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ABSTRACT

This report summarizes key investigations pertinent to site
characterization of the Subsurface Disposal Area at the Idaho National
Engineering Laboratory Radioactive Waste Management Complex (RWMC). These
investigations include those conducted as a result of the Consent Order and
Compliance Agreement (COCA) entered into in 1986 between the United States
Environmental Protection Agency (Region 10) and the United States Department
of Energy, Idaho Operations Office, one-time investigations that provided
relevant subsurface data on the vadose zone, and routine environmental
monitoring of selected media for radionuclides. Data from the investigations
are presented rather than interpreting the investigation results. A
historical review of key reports that provide insight into site
characteristics and into the potential for migration of waste radionucliide
constituents is provided. Data from the COCA investigations conducted at the
RWMC include the results from the Subsurface Investigation Program, a
geophysical investigation, a hydrogeologic assessment, a source
characterization study, the Pad A initial penetration investigation, an
evaluation of the vapor vacuum extraction technology, and an assessment of the
transport potential of nonaqueous 1iquid phase organics. Data collected from
several one-time investigations for hazardous constituents in environmental
media, including surface water, air, and soil, are summarized. Data collected
for the environmental monitoring program are presented for ground water,
surface water, air, and biota at the RWMC. The monitoring networks, sampling
procedures, and quality assurance/quality control procedures are discussed.
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RADIOACTIVE WASTE MANAGEMENT COMPLEX
INVESTIGATIONS REPORT

1. INTRODUCTION

Transuranic (TRU) and low-Tevel nuclear wastes containing hazardous
constituents have been disposed of in the Subsurface Disposal Area (SDA) at
the Radioactive Waste Management Complex (RWMC). The SDA is a shallow
landfill consisting of a series of trenches and pits that covers approximately
36 ha (88 acres) of land. Approximately 206,110 m (7.3 x 10° ft3) of TRU and
tow-level radioactive wastes were buried in these excavations and covered with
a soil layer (EG&G, 1990a). Disposal of TRU waste at the SDA was stopped in
1970, but Tow-level waste {LLW) continues to be disposed of at the SDA. Since
1970, TRU waste has been stored above groﬁnd on asphalt pads in retrievable
containers at the Transuranic Storage Area (TSA). Waste disposal at the RWMC
has followed generally accepted practices in effect at the time and has
changed as disposal methods have changed.

Environmental monitoring (surface and subsurface) for radionuclides has
been conducted at the SDA since the 1960s. Recent environmental monitoring
for TRU radionuclides indicated the presence of plutonium and americium in
sedimentary interbeds with activities up to the microcuries/gm level in
sediment at a depth of 34 m (110 ft) below ground level (lLaney et al., 1988).
In 1987, hazardous volatile organic compounds (VOCs) were discovered in the
Snake River Plain Aquifer beneath and in the immediate vicinity of the SDA.
In accordance with provisions of the Resource Conservation and Recovery Act
(RCRA) corrective action Consent Order and Compliance Agreement (COCA) between
the U.S. Department of Energy Idaho Operations Office (DOE-ID) and the U.S.
Environmental Protection Agency (EPA) Region X, DOE-ID notified EPA of a
release of hazardous constituents'from a COCA solid waste management unit not
previously established as having a release. Upon notification, DOE-ID
initiated the actions specified in the COCA to prepare a RCRA Facility
Investigation (RFI) Work Plan and to initiate further site and contaminant
characterization under an RFI. '
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The RFI Work Plan and the RFI focused solely on nonradiocactive hazardous
constituents. After the RFI commenced, the Idaho National Engineering
Laboratory (INEL) was placed on the Federal National Priorities List (NPL}
under the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA), as amended, based on chromium contamination in the ground water
from other (non-SDA) waste sites at the INEL. Given the potential for the SDA
investigation and remediation to be moved in the future from a RCRA to a
CERCLA program and in recognition of the need to include all contaminants
(radicactive and nonradioactive) to develop a comprehensive site solution,
site characterization information pertaining to radionuciide monitoring needed
to be incorporated into the RFI work. At that time, the RFI report was under
development, and the report was expanded and split into two reports: (1) the
RWMC Investigations Report (summarizing data collected for the RFI through

August, 1990) and (2) the RWMC Conceptual Model Report (evaiuating what is
known about site physical characteristics and the nature and extent of
contamination). The RWMC Conceptual Model Report will be completed August,
1991.

1.1 Purpose of RWMC Investigations Report

The RWMC Investigations Report summarizes key investigations and reports
that are pertinent to site characterization conducted at the RWMC through
August 1990. The status of 13 tasks identified in the RFI Work Plan at the
SDA are summarized in this report. These 13 investigations were proposed to
gain additional insight on the vadose zone at the RWMC and to determine the
extent of contamination in the environment. Previousiy collected data that

are relevant to site characterization and provide a better understanding of
potential contamination transport were also included in the document.
Radionuclide data were incorporated into the sections as required to develop a
comprehensive site understanding and solution and given the potential for the
program to be transitioned into the Remedial Investigation/Feasibility Study
(RI/FS) process under CERCLA. Maps, figures, and tables in this document have
been compiled from previously published documents and have not been verified
for accuracy.
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1.2 Scope of RWMC Investigations Report

The 13 tasks identified in the December 1988 RFI Work Plan are shown in
Table 1-1. Cross-referenced with the tasks are the appropriate section
numbers in this document. At the time of this report, Tasks 1, 2, 4, 5, and
11 are not completed as originally defined in the RFI Work Plan and data are
not available for inclusion in this report. In addition, previously collected
data referred to in Section 1.1 are shown in a separate column in Table 1-1.
Radionuclide data are incorporated into this report as a result of the RFI

being transitioned into the RI/FS process and are also included separately in
Table 1-1.

Figure 1-1 presents a time frame for the investigations included in this
study. Investigation summaries shown on the timeline include activities that
were conducted pursuant to the RFI Work Plan, as part of routine monitoring at
the RWMC, or to provide background information. The timeline reflects only
the period of time discussed in each section of this report. For example,
geophysical and biota investigations were conducted in the late 1970s, but
they are not within the scope of this report.

The summaries in this report describe the investigations that were
conducted and present the actual data rather than interpreting results. The
purpose of each investigation is presented, the proposed strategy in the
December 1988 RFI Work Plan is discussed (if applicable), the investigation
procedures are reviewed, and the results are presented. This general outline
was modified as needed for investigations not included in the RFI Work Plan
{e.g., the soil gas survey) or for discussions of routine monitoring for
radionuclides at the RWMC (e.g., air monitoring for particulate
radionuclides).

Site-specific data have been obtained from 74 boreholes and 18 wells
drilled on or near the RWMC. As used in this report, boreholes are
distinguished from wells based on their penetrating the aquifer. Boreholes do
not penetrate the aquifer; wells do penetrate the aguifer. Shallow boreholes,
generally auger holes, penetrate to the first layer of basalt. Deep boreholes
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Table 1-1. Summary of RWMC investigations

Task Number
in December 1988

RHMC Investigations Work Plan
Bioassay of Small Mammals and Vegetation 1°
SDA Surface Water Runoff Channel Investigation 2°
Source Characterization 3
Acid Pit Sampling 4°
Subpit Sampling 5°
Analysis of Non-aqueous Liquid Phase Organics 6
Geophysics Investigation 7
Subsurface Investigation Program 8
Hydrogeologic characterization 9
Ground water monitoring 9
Organic Transport Model Validation 11*
Vapor Vacuum Extraction Demonstration 12
Pad A Initial Penetration 13

Previous Investigations
Wells and Boreholes
Soil Gas Survey
Meteorologic Monitoring
Air Monitoring

1987 Air Sampling
Particulate Radionuclide Monitoring

a. Task not completed at the time of this report under the scope of the RFI Work Plan.

Previous
Investigation
for Site

Characterization

- T -

> D=

Radionuclides
Incorporated
for RI/FS
Transition

X
X
X

Section
Number
This

Document

17
gb
10

12

-~ 0 o W

13

14

15
16

b. Hazardous constituents reported in Crockett (1983), radionuclide constituents have been routinely monitored

for in surface water.
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Figure 1-1. Time frame for investigations included in the RWMC Investigations Report




penetrate the basalt, typically intercepting one or more of the sedimentary
interbeds.

1.3 Data Validation

The EPA has published guidelines for review of analytical results
obtained from the contract laboratory program to confirm that method
requirements have been met. Analytical results are validated against the
analytical procedures used in the analysis. These procedures specify
performance requirements for items such as blanks; calibration standards;
chain-of-custody; holding times; matrix spike, matrix spike duplicate; field
duplicate; compound quantitation and reported detection limits; internal
performance standards and tentatively identified compounds. Although the data
presented herein may not meet the current EPA validation requirements for
organic and inorganic data published in 1988 (EPA, 1988a; EPA, 1988b), these
data did conform to the acceptance criteria that were in effect at that time
although an auditablie record may not be available for review.

Radionuclide data from 1983 to 1989 discussed in Sections 6, 16, and 17
of this report were subjected to a quality assurance program prior to
inclusion in the Environmental Monitoring Annual Reports. The purpose of this
program was to identify deficiencies in the sampling and measurement processes
for corrective action and to ensure that results obtained through the
environmental monitoring program were valid. This quality assurance program
remains in effect to date and is documented in the applicabie revision of the
Environmental Handbook for the RWMC and Other Waste Management Facilities at
the Idaho National Engineering Laboratory in force when the samples were
analyzed. However, an auditable record of validations may not be available
for inspection prior to 1991. Acceptance criteria have evolved over the years

in conjunction with changes in standard operating procedures and with changes

in analytical methodologies. Statistical treatment of the data, environmental
standards, applicable detection limits, and a discussion of quality assurance

can be found in Appendices A, B, C, and D, respectively, of the Environmental

Monitoring Annual Reports referred to above (Blanchfield and Hoffman, 1984;
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Reyes et al., 1985; Reyes et al., 1986; Tkachyk et al., 1987; Tkachyk et al.,
1988; Tkachyk et al., 1989; and Tkachyk et al., 1990).

1.4 RWMC Investigations Report Organization

This report is organized into 17 sections:

. Section 2 provides a summary of previous investigations that are
key to site characterization.

. Section 3 identifies the wells and boreholes that were drilled in
the vicinity of the RWMC since the early 1970s. A brief history
of the drilling programs is provided and well/borehole |
construction and completion information is presented in tables.

. Section 4 summarizes the U.S. Geological Survey (USGS) and EGAG
Idaho, Inc. (EG&G Idaho) ground water monitoring programs at the
RWMC.

. Section 5 summarizes the Subsurface Investigation Program (SIP), a

comprehensive program established in 1983 to collect site-specific
geologic and hydrologic data of the védose zone to use for
predicting radionuclide migration. Only a portion of the SIP was
ever completed.

. Section 6 provides a summary of routine surface water monitoring
for radionucltides and of a one-time sampling for hazardous
constituents at the RWMC.

. Section 7 summarizes the results of a soil gas survey that was
conducted in November 1987 to determine the identity, location,
and relative concentrations of selected VOCs in the surficial
sediments at the RWMC and adjacent areas.
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Section 8 presents the results of geophysical surveys conducted
during 1989 to obtain additional information on waste and disposal
pit configurations and shallow subsurface stratigraphy.

Section 9 discusses two reports that summarize the current
knowledge of the hydrogeology of the RWMC.

Section 10 presents the results of a study to characterize the
source of both hazardous and radionuclide constituents at the
RUWMC.

Section 11 discusses the status of the vapor vacuum extraction
demonstration. This remedial technology was proposed to remove
volatile organic compounds from the vadose zone by pumping
contaminated air from a borehole, and removing the volatile
organics before discharge.

Section 12 summarizes the results of a study to determine if
machining 0il contributes to the migration of other organics and
radionuclides at the RWMC.

Section 13 presents the results of the Pad A investigation to
(1) evaluate the condition of waste containers, (2) conduct an
engineering study to determine the accuracy of the waste
generators’ records, and (3) determine feasible methods of
remediation.

Section 14 discusses meteorological monitoring stations located at
the RWMC and presents a summary of the type of information ‘

collected at each location.

Section 15 summarizes the results of a one-time air sampling event
for VOCs at the RWMC.
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Section 16 reviews the routine air monitoring program for
particulate radionuclides at the RWMC.

Section 17 discusses the biotic monitoring program for
radionuclides that was implemented at the RWMC in 1984.
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2. PREVIOUS INVESTIGATIONS

Concern about the potential for migration of radionuclides from wastes
disposed of at the SDA has prompted numerous surface and subsurface
investigations at the RWMC. This section provides a brief summary of key
reports that provide insight into site characteristics and the potential for
migration of waste radionuclide constituents from the SDA. The reports
discussed cover the time period from 1962 to 1990. The majority of studies
were completed after 1970, reflecting the growing concern about the potential
for radionuclide contamination of the Snake River Plain Aquifer. These
studies provide data on the surface soils, meteorology, hydrogeologic
framework, and geochemistry of the vadose zone and the aquifer. Reports
included in this section are

. OImsted, F. H., 1962, Chemical and Physical Character of Ground
Water in the National Reactor Testing Station, Idaho, USGS,
1D0-22043.

L Barraclough, J. T., J. B. Robertson, V. J. Janzer, 1976, Hydrology

of the Solid Waste Burial Ground as Related to the_Potentia1
Migration of Radionuclides at the Idaho National Engineering
Laboratory, USGS Open-fFile Report 76-471, DOE/IDO-22056, August.

. Burgus, W. H. and S. E. Maestas, 1976, The 1975 RWMC Core Drilling
Program, A Further Investigqation of Subsurface Radicactivity at

the Radicactive Waste Management Complex, Idaho National
Engineering Laboratory, ERDA, IDO-10065.

. Humphrey, T. G. and F. H. Tingey, 1978, The Subsurface Migration
of Radionuclides at the Radicactive Waste Management Complex,
1976-1977, TREE-1171, October.

. Humphrey, T. G., 1980, Subsurface Migration of Radionuciides at
the Radigactive Waste Management Complex - 1978, EGG-2026.
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. Rightmire, C. T. and B. D. Lewis, 1987, Hydrogeology and
Geochemistry of the Unsaturated Zone, Radicactive Waste Management

Complex, Idaho National Engineering laboratory, Idaho, USGS
Open-File Report 87-4198, DOE/ID-22073. ‘

. Borghese, J. V., 1988, Hydraulic Characteristics of Soil Cover,

Subsurface Disposal Area, Idaho National Engineering Laboratory,
Master’s Thesis, University of Idaho, Moscow, Idaho, September.

° Anderson, S. R. and B. D. Lewis, 1989, Stratiqraphy of the
Unsaturated Zone at the Radipactive Waste Management Complex,

Idaho National Engineering Laboratory, ldaho, USGS Water Resources
Investigations Report 89-4065, DOE/ID-22080, May.

. Pittman, J. R., 1989, Hydrological and Meteorological Data for an

Unsaturated Zone Study Near the Radicactive Waste Management
Complex, Idaho National Engineering Laboratory, 1985-86, USGS
Open-File Report 89-74, DOE/ID-22079, April.

. _Knutson, €. F., et al., 1990, FY 89 Report RWMC Vadose Zone Basalt
Characterization, EGG-WM-8949, July.

These reports are summarized in the following sections. In each case,
the purpose, findings, and relevance to RWMC site characterization are
presented.

2.1 Chemical and Physical Character of Ground Water in the
National Reactor Testing Station, Idaho

2.1.1 Purpose of the Investigation/Report

This report is a preliminary appraisal of the nature and distribution of
the ground water quality beneath the INEL, formerly referred to as the
National Reactor Testing Station. The purpose of this study was to provide
information pertinent to the management of the aqueous radicactive waste that
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was discharged to the ground water. By understanding the chemical and
physical characteristics of the ground water, the attenuation processes
influencing radionuclide transport can be identified and evaluated. 1In
addition, an understanding of the ground water characteristics can determine
usage and the type of treatment if required.

2.1.2 Summary of the Investigation

The study of the chemical and physical character of the ground water in
the vicinity of the INEL was based on the analyses of 148 samples collected
from 92 wells from 1949 to 1961 (see Table 1, p. 82 for sample summary).
Because this time period predates completion of the wells at the RWMC, none of
the chemistry data are site-specific. However, data from the report provide a
general picture of the ground water qua1ity in the vicinity during the Tate
1950s and early 1960s. The samples were collected using pumps and bailers and
were assumed to represent the average conditions in the aquifer tapped within
the completed zone(s). The concentrations of the dissolved constituents
(Ca, Mg, Na, K, HCO,, CO,, SO,, C1, NO,, F, Si0,, and Fe) were analyzed using
standard Taboratory procedures and reported in parts per million as well as in
equivalents per million. The temperature of most samples was measured with a
mercury thermometer at the well head or pump discharge point at the time of
sample collection. The color, hardness, and pH values were also recorded at
the time of sampling.

In addition, geophysical surveys were conducted at 84 of the
92 identified wells during 1961 and 1962. A WIDCO logger was used to log the
water resistivity and water temperature. Altogether, 113 temperature iogs and
115 water resistivity logs were analyzed. The resistivity logs were converted
to conductivity logs and specific conductance was derived by correcting the
conductivity for temperature at 25°C and logging error since conductivity is
temperature dependent. The ratio of the sum of ionized constituents (total
dissolved ions) to the specific conductance was calculated at 0.543 in 88
samples. Therefore, the total dissolved constituents could be estimated from
the Togs by multiplying the specific conductance by a factor of 0.543.
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The study tabulated and evaluated the chemical and physical data
collected from the wells. In general, it was found that calcium and magnesium
constitute more than 70% of the cation total and bicarbonate more than 70% of
the anion total in the ground water beneath the INEL. However, small
guantities of other chemical types, chiefly waters containing moderate to
large percentages of chloride, do occur. At the RWMC the total percentage of
sodium plus potassium; chloride, nitrate, and fluoride; and silica in ground
water was 12-16%, <10%, and 25-30 ppm, respectively (Figures 8, 9, and 10 in
Olmsted, 1962).

Based on the proportions of the various ionized constituents, the waters
beneath the INEL were classified into four chemical types, designated A, B, C,
and D. Type A water, in which calcium and magnesium equal or exceed 85% of
the cation total, underlies the western half of the INEL Site and is derived
chiefly from the drainage basins of the Little Lost River and Birch Creek to
the northwest. Type B water, in which sodium and potassium exceed 15% of the
cation total, underlies the eastern half of the INEL Site. The source of
geochemical constituents is the mountains to the north and northeast, and Type
B water is probably affected by irrigation in the Mud Lake region. Type C
water, in which chlorine is the chief constituent, occurs in five areas within
the INEL Site and includes (1) drainage from irrigated areas, (2) aqueous-
waste discharged to wells at operational facilities, and (3) waters of various
natural origins including thermal springs. Type D water, which is sulfate
contaminated, is rare. Most of the Type D water occurs in a perched water
body originating by seepage from the waste disposal pond at the Materials
Testing Reactor. According to Figure 7 in Oimsted (1962), Type A water
underlies the RWMC.

The data confirm that the chemical character of the ground water is not
highly variable for an area of about 2.331 x 10° m? (900 mi?). In the
bicarbonate waters, the sum of determined constituents ranged from 143 to
273 ppm and averaged slightly more than 200 ppm; the sum of ionized
constituents averaged less than 200 ppm. This fairly consistent chemical
character of the ground water indicates moderately uniform chemical and
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physical characteristics of the water-bearing rocks throughout the region
encompassing the INEL Site. The only exception is that concentrations as
large as 928 ppm were determined for samples of sulfate contaminated waters
{Type D water).

The data were evaluated to determine trends in lateral and vertical
ground water movement. The areal variations in the chemical character and
temperature were consistent with the regional south-southwestern direction of
ground water movement indicated by the configuration of the water table.
Except for a top layer of relatively fresh water as much as 15 m (50 ft)
thick, which occurs in many parts of the INEL Site, the changes in ground
water quality with depth were small in wells located away from waste discharge
facilities.

2.1.3 Significance for Site Characterization at the RWMC

This study was the first comprehensive characterization of the ground
water geochemistry at the INEL. A classification scheme was developed based
on geochemical source area. Two of the four types of ground water (Type C and
D} are chiefly contaminated with chiorine and sulfate, respectively. In
addition, the physical and chemical data from this study confirmed the
regional south-southwestern direction of ground water flow and indicated
generally consistent ground water quality with depth.

2.2 Hydrology of the Solid Waste Burial Ground as Related to the
Potential Migration of Radionuclides, Idaho Natiohal Engineering Laboratory

2.2.1 Purpose of the Investigation/Report

This investigation was conducted by the USGS in response to conflicting
opinions on whether waste disposal operations at the SDA posed a threat to the
Snake River Plain Aguifer. Three objectives were defined: (1} to evaluate
the geologic, hydrologic, and geochemical variables that could affect the
subsurface migration of waste radionuclides from the SDA; (2) to determine the
extent of radionuclide migration, if any; and (3) to construct ground water
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The period of investigation reported in Barraclough et al. (1976) extended
from June 1971 through December 1974.

2.2.2 Summary of the Investigation

Subsurface information used to predict potential radionuclide migration
was obtained by drilling wells, obtaining samples, and applying borehole
geophysical techniques. Four observation wells (USGS Wells 87, 88, 89, and
90) were drilled by cable tool methods outside the SDA to depths about 15 m
(50 ft) below the water table to define the stratigraphic sequence underlying
the SDA, to determine the slope of the ground water surface, and to determine
the general direction of ground water movement in the vicinity of the SDA.
The approximate locations of these wells are shown on Figures 3-2 and 4-1 in
Sections 3 and 4 of this report. Six boreholes (91 through 96) were located
within the SDA to obtain representative stratigraphic coverage of the SDA and
to avoid contact with buried waste in pits and trenches. These boreholes were
continuously cored using air-rotary methods to depths ranging from 72 to 92 m
(236 to 302 ft) in order to penetrate the 73-m (240-ft) interbed. Four
geophysical logging methods were used: natural-gamma, gamma-gamma, neutron-
epithermal neutron, and caliper. Fluid temperature and fluid conductivity
logs were also run on the saturated portions of Wells 87, 88, 89, and 90.
Natural-gamma, gamma-gamma, neutron, and caliper geophysical logs, total
depths, construction details, and locations for these wells and boreholes are
provided in Section 3 of this report.

2.2.2.1 Stratigraphy. Barraclough et al. (1976) established the
subsurface stratigraphic framework at the SDA. They defined the 34-m (110-ft)
and 73-m (240-ft) sedimentary interbeds and the intervening basalts [referred
to in Barraclough et al. (1976) as Series A, B, C, and D but now referred to
as Flow Groups A through D in Anderson and Lewis (1989}] based on
interpretation of the geophysical logs. The lateral continuity of the
sedimentary interbeds and basalts was determined by generating two structural
cross sections, isopach maps, and structure maps of the sedimentary interbeds
and intervening basalts. Selected sample cuttings of basalt, sedimentary
interbeds, and surficial sediments were analyzed to determine hydrogeologic
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interbeds, and surficial sediments were analyzed to determine hydrogeologic
parameters and characteristics. The results of particle size analysis, X-ray
mineralogy, cation-exchange capacity, vertical hydraulic conductivity, and
other parameters are reported for 59 samples from the 10 wells and boreholes
(sampled intervals and results are included in Tables A-III through A-V,

pp. 119-125 of Barraclough et al., 1976).

2.2.2.2 Hydrology. Four potential sources of surface water that could
enter the SDA and come into contact with buried wastes were discussed:
precipitation, local surface runoff from adjacent areas, a flood of the Big
Lost River, or lateral underflow of water in surficial sand or gravel.
Barraclough et al. (1976) concluded that the regional ground water gradient
and direction of flow in the aquifer resulted from the combined effects of
regional southwestward underground fiow into the area, local precipitation,
seepage from the Big Lost River, and seepage from the Big Lost River
flood-water diversion ponds. The authors also recognized that the local
direction of ground water flow reflects recharge from the diversion ponds and
from the Big Lost River. Saturated and unsaturated fiow in both the
sedimentary interbeds and the basalts was discussed with regard to potential
contaminant migration. Vertical hydraulic conductivities of the 34- and
73-m (110- and 240-ft) sedimentary interbeds were measured from 22 cores from
the 10 wells and boreholes. Unsaturated flow was identified as being the
principal mode of subsurface moisture movement between the land surface and
the Snake River Plain Aguifer.

Visibly wet cores were observed in all of the interior boreholes within
the approximate interval of 59 to 65 m (195 to 215 ft). Evidence of a perched
water zone was observed in Boreholes 92, 93, and 96. Barraclough et al.
(1976) concluded that this zone was perched on a dense basalt layer just above
the 73-m (240-ft) sedimentary interbed. Borehole 92 was subsequently
completed to monitor the perched water zone.

2.2.2.3 Radiochemistry. The radionuclides of greatest concern in this
study were Sr-90, Cs-137, Pu-238, Pu-239, Pu-240, Pu-241, and Am-241 because
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of their long half-lives and the potential for biological harm. Basalt,
sedimentary interbeds, and ground water were sampled for radionuclides.

