigate groundwater exposure
pathways. Table 7-3 provides a summary of risk-based and special case groundwater COCs, including the
waste streams and their relative contributions to the total inventory for each contaminant. Waste types and
disposal locations in the SDA, superimposed on a WasteOScope background, are shown in Figure 7-5.
Maps of the locations of the individual human health risk-based and special case COCs are shown
Figures 7-6 through 7-17. Produced using WasteOScope, the figures illustrate disposal locations of all of
the human health COCs in the SDA as follows:

• Figure 7-6 shows locations of Am-241 and most of the transuranic waste in the SDA. More than
96% of the Am-241 activity in SDA disposals were shipped from RFP in 743-series wastewater
sludge. Those disposals are shown in the Trenches 1 through 10, Pits 1 through 12, and on Pad A.
Similar, indeterminate disposals are likely located in Trenches 11 through 15 as well. The
contribution from INEEL reactor operations, less than 4% of the total, is shown in the other
trenches and soil vault rows. While not a groundwater risk driver, Am-241 disposal locations are
shown because the majority of the Np-237 is produced through the decay of Am-241.

• Figure 7-7 shows locations of C-14 waste. The C-14 waste originated from INEEL reactor
operations. Most of the disposals are in trenches and soil vault rows with the exception of a few
scattered shipments in Pits 2, 8, 9, and 10. Because WasteOScope mapping for INEEL waste
generators is still in progress, the shipment locations shown in the figure represent a partial data
set.

• Figure 7-8 shows locations of 1-129 waste. The 1-129 disposals originated from INEEL reactor
operations and are mostly buried in the trenches and soil vault rows. Because WasteOScope
mapping for INEEL waste generators is still in progress, the shipment locations shown in the figure
represent a partial data set.

• Figure 7-9 shows locations of Nb-94 waste. The Nb-94 disposals are from INEEL waste
generators. Most of the Nb-94 was disposed of in trenches or soil vaults with a few scattered
disposals in pits. Because WasteOScope mapping for INEEL waste generators is still in progress,
the shipment locations shown in the figure represent a partial data set.
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• Figure 7-10 shows locations of Np-237 waste. The bulk of the original Np-237 disposals is from

INEEL waste generators and is located in trenches and soil vaults. Because WasteOScope mapping

for INEEL waste generators is still in progress, the shipment locations shown in the figure

represent a partial data set for the initial Np-237 disposals (i.e., excluding ingrowth from Am-241).

However, most of the risk-generating Np-237 is produced through decay of Am-241 from RFP (see

Figure 7-6).

• Figure 7-11 shows locations of plutonium waste. Most of the Pu-238 is from INEEL waste
generators and is located in trenches and soil vaults. Because WasteOScope mapping for INEEL
waste generators is still in progress, the shipment locations shown in the figure represent a partial

data set. Almost all of the Pu-239 and Pu-240 waste was shipped from RFP. Those disposals are
shown in the Trenches 1 through 10, Pits 1 through 12, and on Pad A. Similar, indeterminate

disposals are likely located in Trenches 11 through 15 as well.

• Figure 7-12 shows locations of Sr-90 waste. Most of the Sr-90 disposals are from INEEL waste

generators and is located in trenches and soil vault rows. Because the WasteOScope mapping for
INEEL waste generators is still in progress, the shipment locations shown in the figure represent a

partial data set.

• Figure 7-13 shows locations of Tc-99 waste. The Tc-99 disposals are from INEEL waste generators

and are mostly in trenches and soil vault rows. Because WasteOScope mapping for INEEL waste

generators is still in progress, the shipment locations shown in the figure represent a partial data

set.

• Figure 7-14 shows locations of all uranium-bearing waste. Most of the uranium disposals

originated from RFP and INEEL reactor operations. Though mapping the RFP waste is complete,

WasteOScope mapping for INEEL waste generators is still in progress. Therefore, the shipment

locations shown in the figure represent a partial data set.

• Figure 7-15 shows locations of the 743-series organic sludge containing carbon tetrachloride and
tetrachloroethylene. These COCs originated from RFP and are located in pits. The disposal
locations have been confirmed by shallow soil gas survey data.

• Figure 7-16 shows locations of methylene chloride waste. Most of this chemical is contained in

RFP 741-series sludge disposed of in pits.

• Figure 7-17 shows locations of the nitrate salt disposals in the SDA. Approximately 90% of the

nitrate was received in nitrate salt waste from RFP. This waste is disposed of in pits and on Pad A.
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Table 7-3. Subsurface Disposal Area contaminants of concern for the groundwater ingestion pathway.