Basalt cuttings from the ground water wells (87, 88, 89, and 90) were
analyzed by gross gamma counting techniques to detect radioactive
contamination. These analyses included both washed and unwashed samples of
basalt. The sampled intervals and gross gamma values are provided in
Table A-VII in Barraclough et al. (1976).

Sampiing focused on the sedimentary interbeds because they were presumed
to control the movement and adsorptive chemistry of subsurface radioactive
waste solutions and suspensions. Sampies were analyzed for waste isotopes
(Cs-137, Sr-90, Co-60, Pu-239, and Am-241) and some of the natural isotopes
(K-40, Bi-214, Pb-214, Ac-228, Th-232, and U-238). A total of '
638 radiochemical determinations were made on 58 sedimentary samples. Of the
total 638 separate analyses, 491 were for waste products. Eight samples were
collected from the surficial sediments at the interior boreholes (91 through
96); 17 samples were collected from the 34-m (110-ft) interbed in Wells 87,
88, and 90 and from Boreholes 93 through 96; and 19 samples were collected
from the 73-m (240-ft) interbed in Wells 87 and 89 and from all of the
interior boreholes. The remaining 14 samples were collected from other
sedimentary interbeds within the stratigraphic sequence. The results of the
radiochemical analyses on the 58 sampies are provided by well in Table A-VII
(pp. 137-146) in Barraclough et al. (1976).

Eighty-three water samples of the Snake River Plain Aquifer were
collected from Wells 87, 88, 89, and 90 from 1971 through 1974. Four samples
were collected from the perched water zone in Borehole 92 during the study
period. The water samples were analyzed by gamma spectrometry for H-3, Sr-90,
Am-241, Pu-238, and Pu-239,-240.

2.2.2.4 Radioanalytical Results. Gross gamma analyses of the basalt

cuttings and associated sediments from the ground water wells did not detect
any waste constituents. However, because basalts have a high natural
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background gamma activity, low concentrations of wastes would not be
distinguishable by the gross gamma method.

Significant concentrations {concentrations greater than two standard
deviations above the net count rate) of radionuclide waste constituents
including Co-60, Sr-90, Cs-137, Ba/La-40, Pu-238, Pu-239,-240, and Am-24]1 were
found in four sedimentary interbed sampies from the ground water wells located
outside the SDA and in 23 samples from the interior boreholes. The greatest
concentration of waste radionuclide constituents were found in 16 samples from
the 34-m (110-ft) sedimentary interbed in the interior boreholes.

Seven samples indicated radionuclide constituents from the waste in the

73-m (240-ft) interbed. It was proposed that some of the apparent
statistically significant concentrations may have been the result of
statistical error or sample contamination that occurred during drilling or
sample handling operations. However, Barraclough et al. (1976} concluded that
some radionuclide constituents had migrated from the SDA to the 34- and 73-m
(110- and 240-ft) sedimentary interbeds,

Water samples from the Snake River Plain Aquifer obtained from Wells 87,
88, 89, and 90 contained trace quantities of waste radionuclides. The authors
stated that the positive results were inconclusive because of possible
artificial contamination from the drilling and well construction techniques
and from the water sample collection methods. The four samples from the
perched water zone in Borehole 92 contained H-3, Co-60, Sr-90, Cs-137, Pu-238,
and Pu-239,-240 (Table III, p. 65 in the report contains sampling results).
The concentrations in Borehole 92 were thought to be valid and not the result
of artificial contamination.

Barraclough et al. made four conclusions based on their investigation:
(1) sufficient quantities of surface water had penetrated the SDA to transport
radionuclides to the 73-m (240-ft) interbed, (2} radionuclides had migrated to
the 73-m (240-ft) sedimentary interbed at some of the sampled locations,
(3) radionuclides had not migrated to the .Snake River Plain Aquifer, and
(4) radionuclides in the sedimentary interbeds were not expected to migrate to
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the aguifer in detectable concentrations if the quantity of water percolating
through the SDA wastes was sufficiently reduced (Barraclough et al., 1976).

2.2.3 Sianificance for Site Characterization at the RWMC

This investigation was the first attempt to determine if the waste
management practices used at the SDA from 1952 to 1970 had resulted in
vertical radionuclide migration. To evaluate the potential for subsurface
migration, the stratigraphic framework at the SDA was defined to an
approximate depth of 180 m (600 ft) using geophysical Togs from wells and
boreholes, hydraulic and physical properties of the basalts and sedimentary
interbeds were measured, and the local hydrology was characterized using a
combination of surface and subsurface data. Radionuclides were measured in
the sedimentary interbeds for the first time. Although the results were
inconciusive, this study documented the need to minimize the potential for
radionuclide migration from the SDA. Ground water monitoring at the SDA has
continued as a result of this study.

2.3 The 1975 RWMC Core Drilling Program, A Further Investigation of
Subsurface Radioactivity at the Radioactive Waste Management Complex,

Idaho National Engineering Laboratory

2.3.1 Purpose of the Investigation/Report

The purpose of this investigation was to confirm the results of an
earlier study (Barraclough et al., 1976) that reported radionuclides (Co-60,
Sr-90, Cs-137, Pu-238, Pu-239,-240, Am-241) present in samples from both the
34- and 73-m (110- and 240-ft) sedimentary interbeds at the RWMC. Deep
boreholes were drilled, cored, and analyzed for radionuclides known to be
present in the buried wastes. Stringent anticontamination measures were used
to preclude inadvertent contamination of cores by radioactively contaminated
surface soils.
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2.3.2 Summary of the Investigation

Boreholes 96A, 96B, and 93A were instalied near USGS Boreholes 96 and

93, which had been drilled as part of the earlier study (Barraclough et al.,
1976) that had indicated potential radionuclide contamination. Initially, the
boreholes were to be cored using a Christensen Diamond Products Rubber Sleeve
Core Barrel. However, Borehole 96A was abandoned at a measured depth of

36.5 m (120 ft) because of inadequate core recovery using this type of
equipment. The other two boreholes were cored from the top of the first
basalt to the base of the 73-m (240-ft) sedimentary interbed using 8.5-cm
(3.3-in.) diameter Longyear size PQ split core barrels. Core recovery
averaged 99% in the basalt and 90 to 95% in the sedimentary interbeds. Tables
on pages 17 through 25 in Burgus and Maestas (1976) present core descriptions.'
Lithologic logs were prepared for each borehole and geophysical logs were run
{see Appendix 3-1 of this report).

Elaborate procedures were used to avoid direct and indirect
contamination of the cores during drilling, core recovery, core removal,
shipment, and storage. These procedures are summarized below and on pages 12
through 15 in Burgus and Maestas (1976).

Precautions to prevent surface contamination by dust at the drilling
site included protecting both the drilling equipment and the collected
samples. Before drilling, the surface soil was scraped off in a 15 x 30.5m
(50 x 100 ft) area around each borehole and gravel was spread over the scraped
area. After the surface casing was set, a 9.3 m? (100 ft2) area around the
borehole was covered with asphalt. A wooden platform was constructed around
the borehole so tools inadvertently dropped would not touch the ground. A
wooden table was provided for placement of tools. Drill string sections and
casing were stored on the flatbed of a truck.

To prevent downhole contamination, the wellbore was kept covered except

when drilling or coring. Casing was installed in short sections to minimize
borehole collapse of the unconsolidated sedimentary interbed sections that
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were suspected of contamination. Air was used for cooling the bit and
circulating cuttings to the surface. Before drilling, the air was routed
through high efficiency particulate air (HEPA) filters; the air was recycled
through a cyc1one—tjpe dust collector after use in the holes and vented to a
point 15 m (50 ft) downwind of the hole. Drilling was not conducted under
high wind conditions.

Sediment cores were collected using a bucket auger on the end of the
drill string. The drill string and auger had to be removed from the borehole
every 0.09 m (2 ft) to collect sediment samples. Cores were protected from
contact with the borehole walls and from dust by collecting them in plastic
sleeves, immediately transferring them to new coreboxes, and placing each box
inside two plastic bags that were then sealed. The core barrel was wiped
clean to prevent cross-contamination before being reused. Sampling team
members wore disposable gloves while handling sediment cores. The cores were
transported to the storage area, 11.3 km (7 mi} from the RWMC, twice each
shift,

As a final precaution, dysprosium nitrate solution was spread as a
tracer over a 762-m (2500-ft) area around each borehole. If contamination was
found in collected sampTes, the samples were also analyzed for dysprosium., If
dysprosium was present, the contamination could have come from the surface
soils rather than the sedimentary interbeds (Burgus and Maestas, 1976, p. 15).

Fifteen samples were taken from the cores for radionuclide analysis:
three from the 9-m (30-ft) sedimentary interbed, seven from the 34-m (110-ft)
sedimentary interbed, four from the 73-m (240-ft) interbed, and one sample of
broken basalt and grey clay from a measured depth of 27 m (89 ft). The
samples were analyzed for Am-241, Ce-144, (Cs-137, (o-60, Pu-238, Pu-239,-240,
and Sr-90.

The levels of radiocactivity detected in the 15 samples were at or below

background Tevels of 2.0 x 107 uCi/g. Because of the uncertainty inherent in

the Taboratory methods for measuring such low radionuclide concentrations, the
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analytical results were not considered statistically positive. Because no
statistically positive levels of radionuclides were detected, Burgus and
Maestas concluded that the radionuclides reported in the earlier study were
the result of contamination during drilling and coring.

2.3.3 Significance for Site Characterization at the RWMC

Burgus and Maestas (1976) was one of the first of several reports to
evaluate the occurrence of radionuclides in the sedimentary'interbeds. This
report indicated that radionuclides were either not present or were present in
very low concentrations in the sedimentary interbeds in the three boreholes
sampled in 1975. These boreholes have since been plugged and cemented to
surface. '

2.4 The Subsurface Migration of Radionuclides at the Radioactive

Waste Management Complex, 1976-1977

2.4.1 Purpose of the Investigation/Report

This study was initiated as part of an ongoing project to evaluate the
hydrologic, radiologic, and geochemical parameters that control the potential
subsurface migration of waste radionuclides and to evaluate the extent of
radionuclide migration from buried waste at the RWMC. Sections 2.2 and 2.3
describe Barraclough et al. (1976) and Burgus and Maestas (1976), the previous
investigations with similar scope and objectives. Two objectives were
identified for this study: (1) to sample the sedimentary interbeds in the
vadose zone for radiochemical analysis and (2) to analyze samples from the
undisturbed soil zone immediately underlying buried waste but above the
first basalt.

2.4.2 Summary of the Investigation

To meet the first objective, a total of nine boreholes (76-1, 76-2,
76-3, 76-4, 76-4A, 76-5, 76-6, 77-1, and 77-2) were drilled into the vadose
zone beneath the RWMC. The shallowest borehole (77-2) was drilled to a depth
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of 27 m (87.4 ft) and completed in a perched water zone. The deepest borehole
(Borehole 77-1) was continuously cored to a depth of 183 m (600 ft). The
other seven boreholes ranged in depth from 65.5 m (215 ft) to 77 m (252.5 ft).
The drilling and coring techniques for these boreholes followed those
described in Section 2.3 of this report (Burgus and Maestas, 1976). The
available subsurface data for these boreholes are included in Table 3-3 of
Section 3 and Appendik.3-1 of this report.

Although one objective of the study was to sample the sedimentary
interbeds for radionuclides, each borehole was sited to provide additional
subsurface data. These boreholes were located to (a) obtain stratigraphic
resolution of the 9-m (30-ft) interbed, (b) investigate the suspected
occurrence of detectable radionuclide concentrations in a perched water zone
such as was encountered in the Barraclough et al. (1976) study, (c) obtain
continuous core coverage of the vadose zone, and (d) evaluate the stratigraphy
in the TSA and in areas adjacent to some of the oldest buried wastes at the
SDA.

Anticontamination measures were used to drill Borehole 77-2 because it
was located to penetrate a zone beneath buried TRU waste in deteriorated
containers in Pit 2 (Humphrey and Tingey, 1978). The waste in this area had
been removed as part of the Early Waste Retrieval (EWR) demonstration. In
addition to the anticontamination measures used in the 1975 drilling program
(described in Section 2.3 of this report) the following techniques were used.
Driller’s tools were placed on a table covered with blotting paper which was
changed daily, rather than on the ground. Core retainers and inner split
sleeves were washed and wiped after each core was removed to avoid
cross-contamination. Access to the drilling area was restricted by a
barricade, and only drilling personnel were permitted to enter. An air
support weather shield was erected around the drilling rig to further protect
the samples from contamination.

The floors of waste disposal Pit 2 and Pit 11 were exposed after the
buried wastes were removed as part of the EWR demonstration. Pit 2 was
fiooded in 1962 and 1969 which may have mobilized radionuclides. To meet the
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second objective of the investigation, soil samples were obtained from the pit
floors directly beneath where wastes were buried. Twenty-five sediment
samples were collected from three locations in Pit 2, and six sediment samples
were recovered from one location in Pit 11. At each sampling location,
“samples were collected at 0.3-m (1-ft) stratigraphic intervals to construct a
generalized cross-section of the sediment profile beneath the wastes.

Sediment subpit samples were collected as follows: (a) trenches were
excavated in the bottoms of the pits directly adjacent to remaining wastes,
(b) samples were collected by scraping a small section of soil off the trench
wall and inserting a sample tube horizontally, (c) the tubes were withdrawn
from the wall and the sampies were removed from the tube, and (d) the samples
were placed in clean polyethylene bags that were then double-bagged.

The core samples, subpit sampies, and perched water samples were
analyzed for Pu-238, Pu-239,-240, Am-241, Ce-144, Cs-137, and Co-60. Subpit
samples from Pit 2 and core samples were also analyzed for Sr-80. The perched
water from Borehole 77-2 was also analyzed for H-3. The results of these
analyses are discussed below.

2.4.2.1 Core Sample Results. Some samples from the deep boreholes
contained measurable levels of radionuclides. Of 303 analyses of 47 core
samples, 17 analyses contained trace amounts of radicactivity at the
95% confidence level. Fifteen of the 17 samples were reanalyzed and only one
sample at a depth of 73.3 m (221 ft) in Borehole 76-1 showed Sr-90
radioactivity at the 99% confidence level. It was concluded that the original
detection of radionuclides in the first analyses resulted from sample

contamination or from the inability to obtain reliable analyses of
radionuclide concentrations that are at or below detection 1imits or at or
near comparable background concentrations.

2.4.2.2 Subpit Sample Results. The trenches in Pit 2 and Pit 11
indicated that the sediment thickness between the bottom of the pits and the
underlying basalt was 1.7 m (5.5 ft) and 3 m (10 ft)}, respectively.

Radionuclides were detected beneath the buried wastes to a depth of about
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2m (6 ft). At ail subpit sample locations, Pu-239,-240 was detected at
statistically significant concentrations at the sediment/basalt interface.
The concentrations decreased with depth.

2.4.2.3 Perched Water Results. Tritium was detected in some perched

water samples from Borehole 77-2. Humphrey and Tingey concluded that the
tritium source was from buried waste although no tritium was recorded as being
disposed of at the RWMC.

2.4.3 Significance for Site Characterization at the RWMC

Humphrey and Tingey (1978) documented the first clear evidence of
radionuclide migration from buried wastes beneath the waste disposal pits at
the RWMC. However, the data from this study together with that from
Barraclough et al. (1976) and Burgus and Maestas (1976) showed no conclusive
evidence that radionuclide waste constituents originating from the buried
wastes had migrated to the Snake River Plain Aquifer (Humphrey and Tingey,
1978). The authors further stated that the detected concentrations of
radionuclides in the sedimentary interbeds were not of a level to indicate
that the buried waste constituted a future hazard to the aquifer given current
climatic conditions. '

2.5 Subsurface Migration of Radionuclides at the Radioactive
Waste Manaqement Complex - 1978

2.5.1 Purpose of the Investigation/Report

Humphrey (1980) was the fourth of a series of investigations on
potential radionuclide migration at the RWMC. The first investigation was
initiated in 1971 by the USGS and is described in Section 2.2 of this report.
The 1975 and 1976-1977 investigations are described in Sections 2.3 and 2.4 of
this report, respectively. Data obtained from the earlier studies were
contradictory and inconclusive with respect to migration of waste radionuclide
constituents from buried wastes at the SDA into the sedimentary interbeds.
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Hence, subsurface studies continued to determine if waste radionuclide
constituents were migrating to the Snake River Plain Aquifer.

The purpose of this study was to continue the core work initiated in
1975, using the same improved coring techniques and anticontamination
measures, and to continue the subpit sampling work initiated in 1976, in order
to identify potential contaminant pathways and the radionuclide migration
rate,

2.5.2 Summary of the Investiqation

Five boreholes (78-1, 78-2, 78-3, 78-4, and 78-5) were drilled for this
study. The locations of these boreholes are shown on Figure 3-2 in Section 3
of this report. The drilling procedures followed those documented in Burgus
and Maestas (1976) described in Section 2.3 of this report. Boreholes 78-2,
78-3, and 78-5 were sited to either intercept suspected perched water zones or
to obtain a more even distribution of boreholes over the SDA. Borehole 78-1
was drilled over Pit 12, after drum removal operations were completed under
the EWR demonstration, to determine if waste radionuclide constituents had
migrated from the pits. Borehole 78-4 was drilled for use by the USGS to
conduct phase log studies to determine the vertical permeability of the vadose
zone basalts and sedimentary interbeds.

Boreholes 78-1, 78-2, 78-3, and 78-5 were cored. Twenty-three
sedimentary interbed samples were collected from cores of Boreholes 78-2,
78-3, and 78-5. Eleven samples wére from the 34-m (110-ft) interbed, and
12 samples were from the 73-m (240-ft) interbed. The 23 samples were split
and subjected to two separate, identical analytical procedures to determine
the presence and concentrations of certain radionuclides known or suspected to
be present in the wastes including Co-60, Cs-137, Ce-144, Sr-90, Pu-238,
Pu-239,-240, and Am-241].

Geophysical logging was conducted on Boreholes 78-2, 78-3, and 78-5.
Borehole 78-1 was not logged because the borehole was immediately cased and
the diameter was too small (Humphrey, 1980). Borehole 78-4 was not Togged
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because a comparable log suite was available at nearby boreholes. The
available geophysical logs {gamma-gamma, gamma ray, and neutron) are provided
in Appendix 3-1 of this report.

A total of 322 Jaboratory analyses on the 23 samples were conducted on
the splits from the sedimentary interbeds in Boreholes 78-2, 78-3, and 78-5.
Ten analyses (or 3.1%) showed significant amounts of radioactivity at the
95% confidence level. Four of the 10 samples were from the 34-m (110-ft)
interbed, and the other six samples were from the 73-m (240-ft) interbed.
Two samples from the 73-m (240-ft) interbed had radionuclide concentrations
significant at the 99% confidence level. However, the second analysis of the
same core material (split) neither confirmed the presence of radionuclides nor
reinforced the earlier positive results. Of the 10 samples at the
95% confidence level, only one sample from the top of the 34-m (110-ft)
interbed in Borehole 78-5 showed a statistically significant level of
radioactivity for the same radionuclide (Pu-238) in both of the splits.
Radioanalytical results can be found in Appendix B of Humphrey (1980).

Forty samples from archived cores of Boreholes 76-1, 76-2, 76-3, 76-4,
76-5, and 76-6 acquired during the earlier 1976 drilling program (Humphrey and
Tingey, 1978) were also evaluated for this study. Two samples were from the
9-m (30-ft) interbed, 11 samples were from the 34-m (110-ft) interbed, and
27 samples were from the 73-m (240-ft) interbed. These 40 samples were also
analyzed for Co-60, Cs-137, Ce-144, Sr-90, Pu-238, Pu-239,-240, and Am-241,
for a total of 280 radionuclide determinations. No radionuclides were
detected at the 95% confidence level from these samples.

The subpit sampling was conducted to determine the extent of
radionuclide migration directly beneath buried waste {Humphrey, 1980).
Twelve subpit sampies were collected from two locations in the undisturbed
zone immediately below the former drum disposal area in Pit 12 and above the
underlying basalt. The subpit sampling procedures were the same as those
reported in the 1976-77 study (Humphrey and Tingey, 1978) in Section 2.4 of
this report. The sediment thickness between the bottom of the pit and the top
of basalt ranged from 0.7 to 1 m (2.3 to 3.3 ft) at the sampled locations.
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The subpit sample results indicated the presence of some radionuclides
(Pu-239,-240) at the sediment-basalt interface. Analytical results indicated
that radionuclide concentrations generally were highest near buried waste,
greatly attenuated with distance from the waste, and were irregularly preseht
at the soil-basalt interface (Humphrey, 1980).

Humphrey reported that the positive indications of radionuclides from
the drilling could be the result of statistical variation, not of radionuclide
migration. However, the author noted that the results of the 1978 core study
were again inconclusive with respect to radionuclide migration. If migration
had occurred, it was at barely detectable levels and of little health or
safety concern (Humphrey, 1980). The margin of uncertainty resulted in
initiation of the 1979 coring program; the program’s findings were never
published.

2.5.3 Significance for Site Characterization at the RWMC

The samples collected and analyses conducted for this study repeated the
pattern of earlier studies; statistically significant radionuclide
concentrations were found in a number of samples from the sedimentary
interbeds, but the analysis of the split did not typically confirm the
results. Thus, the presence of radionuclides in the sedimentary interbeds was
still subject to question although the potential for radionuclide migration
was becoming more evident.

This report confirmed the presence of radionuclides migrating from the
buried wastes into the soil immediately below waste pits as reported in the
1976-77 study. The analytical results indicated that radionuclide
concentrations were generally highest near buried wastes, greatly attenuated
with distance from the waste, and were irregularly present at the soil-basalt
interface (Humphrey, 1980).



2.6 Hydrogeology and Geochemistry of the Unsaturated Zone, Radioactive Waste
Management Complex, Idaho National Engineering Laboratory, Idaho

2.6.1 Purpose of the Investigation/Report

The study developed a conceptual model of the hydrogeochemical
environment of the shallow vadose zone of the Snake River Plain and determined
how changes in that environment may influence the mobility and migration of
radionuclides buried in the SDA at the RWMC.

2.6.2 Summary of the Investigation

Several methods_were used to evaluate the hydrogeochemical environment
including precipitation and sediment sampling, thin section analysis, X-ray
diffraction, and stable isotope measurements. Precipitation samples were
collected for chemical and isotopic analyses to establish the background
levels for the principal chemical input to the system. Fracture
fi1ling/1ining materials were examined in whole core and in thin section to
determine their mode of emplacement and/or formation. X-ray mineralogic
analyses were made on surficial sediment, sedimentary interbeds, and on
sedimentary fracture fill to determine the origin of the sediment. Carbonate
content and carbon and oxygen-isotope ratios were measured to determine the
age and stability of the sedimentary surface.

2.6.2.1 Surficial Sediments. Surficial sedimentary samples were

collected from trenches excavated beneath Pit 2 as part of the EWR
demonstration. The east wall of Pit 15 was also sampled at approximate

0.3-m (1-ft) intervals to a depth of 5.3 m (17.4 ft). Four samples were
collected from Pit 12 at depths of 0.91, 1.22, 1.52, and 1.83 m (3, 4, 5, and
6 ft) and analyzed for particle size distribution, bulk mineralogy, clay
mineralogy, carbonate content, and cation-exchange capacity. The analytical
results are presented in Tables 3, 4, and 5 in Rightmire and Lewis (1987).
Samples collected from Pit 15 were analyzed for carbonate content and for
carbon and oxygen isotope content of the carbonate.

2-20



The bulk mineralogy of surficial sediments collected from Pit 12, as
determined by X-ray diffraction, was predominantly quartz and clay. The
predominant particle size of surficial sedimentary material from Pit 12
samples was 0.004 mm {0.00015 in.) (clay size) with a layered silicate (clay)
mineralogy. Mixed-layer (illite/smectite) clays and smectites comprised as
much as 64% of the clay minerals and as much as 41% of the bulk mineralogy of
the sedimentary samples. Clay material had the highest cation exchange
capacity. The CaC0O, content ranged from 36 to 62.9% in samples collected at a
depth of 1.5 m (5 ft) from Pit 12 and from a 0.7 m (2.3 ft)} caliche zone at an
approximate depth of 3 m (9.8 ft) from Pit 15, respectively.

Stable isotope analyses {carbon-13 and oxygen-18) were conducted on
calcareous surficial sediments from Pit 15. These analyses indicated that the
surficial sediment profile to the first basalt represented deposition under
tyclic climatic conditions. ODuring periods of dry climate, loess-type
material was deposited. Wetter periods [greater than 500 mm (19.6 in.) of
precipitation a year] were characterized by leaching of carbonate from soil
and disposition of alluvial sediments {(Rightmire and Lewis, 1987).

Soil gas samples were collected from a series of probes installed at
depths of 30.5, 6}, and 76 cm (12, 24, and 30 in.) in the vicinity of the
National Oceanic and Atmospheric Administration (NOAA) meteorological station
at the Central Facilities Area (CFA) following the method described in
Rightmire and Hanshaw (1973). Samples were collected monthly during the
growing season {May to October) and at longer intervals thereafter to
determine seasonal effects on the carbon dioxide concentration and on the
stable isotope content. Gases from the vadose zone were observed to change
not only seascnally during growth periods but also with fluctuations in
barometric pressure. The stable isotope content of carbon dioxide in soil
varied seasonally from atmospheric values during the nongrowing season to
values representative of plant root respiration and/or microbial decomposition
during periods of higher temperature.
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2.6.2.2 Sedimentary Interbeds. Evaluation of archived core from
nine boreholes (76-1, 76-2, 76-3, 76-4, 76-5, 76-6, 77-1, and 77-2) confirmed
the presence of the major sedimentary interbeds between basalt flows at depths
of 9, 34, and 73 m (30, 110, and 240 ft). From their core analyses, the
authors concluded that (a) the 9-m (30-ft) interbed thins but is continuous
under the RWMC; (b} the thickness of the 34-m (110-ft) interbed is
discontinuous under the SDA; and {c) the thickness of the 73-m (240-ft)
interbed is irregular [1.3 to 9.5 m (4 to 31 ft)] but continuous under the
RWMC. Samples of the sedimentary interbeds from archived core were analyzed

for particle-size distribution, bulk mineralogy, and clay mineralogy. A
comparison of bulk and clay mineralogy for the surficial sediments and the
9-, 34-, and 73-m (30-, 110-, and 240-ft) interbeds is provided in Table 6 in
Rightmire and Lewis (1987) {p. 32). These analyses were compared to previous
analyses reported in Barraclough et al. (1976).

Core of sedimentary interbeds from Borehole 76-3 were collected for
mineralogic composition and stable isotope content in addition to the analyses
described above. Borehole 76-3 was selected for analyses because there was
core of all three interbeds and fracture fill material. Bulk mineralogic
analyses by X-ray diffraction were done on 12 samples. These analyses
indicated that quartz, plagioclase, and clay minerals composed more than
95% of the samples. An additional 31 analyses were done on the 1-mm
{0.039-in.) size fraction of samples to determine the clay mineralogy. Illite
or mixed layer illite/smectite was identified as the major clay mineral phase
in all sedimentary interbed samples. Table 8 of Rightmire and Lewis (1987)
summarizes the clay mineral content of sedimentary samples (p. 39). Samples
with the highest il1lite content were collected from the upper meter of the
34- and 73-m (110- and 240-ft) interbeds. Rightmire and Lewis state that the
i11ite formation is probably related to baking by the overlying basalts
(Rightmire and Lewis, 1987).

Fractures in the basalts were either open, partially-filled, or
completely filled supporting the hypothesis of episodic sedimentation proposed
by Rightmire and Lewis {1987). Fractures were filled/1ined with sediments
with a range of particle sizes from clay to fine sand. Clay-lined,
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sediment-filled fractures were observed down to the top of the 73-m {240-ft)
interbed indicating significant.vertica1 migration of clay-size particles
(Rightmire and Lewis, 1987, p. 87). Caliche-1ined fractures were observed in
underlying basalts where the 34-m (110-ft) interbed was absent. Rightmire and
Lewis propose that the caliche formation indicates that the basalt surface was
exposed for a geologically significant period of time (Rightmire and

Lewis, 1987).

Isotopic analyses were also done on the 31 samples from Borehole 76-3.
Oxygen isotope values for the three sedimentary interbeds ranged from +3.38 to
+18.11 o/00 indicating a predominance of detrital clays from the same source.
However, the oxygen isotope content of clay minerals could be used as evidence
of authigenic clay mineral formation or alteration (Rightmire and Lewis,
1987). Fracture-filling/lining clay material had a different isotopic
signature indicating a different mode of origin.

2.6.2.3 Precipitation and Ground Water. Samples from precipitation
events greater than 1 mm {0.039 in.) were colliected at 1104 and 1116 East
21 Street, Idaho Falls, Idaho, {adjacent residences) and analyzed for

deuterium and oxygen-18 content. Snow samples were collected on the INEL Site
at locations adjacent to USGS Wells 22 and 83 and Site 9 for chemical analysis
and to determine the water content. The chemical constituents analyzed for in
the snowpack samples are summarized by site in Table 9 of Rightmire and Lewis
(1987). These precipitation studies indicated that the major influences on
the ground water hydrology were recharge introduced by underflow from
tributary stream valleys, recharge from infiltration of snowmelt, and
percolation through the vadose zone. The snowmelt waters are in chemical
equilibrium with soluble atmospheric gases and have a stable isotope
composition expected for meteoric waters.

Perched water samples collected from above the 73-m (240-ft) interbed in
Well 92 were analyzed for deuterium and oxygen-18 to determine the source of
the perched water. The results showed an anomalously 1ight isotopic content.
Rightmire and Lewis suggest that the perched water in Well 92 is related to
the ground water in Well 89 based on the stable isotope content (Rightmire and
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Lewis, 1987). The ground water in Well 83 is recharged from the diversion
ponds lTocated to the west of the RWMC. Pérched water observed beneath the
RWMC may be introduced into the vadose zone by vertical infiltration of Big
Lost River water through the diversion .ponds and lateral migration to the
RWMC .

2.6.3 Significance for Site Characterization at the RWMC

Rightmire and Lewis proposed the following based on their isotope and
“chemical data: (a) the source of perched water observed beneath the RWMC is
not from vertical infiltration through the ground surface at the RWMC, but
instead, it results from lateral flow of water that infiltrated through the
diversion ponds; and (b) greater mineralogic alteration can be expected in the
73-m (240-ft) sedimentary interbed (Rightmire and Lewis, 1987). The authors
note it is not possible to prove conclusively that the deeper perched water
beneath the RWMC is derived from diversion-pond recharge, but they suggest the
hydrotogic and isotopic data strongly support this hypothesis.

2.7 Hydraulic Characteristics of Soil Cover., Subsurface Disposal Area,
Jdaho National Engineering Laboratory

2.7.1 Purpose of the Investigation/Report

This investigation was conducted to determine the hydraulic properties
of the soil material currently used to recontour and cover buried wastes at
the SDA. Specific objectives of the study were (a) to measure saturated
hydraulic conductivity, grain size distribution, dry bulk density, and
porosity and (b) to determine the horizontal and vertical variations in these
hydraulic characteristics. The study focused on the hydraulic properties of
the material after it had been appiied as backfill to the SDA. The hydraulic
conductivity measurements were of particular interest because they are
indicative of the relative resistance of the soil cover to moisture
penetration by rainfall or snowmelt.
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A previous study by Binda examined the physical properties of the
geologic deposits used as a source of the soil cover (Binda, 1981). The Binda
study examined the hydraulic characteristics of the source area soils before
removal, transport, and placement at the SDA.

2.7.2 Summary of the Investigation

The 1988 Borghese study was conducted on a 0.08-km? (0.03-mi?) area
located in the southern portion of the SDA that contains more than 35,000 m®
(45,782 yd*) of fill and recontouring material from Spreading Areas A, B, C,
and D. The sample Tocations are shown on Figure 5 in Borghese (1988). The
study area was selected because the source area for the cover material was
proposed as a borrow area for closure (Binda, 1981); all of the cover material
in the sampled area was placed in the summer of 1985 and is the same age; and
the thickness of the cover material was well established; therefore,
inadvertent penetration of buried wastes could be avoided. Thirty Tocations,
approximately 80 m (263 ft) apart, were selected for sampling to provide
adequate areal coverage. Only 14 samples were tested because of time
constraints and equipment problems.

Samples were collected using thin-walled sampling tubes attached via a
drill rig adapter. Sample tube diameters were 5, 7.6, and 12.7 cm (2, 3, and
5 in.). The tubes were pushed into the ground to a depth of 50 cm (19 in.)
and then rotated to shear off the bottoms of the samples before they were
extracted. The 12.7-cm {(5-in.) tubes were used for hydraulic properties
testing because the samples were less compacted; therefore, more realistic
permeability values could be measured.

The sample cores were subdivided into 10-cm (4-in.} intervals in the
laboratory except for 5-cm {2-in.) sections at the top and bottbm of the core
that were excluded because they may have been altered during collection and/or
transport. The 10-cm (4-in.) sample intervals were numbered 1 through 4 from
top to bottom (shallowest to deepest). The size and volume of each interval
was measured, the depth from land surface was documented, and a sample

2-25



description was recorded (Appendices A through C of Borghese, 1988, provide
this information by sample interval, pp. 53-57).

To measure saturated vertical hydraulic conductivity, the sampling tubes
“were converted into permeameters; manometers were installed between each

10-cm (4-in.} sample interval. Fluid input and output Tines were attached to
the sampling tube, leaks were sealed, and the sample was slowly saturated with
a deaerated CaS0,-thymol solution mixed with distilled water. This solution
was designed to minimize gas dissolution, the stimulation of microbial
activity, and the swelling of clays, each of which can significantly decrease
the permeability of a soil sample. Once the sample was saturated, the
permeameter was used to measure the saturated vertical hydraulic conductivity
of each 10-cm (4-in.) interval.

After the hydraulic conductivity testing, the sample intervals were
weighed, oven-dried at 115°C {239°F) for 24 hours, and reweighed before grain
size distribution analysis. The hardened soil samples were ground in the ball
mill for 1 hour and split for sieve analysis. Thirteen sieves were used for
the particle size anailysis with a range of openings between 0.043 and 25.4 mm
(0.0017 and 1 in.). Clay aggregates between 3.35 and 25.4 mm (0.1319 and
1 in.) were removed from the analysis because their inclusion would bias the
size distribution to the larger sizes.

Field and laboratory dry bulk densities were determined for the
collected samples. Laboratory bulk densities were determined for each
10-cm {4-in.) sample interval, and field bulk densities were determined for
the entire collected core sample. Porosity was determined using two methods.
Porosity was derived from the ratio of the volume of the voids to the volume
of the sample in Method 1. In Method 2, porosity was derived from dry bulk
density and particle density. Porosity measurements were lower using Method 1
because this method does not take into account voids that are not fluid
filled. Porosities calculated with Method 1 represent the pore space
available for fluid flow.
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To determine the particle size distributions, the 10-cm (4-in.)
intervals in each core sample were averaged. The 13 samples analyzed for
grain size contained between 44.3 and 88.7% fine- to medium-grained sand, with
the remainder silt. However, because the clay aggregates were neither
reground in the ball mill nor reshaken through the sieves, the particle size
distributions may underestimate the silt fraction. Grain size distribution
graphs are provided in Appendix E {pp. 64-76) of Borghese {1988). Method 1
porosities ranged between 25 to 39% in interval 4 of all samples. The dry
taboratory bulk densities ranged from 1.0 to 1.9 g/cm®. The field bulk
densities for six samples ranged from 1.3 to 1.5 g/cm® (Appendix F, p. 78,
Borghese, 1988). The hydraulic conductivity ranged from 7.0 x 10° to
1.5 x 10° cm/s in interval 4 of all tested samples (Table 4, p. 47,
Borghese, 1988).

Borghese reported that the results of the study were inconclusive with
respect to areal variations in hydraulic characteristics because of the
Timited number of analyzed samples. The results of the tested samples
revealed that there was little vertical variation in the hydraulic properties
of the soil cover material in the study area.

2.7.3 Significance for Site Characterization at the RWMC

This study was the first attempt to measure the hydraulic properties of
borrow material after pltacement at the SDA. Previous investigations (Binda,
1981) had focused on the in situ hydraulic characteristics of the soils at the
source area. Although Borghese stated results were inconclusive, she
summarized that the soil cover was a heterogeneous deposit because of the
areal variation in hydraulic conductivity at each sample site and because of
the lack of distinct trends in the hydraulic characteristics.
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2.8 Stratigraphy of the Unsaturated Zone at the Radipactive Waste Management

Complex, Idaho National Engineering Laboratory, Idaho

2.8.1 Purpose of the Investigation/Report

This report describes the stratigraphy of the vadose zone at the RWMC
using geologic data collected from 1971 to 1988. The stratigraphic
relationships between basalt flow groups and sedimentary interbeds in the
vadose zone and the uppermost portion of the aquifer were refined using a
combination of subsurface data. The stratigraphic framework proposed in
Anderson and Lewis (1989) is an extension of that described in Barraclough
et al. (1976) and in Kuntz et al. (1980}.

2.8.2 Summary of the Investigation

Anderson and Lewis (1989) evaluated geologic data from 45 wells and
boreholes drilled at the RWMC from 1971 to September 1988 (Table 1, p. 50,
summarizes the stratigraphic data by well/borehole). Geologic cross sections,
structure and isopach maps and tables were interpreted from well cuttings,
cores, geophysical logs, K-Ar (potassium-argon) dates, and geomagnetic
properties. Gamma ray logs were used to correlate stratigraphic units
described from cores, age determinations, and geomagnetic properties in
5 wells (Kuntz et al., 1980) to 40 other wells at the RWMC. Available
Tithologic and geophysical logs for these wells and boreholes are provided in
Appendix 3-1 of this report.

Twenty basalt lava flows and seven major sedimentary interbeds were
defined using the above correlation techniques. The flows were categorized
into 10 f1ow-groups based on their relationship to overlying and underlying
sedimentary interbeds. Each flow group is made up of from one to
five petrographically similar flows that erupted from common source areas
during periods of less than 200 years (Kuntz et al., 1980). The sedimentary
interbeds accumulated during periods of volcanic quiescence ranging from
thousands to hundreds of thousands of years. Informal alphabetic nomenclature
was applied to each of the stratigraphic units foilowing the convention
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established in Kuntz et al. (1980). Seven flow-groups (A, B, C, D, E, F, and
G, shallow to deep) were previously described by Kuntz et al. (1980), and flow
groups FG, H, and I were defined in this report. Sedimentary interbeds were
referred to as A-B through H-I based on their position relative to the flow
groups. For example, sedimentary interbed A-B lies between flow groups A

and B. Sedimentary interbeds A-B, B-C, and C-D are typically referred to as
the 9-, 34-, and 73-m (30-, 110-, and 240-ft) interbeds, respectively. The
stratigraphic top and base, the altitude of the top and base (with respect to
sea level), the range in unit thickness, and the number of wells/boreholes
penetrating the unit are provided for each flow group and sedimentary
interbed.

Eleven structure and seven isopach maps of the flow groups and
sedimentary interbeds were generated to 111ustrate the lateral continuity of
the units and to characterize the stratigraphic relationships (Figures 7
through 24, pp. 32-50). The stratigraphic sequence is relatively consistent
with alternating volcanic and sedimentary layers. Based on their
stratigraphic analysis, Anderson and lewis (1989) showed that seven basalt
flow groups (B, C, D, E, F, G, and I) and three sedimentary interbeds (C-D,
F-G, G-H/I) are continuous across the RWMC. The sedimentary layers thicken in
localized depressions on the underlying basalt surface. Stratigraphic
relationships in the upper 91 m (300 ft) of the vadose zone were better
defined than in the zone extending from 91 m (300 ft} to the aguifer because
of more shallow borehole control. Only nine wells penetrate the aquifer in
this area at an approximate depth of 180 m {600 ft).

A

2.8.3 Significance for Site Characterization at the RWMC

This report was the first comprehensive evaluation of the subsurface at
the RWMC that used an integrated approach to define the vadose zone
stratigraphy. The stratigraphy in the upper 91 m (300 ft) of the vadose zone
was refined using subsurface data from multiple sources. Anderson and
Lewis recognized that the complex stratigraphic relationships in the vadose
zone ultimately control the potential for migration of buried waste from the
RWMC to the Snake River Plain Aquifer. Detailed mapping of the basalt flow
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groups and sedimentary interbeds done by Anderson and Lewis will aid in
predicting potential contaminant pathways in the vadose zone.

2.9 Hvdrogeology and Meteorological Data for an Unsaturated Zone Study

Near the Radioactive Waste Management Complex. Idaho Naticnal
Engineering Laboratory, Idaho, 1985-1986

2.9.1 Purpose of the Investigation/Report

This report presents the hydrological and meteorological data collected
from 1985 to 1986 for the USGS test trench study. This study was conducted to
obtain data for estimating surface water infiltration at the SDA. The data
will be used to estimate recharge to the aquifer by quantifying
evapotranspiration rates, soil-moisture content and variability, soil-moisture
fiux, hydraulic conductivities, soil-moisture velocities, and soil
temperatures. The data are being used to calibrate a numerical model to
predict the migration of radionuclides in the vadose zone.

2.9.2 Summary of the Investigation

Two test trenches were installed in the surficial sediment adjacent to
the SDA to collect hydrological data from undisturbed and disturbed soil.
Details on the installation and instrumentation of the test trenches are
described in Pittman (1989) and in Section 5 of this report. During the study
period, soil temperature and soil-water potential measurements were taken in
the trenches every 12 hours from 30 sensors placed at selected depths from
0.5 to 6.1 m (1.6 to 20 ft). Weekly soil-moisture content measurements were
collected in 9 neutron-probe access holes using a neutron moisture depth
gauge. Wind speed, wind direction, relative humidity, and air temperature
data were averaged every & hours. Solar radiation and precipitation data were
collected with an anemometer, wind vane, and a relative and air temperature

sensor over the 6-hour intervals.

Soil temperature, soil-water potential, and meteorological data are
presented in the report. The findings indicate that the soil-water potentials
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in the undisturbed soils at the test trench ranged from the sensor detection
limit of -1.0 bar to approximately -20.0 bars. Little or no changes in the
soil-moisture profiles were observed at depths below 5 m (16.4 ft}. The
annual precipitatioh at the RWMC was 240 mm (9.4 in.) in 1986. Data tables
are provided in Tables 1 through 19 (pp. 27-157) in Pittman (1989).

2.9.3 Significance for Site Characterization at the RWMC

Pittman (1989) reported that annual precipitation at the SDA is
approximately 240 mm (9.4 in.), and that there was littie or no change in the
soil moisture below 5 m (16.4 ft). These data will be used to calibrate a
numerical model of the vadose zone to predict the potential for radionuclide
migration from buried wastes.

2.10 FY-89 Report RWMC Vadose Zone Basalt Characterization

2.10.1 Purpose of the Investigation/Report

This investigation was undertaken to collect the detaited information
reguired to develop a three-dimensional subsurface model of the vadose zone
basalts underlying the RWMC. The study consisted of three parts: (1) a
literature review of the regional geology to provide insight on the
paleoenvironment of the RWMC; (2) a petrophysical, petrological, and
petrographic evaluation of basalt cores from the vadose zone at the RWMC to
characterize and correlate the flows; and (3) surface/near surface statistical
fiow geometry studies of prospective basalt flow analogues to obtain typical
flow lengths, widths, and thicknesses.

2.10.2 Summary of the Investigation

Based on a Titerature review in combination with subsurface data
obtained from boreholes, Knutson et al. {1990) reported that basalt flows at
the RWMC were formed by a modified plains style volcanism. The proposed
volcanic-sedimentological model is a complex intercalation of basalt flows
from vents in rift zones with sedimentary material between the rift zones.
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The source vents for Flow Groups A and B (terminology from Anderson and Lewis,
1989} were mapped, and idealized basalt facies were defined based on the
proximity to the vent source area. The authors concluded that the subsurface
basalt flows at the RWMC were of a medial-to-distal facies, which
significantly affects their petrophysical properties.

The unprocessed cores from 15 boreholes (76-2, 76-3, 76-4, 76-4A, 76-6,
77-2, 78-1, 78-2, 78-3, 78-5, 79-1, 79-2, 79-3, 93-A, and 96-A} at the RWMC
were evaluated for this study. The broad stratigraphic framework used in
Knutson et al. {1990) followed that in Anderson and tewis (1989), described in
Section 2.8 of this report. Flow groups as defined in Anderson and Lewis
(1989) are subdivided into fiow units on the basis of petrographic
characteristics. Flow units are comprised of up to five individual flows that
are defined by the presence of flow breaks. The ideal flow consists of
four elements: a substratum, a lower vesicular zone, a central nonvesicular
zone, and an upper vesicular zone. Petrologic descriptions of the cores are
provided in Appendix A of Knutson et al. (1990);

Petrophysical evaluations for porosity, air permeability, density,
equilibrium saturation, and pore-size distribution were conducted on selected
cores. Permeability, porosity, and density were measured on 8.9-cm (3.5-in.)
diameter full-sized cores in the field. Porosity, permeability, and grain
density were also measured in 25 x 28-mm (1 x 1.1-in.) plugs cut from
representative samples of each flow. Forty-four representative plugs of
basalt samples were chosen for capillary pressure, pore-size distribution, and
surface area analyses. These evaluations were in progress at the time the
report was finalized. Porosity, permeability, grain density, and bulk density
data are summarized by flow group, flow unit, and flow elements in Tables 1,
2, 3, and 4 (pp. 31, 37, 44, and 49), respectively, of Knutson et al. (1990).
Equilibrium water saturation adsorption data were calculated on 44 basalt
plugs from nine boreholes. The results of these analyses are provided in
Table 5 (p. 55) of Knutson et al. (1990).

Geostatistical data were collected from the Box Canyon of the Big Lost
River and the Hell’s Half Acre to facilitate the construction of a three-
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dimensional model at the RWMC. The Box Canyon study provided data on vertical
flow geometry and the Hell’s Half Acre study provided data on horizontal flow
geometry. These studies indicated that the flow geometries are a complex
interfingering of lobes rather than planar stratified. Ratios of length to
width to thickness in flows were measured at Box Canyon. Variograms were
generated to evaluate kriging results for flow top geometries and flow
thickness variations at the RWMC. Although enough geostatistical data at the
~surface were collected to construct a three-dimensional model at the RWMC by
stochastic interpolation, the authors note there is inadequate wellbore (the
departure point for the interpolation) quantitative data to make this type of
modeling feasible.

2.10.3 Significance for Site Characterization at the RWMC

Knutson et al. (1990) represents the first attempt to characterize the
basalts in the vadose zone at the RWMC using site-specific data from
previously collected basalt cores. By integrating geostatistical data from
surface/near surface studies with petrophysical evaluations of basalt core,
the authors were able to develop a preliminary conceptual model to use for
predicting the fate of contaminant transport in the vadose zone at the RWMC.
The authors note that the lack of a quantitative geophysical suite of log data
and the Jack of a comprehensive database for subsurface information collected
over the past 15 or 20 years significantly impacts the development of a
three-dimensional model to be used for subsurface site characterization.
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3. WELLS AND BOREHOLES

Wells and boreholes installed on or near the RWMC are summarized in this
section. Details on well and borehole construction and instrumentation are
presented in tabular form. An overview of drilling programs is provided in
Section 3.1, historic drilling programs are described in Section 3.2, a
chronology of drilling programs since 1970 is presented in Section 3.3,
ongoing studies at the SDA are summarized in Section 3.4, and data limitations
are described in Section 3.5.

3.1 Overview of Drilling _Programs

At least 10 drilling programs have been conducted at the SDA since its
first use in 1952. Some of these programs extended over periods of several
years. Early drilling programs were initiated to monitor for the presence of
radionuclides in surficial sediments. Later, it became necessary to monitor
for radionuclides in the sedimentary interbeds. Recent monitoring programs
have been expanded to include volatile organic constituents. A minimum of
74 boreholes and 18 wells have been drilled on or near the RWMC in conjunction
with these drilling programs since the early 1950s. Additional wells located
north and south of the SDA have been used for regional hydrogeologic
evaluation but are not included in the tables in this report.

The terms used in this section and throughout this document are defined
as follows:

. Boreholes are distinguished from wells based on their penetrating
the aquifer. Boreholes do not penetrate the aguifer; wells do
penetrate the aquifer,

. Shallow boreholes extend to the first lTayer of basalt and
generally are auger holes.

. Deep boreholes penetrate the basalt, typically intercepting one or
more of the sedimentary interbeds.
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Many of the more recent boreholes are instrumented as vadose zone
monitoring holes. A few deep boreholes monitor perched water.

The wells and boreholes at the RWMC and surrounding areas are shown on
Figures 3-1 and 3-2. Data on these wells and boreholes are presented in a
series of tables. Locations and drilling details such as depths of wells and
land surface elevations are presented in Table 3-1 together with a summary of
available data for each well. Construction details for wells are compiled in
Table 3-2. Table 3-3 lists locations, drilling details, and availablie data
for boreholes. Data from borehole investigations before 1970 are not included
on the tables in this report although the lTocations of some of these boreholes
are shown on Figure 3-2. Appendix 3-1 contains the available geophysical
logs, completion diagrams, lithologic logs, and other data for the wells and
boreholes.

Several wells near the RWMC are included in the tables although they are
not part of the investigations described in Section 3.2. These include both
production wells (i.e., EBR-I, Highway 3, Quaking Aspen Butte, and Rifle
Range) and monitoring wells (i.e., USGS Wells 9, 86, 105, 106, and 109) that
are either monitored for changes in water Tevel or for water quality by the
USGS (Figure 3-1). The RWMC production well is included because it is a
drinking water source for the RWMC and is monitored as part of the USGS
routine monitoring described in Section 4 of this report. A large number of
USGS wells have been drilled on the INEL and surrounding areas to supplement
the regional hydrogeologic ground water monitoring network; however, these
wells are not included in this report because they are not in the vicinity of
the RWMC.