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory
(Ci) Waste Stream Description

Location in the
Subsurface Disposal

Area

C-14 ANL-785-1 1.5 7.51E+00 Subassembly low-level waste (LLW) from Hot
Fuel Examination Facility experiments

TRA-603-1H 1.6 7.81E+00 Test Reactor Area (TRA) resins

Argonne National 3.3 1.66E+01 Subassembly hardware
Laboratory - West
(ANL - W)

CPP-603-1H 9.2 4.58E+01 Fuel end pieces

TRA 18.5 9.26E+01 Beryllium waste

NRF-616-3H, 4H,
8H

21.3 1.07E+02 Core structural pieces

TRA 41.7 2.08E+02 Activation products

Miscellaneous 2.9 1.45E+01 Miscellaneous minor streams

Total C-14 100.0 5.00E+02 See Figure 7-7

1-129 PBF-620-1 1.2 1.90E-03 Miscellaneous scrap

Naval Reactors 1.7 2.67E-03 Test specimens
Facility

INEEL 94.5 1.49E-01 Idaho National Engineering and Environmental
Laboratory (INEEL) reactor operations waste

Total 1-129 100.0 1.58E-01 See Figure 7-8

Np-237 TRA-632-1H 1.3 3.42E-02 Core structural pieces

TRA-603-9H 4.6 1.22E-01 Expended fuel and ceramic fuel

TRA-603-4H 6.6 1.74E-01 Core and loop components

TRA-642-6H 15.0 3.96E-01 Core, vessel, and loop components

TRA-603-1H 15.6 4.13E-01 Resins

TRA-603-15H 25.9 6.85E-01 Metal

INEEL 28.5 7.54E-01 INEEL reactor operations waste

Miscellaneous 2.5 6.61E-02 Miscellaneous minor streams

Total Np-237 100.0 2.64 E+00 See Figure 7-10
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Table 7-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total Location in the

Inventory Subsurface Disposal

(Ci) Waste Stream Description Area

Pu-238 INEEL 85.3 1.46E+04 INEEL reactor operations waste.

Miscellaneous 3.8 6.50E+02 Miscellaneous minor streams.

RFO-DOW-9H 2.9 5.00E+02 Noncombustibles-gloveboxes, equipment,
pumps, motors, control panels, and office
equipment.

TRA-603-9H 2.9 4.95E+02 Expended fuel and ceramic fuel.

RFO-DOW-3H 1.6 2.75E+02 Uncemented sludge.

RFO-DOW-6H 1.4 2.32E+02 Filters.

RFO-DOW-12H 1.2 1.99E+02 Dirt, concrete, graphite, ash, and soot.

RFO-DOW-411 1.0 1.74E+02 Combustibles-paper, rags, plastic clothing,
cardboard, wood, and polyethylene bottles
(Codes 330, 336, 337, 900, and 970).

Total Pu-238 100.0 1.71E+04

Pu-239 RFO-DOW-9H 26.3 1.70E+04 Noncombustibles-gloveboxes, equipment,
pumps, motors, control panels, and office
equipment.

RFO-DOW-3H 14.5 9.40E+03 Uncemented sludge.

RFO-DOW-6H 12.2 7.90E+03 Filters.

RFO-DOW-1211 10.5 6.79E+03 Dirt, concrete, graphite, ash, and soot.

RFO-DOW-4H 9.2 5.96E+03 Combustibles-paper, rags, plastic clothing
cardboard, wood, and polyethylene bottles.

RFO-DOW-7H 8.3 5.37E+03 Glass-including raschig rings.

RFO-DOW-8H 7.0 4.53E+03 Lead from glovebox gloves and sheeting.

RFO-DOW-11H 5.2 3.37E+03 Graphite molds.

INEEL 2.0 1.29E+03 INEEL reactor operations waste.

RFO-DOW-5H 1.9 1.25E+03 Concrete and brick.

Miscellaneous 1.9 1.23E+03 Miscellaneous minor streams.

RFO-DOW-1311 1.1 7.31E+02 Resins.

Total Pu-239 100.0 6.48E+04



Table 7-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory
(Ci) Waste Stream Description

Location in the
Subsurface Disposal

Area

Pu-240 RFO-DOW-9H 22.5 3.85E+03 Noncombustibles-gloveboxes, equipment,
pumps, motors, control panels, and office
equipment.

INEEL 13.8 2.36E+03 INEEL reactor operations waste.

RFO-DOW-3H 12.4 2.12E+03 Uncemented sludge.

RFO-DOW-6H 10.4 1.78E+03 Filters.

RFO-DOW-12H 9.0 1.53E+03 Dirt, concrete, graphite, ash, and soot.