3.2 Historic Drilling Programs at the SDA

Historic drilling programs are those investigations that were conducted
before 1970. In 1960, 10 shallow boreholes (numbers 1-10) were installed by
the USGS in the surficial sediments at the west end of the SDA in a program
administered by the Atomic Energy Commission (AEC)(Figure 3-2). The borehole
depths ranged from 3 to 6 m (10 to 20 ft). Subsequently, these shallow
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Figure 3-1. Approximate locations of selected wells near the RWMC.
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Table 3-1. Locations and drilling details for wells on or near the RWMC
Total
Northing- Land Depth
Easting (ft) Well Surface Below Available Datd
-------------- Type |Designation LSD R et
Latitude/ Contractor| Year and (Lsp)© (Elevation) e
Well Name Longitude? Driller {Drilled| StatusP (ft) (ft) CO|LL{DLIGR|GG|C |N 1SS|WQ
EBR-1 N-674,393.00 |Schoonover| 1949 |PD Active| 5024.00 | 1075 X [X |X] e
E-277,055.00 (3949.00)
433051/1130026
Highway 3 N-687,160.41 |Boley 1967 |PD Active| 4980.00 750 X X |NM
E-277,297.85 (4231.00)
433256/1130025
Quaking Aspen |N-648,648.89 |McCabe 1982 |PD Active| 5190.00 1115 X |[X X |[X |X |X X |I
Butte E-234,483.64 |Bros. ‘ (4075.00)
432632/1130959
Rifle Range N-685,687.11 [Cushman 1988 |PD Active| 4967.00 625 X |X X |X |X |Q
E-282,880.92 (4342.00) '
433243/1125908
RWMC N-669,648.14 1974 |PD Active| 5005.00 683 X |X X |X |X |X M
Production £-268,996.09 (4322.00)
433003/1130214
USGS-9 N-655,267.74 |Strasser 1950 |MW Active| 5032.00 654 X |X X X |I
£-257,724.53 (4378.00)
432740/1130445
USGS-86 N-667,073.33 |Volmer 1966 MW Active| 5081.00 691 X |X X |X |X X |Q
E-243,477.99 - (4390.00)
432935/1130800




Table 3-1. .(continued)

Total
Northing- Land Depth
Easting (ft) Well Surface Below Available Data
-------------- Type |Designation LSD R R
. Latitude/ Contractor| Year . and (LSD) {(Elevation)
Well Name Longitude Driller |[Drilled| Status (ft) (ft) CD|LL[DL[GR{GG|C |N |SS|WQ

USGS-87 N-670,620.86 |Cushman | 1971 MW Active| 5016.00 | 673  |X [X | |X [X [X [X [X |q
£-266,927.76 : (4343.00)
433013/1130241

USGS-88 N-667,361.44 |Cushman 1971 MW Active| 5020.00 662 X |X X IX |IX X |X |Q
E-265,429.59 (4358.00)
432940/1130302

USGS-89 N-669,975.84 {Cushman 1972 |MW Active| 5029.00 . 646 XXX X 1X |X 1x [x [Q
E-263,277.48 (4383.00)
433005/1130328

USGS-90 N-668,535.00 |Cushman 1872 |MW Active| 5010.00 626 XX X |X X |[X|X{X]Q
E-269,588.18 (4384.00)
432954/1130204

USGS-105 N-651,362.80 |Denning 1980 |MW Active| 5095.00 800 X |X X I XX |X|X |M
E-277,389.90 (4295.00) '
432703/1130017

USGS-106 N-669,059.70 |Denning 1980 |MW Active| 5015.00 760 X |X XX X |[X|X M
E-280,997.40 (4255.00)
432959/1125930
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Table 3-1.

Well Name

(continued)

Northing-
Easting (ft)
Latitude/

Longitude

N-651,253.00
E-265,738.60
432701/1130255

N-668,804.33
E-265,696.33
432955/1130259

N-668,000.77
E-267,783.00
432947/1130230
N-667,773.87
E-267,521.01
432945/1130234
N-665,248.35
E-264,506.9]1
432919/1130315

Contractor
Driller

Bros.

McCabe
Bros.

Year
Drilled

Well

Type
and
Status

Land
Surface
Designation

Total
Depth
Below
LSD
(Elevation)
(ft) CD
| 800 X
(4245.00)
655 X
(4357.00)
- 570
(4443.00)
705 X
(4226.00)
705 X
(4307.00)

U U SR P ——————————— A T I i it




8-t

Table 3-1. {continued)

a. Northing and easting coordinates are based on the State of Idaho coordinate system. Latitude and
longitude in degrees, minutes, and seconds. Thus, 432638/112484]1 is 43°26’38" 112°48'41", Northing and
east;ng coordinates provided by SAIC, 1990, Idaho Falls, Idaho. Latitude and longitude from USGS site
schedules. ‘

b. MW = monitoring well, PD = production well, TH = test hole.

c. Elevations in this table are with respect to mean sea level (MSL) or to the INEL datum 1.29 ft above
MSL. Because the datum is typically not defined, reported elevations are assumed to be accurate to +2 ft.
Land surface designation rounded to the nearest foot {unpublished research results of Jaacks et al., SAIC,
McLean, Virginia, January, 1990).

d. CD = construction/completion diagram, LL = 1ithologic log, DL = drillers log, GR = gamma ray log,
GG = gamma gamma log, C = caliper log, N = neutron log, SS = USGS site schedule, WQ = water quality data.

e. Frequency of water quality measurements: I = intermittent, M = monthly, Q = quarterly, NM = not
monitored (unpublished research results by SAIC, McLean, Virginia, October, 1990).
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Table 3-2. Construction details for wells on or near the RWMC

| | | | Casing Construction | | Completion Zone { |
| ! | e | ||-meemmem e {o
| | | To/PBTD , | | | I | { Cement Data | Depth (Elevation) | | |
| | tend | Below | I | | | | [semmmmmmmem s | (fr) I { |
| | Surface | LSO | | Top | Base | | | | Cemented | Cement |[-----=--=-=-----rc-c---- | | |
] |oesignation] (Eleva- | | Betow | Below | | Top | Bottom | Intervals | Type | | | i |
t | (Lso)® | tion) | Casing | LSO i Lsp | clElevntlonlElevationl Below LSD | eond | Top | Base | { |
| Well Mame | (ft) | ¢ft) | Cinay | ¢ty | (ft) | Materials | (ft) | (fty | (ft) { Volume | (ft) [ €19) | Type |Ref .|
i i TeEmssssssssssssssssssssssTENER i
|EBR-1 | S024.00 | 1075 | 18 | 10 | 750 |Steel | 5014.00 | 4274.00 | None [ WNore 600 | 50 |Perforated [ 2,5 |
| | [ (3949.00) | i | } i f | | ] (4424.00) | (4274.00) [Casing 1 i
I | | I | | | ] ! I I ] 750 | 1075 |open hole | |
| | | | } | 1 | | | | | (4274.00) | (3949.00) | { |
|t L bl bbb it iieleleteiileieieieieieieleiteieieietelieieieielthieieieiet bttt |
|Highway 3 | 4980.00 | 750 } 8-5/8 | -1.46 | 680 |Steel | 4978.50 | 4300.00 | 0-30 |Backfill | 680 | 750 |0pen hole | 2,3 |
| | {(4230.00) ) | | I | | | 30-35  |Cement | (4300.00) | (4230.00) | | |
| ! I | | | I I | I I I | | I I
! { f I | I I | | l | | | | | |
e |
jauaking Aspen | 5190.00 | M5 | 8 | -1.. | 19  |Steel | 5190.00 | 5171.00 | 0-19 | Cement | 1036 | 1074  |Perforated | 2.3 |
|Butte | |4075.00)] 6 | 0 | 260 |PvC | 5190.00 | 4930.00 | | | €4154.00) | (4116.00) |liner I |
| | | | 5 | 0 ] 295  |steel | 5190.00 | 4895.00 | ] | | | | |
I | I | 4172 | 25 | 1M15 |Steel | 4895.00 § 4075.00 | ] [ | [ | I
S !
|RWMC | 5005.00 | 683 | 18 | 0O | 108 |[Steel | 5005.00 | 4897.00 | ©0-108 | c1s | 590 | 610  {Perforated 12,6 |
[Production | |(4322.00)] 14 | © | 562 [Steel | S005.00 | 4443.00 |0-562 (est.)| CTS | (4415.00) | (4395.00) | [

I I | | 1 | o | 658 |[steel | 5005.00 | 4347.00 | I | 625 | 635  jperforated {

| | | | | | i | | | | | (4380.00) | (4370.00) | |
R !
JusGs-9 | S032.00 | 65 | 8 | -2.6 | 235 |Steel | 5034.60 | 4797.00 | k' | u | 818 | 650  |perforsted | 2 |
I I [(4378.00)) 6-1/4 | 237 | 459 |steel | 4798.00 | 4573.00 | I | €4414.00) | (4382.00) | | 1
| I { | 6 | 459 | 654 |Steet | 4573.00 | 4378.00 | ! l { I I |
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Table 3-2. (continued)

| | j | Casing Construction | i Comptetion Zone | |
! ! T B ! J-eeeseanaris e B
I | | To/PBTD° | | | | I I | Cement Datad | Depth (Elevation) | I
| | tend | Below | N | | | | Jommemmmmm e | (ft) | | i
| | Surface | LSO | | Top | Base | | | | Cemented | Cement [-==-=rr=s--eseocmcaeens | | i
| {pesignation| (Eleva- | | Below | Below | | Top | Bottom | Intervals | Type | | | | |
| | Lso)? | tiony | Cesing | LSD | Lsp | |Elevation|Elevation] Below LSO | and | Top | Base (|- | |
I Well Name | (ft) | (ft) | Gin.} | (ft) I (ft) | Materialscl (ft) I (ft) I (ft) | volume | (ft) | (ft) | Type [Ref.el
I-- =sEss === S====ss -3 EEEEETTEEE ::l
fRifle Range | 4967.00 | @&25/ | 8 I -1 | 150 !steel | 4968.00 | 4817.00 | 0-150 | ecr8 | 600 | 620 |Perforated | 2 |
| | | 620 | [} ] -1 | 310 {Steel | 4968.00 | 4657.00 | | | (4367.00) | (4347.00) | | |
} | | 43427 | 5 | 305 | 625 ([Steel | 4662.00 | 4342.00 | | | | ] i |
! | | 43D | | [ ! | | | I I I | i I
I |
jUSGS-86 | 5081.00 | 691 | 8 | -2 | 48  |steel | 5083.00 | 5033.00 | MNone | None | 48 | 691  |Open hole | 2 |
{ | [(4390.00) | I I } I I ) I | (5033.00) | (4390.00) | |
TS |
|usGs-879 | 5016.00 | 673 | 1 | © | 18 |steel | 5016.00 | 4598.00 ] ©0-18 | cIs | 580 | 673  [Perforated | 2,3 |
1 ! [(4343.00)] 8 | O | 375 |Steel | 5016.00 | 4641.00 { ©0-374 | CTIS | (4436.00) | (4343.00) !steel liner | & |
| | | | 6 | -2.05 | 585 {Steel | 5018,05 | 4431.00 | ©0-585 | cIs | | | I
i ) | | 4 | 585 | 673 [Steel | 4431.00 | 4343.00 | | | I | |
L |
|uses-88? ] 502000 | &2 | 10 | O | 15 |steel | 5020.00 | 5005.00 { ©0-15 | ¢cIS | 587 | 635 |Perforated | 2,3 |
| f [4358.00)] 8 | O | 375 |Steel | 5020.00 | 4645.00 | 0-373 | CTS | (4433.00) | (4385.00) |steel liner | 4 |
i | I | 6 | -1.8 | 587 |Steel | 5021.80 | 4433.00 | 0-587 | cCI§ | I | o
| i | | &4 | s87 | 662 jSteel | 4433.00 | 43568.00 | | I | | b
T |
|uss-899 | 5029.00 | 646 | 10 | 0 | 24 ([steel | 5029.00 | 5005.00 | 0-26 | CIs | 573 | 646  |perforated | 2,3 |
| I [(4383.00)] 8 | O | 290 {Steel | 5029.00 | 4739.00 | ©0-290 | CTS | (4456.00) § (4383.00) |steel liner | & |
} I [ | & | -1.6 | S? |Steel _ | 5030.60 | 4453.00 | ©0-57% | cIs | i | 1 |
| | I | 4 | S73 | 646 |Steel | 4456.00 | 4383.00 | | | | | { |
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Table 3-2. (continued)

| | | | Casing Construction | | Completion Zone | |
| | | R e L b bbb hbbbbbb bbb bbbttt bbbt hd bttty [ ket bttt I |
| | | T0/PBTD | | | | | | | Cement Data | Depth (Elevation) | | |
| | Lland | Below | | | | | | e bt bbbty ] (ft) | | |
| | Surface | tsD | { Top | Base | | | | Cemented | Cement |-------<-ccccsmms-coee- | | |
| |Designation| (Eleva- | | Betow | Below | | Top | Bottom | intervals | Type | | | | |
{ | wsoy® | tion) | Casing | LSD | Lsp | |Elevation|Elevation| Below LSO | and | Top | Base | | |
| Well Name | (f©) | ¢f©) | ¢iny | (ft) | (ft) | Materials’| (fty | (ft) | (ft) [ Volume | (ft) | (fr) | Type |ref .|
| I
Juses-909 | 501000 | 626 | 10 § 0 | 2  |[Steel ] 5010.00 | 4986.00 | ©0-2¢ | cts | 577 | 626  |Perforated [ 2,31
| | [4384.000] 8 | 0 | 300 |[Steel | 5010.00 | 4710.00 | ©0-300 | CTS | (4433.00) | (4387.00) |steel Lfner i & |
| | | | 6 | -2.2 | 580 jSteel | 5012.20 | 4430.00 | ©0-580 | cCTS | | i i i
| | | | & | 577 | 626 |Steel | 4433.00 | 4384.00 | | | ] I i |
| | | | | ! | | | | | | [ | | |
[ == e e e o e e e e o e e TSRS TS |
jusGs-105 } 509500 | 800 | 1 | © | 10 |Steel | 5095.00 | 5085.00 | ©0-10 | C€1S | 400 | 800 [Open hole | 2,7 |
| ! [(4295.000] B8 | 0 | 400 |[Steel | 5095.00 | 4695.00 | 0-30 | CTS | (4695.00) | (4295.00) | | |
T !
|usGs-106 | s015.00 | 760 | 122 | 0 | 10 |steel | 5015.00 | 5005.00 { ©0-10 | c1$ | 400 | 760 |8 and 10" Open | 2,7 |
| | 1(4255.00)) 8 | 0 | 400 |Steel | 5015.00 | 4615.00 | 0-40 | CTS | (4613.00) | (4255.00) fhole | ]
| | | | | | | | | | | | | I | |
| | ! | | | | | | | | | | | | |
Rttt kR L bt letebeledht el fetelteteteleiteteleleletetebeleedeehe ettt |
[usGs-109 | 5045.00 | 800 | t2 | 0 | 10 |Steel | 5045.00 | 5035.00 | 0-10 | C€vs | 600 | BOO  |4" Casing | 2,71
| | |4245.00)] 8 } 0  |175 (182)|Steel | 5045.00 | 487000 | 0--25 | CTS | (4445.00) | (4245.00) [Perforated | |
i | | | &6 | 175 | 340 |[Steel | 4870.00 | 4705.00 | | | | i | |
| | | | 4 ] 0 | 800 ({steel | 5045.00 | 4245.00 | | | | | | |
I ettt |
|uses-117 | 5012.00 | 655 | 10-37/4 | 0 ] 261 |Steel | 5012.00 } 4751.00 ] ©0-20 | €IS | 550 | 655  |Perforated | 2.3 |
| | |(4357.00)| 8-5/8 | -2 | 553.2 |Steel | 5014.00 § 4458.80 | 450-585 | 5 yds | (4462.00) | (4357.00) |steel liner | 5
[ ] | | 6-5/8 | 550 | 653 |sS | 4462.00 | 4359.00 | {EC grout | | | l I
b el hitietelelebeietetebelfelelhehehehele ettt [
juses-118 ] so13.00 { S7O/ |} 6 | -2 | 223 |Steel | 5015.00 | 4790.00 |  UNK ] UK | 223 | 570  |Open hole | 1,2 |
| | | 550 | | i | | | | | | (4790.00) | (4443.00) | | |
| | | 4443/ | | | | | | { I | { | | |
| | | 4463y | { | | | | } | | ] | { |



Tabte 3-2. (continued)

| | | | Casing Construction | | Completion Zone | |
| ! | Lo ! Jreemsrmmre st Lo
| [ | To/pBTD°| I I | | | I Cement Data |  Depth (Elevation) | | I
| | tend | Betow | | | | | | [oeeeenenns emmeemaees r (ft) | I
| { surfece | LSD | | Top | Base | | | | Cemented | Cement |--------=-ccccuceonon-- | | |
] |pesignation] (Eleva- { | Below | Below | | Top | Bottom | intervals | Type | | | | j
| ] (sp)® | tion) | cCasing | LSO | LsD | c|Elevation|Elevation| Below LSD | and | Top | Base | | |
| Well Name | (fv) | ¢ft) | Gny | (ft) | (ft) | Materials | ft) | (ft) | (ft) | Volume | (ft) | (ft) | Type [Ref.® )
l SE==ZCSRE=SETRE= EESSSSZEXERIIIII I
Juses-119 | 5031.00 | 705 | 10-374 | 0 | 275.5 |Steel | 5031.00 | 4755.50 | 0-20 | ct1s | 639 | 705 |Perforated | 2,3 )
| ] |(4326.00)| 8-5/8 | -2 | 584 |Steel | 503300 | 4447.00 | 400-540 | B yds | (4392.00) | (4326.00) |steel liner | |
I | I | 65/8 | ST3 | 705 |[sS | 4458.00 | 4326.00 | [EC grout | I | | |
O
Juscs-120 | 5012.00 | 705 | 10-3/4 | O | 29% |Steel | 5012.00 | 4798.00 | ©0-20 | €IS | 638 | 705  [Perforated | 2,3 |
| | |¢4307.000| 8-5/8 | -2 | 587 |steel | 5014.00 | 4425.00 | 400-585 | 9 yds | (4374.00) | (4307.00) [steel Uiner |

| | I | 6-5/8 | 574.2 | 705 |SS | 4437.80 | 4307.00 | |EC grout | i | | |
=TS lIann S r
w

1
—
r

a. Elevations in this table are with respect to mean sea level (MSL) or to the INEL datum 1,29 ft above MSL. Because the datum fs typically not defined, reported

elevations are assumed to be accurate to +2 ft.

b.

c.

g.

TD/PBTD:

Materials of construction.

Cement data.

1.
4.

Field Notes {see Appendix 3-1) 2.
Barraclough et al, (1976) 5.

total depth of well/plugged back total depth.

Nace et al. (1

UNK = unknown.

956}

CTS = cemented-to-surface, EC = expanding cement.

6.

Steel = carbon steel, S§ = stainless steel, PVC = PVC plastic.

Goldstein and Weight (1982)

7.

Casing strings pressure cemented in place from casing shoe to surface (Barraclough et al., 1976).

Unpublished research results of SAIC, McLean, Virginia, October, 1990
Lewis and Goldstein (1982)

Land surface designation rounded to the nearest foot provided by SAIC, 1990, Idaho Falls, Idaho.

3. USGS Site Schedule
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Table 3-3. Locations and drilling details for boreho]es on or near the RWMC

i | | i | | Land | Borehole | ! |Surface | | | |
| | WNorthing- | | | |Surface | TD/PBTD |Bore- | | casing | | Available | |
| | Easting (ft) | | | Borehole | Desig- |[Depth Below| hole [ Depth | Depth | Casing | Data® | |
] === | | | Type | nation | LSD [piem- | Below | Below | Dismeter (in.)/ |----------cccmevemvono-- | |
|Borehole| Latitudes |Contractor| Year | and | sp¥ |(Etlevation}| eter | LSO | Lsp | (Materials of | T T I T O T |
| Number | Longitude® | Dritler |Drilled] status® | «fty | (ft) f¢in.y | (ft) | (ft) | CcConstruction |cRILL|CD|GL|GR[GG|C |N | Ref.f |
l--ni—-——— ----------------------- H 1+ s i1 1 3 13-+t ========='
|76-1 {N-669,749.00 |McCabe | 1976 | P&A |5009.10 | 228.30 | 8 |0 - 15.8 | 10.0 |6-1/2/Carbon steel X x| X fx [ Ix |2.8 |
| |E-265,187.20 |Brothers | | Cemented to | | 4780.80) | 6 |15.8 - 85 | | [ T (O T O I | |
i |433003/1130303[ | | surface | | |4-314 |85 - 228.3 | | | | 1 1 ] | I ]
R i hiehiiehelisietelieieieieie b ettt |
|76-2 |N-669,353.00 |McCabe | 1976 | PEA |5010.50 | 252.50 | 8 |0 - 15.5 | 13.0 |6-1/2/Carbon steel |X |X |X | |X ]K l |x |2.8 |
| |E-266,110.40 |8rothers | | Cemented to | | (4758.00) | 6 |15.5 - 85 | | | | | I A | |
| 1432960/1130253 | | | surface | | |4-374 |85 - 252.5 | | | T O O I | | |

Rt R ettt il ettt telatbieietetieie el i I
|76-3 [N-669,286.60 |McCabe | 1976 | P&A |5009.60 | 240,40 | 8 |o - 22 | ~20.0 |6-1IZICarban steel X X X | XX [|x |28 |
| |E-265,160.90 |[Brothers | | Cemented to i | (4769.20) | 6 |22 - 120 | | A T T IO O I I | |
{ |632959/1130306 | | surface | | {4-7/8 |120 - 240.4 | | I T O O O O | |
R D LRl b bttt beleiehtiaisieialaiailieieteiete et eieiieiiieiiniieeie I
}76-6 |N-668,889.31 |McCabe | 1976 | PEA [5010.60 | 241.06/ | 8 |0 - 10.8 | 8.8 |6-1/2/Carbon steel |X |X |X | ]X |X | Ix |2.8 ]
| |E-266,520.19 |Brothers | | Cemented to | | 215.00 | 6 |10.8 - 114.5] i O T T T IO I I ]
| |432955/'l130248| | | . surface } | (4763.60/ 14-7/8 |114.5 - 215 | | I I [ |
| | | | | | | 4795.60) | I | t [ T O O O A I !
e !
|76-4A  |N-668,896.10 |McCabe | 1976 |  PBA [5010.90 | 254.00 | 8|0 - 11.2 | 8.2 |6-1/2/Carbon steel |X |X [X | X |X | X [2,8 |
| |E-266,495.10 |Brothers | | Cemented to | | (4756.90) | 6 |11.2 - 101.2] | | T I I I }
| |432956/1130248) | { surface | | |4-7/8 |101.2 - 254 | | 1 T I O I N A | I
T I
[76-5  |N-669,810.70 [McCabe | 1976 |vZ Open [5011.40 | 245.00 | 8 {0 - 9.4 | 9.4 |6-1/2/Carbon steel |X X |X | X X { |x 2,8 |
| |E-266,045.00 |Brothers | ) | | (4766.40) | 6 9.4 - 123 | I NEEEEEEE

| |433004/1130254 | i I I | |6-7/8 |123 - 245 | | | T T O T I | |
T ARtk bt ettt il ittt ettt |
|76-6 |N-668,734.00 |McCabe | 1976 | PEA |5011.20 i 243.80/ | B |0 -9 | 6.8 |6-1/2/Carbon steel |X IX |X | |X |X | |X |2,8 |
| |E-268,425.50 |Brothers | | Cemented to | | 240.00 | 6 9.1 - 90 | | [ I SN N (R I B | |
| {432954/71130222| | | surface | | (4767.407 |4-7/8 |90 - 243.8 | | [ I N T [ N I | |
| { | | | | | 4771.20) | | | | 1 O T I IO A |
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Table 3-3. (continued)

| | ! | | { Land | Borehole | | |Surface | 1 } |
| | Northing- | | | {surface | To/pPBT0Y Bere- | | casing | | Available I |
| | Easting (ft) | | i Borehole | Desig- |Depth Below| hole | Depth | Depth | Casing I pata® | |
| |-==wemmremn-- | I | Type { nation | LSO |piam- | Below | Below | Diameter (in,)/ |-=--=c--=-s-memcacaaan- | i
|{Borehole} Latitude/ |Contractor| Year | and | (LSD)® |(Elevation)| eter | Lsp | Lsp | WMaterials of [ T T IO O O I |
| Number | Longitude® | Driller |[Drilted| status? | ft)Y | (FfY) [¢in.) } (ft) | (fty | Construction |criLLicpGL{GR{GG]{C N | Ret.! |
I ST EEEEEAREESIISTISSISTRTREST =2z ]
|77-1 |N-670,620.80 |HcCBbe I 1977 |VVED Instrumented |5016.90 |  600.00/ | 8|0 - 4.7 | §&.7 |6-1/2/Carbon steel |X |X IIDI] IX [K f !K IZ,B |
| |E-266,927.80 |Brothers | i with gas ports | | 385.00 | 6 6.7 - 60 | | 1 T TR T T N A A | i
| |433013/1130242| | l | | (4416.90/ | 5 |60 - 259 | | Ity 81 F 1} | |
| I | I ! | | 4631.90) | 4 |259 - 489 | | [ T T T O T A I
| | | f | | | [ 3 489 - 600 | | I T Y T T O I A |
7T |
|77-2 |N-669,579.40 |McCabe 1977 | M |5014.40 | B7.40 |4-T/8 |0 - 87.4 | 16.8 |3/PVC pipe i 1 1 11 128 |
| |e-265,632.60 |Brothers | | | | (4927.00) | | i | [ T O I I | | |
| |433002/1130259| i I | I t | - | [ T T I I | I
[ - emm e e e o e e e e e e b o e NS sSossosSisssssomssmmmmoemmmnenes I
| 78-1 |N-669,032.90 |McCabe | 1978 | P¥ |5010.00 | 82.50/ | 8|0 - 18.8 | 18.8 |8/carbon steel 1. 350 T . T T R T N - 4 |
| |E-267,306.00 |Brothers | i | | 78.00 | 6|0 - 18.8 | 18.8 |&6/Carbon steel | T T T O O I I
| |432957/1130237] i | | | (4927.50/ | 3|0 - 82.0 | 82.0 |3/PVC pipe | I A O T (A |
| ! I | | | | 4932.00) | | i i ' [ T T O I I I I
7 |
[78-2  |N-669,781.70 |McCabe | 1978 |  PZA [5007.00 | 253.00/| 8 0-5 | 5.6 |6-1/2/Carbon steel |X |X |X | X X | X |2,7

| |E-268,098.90 [Brothers | | Cemented to | | 234.00 | 6 |5 - 104 i | | T I T O I I |
| |433004/1130226 | I |  surface | | (4754.00/ | 5 [104 - 253 | | R |
| | ! I | | | 4773.00) | | | I Frrrr e I
[ Rt e bbbk b bttt bttt ittt I
|78-3 |N-669,787.60 [McCabe | 1978 | P&A [5011.00 | 248.00/ | g8{0-5 | 5.0 |6-1/2/Carbon steet |X |X |X | |x |x | % |2.7 |
i |E-266,151.10 [Brothers | I Cemented to | | 160.00 | 6 {5 - 248 | | | | I | | | | | | |
| {433004/1130253| | | surface | | €4763.00/ | i | | T T T I I I | ]
1 { | | | [ | 4851.00) | ! | | I T Y T T O B A |
R bt Ak A S |
|78-4 |N-670,648.60 |McCabe | 1978 |WEIJ instrumented |5018.00 } 350.00/ | unk S junK | UNK IUNK | |X |ID| |X | | | |2,T |
| |E-266,930.30 |Brothers | | with gas ports | i 343.00 | i | | [ T Y T T I I I | ]
| |433013/1130242| { | ( ] (4668.00/ | | I | [ T O Y O A | I
I | I i } ! | 4675.00) | t I I I T Y Y Y I B I



Table 3-3. (continued)

| | | | | | tand | Borehole | | |surface | | | |
| | WNorthing- | | | |Surface | TDIPBTDd |Bore- | | Casing | | Available | |
{ | Easting (ft) | | | Borehole | Desig- |Depth Below| hole | Depth | Depth | Casing | Data® | |
| |----memeneene | | ] Type | nation | LSD |Diam- | Below | Below | Diameter (In.)/ [----=-=---c--mvoromommn | |
|gorehole| Latitude/ |Contractor| Year | and - | (Lsoy’ |(Elevation}| eter | LSD | LsD | Materials of 1 I T T O N I |
| Number | tongitude® | Dritler {Drilled| StatusP | (Ft) | (ft) [¢inagy | (ft) | (ft) | Construction (CRjLL|co 6L |GR|GG]C [N | Ret.| |
| R RT3 P AR R R b e b e e _==------======""’"'—-=I
|78-5 |¥-669,365.00 |McCabe | 1978 | PRA |5010.00 | 252.007 | 8 |o- 22 | 2.0 |6-1/2/Carbon steel X |X [X [X @ x| Ix 2.7 |
i |E-265,931.00 |Brothers | | Cemented to | | 227.00 | 6 |22 - 129 | | ‘ [ T T I I I O | |
i I ! | | surface | | 4758.00/ | 5 129 - 252 | | I T T T Y O N I
| ! { I | | | 4783.00) | | | I [ T A N O I
[ mm oo e e o e L E e e e e o S TS SnCTTToSSomSooresssssssctesooones |
|79-1 [N-668,789.40 |McCabe | 1979 | PEA |5018.00 |  245.50/ | 8|0 -4.8 | 4.8 |6-1/2/Carbon steel IX X X [X % x| | 1,2 |
| |E-269,768.30 |Brothers | | Cemented to | | 240.00 | 6 |4.8 - 203.4 | | [ T T I T I I I | |
| | 432955/1130204 } | | surface | | 4772.57/ | 5 |203.4 - 237.| | P11 11 [ | |
| | | | | | | 4778.00) |4-3/4 |237.5 - 245.§ | 1 T Y N A I
- |
|79-2  |N-669,689.50 |McCebe | 1979 |VZ Open, has blind [5011.00 | 223.00/ | 8 |0 - 19.6  |19.6(7) |6-1/2/Carbon steel [X [X X |x {X |x | |X |2 I
| |E-267,160.50 |Brothers | | metal flenge cap, | | 219.00 | 6 ]19.6 - 106.6| f O T T O T I I | |
! |433003/1130239| I | drill string in | | (4788.09/ | 5 |106.6 - 223 | { Prrr et I
r | | | | bottom (5-10) | | 49200 | | : i R EEE !
T U I
|79-3  |N-668,243.00 [McCabe | 1979 |  PSA [5008.00 | 262.007/ | 8 (0 - ~ 16.4 | 16.40 ]6-1/2/Carbon steel |X [X X [x X x| | [2,3 |
I |E-267,806.70 |[Brothers | I Cemented to | | 257.00 | 6 |~16.4 - ~-235| | [ I T T O O O I | |
} |432949/1130230| | |  surface | | (a746.007 | 5 |~235 - 262 | | 1 TR Y I N I |
| | | | | | | 4751000 | | | | HEEEEEEEE |
S e !
|USGS-91 |N-669,100.00 |Cushman | 1972 |  PBA |5006.50 | 255.25 | 6 [0 - 14.5 | None |Casing pulled I X qx 2,3 )
I |€-268,150.00 | | |  Cemented to I | 4751.25) | 5 [14.5 - 117 | I RN I
I [432957/1130225 | | | surface I | | 4 |17 - 135.6 | I RN |
| | ! | | | | I3-172 |135.6 - 255. | HEREEEEN |
o |
|USGS-92 |N-669,411.20 |Cushman | 1972 |  PW [5007.70 | 247.90/ | 6 [0 - 19.25 | 19.25 |6/Carbon steel T I B R R %
| |E-266,109.50 | | |  Sseated with | | 213.50 | 5 [19.25 - 190 | | RN I
| [433000/1130253 | | |  threaded plug | | 4759.807 |3-1/4 |190 - 247.9 | I RN EN 1
i | I i | | | 4794.200 | 1 | | I T O T O A |



91-t

Table 3-3. (continued)

................................................................................................................................................... remermemeeam e mmmmnn
| | | | | | Land | Borehole | { jSurface | | |

| | Worthing- | [ | [surface | To/PBTD® |Bore- | | Casing | | Available |

I | Easting (ft) & | | Borehole | Desig- |Depth Below| hole | Depth { pepth | Casing | Data® |

! [==mnmmmmmmm--- t | | Type | nation | LSD Joiam- | Below | Below | Diameter (in.)/ |--------=---=-e-eeonan |
|Borehole| Latitudes |Contractor{ Year | and | (LsD)® |(Elevation)| eter | L.SD | LSO | Materials of O S O I I |

| Number | Longitude® | Driller [Drilled| status” | oty | (fvy Jtin) | (ft) | (ft) | Construction  |CR|LL|CD|GL|GR[GG[C [N | Ref.’

I------ EERESTSSESRSISEZZERRE = = S===S=E==s
|USGS-93 |N-669,566.20 |[Cushman{?)| 1972 | PEA |5010.60 | 246.25 | 6 (|0 - 90.3 | None |Casing pulled | x| % ix px|x 2,3

| |E-265,066.80 | | | Cemented to | | (4764.35) |3-1/4 |90.3 - 246.2| | N T Y [ O I N I |

| | 433000/ 1113030} | I surface | | | i | | [ T Y T O T I N |

[~ == e e e e e o e e ool
|usGS-94 |N-669,150.00 |Cushmen(?}| 1972 | PRA |5008.20 | 302.25 | 4 {0 - 16.25 | None |Casing pulled | ] pgx Ix |x |2.3

| |E-266,050.00 | | | Cemented to | | €4705.95) | 116.25 - 302.| | [ T O T I O I |

| | 432958/ 1130254 | | i surface | | | { | | . [ T T O A I I

[~ === n e e e o e e e e e e e
jusGs-95 |N-668,770.30 |Cushman | 1972 | P&A |5007.20 | 246.25 | 6 {0 - 113.3 | None |Casing pulled Xl Ix % |x |x |23

| |E-267,037.70 | | | Cemented to | | (6761.25) |3-1/4 |113.3 - 246.] | I IO IO Y B

| |432954/1130240| | | surface | | | i i ) T T I O I

[# == o = e e e e e e e e el C e nea s st n oo
|USGS-96 [N-669,750.00 |Cushman | 1972 | PEA 15009.50 | 236.25 | 5 {0 - 120.3 | None |Casing pulled | Ix x| jx e x (% 12,3

| |E-265,387.00 | | | Cemented to i | €4773.25) |3-1/4 [120.3 - 236.| | [ I I I O I N I |

| {433004/1130258] | | surface | | | i | | | [ I

[~ = A e e e e e e oot s osm s Ao aaamissesiesimiasiesesasamsmmemessemennen
1'H011 |N-670,219.20 {[Hawley | 1985 | VZ Auger Hole |5008.60 | 7.74 | 100 - 1.5 [ 1.5 |8/sCarbon steel ix i IIJ]X ] I 11 125

| |E-267,879.90 |Brothers | | Instrumented | | (5000.86) |7-1/8 {1.5 - 7.74 |  |(Schedule 40) | I TR I T |

f 1433009/1130230| I { I o I I I I O N I B I

T D
jwo2' |N-669,736.20 |Hawley | 1985 | vZ Auger Hole |5006.80 | 1%.67 ] 101]0-20 }] 2.0 |8/Carbon steel e gl 1111 las

| |E-267,991.00 |Brothers | |  instrumented | | (4992.10) |7-1/8 {2.0 - 14.67 | |¢Schedule 40) NN

| 1433004/1130228 | | | | | | EEEREEEN

B R s
|H03‘ |N-669,434.40 |Howley | 1985 | VZ Auger Hole [5007.20 | 10.90 { 10 )0 - 1.2 I 1.2 |8/Carbon steel X pjqox ] {1 | 12,5

| |E-267,805.20 |Brothers | | Instrumented } | (4996.30) |7-1/8 |1.2 - 11.72 | | (Schedule 40) I O T I T A N

| 1433001/1130230 | | | R T r | NN EEEREEE
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Table 3-3. (continued)

| | | | | | tand | Borehole | | |Surface | | ] |
| | Northing- | i | |Surface | TO/PBTD" |Bore- | | casing | I Available | |
I | Easting (ft) | [ i Borehole | Desig- {Depth Below| hole | Depth | Depth | Casing i Data® | |
| |-=mmmmmmm - | } | Type | nation | LSD [piam- | Below | Below | Diameter (in.}/ |------=-------ooooooo-e ] |
|Boreholel Latitude/ |Contractor| Year | and | (LSD)® [(Elevation)| eter | LsD | LsD | Materials of 1 O I I I I | ] |
| Number | Longitudea | oritler [Drilled| Status® | ¢fty | fY) {¢in.) | (ft) | £ty | Construction |CR|LL|ED|GL|GR|GG|C [N | Ref. |
|==gs==s=mcoccmmmmmmmmmmamrsomoo e T A R RS B R T C S S S R T T S R S NN R RIS TR RSN RS S S R anSSSSsRR SRR Sss2SaTScommanmns |
||nr0!.i [N-668,607.80 |[Hawley | 1985 | VZ Auger Kole |5010.40 | 24,90 | 10 {0 - 1.9 | 1.9 |8/Carbon steel Ix Ix ler] I T I I - |
| |E-268,016.40 |Brothers | | Instrumented | | (4985.50) [7-1/8 {1.9 - 24.90 | | (Schedule 40) 1 I I I I O | |
| |432953/71130227 | | | | | | | | | 1 T T T T T I |
- t
|wos! [M-668,261.70 |Hawley | 1986 | VZ Auger Hole {5010.00 | 16.00 | 10 [0 - 2.0 | 2.0 |8/Carbon steel xxqml | 1 | | [é |
| |E-267,786.50 |Brothers | | Instrumented | | (4994.64) |T-1/8 |2.0 - 16.0 | |(Schedute 40) I T I I I I O |
| 1432949/113020 | 1 | | | | | (. | [ T O Y T O I A |
[-eeeeseanenen e DT |
|wos’ |N-668,376.20 {Hauley | 1986 | VI Auger Hole |5009.60 | 11.83| 100 - 2.0 | 2.0 |8/Carbon ateet xxijmw|] | | | | |25 |
| |E-267,431.60 |Brothers | | Instrumented | | (4998.37) {7-1/B |2.0 - 11.83 | | (Schedute 40) | T T I I I I | |
1 [432950/1130235 | | | | | I | | NEREEEEE |
e eeeneaesean e |
|wos' [N-668,966.90 |[Hawley | 1985 | VZ Auger Hole {5011.50 | 22.24 | 100 - 1.5 | 1.5 |8/Carbon steel xqxqwm] | 1 1 | 2.4 i
! |E-266,999.40 |Brothers | |  Instrumented | | (4989.30) |7-1/8 |1.5 - 22.24 | | ¢Schedule 40) Frrer e |
: |432956/1130241 | | I | I t | HEREEEEN 1
Tt !
wo9'  |N-669,816.50 [Wewley | 1986 | VZ Auger Hole |5008.80 | 14.83 100 - 2.2 | 2.2 {8/Carbon steel gl ||| 1.5

| |E-267,391.20 |Brothers | i Instrumented | | (4994.00) {7-1/8 |2.2 - 14.83 | {(Schedule 40) I T T Y T N O I |
| 1433005/1130236] | i | | } | | ] 1 T O T T I A I
-l |
Jwio’ |N-670,043.50 |Hawley | 1985 | VZ Auger Hole |5006.80 | 10.33] 1010-1.5 | 1.5 |8/carbon steel pejmot {1 LIS |
| |E-267,340.30 |Brothers | |  instrumented | | (4996.50) |7-1/8 {1.5 - 10.33 | | (Schedule 40) e e e I
| |433007/1130237] i | | | | ] | I I I T O I O I
- romsess s |
W11} |N-670,421.40 [Hauley | 1985 | VZ Auger Hole [5010.10 | 16.50 | 10 |0 - 2.0 | 2.0 [|8/Carbon steel ol | ||| I8 [
} |E-266,898.10 [Brothers | | Instrumented ] | €4993.60) |7-1/8 |2.0 - 16.5 | {(Schedule 40) O O O I O I |
| |433011/1130263 | | | | r I | | REREEREEN 1
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Table 3-3. (continued)

| | i | | | tend | Borehole | | {surface | | | |
| | Worthing- | { | |Surface | TDIPBTDd |Bore- | | Cesing | | Available i i
{ | Easting (ft) | | | Borehole | Desig- |Depth Below| hole | Depth | Depth | Casing | Data® i |
| | EREEEEEEREEEE | I | Type | nation | Lso [piam- | Below | Below | ODfiasmeter ¢in.)/ |----------- by semo-- i |
|Borehote| Latitude/  |Contractor| Year | and | (LSDY® |(Elevation)| eter | LSD f Lso | Meterials of [ B | |
| Number | Longitude? | Driller |Dritled| Status? | ey | (f) [tin) | (ft) | (ft) | Construction [CR|LL|cD|GL|GR]GG|C |N | Ref.f i
I = s===z= == EEEEEZEEZE=XE ==== t4 3 4 43 3+ 3+ ¢+t l
|wi2! IN-669,645.00 |Hawley | 1985 | VZ Auger Hole |5013.60 | 417 | 10 ]o - 2.0 | 2.0 |8/Carbon steel Ix Ix |lD'.\ | I I I 4 i
| |E-266,716.30 |Brothers | i Instrumented | [ (5009.40) |7-1/8 |2.0 - 4.17 | | ¢Schedule 40) [ T T T O O I i
| }433005/1130245{ | | | | 1 | | l rrrrbrr i
= oot !
w13! [N-669,105.20 |Howley | 1986 | VZ Auger Hole 15013.40 | 17.91} 10 |0 - 2.0 | 2.0 {8/Carbon steet xxjopxi | | | 16 |
| JE-266,986.00 |Brothers | | Instrumented [ | ¢4995.50) |7-1/8 (2.0 - 17.91 | }¢Schedule 40) | I I I I O |
] 1432958/1130241) | | f | | { | ] trrrrrn 1
e |
16" |N-668,821.30 |Hawley | 1985 | VZ Auger Hole 15012.20 | '5.00 | 10{0-2.0 | 2.0 |8/Carbon steel popxqopx g )| ds I
i |€-265,873.50 |Brothers | | Instrumented | | ¢(5007.20) |7-1/8 {2.0 - 5.0 | |{Schedule 40} T T T I O |
I |432955/1130257| i | | | | ! I | [ T T A T O I A |
e |
7t IN-669,028.70 |Hawley } 1986 | VZ Auger Hole |5013.5G | 2041 | 10 )0 - 2.0 | 2.0 |8/Carbon steel i qoix| | 186 |
I |E-266,158.50 |{Brothers | |  Instrumented | | (4993.09) |7-1/8 |2.0 - 20.41 | | ¢Schedule 40) Frr e |
| |432957/1130253 | | | | | | | | | [ T Y T I I A I
e Cenebessasass e !
w1a! [N-669,755.20 [Hawley | 1986 | VZ Auger Hole |5011.00 | 16.41 ) 10 |0 - 2.0 | 2.0 |8/Carbon steel il | || ] 16 |
I |E-266,363.60 |Brothers | | Instrumented | | (4994.60) [7-1/8 |2.0 - 16.41 | [(Schedule 40) Frr e I
| }433004/1130250] | i | | | I | I I I O T O B A | |
e |
Jwin! |N-670,071.00 [Hawley | 1985 { VZ Auger Hole |5009.20 | 16.77 | 100 - 2.0 | 2.0 |8/Carbon steel xfxqojp | | || |5 |
I |E-266,474.10 |Brothers | |  Instrumented | | €4992.43) |7-1/8 2.0 - 16.77 | [(Schedule 40) RN |
| 1433007/1130248] | i | | | | ! | [ O O O B | |
- !
[W20'  [N-669,733.60 [Hautey | 1985 | VZ Auger Hole {5010.40 | 7.8 100 - 2.0 | 2.0 |8/cerbon steel X xs| | |1} oI5 [
| |E-266,138.00 [Brothers | | Instrumented | | (5002.72) (7-1/8 [2.0 - 7.68 | |(Schedule 40) RN !
| |433004/1130253] | | | | I | | NEREEEEN |



Table 3-3. (continued)

| | | | | | Land | Borehole | | |Surface | | |

| | Northing- | | | |Surface | TD/PBID |Bore- | | casing | | Available |

I | Easting (ft) | | | Borehole |pesig- |Depth Below| hole | Depth | Depth | Casing | Data® |

| |====meommmn-- | | | Type | nation | Lso? |piam- | Below | Below | Diameter (in.)/ |--------=-- P RRREE |

|Borehole| Latitude/ |Contractor] Year | and I ;Lsg.f |(Etevation) | eter | LSD | Lso | Materials of I I | |

| Number | Longitude® | priller |orilled| status? | ¢f) | vy  [ind | (ft) | (f©) | Construction  |CR|LL)CD|GL|GR|GG]C N | Ref.'

I ---------- ST s s s e e e T T T T T NS s e e e T I T L TS S T T S T s s S S S T S ST ST SN RS ES I I IESE

|922i |N-668,824.00 |Hawley | 1985 | vZ Auger Hole |5011.00 | 8921 10 ]0- 2.0 | 2.0 |8/Carbon steel |x |x jio} | |2,5

i {E-265,553.60 |Brothers | | Instrumented | | (5002.08) [7-1/8 |2.0 - B.92 | | (Schedule 40) | I A | |

[ 1432955/1130301| f | | | | | | | (I I I I

1 ......................................................................................................................................................................

{wes! |N-669,397.70 |Hawley | 1985 | ¥Z Auger Hole |5012.30 | 19.85 | 10 |0 - 2.0 | 2.0 |8/Carbon steel Ix px jio} | |2,5

i |E-265,167.80 {Brothers | | Instrumented | | (4992.45) }7-1/8 |2.0 - 19.85 | | (Schedule 40) | T I |

| |433000/1130320 | | | | | f ! I [ [ T I I |

I ......................................................................................................................................................................

|u2st [N-669,639.00 |Wawley | 1986 | VZ Auger Hole |5012.00 | 9.58 | 100 - 2.0 | 2.0 |8/Carbon steel [x [x |iD] 4 |2,6
|E-264,897.70 |Brothers | | Instrumented | | (5002,42) |7-1/8 |2.0 - 9.58 | | (Schedule 40) | O I I | |

| |433003/1130310] | | | | b | | HERN |

I ......................................................................................................................................................................