RFO-DOW-4H 7.9 1.35E+03 Combustibles-paper, rags, plastic clothing,
cardboard, wood, and polyethylene bottles
(Codes 330, 336, 337, 900, and 970).

RFO-DOW-7H 7.1 1.21E+03 Glass-including raschig rings.

RFO-DOW-8H 6.0 1.02E+03 Lead from glovebox gloves and sheeting.

RFO-DOW-1111 4.5 7.62E+02 Graphite molds.

OFF-LRL-2H 2.7 4.53E+02 Concrete, bricks, and asphalt.

RFO-DOW-5H 1.7 2.82E+02 Concrete and brick.

Miscellaneous 2.0 3.42E+02 Miscellaneous.

Total Pu-240 100.0 1.71E+04

Tc-99 D&D-ARA-1 1.1 6.42E-01 LLW from the decontamination and demolition
of the Auxiliary Reactor Area facilities
(primarily contaminated metal and debris).

NRF 2.6 1.56E+00 Test specimens

ANL metal 2.9 1.75E+00 Subassembly hardware

INEEL 89.9 5.44E+01 INEEL reactor operations waste

Miscellaneous 3.5 2.12E+00 Miscellaneous minor streams

Total Tc-99 100.0 6.05E+01 See Figure 7-12

U-233 SMC-628-1 1.5 2.21E-02 Nonacidic evaporator sludge See Figure 7-13

SMC-990-1 1.8 2.74E-02 Depleted uranium-contaminated material
(metals, glass, and gravel)



Table 7-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory
(Ci) Waste Stream Description

Location in the
Subsurface Disposal

Area

SMC-628-2 19.9 3.01E-01 Unsolidified slag

RFO-DOW-19H 35.9 5.40E-01 Miscellaneous scrap

ARA-626-1H 39.8 6.00E-01 Fuel scrap, waste from disassembly of facilities
and hot cell waste

Miscellaneous 1.1 1.66E-02 Miscellaneous minor streams

Total U-233 100.0 1.51E+00

U-234 ALE-317-2R 1.1 7.10E-01 Combustibles

TRA-603-15H 1.6 1.11E+00 Metal

ANL-704-1R 1.8 1.21E+00 Contact-handled fuel fabrication waste

OFF-CSM-1H 1.9 1.30E+00 Magnesium fluoride slag and miscellaneous
laboratory waste

ANL-752-1R 2.0 1.33E+00 Contact-handled waste

TAN-607-2 2.7 1.83E+00 Test Area North Hot Shop noncompactable
waste

OFF-GEC-1H 4.4 2.95E+00 Core, vessel, and loop components

ANL-EBRI-1H 5.0 3.36E+00 Miscellaneous combustibles and core, vessel,
and loop components

OFF-ATI-1H 5.4 3.64E+00 Irradiated fuel from research

PDA-RFO-1A 6.9 4.64E+00 Inorganic salts, depleted uranium, and sewage
sludge

CPP-601-3H 7.0 4.70E+00 Dissolved fuel specimens

RFO-DOW-16H 21.5 1.45E+01 Depleted uranium

RFO-DOW-18H 31.9 2.15E+01 Enriched uranium

Miscellaneous 6.9 4.65E+00 Miscellaneous minor streams

Total U-234 100.0 6.74E+01 See Figure 7-13

U-235 ANL-752-1R 1.0 5.60E-02 Contact-handled waste

OFF-GDA-1H 1.3 7.00E-02 Fuel fabrication item, laboratory equipment,
activated metal, and irradiated fuel



Table 7-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory
(Ci) Waste Stream Description

Location in the
Subsurface Disposal

Area

OFF-CSM-1H 1.4 8.00E-02 Magnesium fluoride slag and miscellaneous
laboratory waste

ANL-EBRI-1H 2.0 1.10E-01 Miscellaneous combustibles and core, vessel,
and loop components