[W251  |N-669,341.50 [Hawley | 1986 | VZ Auger Hole [5010.90 |  15.50 | 10 |0 - 2.0 | 2.0 |8/Carbon steel |x X jio] | |2,6

[ [E-266,113.60 |[Brothers | i Instrumented | | (4995.40) |7-1/8 ]2.0 - 15.5 | |(Schedule 40) I I T |

| 1432960/ 1130253 | ! [ | | | | | I I

I ----------------------------------------------------------------------------------------------------------------------------------------------------------------------

|T12d [N-669,643.90 [Hawley | 1985 | VZ Auger Hole 5013.90 | 5.00 ] 10 ]0- 2.0 | 2.0 |8/Carbon steel ix |x [10] | J2,5

| [E-266,707.10 {Brothers | | Instrumented | | (5008.90) |7-1/8 |2.0 - 5.0 | |(Schedule 40) I O I }

I [433002/1130245 | | | | | | | | | I I I I |

! ----------------------------------------------------------------------------------------------------------------------------------------------------------------------

[TZ‘.’:i [N-669,406.30 |Howley | 1985 | VZ Auger Hole {5012.00 | 19.91 ] 10 |0 - 2.0 | 2.0 |8/Carbon steel {x |x [10] | 12,6

l |E-265,147.00 |Brothers | } Instrumented | | (4992.09) [7-1/8 [2.0 - 19.91 | | (Schedule 40) O A | |

] |430001/130306 | | | | | | | | | I T I I | I

I ----------------------------------------------------------------------------------------------------------------------------------------------------------------------

|C01i |N-670,774.40 |[Hawley | 1986 | VI Auger Hole [5002.00 | 19.20 | 10 o - 2.0 | 2.0 |8/carbon steel {x x Jojx | 2.5

| |€-271,231.40 [Brothers | | Instrumented | | (4982.80% |7-1/8 |2.0 - 19.20 | |(Schedule 40) I | I | | |

| |433015/1130144| | | f | | | i | N I I |
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Table 3-3. (continued)

] | | | | | Land | Borehole | } |Surfece | | | |
I | MWorthing- | [ [ [surface | To/PBTDY [Bore- | | Cesing | [ Available | |
I | Easting (ft) | | | Borehole |[Desig- |Depth Below| hole | Depth | bepth | Casing | Data® | i
| |----eeememees | | i Type | nation |  LSD |pism- | Below | Below | Dismeter (in.)/ [------c=ecccnccccacean. } |
|Borehole] Latitude/ |Contractor]| Year | and | (sp)® |(Elevation}| eter | LSO | LSD | Materials of ' I I I I I |
| Number | Longitude? | Driller [Orilled| Statusb | ft) | (ft) [tin.y | (ft) | Cft) | Construction |cR|LL|cD|GLIGR|GG}C [N | Retf.f |
'--, TEz====z==z=TT E=z====z===z== EnEEEEEIsErsCTEE=SEEaz=saz=zEsaE |
|coz! |N-666,807.20 (Hawley | 1985 | VZ Auger Hole |5033.20 | 5.41| 10]0-2.0 | 2.0 |8/Carbon steel [x |x |ID'.\! b L1t o125 |
| |E-268,164.30 |Brothers | |  Instrumented | | (5027.7%) {7-1/8 |2.0 - 5.41 | |¢Schedule 40) S N T T N O RS B | |
I 1432935/1130225 | | | | I I I I I 1 A A A A O |
1 ......................................................................................................................................................................
jpozi [N-669,678.80 |Hawley | 1986 |WED tnstrumented [5012.00 | 243.00/ | 12 |0 - 23 | 23.0 |11-7/8/Carbon steel X |X |x |x |x |X [x {x [2,9

i |E-267,168.00 |Brothers | | with gas ports | | 235.20 | 7023 - 104 I |6/Casing pulled /R T [ O O A O |

i |433003/1130239| | | i | 4769.00/ | 6 |104 - 235.2 | | T I I I I

] I ! I I t | 4776.80) | | | I I T A I O N I

I ......................................................................................................................................................................
|D0& |N-669,806.20 |Hawley | 1986 | VI Instrumented j5012.10 | 126.42 | 12|10 - 15 | 15.0 |t0/Carbon steel X | [mox |x x| |x |2,6

| |E-266,853.50 |Brothers | | | | (4885.68) |6-1/2 |15 - 126.42 | | | O T T O I I

! |433004/1130243 | I I | I I I i I I T I N

| ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
|p0SA [N-669,795.00 |Hawley | 1986 | TH Active, sealed |5012.00 | 49.66 | 12 |0 - -7 | UNK  |carbon steel ex xj pox ] Ix 2,6

i JE-266,850.50 |Brothers | | at surface i | (4962.34) |3-5/8 |-T - 49.66 | | [ [ O I O (O I I |

I 1433004/1130025 | | I I ! | | f I I Y T I I

| ......................................................................................................................................................................
jo10 [N-669,746.80 |Hawley | 1987/ | vZ Sealed st surface|5014.00 { 238.50 |7-7/8 10 - 234 } 220.00 |6/Carbon steel ] e % x ix xoix 1,2

i |E-264,320.90 |Brothers | 1989 | Not instrumented | | €4775.5) |5-7/8 |234 - 238.50} | | | |

i |433004/1130318 I | to date I | I | | I I T I T N I

‘ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
{015 [N-668,975.90 |Hawley | 1987 | VI Instrumented |5011.00 | 2643.00 |11-174]0 - 6.4 | 6.4 |11-174/Carbon steel [X |X |ID|X X {X | X |2,9

| }E-264,915.80 |Brothers | | | | (4768.00) |9-7/8 |6.4 - 106 | | | T O IO IO

} }432956/1130309] | | | | |7-7/8 106 - 125 | | [ T I I T I B

I ! | I I | I [5-7/8 125 - 243 | I I T A N T O
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Table 3-3. {continued)

| | | | | | Lend | Borehole | | |surface | i | |
} | WNorthing- | | | |surface | To/p870Y |Bore- | | Casing § | Available | |
| | Easting (ft) | | | Borehole |Desig- |Depth Below| hole | Depth | Depth | Casing | Data® ] |
| [RRECELEEE R L | | | Type | nation |  LSD |oiem- | Below | Below { Diameter (in.)/ |-----------v-m--oooone- | |
|Borehote| Latitudes [Contractor| Year | and | (LsDY® |(Elevation)| eter | LsD }] LsD | Materials of I R T O S I I I |
| Number | Longitude? | Driller |Drilled} status® | (ft) | (ft) feingy | (ft) |} (ft) | Construction |cRjLL{cD|GL{GR{GG|C [N | Ret.! |
ittt nainininininleieiiniebelninbeininisisteinini it ===|
jT™t |N-669,686.60 {Hawley ] 1985 | vZ Instrumented |5011.30 | 240.00 j11-7/8|0 - 20 | 18.0 {carbon steel % |x |ID‘]K X x| [x129 |
| |E-267,167.00 |[Brothers | | | | (4772.63) |7-7/8 |20 - 110 | | | T O (R N I |
| {433003/1130239| | | I | |5-7/8 110 - 260 | § [ T O T O I O N | |
7o e o o s SSlsenenns oSS s sss s I
|PADY |N-669,469.50 |Hawley | 1985 | VZ Auger Hole |5008.80 | 1%.67 | 10 |0 - 2.0 | 2.0 }8/Carbon steel % qwx{| | | | 125 |
| |E-266,949.50 |Brothers | | instrumented | | (4994.13) |5-7/8 |2.0 - 14.67 | } 1 T T T Y I I |
! |433001/1130242] I I I | i7-1/8 | ' f I T O Y T I B |
TSI !
|PADR |N-669,469.50 |Hauley | 1985 | VZ Auger Hole |5008.80 | 1%4.67 ] 10 |0 - 2.0 | 2.0 [8/Carbon steel peqmx] | )} 125 |
i |E-266,949.60 |Brothers | | Instrumented | | (5002.24) |7-1/8 [2.0 - 14.67 | | NN | )
| |433001/1130262 | | | : | | | HEEREREER r
e r
[THO1  |N-670,763.80 |Hawley | 1985 |  PEA | 5017 | 5.91 |7-1/8 |0 - 5.91 | -2.0 |carbon steel D] IXp 11l )2.s

i |E-266,891.40 |Brothers | | Backfilled to | | ¢(5011.09) | | | | T T A T I I | i
| |433014/1130243] | | surface 1 | | | 1 HBERERERREE
R !
{THO2  |N-670,763.80 [Hawley | 1985 | VZ Auger Kole |5016.60 | 6.13 | 10]0-6.13 | 1.0 |8/Carbon steel  |x | Jio)x | | | | |25 |
| |E-266,891.3¢ |Brothers | | Instrumented i [ (5010.47) |7-1/8 | | | | T T A O O I |
I 1433014/1130243 | . I [ | I ! ! [ T O Y O O A !
e !
| THO3 |N-670,763.80 [Hawley | 1985 | P&A | ~5017 | 5.03 |7-1/8 |0 - 5.03 | None |None (L. S . S ). O O I I I 8- |
| |E-266,891.40 |Brothers | | Backfilled to } | ¢<5011.97) | I | ) I |
i |433014/1130243| | | surface i |- | I | | 1 T O T | |
Rttt ettt |
| THOA |N-668,888.10 |Hand [ 1985 { VZ Auger Hole |5010.00 | 11.15 | 3]0-11.15 | ~2.0 |8/Carbon steel xJxijqmwl |1 | | I 12.5 |
| |E-265,927.40 |[Augered | | Instrumented | | t4998.85) | | | | 1 T T I T I O O

| |432955/1130309} ! I | } I I I I I I I O B
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Table 3-3. (continued)
oo I

| | Northing- |

} | Easting (ft) |

! Jomneeneanaes |
|Borehole| Latitudes |Contractor| Year
| Number | Longitude® | Drilier
l=====.===============================
|THos!  |N-670,075.60 |Hewley

| |E-266,482.10 |Brothers
| |433007/1130248|

|8801D  |N-669,237.60 |Hawley

| |€-267,045.90 |Brothers
| 1432959/1130240

I ! !

|88020  |N-669,434.60 [Hauwley

| |€-267,706.10 |Brothers
I |433001/1130232|

| I I

I ! I

| ! |

|89010  |N-669,231.10 |Denning
| |€-267,120.30 |

| [432959/1130240

I | I

I | I

|8902D0  |N-669,111.92 |Denning
| |E267,007.29 |

I I |

| Land | Borehole | | [Surface | | |
|Surface | To/pBTDY |Bore- | | casing | | Available |
Borehole |pesig- |[Depth Below| hole | Depth | bepth | Casing | bata® |
Type | mation | LSD {piam- | Below | Below | Diameter (in.}/ |--------====scccennnnn. |
and | (Lsp)°© |¢(Elevation)| eter | LSD | LsD | Materials of [ T T IO O O I I |
Statusb | ) I {ft) [C¢ina) | (ft) I (ft) I Construction ICRILLICD'GL'GR]GGlC |N I Ref.f |
| ¥Z Auger Hole |5009.80 | 15.58{ 10 |0- 2.0 | 2.0 |8/Carbon steel x| Jopx|] |11 12
Instrumented | | (4994.22) | 7 |2.0 - 15.58 | | P11ty r 1l
I | | | I [ A
[~ = o e e o e e e e e e e e e e e eSSl onooiososoiooaas
|VVED Instrumented |5014.80 | 244.707 |12-1/4]|0 - 30.6 | 22.5 |10/carbon steel Ix Ix Jio] X x| Jx p,2
with gas ports | | 231.00 |7-7/8 |30.6 - 110 | 30.6 |B/Carbon steel N S I N I O
i | ¢4770.107 [5-7/8 |110 - 240 | | S T TR A N S B |
I f 4783.80) | | i i (N T Y T N N B
[« = = e e e e e e e lCeececeaocereccenosooooooo
|5009.00 | 221.00 |12-174]0 - 10.7 | 10.7 }10/Carbon steel P % X % x| Jx 1,2
| | (4879.16) |7-7/8 [10.7 - 107 | 107.0 |6/Carbon steel [ T T T O I N M|
i { |5-7/8 |107 - 221 | 210.6 |2/ss | T T I I |
I f I I | {210.6 - 220.6 [ T O I I N O
| | | | { Iss wire-wrapped | § } | | | | | |
| | | ! i |screen 1 T T O O B
[[7= === e e e e e o o e S oo
|vveED Extraction Well |5014.90 | 249.00/ | 18.0 |0 - 23.1 { 23.1 [12/Carbon steel ILoIx X % % |x |x |1,2
| | 241.00 |11-7/8]23.1 - 29 | 0 - 29 |10/Carbon steel A T T I I O I |
} | (4765.907 |9-7/8 |29 - 90 | 0 - 89 |8/Carbon steel 1 T T O O I
| | 4773.90) |7-7/8 |89 - 220 |68 - 241|4/Slotted stainless| | | | | | | | |
| { I5-7/8 |220 - 241 | | steel | T T T T T O
T e DL LT LR R L LT EEP P LR L DR RLDRPPLR
[WED Instrumented  |5013.00 | 245.00 [9-7/8 [0 - ~18 | 17.8 |10/Carbon steet | |X [ID|X |X |X |X |X |1,2
with gas ports | | 4775.06) | 8 |0 - 24.5 { 24&.4 |8/Carbon steel | | | |
| | | | | I e r e
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Table 3-3. (continued)

| | | { | | Land | Borehole | | |surface | | | |
I | Northing- | [ i |surface | To/pBTDY (Bore- | | Cesing | | Available | |
| | Easting (ft) | | f Baorehole |pesig- |Depth Below| hole | Depth | pepth | Casing | Data® | |
| {--mmmmmrmrees | | I Type | nation | LSD |Diam- | Below | Below | Dismeter (in.)/ |---------c-cmnmemcnnnnn | |
|Borehole| Latitude; |Contractor| Year | and | (LSD)® |(Elevation)| eter [  LSD | Lso | Meaterials of [ T N I A I I I | |
| Number | Longitude? | Driller [Drilled| StatusP | ¢ft) | (ft)  |Cind) | (ft) | (ft) | Comstruction  |CRJLL{CD|GL|GR|GG|C [N | Ref.! |
[88017} |N-670,078.00 |Hawley | 1988 | TW [5010.00 | 50.60 |12-1/4[0 - 1.4 | 14.4 |Carbon steel YL e
I |E-268,382.90 |Brothers | } | | (4459.40) |5-7/8 {14.4 - 50.7 | | I T T O O T O T

| |433007/1130222) | | I I I | | EEEEEEEN

e ALt |
INA-89-1) [N-669,015.51 |usGs | 1989 | VI Qpen i uNk | 238.00 |3-174 |0 - 238 | 238 [Carbon steel P egx ] x| I
| |E-259,865.52 | | | f t ! I ! I Frerertr

! [432956/1130418| I I { f | I I I LI S T N B |
T !
{NA-B9-2 ) |N-674,104.40 jusGs | 1989 | vZ Open | UMK | 235.00 {3-1/4 |0 - 235 | 235 jcarbon steel 1L x| x| |
| |E-257,488.80 { | I | I | | I } I T T Y I I I |
| |433046/1130451] | | | | | | I HEEEEERE |
D LRI !
|NA-89-31|N-665,118.90 {uscs | 1989 | vZ Open | UNK | 182.00 [3-174 |0 - 182 | 182 [Carbon steel bt Xy

! JE-264,394.30 | | ! ! | | ! R I I I O I
I [432911/8113031] | | I I I I | | {0 U I I I I |
e e S Teommreees [
{93A |N-669,566.00 [McCabe | 1975 | PEA |5010.00 | 233.20 |6-1/2 |0 - 18.1 | |Casing putied X x x| fx x| fxle |
| jE-265,056.00 |Brothers | | cemented to | | (4776.84) | [18.1 - 112 | | [ T T I A I I I | |
I | I I | surface I I I 12 - 233.2 | ! I T T I I I |
e |
|96A |N-669,750.00 |McCabe | 1975 | PRA |5007.00 | 120,00 | NG | NG | |Carbon steel 1 Xy F fF 1 l& |
| {E-265,377.20 |Brothers | |  cemented to I | (4887.00) | | | | Frr1r 1y r 1 |
I I I | | surfece | | I I I I (I T T N A |
e el ittt |
|568 {N-669,753.80 |McCabe | 1975 | P&A |5009.00 | 229.00 |6-1/2 |0 - 20 | |Casing pulled P qx ] IxXqxq{ Ix |4 |
| |E-265,337.20 |Brothers | | cemented to | | (4780.00) | 6 [20 - 125 | | | T T I O I I |
i }433004/1130304 | | | surface | | | 5 [125 - 229 | | | T I O O I I |
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Table 3-3. (continued)

| | ] | | | Land | Borehole | | |Surface | | I

| | Northing- | | | |surface | To/pBTDY |Bore- | | casing | | Available | |
| | Easting (ft) | | i Borehole |pesig- |Depth Below| hole | Depth | Depth | Casing | Data® | |
| |- | | | Type | nation | LSD |piam- | Below | Below | Diemeter {in.)/ |----=c=cm-rorononooonn- | {
|Borehole| Latitude/ |Contractor| Year | and | (LSD)® |(Elevation}| eter | Lsp { LsD | Materials of I O O O | |
: Number [ Longitude? | Dritier |brilled| StatusP [ ¢fty | (ft) JGinay | (ft) { (ft) | Construction JCRLL|CD]6L|GR|GGIC |N | ref.f |
[var-01] |N-670,770.90 {Pemberton | 1988 | VI Open |S018.00 | 134.00 | UNK |UNK | UNK  JUNK b e x |x |2 :
| |¢-266,970.70 | 1 | | | 884.00) | | 1 | HEEEREEN |
: |433013/1130242| I I | | | I ! I (I A O I A I
| wAM-1] |N-669,960.60 |Pemberton [ 1985 |VVED Instrumented {5029.00 | 259.00 |5-7/8 |UNK | WK |UNK l Ixix]) P11 1 12 :
} |E-263,200.00 | | | with pas ports | | (4770.00) | | | | N IO T O I I |
[ 1433006/1130333 | I I I I | [ I I I I I N O A |

a. Northing and easting cgordinates are based on the State of idsho coordinate system. Latitude and longitude in degrees, minutes and seconds.
Thus, 432638/1124741 is 53926138 1129%8'41".  Personal communication between Lee Kaschmitter, EG&G Idaho, Inc., Idaho Falls, snd Patti Swain, SAIC,

McLeon, Virginia, September 19, 1990.

b. VVED = vapor vacuum extraction demenstration moni toring borehole, PW = perched water monitoring borehole, P&A = ptugged and abandoned, VZ = vadose

zone monitoring borehole, TH = test hole, TW = test well.

c. Elevations in this table are with respect to MSL or to the INEL vertical datum 1.29 ft above MSL. Because the datum is typically not defined,
reported elevations are assumed to be accurate to 2 ft. Elevations and depths provided in personal communication between Lee Kaschmitter, EG&G
Idsho, tnc., Idaho Falls, ldaho, and Patti Swain, SAIC, McLean, Virginia, September 19, 1990.

d. TD/PBID = total depth of borehole/plugged back total depth as reported in perschal commnication between Lee Kaschmitter, EGEG 1daho, Inc., Idsho

Falls, Idaho, and Patti Swain, SAIC, McLean, Virginia, September 19, 1990.

e. Available Data: CR = core description, LL = lithologic log, CD = construction/completion diagram, GL = geologist's log, GR = gamma ray log,
GG = gamma gamma log, C = caliper log, and N = neutron log.

£. 1. Field Notes (see Appendix 3-1) 2. Unpublished research results by SAIC, MclLean, Virginia, October, 1990. 3. Barractough et al, (1976)
4. Burgus and Maestas (1976) 5. Hubbell et al. (1985) 6. Hubbell et al. (1986) 7. Humphrey (1980)
8. Humphrey and Tingey (1978) 9. Laney et al. (1988)

g. UNK = unknown.

h. 1b = instrumentation diagram. Instrumentation details for shallow bereholes provided in Appendix 5-1 of this report.

i. Borehole dismeter originally 7-1/8 in. and reamed to 10 in. with a hollow stem auger. Subsequently, 8-in. Schedule 40 carbon steel surface casing
emplaced. Personal communication between Joel M. Hubbell, EG&G Idaho, Inc., Idsho Falls, Idaho and Patti Swain, SAIC, McLean, Virginia, October 23,

1990.

j. Personal communication between Joel M. Hubbell, EGEG ldaho, Inc., ldaho Falls, Idaho and P. Swain, SAIC, Mclean, Virginia, April 18, 1990,

concerning borehole construction details.




boreholes were filled and abandoned. The purpose of this program was to
monitor for the presence of radionuclide-contaminated water (Schmaltz, 1972).
Water was encountered on three occasions: as a result of the floods of 1962
and 1969 and from an unknown source in 1965 (Schmaltz, 1972). Cesium-137 was
detected in three of the boreholes (Boreholes 4, 5, and 7). The USGS later
augered shallow boreholes within 0.3 m (1 ft) of Boreholes 4, 5, and 7 to
confirm or disprove the presence of cesium (Figure 3-2).

The Health Services Laboratory (HSL) augered four shallow boreholes at
the SDA in 1969 to assess potential radionuclide migration in response to the
excessive snowmelt and subsequent flooding at the SDA (Schmaltz, 1972).

Two of these holes were augered near the edge of Trench 48 at depths of 6 m
(20 ft) below land surface, and two holes were augered near the edge of Pit 10
at depths of 2 to 4 m (8 and 14 ft}. Sediment and water samples from these
areas were analyzed for radionuclides (Schmaltz, 1972; DOE, 1983). The
detection of radionuclides at Pit 10 prompted the augering of additional
shallow boreholes to obtain core samples. Three core samples were taken at
the base of Pit 10, and two other shallow boreholes were augered 1.5 to 30.5 m
(5 to 100 ft) from the edge of the excavated pit (Figure 3-2). The HSL also
obtained core samples from the east and west ends of the base of Pit 2 to
evaluate soil moisture content and potential radionuclide contamination.

3.3 Drilling Programs at the RWMC (1970-Present)

A number of drilling programs have been implemented at the RWMC since
the 1970s to address various concerns at the SDA. USGS drilling programs are
described in Section 3.3.1, AEC programs are discussed in Section 3.3.2, the
Energy Research and Development Administration (ERDA) drilling program is
reviewed in Section 3.3.3, DOE programs are summarized in Section 3.3.4, and
the SIP is described in Section 3.3.5.

3.3.1 USGS Drilling Programs

The USGS implemented a drilling program in the early 1970s with the
following objectives: {a) to characterize the geologic, hydrologic, and
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geochemical variables that controliled the potential subsurface migration of
radionuclides; (b) to determine the extent of radionuclide migration, if any;
(c) to monitor the ground water in the Snake River Plain Aquifer; and (d) to
obtain hydrogeologic data for radiochemical analysis (Barraclough et al.,
1976).

USGS Wells 87, 88, 89, and 90 were drilled to the aquifer in 1971 and
1972 to monitor water levels and water quality (Barraclough et al., 1976).
Quarterly samples were collected for radionuclide analysis (DOE, 1983). These
wells are located north, south, west, and east of the SDA, respectively
(Figure 3-2).

Six deep observation boreholes (91, 92, 93, 94, 95, and 96) were
installed in 1972 with the objectives of collecting basalt and sediment
samplies from the unsaturated zone and determining if radionuclides had
migrated to the vadose zone (Barraclough et al., 1976)(Figure 3-2). The
boreholes were sited to provide representative coverage of the SDA and to
avoid contact with the wastes {(Barraclough et al., 1976; DOE, 1983)}. These
deep boreholes were drilled to approximate depths of 76 m (250 ft), cored and
sampled, and immediately plugged with cement to avoid providing a contaminant
migration route (Humphrey and Tingey, 1978). Borehole 92 was plugged back
from 75 to 65 m (247 ft to 214 ft) for use in monitoring perched water
(Barraclough et al., 1976).

In 1980, the USGS drilled Wells 103, 104, 105, 106, 107, 108, 109, and
110 at the southern boundary of the INEL Site (refer to Figure 3-1 for
locations of Wells 105, 106, and 109). These wells were installed to
intercept a predicted contaminant plume that was projected to reach the INEL
Site boundary in 1980 based on modeling done in Robertson (1974). The SDA is
about 6.4 km (4 mi) north of this boundary.

USGS Wells 117, 118, 119, and 120 were installed in the summer of 1987
in response to the detection of VOCs in the ground water at the SDA
(Figure 3-2). These wells supplement the USGS ground water monitoring network
in the vicinity of the SDA. Wells 119 and 120 were drilled deeper than the
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other ground water wells at the SDA to monitor a deeper portion of the aquifer
(Wood, 1989). A1l of these wells are ground water monitoring wells except
Well 118, which was continuously cored to a depth of approximately 170 m

(560 ft) for further stratigraphic study.®

3.3.2 AEC Programs

In 1973, a program referred to in the Environmental Monitoring Annual
Report as either the Subsurface Moisture Probe or the Subsurface Moisture
Logging Program was initiated (Dolenc and Janke, 1977). As part of this
program, 26 shallow holes were installed to the first basalt underlying the
surface soil, and 5.1-cm (2-in.) perforated pipes were emplaced at the SDA
(Figure 3-2). Monitoring of these holes became a part of the surveillance
plan. The USGS monitored these holes twice annually for an unknown period of
time (EG&G, 1985). Results of this program were reported in the Environmental
Monitoring Annual Report through 1978. The program was designed to detect
relative soil moisture content using neutron logs. The actual logs were not
included in the annual environmental monitoring reports, but a discussion of
seasonal moisture fluctuation and comparison with data from previous years
were made. Locations and depths of these boreholes are shown on Figuré 4 in
Barraclough et al. (1976) and on Figure 3-2. At this time, only Boreholes 3,
4, 5, 19, 22, 26, and 27 are still in existence.

The USGS drilled Wells 97, 98, 99, 100, and 101 under contract to the
AEC. These wells were installed in 1973 and 1974 to supplement the
hydrogeologic ground water monitoring network. Wells 97, 98, and 99 are
located near the Big Lost River and downgradient of the Naval Reactor
Facility. Wells 100 and 101 were drilled downgradient of EBR-I (Goldstein and
Weight, 1982). A1l five wells are used for monitoring water levels, but they
are not included in this report because they are not in the vicinity of the
RWMC.

a. Personal communication between J. M. Hubbell, EG&G Idaho, Inc.,
Idaho Falls, Idaho, and C. Spooner, SAIC, MclLean, Virginia, March 21, 1990.
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3.3.3 ERDA Program

Boreholes 93A, 96A, and 96B were installed in 1975 under the ERDA
program to determine if radionuclides reported in earlier studies
(Barraclough et al., 1976) were the result of cross-contamination (Burgus and
Maestas, 1976). The new boreholes were installed close to the USGS boreholes
drilled in the early 1970s that had the highest reported levels of
radionuclides. Strict anticontamination measures were followed. Borehole 96A
was drilled 3 m (10 ft) west of Well 96, but the hole was abandoned at 37 m
(120 ft). Borehole 96B was drilled as a replacement 12 m (40 ft) west of 96A
(Figure 3-2). Boreholes 96B and 93A were cored continuously from the top of
the first basalt to the base of the 73-m (240-ft) interbed (Burgus and
Maestas, 1976).

3.3.4 DOE Programs

The DOE initiated drilling programs in 1976 to determine if the
sedimentary interbeds in the vadose zone had been contaminated with
radionuclides. Seven deep boreholes (76-1, 76-2, 76-3, 76-4, 76-4A, 76-5, and
76-6) were drilled to obtain samples of the 9-, 34-, and 73-m (30-, 110- and
240-ft) interbeds for radiochemical analysis. Each borehole was installed
with the following specific objectives (Humphrey and Tingey, 1978):

. Boreholes 76-1 and 76-5 were drilled to obtain stratigraphic
resclution of the 9-m (30-ft)} interbed.

. Borehole 76-2 was sited near Well 92 to confirm the high
radionuclide concentrations reported in the perched water zone.

. Borehole 76-3 was located at the southwest corner of the SDA to
intercept some of the oldest waste at the site.

» Borehole 76-4 was drilled in the center of SDA to obtain core
coverage.
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. Borehole 76-4A was drilied as a replacement for 76-4.

. Borehole 76-6 was drilied in the TSA to study that area
(DOE, 1983).

Deep Boreholes 77-1 and 77-2 were installed under the DOE program in
1877. Borehole 77-1 was cored to a depth of 183 m (600 ft) to provide a
visual display of core (Humphrey and Tingey, 1978; DOE, 1983). Borehole 77-2
was drilled into the floor of Pit 2 to assess the impacts of the 1962 and 1969
floods and of deteriorated waste drums on potential radionuclide movement.
Borehole 77-2 was drilled to a depth of 27 m (87 ft) and used to monitor a
perched water zone (Humphrey and Tingey, 1978}.

The DOE program drilled five deep boreholes in 1978 (78-1, 78-2, 78-3,
78-4, and 78-5) to obtain samples for radiochemical analysis
(Humphrey, 1980)(Figure 3-2). These boreholes were installed to obtain core
coverage in unsampled areas (Boreholes 78-3 and 78-5), to monitor perched
water zones (Borehole 78-2), and to conduct phase-lag studies (Borehole 78-4)
to obtain air permeability data on the basalt and sedimentary interbeds
{(Humphrey, 1980).

Deep boreholes 79-1, 79-2, and 79-3 were drilled in 1979 under the DOE
program. Borehole 79-1 was drilled outside of the SDA as a control for
comparison with boreholes on the SDA. Boreholes 79-2 and 79-3 were sited to
provide more homogeneous coverage at the SDA (Figure 3-2). All three wells
were cored to obtain samples (DOE, 1983). Radionuclides were detected at the
34-m (110-ft) interbed (DOE, 1983). As a result, drilling programs were
temporarily suspended until a suitable approach could be developed.

3.3.5 Subsurface Investigation Program

The SIP at the SDA, administered jointly by EGE&G Idaho and the USGS, was
implemented in 1985. The program had two objectives: (1) to provide data on
the subsurface migration of radionuclides and (2) to obtain data to
field-calibrate a computer model that was designed to predict the long-term
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migration of radionuclides in the unsaturated zone. Both deep [depths of 76 m
(250 ft)] and shallow boreholes were proposed (DOE, 1983).

Shallow boreholes augered in 1985 under the SIP included W01, W02, WO3,
W04, W08, W010, W12, W16, W19, W20, W22, W23, C02, T12, T23, PAO1l, PAOZ, THOI,
THO2, THO3, and THO4 (Hubbell et al., 1985). These 20 boreholes were
installed to collect soil samples for testing hydroiogic and geologic
properties, to delineate radionuclide migration, and to install in situ
monitoring and collection equipment in excavated boreholes (DOE, 1983).
The instrumentation in each borehole is summarized in Section 5 of this
report.

In 1986, 11 shallow boreholes and three deep boreholes were installed
under the SIP (Figure 5-1 of this report). The shaliow boreholes included
CO01, W05, W06, W09, W11, W13, W17, W18, W24, W25, and THO5. The deep
boreholes were D02, D06, and DO6A (Hubbell et al., 1987).

The 1987 SIP included only a deep drilling program. Boreholes TW1 and
D15 were drilled with the objective of providing representative samples of the
9-, 34-, and 73-m (30-, 110-, and 240-ft) sedimentary interbeds and of
preparing the boreholes for in situ monitoring instrumentation (Laney et al.,
1988).

Boreholes 88010 and 8802D were drilled in 1988 in response to the
discovery of hazardous wastes in the subsurface and migration of VOCs and
radionuclides. Borehole 8801T was also drillied in 1988 to use as a practice
well to test drill rig readiness.®

3.4 Ongoing Studies

In 1989, Boreholes NA-89-1, NA-89-2, and NA-89-3 were drilled by the
USGS to monitor the effects of recharge from the spreading areas on the

a. Personal communication between J. M. Hubbell, EG&G Idaho, Inc., Idaho Falls,
Idaho and C. Spooner, SAIC, Mclean, Virginia, March 21, 1990.
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moisture regime in the vadose zone. These 8.25-cm (3.25-in.) diameter vadose
tests provide access for neutron logging. The USGS also installed Boreholes
VIT-01 and WWW-1 to monitor the vadose zone.® Borehole VIT-01 was completed
in 1988 but was never instrumented. The borehole was covered with plywood and
a layer of soil.® Borehole WWW-1 was completed in the mid-1980s and is
instrumented with gas sampling ports for the vapor vacuum extraction (VVE)
demonstration.

Boreholes 8901D and 8902D were drilled in 1989 and 1990 by DOE.
Borehole 8901D is the extraction hole for the VVE demonstration. Borehole
8902D is instrumented with gas sampling ports to measure the pressure and
concentration of organic vapors. The VVE demonstration is described in
Section 11 of this report.

3.5 Data Limitations

The primary sources for data in the tables are construction diagrams,
Tithologic logs, geophysical logs (collectively referred to as completion
diagrams}, and USGS site schedules. Where this information was not available,
well data were taken from USGS site inventory sheets in Bagby et al. (1985).
Some discrepancy exists between the site inventory data and the complietion
diagrams; therefore, some well depths and casing depths may not ‘match between
these two sources. Data for boreholes were also taken from completion and/or
instrumentation diagrams when available. Additional data, particularly on
borehole status, were accumulated from the text of various reports. Data on
the earliest boreholes, such as those described in Schmaltz (1972) and those
described in Dolenc and Janke (1977) are scarce or not available.

The USGS reports altitudes with respect to MSL whereas the INEL uses a
datum of 1.29 ft above MSL. Because the datum is typically not defined, the

a. Personal communication between J. M. Hubbell, EG&G Idaho, Inc., Idaho
Falls, Idaho, and C. Spooner, SAIC, MclLean, Virginia, March 21, 1990.

b. Unpublished research resuits by SAIC, MclLean, Virginia, October, 1990.
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accuracy of reported elevations in Tables 3-1 through 3-3 is assumed to be

+2 ft. Additional discrepancies are introduced because the well elevations
are surveyed inconsistently. According to the EPA RCRA Ground Water
Monitoring Technical Enforcement Document (TEGD), the well elevation should be
measured from a survey mark placed on the casing for use as a measuring point
(EPA, 1986a). Not all wells or boreholes have been measured consistently in
this manner at the SDA.® Elevations in Tables 3-1 through 3-3 are reported
with respect to the Tand surface designation rather than a measuring point on
the casing because the latter is typically not known. The TEGD requires
casing height and water level measurements to be accurate within 0.003 m (0.0l
ft)(EPA, 1986a).

a. Personal communication between T. Nash, Morrison Knudson Ferguson Surveying,
Idaho Falls, Idaho, and C. Spooner, SAIC, MclLean, Virginia, April 2, 1990,
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4. GROUND WATER MONITORING NEAR THE RWMC

Hydrogeo]ogic data regarding the subsurface beneath the RWMC are
collected through routine monitoring that is conducted as part of the USGS
program. These data are used by EG&G Idaho in evaluating hydrogeologic
conditions at the RWMC. The ground water guality monitoring conducted by the
USGS is discussed in Section 4.1, and the compliance monitoring conducted by
EG&G Idaho is described in Section 4.2.

4.1 USGS Ground Water Quality Monitoring

The USGS routinely samples ground water from 92 wells completed in the
Snake River Plain Agquifer and 40 wells completed in discontinuous perched
water zones at or near the INEL. These samples are analyzed for selected
radionuclides, common ions, and chemical and physical characteristics. The
USGS also periodically collects samples for specific studies conducted to
characterize the subsurface; however, discussion of these studies is beyond
the scope of this report. The Environmental Monitoring Unit at EG&G Idaho
defines the RWMC monitoring wells as USGS 87, 88, 89, 90, 92, 117, 119, 120,
and the RWMC production well (EG&G, 1989a). Well 92 is monitored for a
shallow perched water zone. The approximate locations of these wells are
shown in Figure 4-1. The ground water monitoring data collected from 1983 to
1989 for the SDA are summarized in appendices to this section. Ground water
monitoring data for 1972 through 1982 are summarized in Bagby et al. (1985).

Wells 87, 88, 89, and 90 were drilied in 1971 and 1972 to approximately
15 m (50 ft) below the water table to establish the subsurface stratigraphic
sequence, determine the water table gradient and direction of ground water
movement, and monitor the upper portion of the Snake River Plain Aquifer for
contamination (Barraclough et al., 1976). Well 92 was drilled in 1972 as a
shallow observation borehcoie within the SDA to obtain stratigraphic
information on the 34- and 73-m {(110- and 240-ft) sedimentary interbeds.
Perched ground water was encountered above the 73-m {240-ft) interbed. The
borehole was cemented back to a depth of 65 m (213 ft) to allow perched water
to accumulate. Wells 117, 119, and 120 were drilled in the summer of 1987 to
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suppiement the existing USGS ground water monitoring network. The RWMC
production well, installed in 1974, provides potable water for RWMC bersonne]
and operations. Well construction logs, 1ithology logs, geophysical logs,

and USGS site schedules for these wells are included in this report in
Appendix 3-1. The objectives of the USGS ground water monitoring program are
reviewed in Section 4.1.1, the routine ground water monitoring at the RWMC

is described in Section 4.1.2, the USGS sampling procedures are discussed

in Section 4.1.3, the USGS quality assurance program is reviewed in

Section 4.1.4, and the results of ground water monitoring at the RWMC for 1983
through 1989 are presented in Section 4.1.5.

4,.1.1 Objectives of USGS Monitoring

USGS monitoring at the RWMC is conducted as part of site-wide monitoring
that has been in effect since 1949 to monitor the quality of ground water
beneath the INEL and the impact of INEL activities on water quality. Data
from this program were entered into the WATSTORE database and published for
the period from 1949 through 1982 (Bagby et al., 1985). The water quality
constituents that are analyzed for in the site-wide program are shown in
Appendices 4-1 through 4-9. Data from the USGS ground water monitoring
program are used by EG&G Idaho to meet the following objectives (EG&G,‘1988a):

. Assess the nature and extent of contamination and provide field
data to validate the contaminant transport model

. Establish the baseline concentrations to evaluate remediation
alternatives and their effectiveness and associated risks

. Assess the need for immediate mitigation activities and plans to
protect offsite drinking water supplies.

4.1.2 Routine Ground Water Monitoring at the RWMC

USGS routine monitoring at the RWMC is part of the INEL site-wide
program described in Section 4.1. The type, frequency, and depth of sampling
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generally depend on the information needed in a specific area (Bagby et al.,
1985). Historically, the program at the RWMC has included the radionuclides
H-3; Sr-90; gamma-emitting radionuclides (Co-60 and Cs-137); Pu-238;
Pu-239,-240 {(undivided)}; and Am-241. The chemical constituents have included
sodium, chloride, nitrate, and total chromium. Physical parameters have
in¢luded pH, temperature, and specific conductance. Table 4-1 provides a
historical summary of the type and frequency of routine measurements made at
the RWMC since 1976 as documented in the Environmental Monitoring Annual
Reports. The current RWMC sample schedule shown in Table 4-2 was implemented
in June 1989." The Environmental Monitoring Unit at EG&G Idaho reviews the
USGS meonitoring data as it is received at DOE (EG&G, 1989a). Water samples
are analyzed by the DOE Radiological and Environmental Sciences Laboratory
(RESL) for gross gamma (Co-60 and Cs-137), Sr-90, Pu-238, Pu-239,-240, Am-241,
Na, NOy, H-3, C1, and specific conductance (EG&G, 1989a). A synopsis of the
results is presented in the Environmental Monitoring Annual Report.

The USGS initiated a reconnaissance sampling program for organic solutes
in drinking water sources, ground water monitoring wells, and in perched water
zones in 1980 (Leenher and Bagby, 1982). Wells 87, 88, 89, 90, and 92 were
included in this sampling program. The results of the 1980 survey indicated
that there was no organic contamination of the ground water based on a minimum
detection level of 10 ug/L. By comparison, the current minimum detection
1imit for organic constituents using EPA Method 524 is 0.2 ug/L. VOCs were
not sampled again until 1987.

In June 1987, the USGS began sampling for selected purgeable organic
compounds {POCs) at the RWMC based on the knowledge that large quantities of
carbon tetrachloride were disposed of at the facility.® Resampling in July
and August of 1987 confirmed the presence of carben tetrachloeride, which
resulted in a site-wide reconnaissance level sampling program for 36 POCs that

a. Personal communication between L. L. Knobel, USGS, Idaho Falls, Idaho, and
P. B. Swain, SAIC, Mclean, Virginia, August 15-16, 1990.
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Table 4-1. Historical summary of routine monitoring at the SDA (Wells 87, 88, 89, 90)

RADIONUCL IDES CHEMICAL CONSTITUENTS
PO SPECIFIC

Pu-239,-240 Ortho CONDUCTANCE
YEAR NH-3 Sr-90 'rspec.a Pu-238 (undivided) Am-241 Cl Na NOy cr NO,-N MO, + N03-N as P POCsb MEASURED REFERENCE
1976 s‘f’ {y and «-emitters)® Dolenc and Janke (1977}
1977 71 {y and =-emitters) Hedaht and Janke (1978}
1978 T Th T ¥ T T Adams et al. (1979)
1979 a9 A 5 A A A A A o Wickham and Janke {1980)
1980 @ Q s S s s A Q Janke et al. ¢(1981)
1981 a @ -1 -] S S T Q Janke and Zahn (1982)
1982 aQ Q T T T T T A A 4] Janke (1983)
1983 @ Q T T T T Q A A Q B8lanchfield and Hoffman (1984)
1984 aQ Q S S S s e A Q Reyes et al, (1985)
19685 @ ¢ S S s s Q A Q Reyes et al. (19856)
1986 Q -] -] S S Q A A Q Reyes et al, (1987)
1987 «a Q S S S -] Q A T Q Tkachyk et al. (1988)
1988 Q@ 4] T T T T @ A A Q ] Tkachyk et al, (1939)
1989 a Q Q Q Q Q Q@ A A A A A Q Q Tkachyk et al. (1990)
1990 Q@ Q Q Q Q Q Q A A A A A Q Q j

a. Radionuclides analyzed for not specifically identified. Includes Co-60 and Cs-137.

b. POCs = Purgeable organic compounds.

c. Although Wetls 87, 88, B9, and 90 were drilled during 1971 and 1972, the snnual reports for the period from 1972 through 1976 were not
available for review.

d. $§ = Semiannual.

e. The specific redionuclides that were analyzed for were not identified in the Annual Report.

f. T
g. @
h. A

Triannual.
GQuarterly.

Annual .

i. Schedule for Wells 87, 88, and 89, Refer to Table 4-2 for current sample schedule at the SDA.

j. Personal commmication between L. L. Knobel, USGS, Idaho Falls, ldsho, and P. Swain, SAIC, Mclean, Virginia, August 15-16, 1990.




Table 4-2. USGS sampiing schedule at the RWMC since June 198%°

Well No. January April July October
87 8% + POC 8 + POC 8 + POC 8 + POC®
Na + NO,°
a8 8 + POC 8 + POC 8 + POC 8 + POC
Na + NO3
89 3% + POC 8 + POC 3 + POC 8 + POC
Na + NO,
90 8 + POC 8 + POC 8 + POC 8 + POC
Na + NOg
92t -- 8 - 8
117 3 + POC 8 + POC 3 + POC 8 + POC
Na + NO4
119 3 + POC 8 + POC 3 + POC 8 + POC
Na + NO;
120 8 + POC 8 + POC 8 + POC 8 + POC
Na + NO;
RHMC® 3 8 3 8 + Na + NO,

Personal communication between L. L. Knobel, USGS, Idaho Falls, Idaho, and
P B. Swain, SAIC, McLean Virginia, August 15- 16 1990

b. USGS Laboratory Schedule 8: H-3, y-spec., Sr-90, Pu-238, Pu-239,-240
(undivided), Am-241, C1.

c. POC: 36 purgeable organic compounds (see Table 4-3), EPA Method 524.

. In October 1988, this schedule was changed to include NO,-N,
NO + ﬂo -N, and PO,, ortho as P.

e. USES Laboratory Schedule 3: H-3, Sr-90, C1°.

f. Sampled if there is enough water. Personal communication between L. L.
Knobel, USGS, Idaho Falls, Idaho, and P. B. Swain, SAIC, Mclean, Virginia,
August 15-16, 1990.

g. RWMC production well sampled monthly for POCs from October 1988 through
October 1989. From October 1989 to July 1990, sampled quarterly. Sample
schedule accelerated to monthly effective July 1990. Personal communication
between L. L. Knobel, USGS, ldaho Falls, Idaho, and P. B. Swain, SAIC, Mclean,
Virginia, August 15-16, 1990.
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was compteted in November 1987. The results of the reconnaissance level
sampling are summarized in Mann and Knobel (1987}. As shown in Table 4-1,
these parameters have been monitored approximately quarteriy at the RWMC since
the detection of VOCs in 1987. The 36 POCs that the USGS monitored for at the
RWMC are listed in Table 4-3.

The USGS also sampled for selected trace metals while conducting the
site-wide reconnaissance level sampling for POCs from June 1987 to
November 1987.° These trace metals were selected because they are the
inorganic constituents for which the EPA has established primary drinking
water standards 40 CFR 141.11(b).®* The results of the reconnaissance sampling
for trace metals are reported in Mann and Knobel (1988). The trace metals for
which analyses were performed on ground water samples are summarized with
their maximum contaminant levels (MCL) and minimum detection limits in
Table 4-4. Trace metals are not routinely monitored at the SDA.
Periodically, the USGS will sample for other chemical or radionuclide
constituents as part of a special study or if there is a reason to suspect the
presence of a specific constituent.® For example, the 1989 sampling for
selected ions and trace metals was conducted as part of a USGS geochemical
characterization study of the RWMC.?®

4.1.3 Sampling Procedures

Historically, normal care was taken while collecting ground water
samples although a formal sampling and analysis plan was not followed.”
Sample collection procedures have become more stringent in the past few years
in response to increased regulatory concerns. The field collection procedures
described below have been used by the USGS for the past 6 years.” Conditions
at the well during sampie collection have been recorded in a field logbook and
a chain-of-custody record has been used to track samples from the time of

a. Personal communication between L. L. Knobel, USGS, Idaho Falls, Idaho, and
P. B. Swain, SAIC, McLean, Virginia, August 15-16, 1990.

b. Personal communication between J. T. Barraclough, EG&G Idaho, Inc.,
Idaho Falls, Idaho, and P. B. Swain, SAIC, McLean, Virginia, November 20, 1990.
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Table 4-3.

the ground water at the RWMC

Purgeabie organic compounds routinely analyzed for by the USGS in

Benzene

Bromoform

Carbon tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethyl vinyl ether
Chloroform
Chlorodibromomethane
Dibromochloromethane
Dichlorobromomethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,2-Dibromoethyiene
1,1-Dichloroethane
1,2-Dichloroethane

1,1-Dichloroethylene

1,2-trans-Dichloroethylene
1,2-Dichloropropane
Cis-1,3-Dichloropropene
Trans-1,3-Dichloropropene
1,3-Dichloropropene
Ethylbenzene

Methyl bromide

Styrene

Methylene chloride
1,1,2,2-Tetrachloroethane
Tetrachcloroethylene
Toluene
Trichlorofluoromethane
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene

Vinyl chloride

Xylenes, mixed
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Table 4-4.

Trace metals

analyzed in ground water from

reconnaissance-level sampling at the INEL®

Constituent

Arsenic
Barium
Beryl1ium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

Maximum
Contaminant Level® {MCL)
{ug/1})

50
1,000
Not established
10
50
50
2
10
50

a. Modified from Mann and Knobel (1988).

Proposed MCL
5/22/89°
{ua/L)

Reporting Level of NWQL
{ug/L)

50
500

5
100
5

2
‘50
50

b. From 40 CFR 141.11, National Primary Drinking Water Regulations.

¢. Proposed MCL not finalized as of the date of this report.

1
2
0.5 or 10
1
1 to 7
5 or 10
0.1
1
1




collection until delivery to the lab since 1987. Quality assurance sample
pairs have been collected in the same manner (Wegner, 1989). Wells 87, 88,
89, 90, 117, 119, and 120 all have dedicated submersible pumps for sample
collection. The RWMC production well is sampled at the well tap. Well 92 is
sampled with either a bailer or thief sampler. The general field collection
procedures are described in Section 4.1.3.1, sampling for purgeable organic
compounds is reviewed in Section 4.1.3.2, the sampling procedures for trace
metals are discussed in Section 4.1.3.3, radionuclide sampling procedures are
described in Section 4.1.3.4, and sampling documentation is reviewed in
Section 4.1.3.5.

4.1.3.1 General Field Collection Procedures. To ensure representative

water samples, a volume of water equivalent to a minimum of three well-bore
volumes is pumped from each well. At most wells, 5 to 10 well-bore volumes
are pumped before collecting the sampies. The diameter of the well bore,
rather than the diameter of the casing, is used to calculate the minimum purge
volume because of the potentially large difference between the two {Wegner,
1989). In addition, temperature, specific conductance, and pH are monitored
during pumping. When these measurements stabilize, indicating probable |
hydraulic and chemical stability, a water sample is collected. Since 1987,
field personnel collecting the samples wear disposable vinyl gloves.® The
field personnel stand upwind of the wellbore where 1ikelihood of the collector
or the sample becoming contaminated is greatly minimized. Sample containers
and preservatives differ depending on the type of constituent(s) for which
analyses are requested. The sample containers and preservatives used by the
USGS for the routine ground water monitoring at the SDA are summarized in
Table 4-5.

The water samples for radiochemical constituents, purgeable organic
compounds, trace metals, and other constituents are stored in a mobile field
laboratory at a temperature of 4°C (39°F) after collection until they can be
transferred to a secured storage area. After a sufficient number of samples

a. Personal communication between L. L. Knobel, USGS, Idaho Falls, Idaho, and
P. B. Swain, SAIC, Mclean, Virginia, August 15-16, 1990.
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Table 4-5. Containers and preservatives used by the USGS for routine water samples collected at the RWMC®

Type of
Constituent

Nitrate

Sodium
Chloride

Purgeable organic
compounds

Selected trace metals -

H-3
Pu-238

Pu-239,-240
(undivided)

Sr-90
Am-241

Gamma spectrometry

a. Source:

Container Preservative

Type Size Type Size
Polyethylene, amber 250 mL Hg( 2 mL
Polyethylene, amber 500 mL None None
Polyethylene, amber 500 mL None . None
Glass, baked, amber 40 mL None None
Polyethylene, acid-rinsed 500 mL HNO, 2 mb
Polyethylene 500 mL None None
Polyethylene, acid-rinsed 1L HCL 20 mL
Polyethylene, acid-rinsed 1L HCL 20 mL
Polyethylene, acid-rinsed 500 mlL HCL 10 mL
Polyethylene, acid-rinsed L HCL 20 mL
Polyethylene, acid-rinsed 500 mL HCL 10 mL

Idaho Falls, Idaho and P. B. Swain, SAIC, MclLean, Virginia, August 15-16, 1990.

b. NHWQL:

USGS National Water Quality Laboratory

RESL: DOE Radiological and Environmental Sciences Laboratory

Other

Treatment

Filter,
chill 4°%

None

None

Chill 4°C

Filter
None
None

Nene

Nane
None

None

Analyzingb
Laboratory

NWQL

NWQL
NWQL
NWQL

NWQL
RESL
RESL
RESL

RESL
RESL
RESL

Mann and Knobel (1990), Wegner (1989), personal communication between L. L. Knobel, USGS,




have been collected, and before any holding-time limitations are met, they are
delivered to the respective laboratories shown on Table 4-5. The holding time
limitations for nitrates and organics are 8 days and 14 days, respectively
(Wegner, 1939). ‘

4.1.3.2 Purgeable Organic Compounds. For the organic compounds, baked
40 mL amber glass vials with inert septum caps, supplied by the USGS National
Water Quality Laboratory (NWQL) in Arvada, Colorado, are used to collect the
water samples. Four vials are collected at each well and care is taken to
exclude air bubbles from the samples (Mann and Knobel, 1987). The sample
delivery line is inserted to the bottom of the sample vial and a minimum of
three vial volumes are allowed to overflow the vial. The vial is capped
immediately and inspected for air bubbles; if bubbles are detected, the vial
is drained, reflushed, and refilled. The exterior of the vial is dried,
labeled, sealed with laboratory film, and stored in an ice chest (Wegner,
1989).