OFF-ATI-1H 2.1 1.14E-01 Irradiated fuel from research

INEEL 2.3 1.28E-01 INEEL reactor operations waste

CPP-601-3H 2.7 1.50E-01 Dissolved fuel specimens

OFF-GEC-1H 2.8 1.57E-01 Core, vessel, and loop components

WAG-WG7-02 3.3 1.80E-01 Acid Pit in situ stabilization treatability study

PDA-RFO-1A 5.9 3.25E-01 Inorganic salts, depleted uranium, and sewage
sludge

TRA-603-6H 7.3 4.02E-01 Core, vessel, and loop components

TRA-603-15H 9.7 5.35E-01 Metal

RFO-DOW-18H 13.4 7.44E-01 Enriched uranium

TRA-603-16H 14.1 7.80E-01 Combustibles

RFO-DOW-16H 19.5 1.08E+00 Depleted uranium

Miscellaneous 11.3 6.26E-01 Miscellaneous minor streams

Total U-235 100.0 5.54E+00 See Figure 7-13

U-236 SMC-628-2 1.5 4.37E-02 Unsolidified slag See Figure 7-13

NRF 1.8 5.29E-02 Test specimens

RFO-DOW-18H 2.8 8.04E-02 Enriched uranium

TRA-603-9H 2.8 8.11E-02 Expended fuel and ceramic fuel

TRA-603-4H 3.7 1.07E-01 Core and loop components

TRA-642-6H 8.5 2.44E-01 Core, vessel, and loop components

TRA-603-1H 9.4 2.70E-01 Resins

TRA-603-15H 14.7 4.22E-01 Metal

INEEL 20.4 5.83E-01 INEEL reactor operations waste

RFO-DOW-16H 31.5 9.03E-01 Depleted uranium



Table 7-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory
(Ci) Waste Stream Description

Location in the
Subsurface Disposal

Area

Total U-236

Miscellaneous 2.6

100.0

7.44E-02

2.86E+00

Miscellaneous minor streams

U-238 INEEL 1.1 1.30E+00 INEEL reactor operations waste

ALE-ALE-1H 1.1 1.32E+00 Building rubble, electric wires, piping,
machinery, tracers and sources, glass, gloves,
paper, filters, and vermiculite

OFF-CSM-1H 1.1 1.32E+00 Magnesium fluoride slag and miscellaneous
laboratory waste

ARA-627-1H 1.4 1.64E+00 Fuel scrap, waste from disassembly of facilities,
and hot cell waste

SMC-628-2 2.0 2.31E+00 Unsolidified slag

PDA-RFO-1A 21.2 2.49E+01 Inorganic salts, depleted uranium, and sewage
sludge

RFO-DOW-16H 65.0 7.62E+01 Depleted uranium

Miscellaneous 7.0 8.20E+00 Miscellaneous minor streams

Total U-238 100.0 1.17E+02 See Figure 7-13

Percent
Waste Stream of Total Total Location in the
Code or Waste in Waste Inventory Subsurface Disposal

Contaminant Generator Stream (g) Waste Stream Description Area

Carbon tetrachloride RFO-DOW-4H 2.5 2.05E+07 Paper, rags, and plastic

RFO-DOW-15H 96.8 7.94E+08 Organic sludge

Miscellaneous 0.7 5.74E+06 Miscellaneous minor streams

Total carbon
tetrachloride 100.0 8.20E+08 See Figure 7-14

Methylene chloride RFO-DOW-12H 9.3 1.30E+06 Dirt, sand, concrete, ashes, and soot See Figure 7-15

RFO-DOW-9H 18.3 2.56E+06 Equipment (drill presses, lathes, and pumps)

RFO-DOW-4H 20.3 2.84E+06 Paper, rags, and plastic



Table 7-3. (continued).

Contaminant

Waste Stream
Code or Waste

Generator

Percent
of Total
in Waste
Stream

Total
Inventory

(g) Waste Stream Description

Location in the
Subsurface Disposal

Area

RFO-DOW-3H 51.2 7.16E+06 Uncemented sludge

Miscellaneous 1.0 1.40E+05 Miscellaneous minor streams

Total methylene
chloride 100.0 1.40E+07

Nitrate CPP-601-4H 11.0 1.13E+08 Acidic aqueous liquid

PDA-RFO-1A 53.0 5.46E+08 Nitrate salts Rocky Flats Plant (RFP) sludge

RFO-DOW-17H 36.0 3.71E+08 Nitrate salts in sludge

Total Nitrate
(as nitrogen) 100.0 1.03E+09 See Figure 7-16

Tetrachloroethylene RFO-DOW-15H 100.0 9.80E+07 Organic sludge

Total
tetrachloroethylene 100.0 9.80E+07 See Figure 7-14



ogi

P 1
Pit 2

Transuranic waste pits

Transuranic waste trenches

Indeterminate transuranic
waste trenches

[IMI Low-level waste pits

Low-level waste trenches
and soil vault rows

 Pad A

Acid Pit

Pit 4

Pit 10

P

Pi 
rilcid Put

t 13

Pit 6

Pit 11

Pit 12

Ca

Pit 17

in

Pit 18 1

Pit 19

Pit 20

Figure 7-5. Waste types and disposal locations in the Subsurface Disposal Area.
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