4.1.3.3 Trace Metals. For the trace metal study conducted by the USGS
in 1987, sample containers and preservatives were suppiied by the NWQL. The
sampling protocol was as follows (Mann and Knobel, 1988): two 4-L
polyethylene containers were thoroughly rinsed with well water before being
filled with sample water and allowed to overflow; one sample container was
used to rinse the exterior of an inert tubing intake for a peristaltic pump;
the tubing was then inserted into the second sample container and the
peristaltic pump was started to rinse the interior of the tubing and a new
0.45 micron membrane filter contained in an acrylic filter holder; after
several volumes were pumped through the tubing and membrane filter, the acid
rinsed bottles were filled with water and the preservatives added; the bottles
were capped; and the caps sealed with laboratory film.

4.1.3.4 Radijochemical Constituents. A nonacid rinsed bottle is rinsed
three times with well water before collecting a sample for tritium analysis
(Knobel and Mann, 1988). For the radiochemical samples that are collected in
a 1000-mL polyethylene bottle and acidified, the bottle is acid-rinsed in the
laboratory, and 20 mL of reagent-grade hydrochloric acid are added to the
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bottie under a hood. The sample is then coliected by carefully filling the
preacidified bottle with water from the well (Wegner, 1989). A 500-mL bottle
is sufficient for all target radionuclides except Pu-238, Pu-239,-240
(undivided), and Am-241, which require a 1000-mL sample (Knobel and Mann,
1988).

4.1.3.5 Sampling Documentation. Since 1987, conditions at the well
during sample collection have been recorded in a field logbook and a chain-
of-custody record has been used to track samples from the time of collection
until delivery to the analyzing laboratory (Wegner, 1989). The field logbook
sheets and chain-of-custody records are available for inspection at the USGS
project office at the INEL.

4.1.4 Quality Assurance

The USGS collects water samples in accordance with a quality assurance
plan for water quality activities conducted by personnel assigned to the INEL
office (Mann and Knobel, 1990). The NWQL uses established internal quality
control and quality assurance practices (Mann and Knobel, 1987; Mann and
Knobel, 1988).

The USGS maintains a field quality assurance program that consists of
collecting the following types of quality control samples (Wegner, 1989):

Duplicate samples Samples collected at the same time and sent to
different laboratories with the same identifier.

Blind replicate Sampies collected at the same time and sent to
samples the same laboratory with different identifiers.
Blank samples Samples of deionized or boiled deionized water

sent to laboratories.

Equipment blanks Sampies of the deionized water rinsate used to
decontaminate field equipment.
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Spiked samples Samples prepared by combining distilied or
deionized water with chemical reagents to
produce a known concentration of a constituent.

For the routine site-wide monitoring at the INEL, approximately 1 out of
every 10 samples (10%) is a quality control sample.® A separate quality
assurance program is not instituted for the RWMC.® Wegner (1989) conducted a
comparative study to determine agreement between analytical results for
individual water-sample pairs by laboratories involved in the USGS project
office’s quality assurance program from 1980 to 1988. Site-wide samples
dedicated to quality assurance ranged from 17 to 50% in the period from
1980 to 1988 (Wegner, 1989).

Data validation and reporting used as of 1987 by the USGS are summarized
in Jones (1987). The quality assurance manual of Friedmann and Erdmann (1982)
contains applicable standards. Samples analyzed by NWQL are subjected to a
computerized review for internal consistency of data, such as cation-anion
balance, specific conductance, concentration relations, and dissolved-ion
total-ion concentrations prior to reiease. The applicable tests are specified
in Friedmann and Erdmann (1982). The samples which satisfy these internal
checks are released to the requestor via the USGS computer network (Jdones,
1987). Computer rejected samples are referred to a quality control office for
inspection and resolution of the problems.

4.1.5 Results of USGS Ground Water Monitoring at the RWMC

The results of the chemical analyses performed on the ground water
samples collected from 1983 through 1989 are presented in tables in
Appendices 4-1 through 4-9. These tables are modified from the USGS WATSTORE
database. The inorganic constituents and physical parameters that are
routinely measured at the RWMC are found in columns 3 through 17; the
routinely monitored POCs are found in columns 25 through 61. The selected

a. Personal communication between L. L. Knobel, USGS, Idahe Falls, Idaho, and
P. B. Swain, SAIC, MclLean, Virginia, August 15-16, 1990.
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trace metals described in Mann and Knobel (1988} and listed in Table 4-4 are
given in columns 62 through 70. Radiological analyses are conducted by RESL
and these data are not included in the USGS WATSTORE database. The
radionuclides analyzed by RESL in ground water'samp1es at the RWMC are
summarized in Table 4-6. The analytical data reported in the Environmental
Monitoring Annual Reports for 1978 through 1988 are compiled in Appendix 4-10.

The reporting Tevel is defined as the Towest measured concentration of a
constituent that may be reliably reported using a given analytical method.
For the POCs, the reporting level is 0.2 wg/L except for the samples collected
in June 1987, which had a reporting level of 3.0 yg/L. The change in
reporting levels from 3.0 to 0.2 yg/L represents the change in analytical-
method from EPA Method 624 to EPA Method 524. 1In general, the concentrations
detected but below the reporting levels are indicated in the tables

1

(appendices) by "below reporting levels {BR)." The reporting levels for the
trace metals described in Mann and Knobel (1988) are summarized in Table 4-4.
The detection limits for radionuclides routinely sampled at the RWMC are

summarized in Table 4-6.

4.2 EG&G Compliance Monitoring

Drinking water has been routinely monitored at the INEL since the early
1950s.® A formal drinking water monitoring program was formulated at the
beginning of 1988 to ensure that EG&G Idaho’s requirements were more stringent
than the minimum regulatory requirements for monitoring of drinking water
systems {Tkachyk et al., 1989). Nineteen drinking water wells are monitored
by EG&G Idaho including the RWMC production well at the SDA (EG&G, 1989b).
Bacteriological, radiological, and chemical constituents are measured as part
of the drinking water monitoring program. The Environmental Monitoring Unit
at EG&G Idaho conducts the sampling of the ground water at the production
wells utilizing written Standard Operating Procedures that have been in effect
since 1988.

a, Personal communication between J. T. Barraciough, EG& Idaho, Inc.,
Idaho Falls, Idaho, and P. B. Swain, SAIC, McLean, Virginia, November 20, 1990.
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Table 4-6. Radionuclides routinely monitored at the RWMC®

Detection

Limit
Constituent pCi/ml
Tritium 7x107°
Strontium-90 2 x 10°°
Plutonium-238 2 x 107"
Plutonium-239,-240 (undivided) 2 x 10
Americium-241 2 x 107"
Gamma spectrometry 6 x 1078

a. Source: Tkachyk et al. (1989).

b. Detection 1imit at RESL since fourth quarter 1988
due to new instrumentation. Before this time the
tritium detection level was 1 x 10°® uCi/mL. Detection
Timit is based on a 10-mL sample counted for 20 minutes
(Tkachyk et al., 1989).
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4.2.1 Requirements

The requirements for the monitoring of drinking water are contained in
the Federal Safe Drinking Water Act, 40 CFR 141-143, and the Idaho ‘Regulations
for Public Drinking Water Systems, IDAPA 16.01-8000-8900, and summarized in
Table 4-7. The drinking water system at the INEL is classified as a
"Community Drinking Water System" (EG&G, 1990b). The sampling freguency at
the RWMC production well and the action levels for all production wells at the
INEL are summarized in Table 4-8,

4.2.2 Sampling Collection and Analysis Procedures

The following discussion of sample collection procedures for the RWMC
production well is modified from EG&G (1989b). The specific sampling
guidelines for different constituents (including types of sample containers,
preservatives, and holding times) are summarized in Table 4-9,

1. After water reaches the wellhead (minimum purge time), a grab
sample is collected before and after sampling. The temperature,
pH, conductivity data, and sampling time are recorded into the
field logbook.

2. If a preservative has been previousty added to the sample,
chemical splash goggles, face shield, or protective eye wear are
worn while sampling.

3. After the well has been purged and field measurements have
stabilized, samples are obtained starting with the VOC samples.
Samples for other constituents are collected after the VOC

collection.

4. Three VO vials are filled for every sample.
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Table 4-7.

Constituents sampled for compliance monitoring at the RWMC®

Maximum Contaminant Regulatory

Constituent Level (ppm) Frequency
Requiated VOCs
Benzene 0.005 Quarterly
Vinyl chloride 0.002 sampling if
Carbon tetrachloride 0.005 detected.
1,2-dichloroethane 0.005
Trichloroethylene 0.005 Reduce to
1,1-dichloroethylene 0.007 once a year
1,1,1-trichloroethane 0.200 if VOCs are
para-dichlorobenzene 0.075 less than
MCLs for
3 years.
Unrequlated VOCs
Chloroform Not yet
Bromodichloromethane established
Chlorodibromomethane
Bromoform

trans-1,2-dichloroethyiene® 0.0l
Chlorobenzene
m-dichlorobenzene
Dichloromethane
cis-1,2-dichloroethylene®
o-dichlorbenzene®
Dibromomethane
1,1-dichToropropene
Tetrachloroethylene® 0.005
Toluene®
p-xylene 10¢
o-xylene

m-xylene
1,1-dichloroethane
1,2-dichloropropane®
1,1,2,2,-tetrachlorethane
Ethylbenzene®
1,3-dichloropropane
Styrene®

Chioromethane
Bromomethane
1,2,3,-trichloropropane
1,1,1,2-trichloroethane
Chloroethane
1,1,2-trichloroethane
2,2-dichloropropane
o-chlorotoluene
p-chlorotoluene

w o
o
~J

0.05
0.7
0.005
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1988-1989
frequency

Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly

Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarteriy
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly

P1anned
Freguencxb

Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly

Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterty
Quarterly
Quarterly
Quarterly
Quarterty
Quarterly
Quarterly



Table 4-7. (continued)

Maximum Contaminant Regulatory

Constituent Level (ppm)} Frequency

Requlated VOCs

Bromobenzene
1,3-dichloropropene

Ethylene dibromide®{EDB) 0.00005° States
1,2-dibromo- discretion.
3-chloropropane {DBCP)
1,2,4-trimethylbenzene Quarterly
1,2,4-trichlorobenzene sampling if
1,2,3-trichlorobenzene detected.
n-propylbenzene
n-butylbenzene
Naphthalene Reduce to
Hexachlorobutadiene once a year
1,3,5,-trimethylbenzene if VOCs are
p-isopropyltoluene less than
Isopropylbenzene MCLs for
Tert-butylbenzene 3 years

Sec-butylbenzene

Fluorotrichloromethane
Dichlorodifluoromethane
Bromochloromethane
Inorganics
Arsenic 0.05 Triennial
Barium 1 5° Triennial
Cadmium 0.010 0.005° Triennial
Chromium 0.05 0.10° Triennial
Lead 0.05 0.005° Triennial
Mercury 0.002 . Triennial -
Selenium 0.01 0.05° Triennial
Silver 0.05 Triennial
Fluoride 4.0 Triennial
Nitrate 10 (as Nitrogen) Triennial
Sodium 20 (recommended) Triennial
Cyanide 0.2 Triennial
Qrganics

Endrin 0.0002 These
Lindane 0.004 0.0002° require-
Methoxychlor 0.1 0.4° ments are
Toxaphene 0.005 at the
2,4-D 0.1 0.7° discretion
2,4,5-TP 0.01 0.05° of the

Silvex State
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1988-1989
Frequency

Quarterly
Quarterly
Quarterly
Quarterly

Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly

Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual

Annual
Annual
Annual
Annual
Annual
Annual

P1anned
Frequency®

Quarterly
Quarterly
Quarterly
Quarterly

Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarteriy
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly

Annual
Annual
Annual
Annual
Annual
Annuatl
Annual
Annual
Annual
Annual
Annual
Annual

Annual
Annual
Annual
Annual
Annual
Annual



Table 4-7. (continued)

Maximum contaminant Regulatory

1988-1989

Constituent Level (ppm) Frequency Freguency
Bacteriological
Coliform <1 bacteria® Monthly Monthly
Bacteria per 100 cc
of sample
Radiological
Radium 226/228 5 pCi/L Quadrennial As Required
or
Gross Alpha 15 pCi/L Quadrennial Monthly
Gross Bgta 50 pCi/L Quadrennial Monthly
Tritium 20,000 pCi/L Quadrennial Monthly
Strontium-90° 8 pCi/L Quadrennial Semiannual
' at CFA and
quarterly
at the RWMC
by the USGS
Manmade gamma Less than 4 mrem/ Quadrennial Occasional
emitting yr to total body
nuciides or target organ

a. Source: EG&G (1990b).

Planned
Frequency®

Monthly

Annual

Annual
Annual
Annual
Annual

Annual

b. Sampling at the RWMC done on a monthly monitoring schedule because of past

VOC detection.
¢. Proposed May 22, 1989.

d. Total xylenes.

e. A requirement for zero bacteria per 100 cc of sample was proposed June 23,
1989, and became effective December 31, 1990.

f. The calculated 1imits for H-3 and Sr-80 were established
assuming a dose of 4 mrem/yr to the whole body or bone marrow, respectively.
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Table 4-8. Sampling freqguency for primary drinking water standards at the
RWMC production well®

Type of Constituent

Frequency

Action Level

Volatile Organic Compounds

Monthly

1f the MCL for the regulated VOCs is exceeded, the
State will be notified within 48 hours of the
discovery, and three additional samples wiil be
collected from the same sample point within 30 days.
1f the average of the four samples exceeds the MCL,
then the State and the consuming public will be
notified,

Inorganics (Metals)

Nitrate

Annual ly

If the MCL for the constituents is exceeded
(excluding nitrate), the State will be notified
within 48 hours of the discovery, and four
additional samples will be collected from the same
sample point within 30 days. If the average of the
four samples exceeds the MCL, then the State and the
consuming public will be notified.

If the sample for nitrate is exceeded, another
sample must be drawn within 24 hours and the average
of the two samples used to test compliance,

1f any of these constituents are detected of greater
than 80% of the MCL on any sample, EGEG Idaho policy
is to sample the water system again to confirm the
concentration of the contaminant and initiate
corrective action, if required.

Organics

Annual ly

If the MCL for the constituents is exceeded
{excluding nitrate, the State will be notified
within 48 hours of the discovery, and three addi-
tional semples Wwill be collected from the sample
point within 30 days. If the average of three
samples exceeds the MCL, then the State and the
consuming public will be notified.

Bacteriological

Monthly

1f the MCL is exceeded, the State must be notified
and two additional samples taken within 24 hours.
At least one sample per day must be taken until two
consecutive samples are less than 1 bacteria per
100 cc of water.

Radiological

Monthly

I1f the MCLs for radiological contamination are
exceeded, the State will be notified within 48
hours, and the consuming public will be notified
Within one month.

1f gross beta measurements on a sample exceed

10 pCi/L, then separate analysis for Sr-90 will be
performed to determine if the Sr-90 MCL, 8 pCi/L, is
being approached. If gross alpha concentration
activity exceeds 5 pCi/L, analysis for Ra-226 will
be performed. If gross alpha activity exceed

15 pCi/L, monitoring is initiated on a quarterly
basis.

a. Source: EGEG (1990b)
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Table 4-9. Required containers, preservation techniques, and holding times®

Name

Bacterial Tests:
Coliform, fecal and total
Fecal Streptococci
Inorganic Tests:
Acidity
Alkalinity
Ammonia
Biochemical oxygen demand
Bromide
Biochemical oxygen demand, carbonaceous
Chemical oxygen demand
Chloride
Chlorine, total residual
Color

Cyanide, total and amenable to
chlorination

Fluoride
Hardness
Hydrogen ion {pH)

Kjeldahl and organic nitrogen

Ccntainerb

P.G

P.G

P.G
P.G
P.G
P.G
P.G
P.G
P.G
P.G
P.G
P.G

P.G

P.G
P.G

P.G

Preservation

»
Cool, 4°C,0.008% Na25203

L]
Cool,4°C,0.008% N325203

Cool, 4°C

Cool, 4°C

Cool, 4°C,H,S0, to pHe2
Cool, 4°C

Nore required

Cool, 4'C

Coal, 4'C, Hy80, to pHe2
None required

None required

Cool, 4°C

Cool, 4°C, NaDH to pH>12. 0.6g

ascorbic acid

None required

HNOg to pHe2, H,50, to pHe2

Nane required

Conl, 4°C, HZSUA to pHe<2Z

Maximum Holding Time

& hours

6 hours

14 days
14 days
28 days
48 hours
28 days
48 hours
28 days
28 days
Analyze immediately
48 hours

14 days

28 days
6 manths
Analyze immediately

28 days



£2-¢

Table 4-9. (continued)

Name Containerb Preservation Maximum Holding Time
Chromium VI P.6 Cool, 4°C 24 haurs
Mercury P.G HNOS to pH<2 28 days
Metals, except chromium ¥I and mercury P.G HNO3 to pH<2 8 months

Other Analyses:

Nitrate P.G Cool, 4°C 48 hours
Nitrate-nitrite P.G Cool, 4°C,H2504 to pH<? 28 days
Nitrite P.G Cool, 4°C 48 hours
0il and grease G Cool, 4°C,HyS0, to pHe2 28 days
Organic carbon P.G Cool, 4°C,HCL or H,50, to pH<2 28 days
Orthophosphate P.G Filter immediately, cool, 4°C 48 hours
Oxygen, dissclved probe G bottle and top None reguired Analyze immediately
Wink ler do Fix onsite and store in dark 8 hours
Phenols G only Cool, 4°C, H,50, to pH<2 28 days
Phosphorus (elemental) G Cool, 4%C 48 hours
Phosphorus, total P.G Cool, 4°C, HyS50, to pHe2 28 days
Residue, total P.G Cool, 4*C 7 days
Residue, filterable P.G Cool, 4*C 7 days
Residue, nonfilterable {TTS} .G Cool, 4°C 7 days
Residue, settleable P.G Cool, 4°*C 48 hours
Residue, volatile P.G Cool, 4°C 7 days

Silica p Cool, 4°C 28 days
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Table 4-9. (continued)
Name Containerb Preservation Maximum Holding Time
Other Analyses: (continued)
Specific conductance P.G Cool, 4°C 28 days
Sulfate P.G Cool, 4°C 28 days
Sulfide P.G Cool, 4°C, add zinc acetate plus 7 days
sodium hydroxide to pH>39
Sulfite P,G None required Analyze immediate]y
Sulfactants P.G Cool, 4*C 48 hours
Temperature P.G Nene required Anlyze in field
Turbidity P.G Cool, 4°C 48 hours
Organic Tests:
Purgeable halocarbons G, Teflon-lined Cool, 4*C, 0.008% Na,5505 14 days
septum :
Purgeable aromatic hydrocarbons G, Teflon-lined Cool, 4°C, 0.008% Nay5,05 HCL to 14 days
septum pH 2
Acrolein and acrylonitrile G, Teflon-1lined Cool, 4*C, 0.008% Na25203. Adjust 14 days
septum pH to 4-5
Phenols G, Teflon-lined cap Cool, 4°C, 0.008% Na,5,05 7 days until extraction,
40 days after extraction
Benzidines G, Teflon-lined cap Cool, 4°C, 0.008% Na;5,504 7 days until extraction
Phthalate esters G, Teflon-lired cap Cool, 4°'C 7 days until extraction,
40 days after extraction
Nitrosamines G, Teflon-lined cap Cool, 4°C, store in dark, 0.008% 40 days after extraction
Na,5,0
223
PCBs, acrylonitrile G, Teflon-tined cap Cool, 4°C 40 days after extraction
Nitroaromatics and Isophatrone G, Teflon-lined cap Cool, 4°C, 0.008% Nay$,0y store in 40 days after extraction

dark



Table 4-9. (continued)

Name

Orgahic Tests: (continued)

Polynuclear aeromatic hydrocarbons

Maloethers
Chlorinated hydrocarbons
TCDD
4 Total organic halogens
Pesticide Tests:
Pesticides

Radiological Tests:

Alpha, beta, and radium

S¢-¢

a. Source: EGEG (1989b).

b. Polyethylene (P) or glass (G).

Containerb

G, Teflon-iined cap

G, Teflon-lined cap
G, Teflon-lined cap
G, Teflon-lined cap

G, Teflon-lined cap

G, Teflon-lined cap

P,6

Preservation

Cool, 4°cC, D,00BX Na;8,04, store in
dark

Cool, 4°C, 0.008% "323203
Cool, 4°C

Cool, 0.008% Na, 5,07
Coal, &4°C, HZSU4 to pH<2

Cool, 4°C, pH 5-9

HNO to pH<2

Maximum Holding Time

40 days

40 days
40 days
40 days

7 days

40 days

6 months

after

after

after

after

after

extraction

extraction
extraction

extraction

extraction




5. The bottles are sealed with parafilm tape after all the sampies
have been collected. The sampie container is labeled with
appropriate identification number, sampler name, time, date,
facility, and well number.

6. The final grab sample for field measurements is collected and the
pump shut off.

7. A1l applicable information is entered into the field logbook
[i.e., beginning and ending flowmeter readings, well location,
purge time, time pump started, date sampled, sample identification
number, type of sample (grab or composite), time, sampler(s) name,
operator(s) name, temperature, pH, and conductivity].

8. The samples are transported to the laboratory as soon as possible.
The samples are packed with vermiculite and/or plastic air bubble

packing using either ice that is triple bagged or blue ice.

4.2.2.1 Volatile Organic Compounds. Sample vials are filled slowly to

avoid any unnecessary turbulence and aeration of the sample. A teflon or
glass beaker can be used to fill the vials to avoid aeration of the sample.
The vial is filled until there is a meniscus, then carefully capped, inverted,
and gently tapped to ensure there are no air bubbles. If air bubbles appear,
the sample is recollected with a new vial. Analysis of chemical constituents
is performed by commercial laboratories that are certified by the State of
Idaho or have reciprocity agreements with Idaho (EG&G, 1990b).

4.2.2.2 Radiological Samples. Samples are collected monthly at the

RWMC for analysis by the RESL for gross alpha, gross beta, and tritium (EGAG,
1989¢c). RESL provides the sample containers: 1 500-mL preacidified
polyethylene bottle for gross alpha/beta analysis and a 250-mL polyethylene
bottle with no preservatives for tritium analysis. The 500 mL gross
alpha/beta samples are preserved with 10 mL of 16 Normal nitric acid.
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4.2.2.3 Bacteriological Sampling. The Environmental Monitoring Unit

collects bacteriological samples from the water distribution systems. The
minimum purge time is approximately 2 to 3 minutes before the sample is
collected (EG&G, 1990b). Samples are collected in sterilized bags that
contain sodium thiosulfate in the appropriate amount to preserve the sample at
the prescribed volume (EG&G, 1989d}. Analysis for coliform bacteria is
performed by the Environmental Hygiene lLaboratory located at CFA-612.

4.2.3 Quality Assurance

Analytical data obtained for the EG&G Drinking Water Monitoring Program
are validated in accordance with EPA contract laboratory program data
validation requirements. Quality control samples (duplicates, trip blanks,
and spikes) are collected and sent to the laboratory as blind samples to
ensure there is no analytical bias {(Anderson, 1991). The analyzing laboratory
runs quality control sampies as required by the EPA methods. Technical review
and data validation requirements for organic and inorganic analytes are
included in Appendix A and B, respectively, of Anderson {1991). Included in
the technical reviews for a particular analytical method are a discussion of
holding times, detection limits, initial calibration, continuing calibration,
internal standard performance, surrogate performance, laboratory reagent
blanks and laboratory fortified blanks. Data validation reports for the
drinking water sampling conducted as part of the Drinking Water Monitoring
Program are available from June, 1988 to present.
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5. SUBSURFACE INVESTIGATION PROGRAM

In 1983, the SIP was proposed to collect geolegic and hydrologic
information for characterizing the vadose zone at the RWMC to a depth of
approximately 76.2 m (250 ft). The program was developed in response to
previous subsurface geologic investigations that provided inconclusive
evidence regarding the potential migration of radionuclides. These earlier
investigations are described in Section 2 of this report. In the SIP plan,
field and laboratory studies were proposed to address the specific
hydrogeologic and geochemical data gaps that still existed following the
previous geologic investigations. These studies were grouped into two primary
categories: (1) a shallow drilling program to further characterize the
surficial sediments and (2) a deep drilling program to further characterize
the underlying basalt and sedimentary interbeds. The resulting investigation
program began in 1984 and ended in the fall of 1988. Activities that had
begun under the SIP were transitioned into the site characterization program
after this time.

The following report describes the SIP activities that were completed
between 1984 and 1988 and those site characterization activities from 1988 to
1990 that were transitioned from the SIP. A brief history of the program is
presented in Section 5.1, the purpose of the SIP is described in Section 5.2,
program activities are included in Section 5.3, and a description of the
procedures that were used to complete the activities appear in Section 5.4.
Section 5.5 summarizes the results of the SIP program and selected activities
that were transitioned into the site characterization program.

5.1_ Brief History of SIP Program

Studies of possible subsurface migration of radionuclides at the RWMC
began in 1960. Studies performed from 1960 to 1980 are reported in the
following documents: Schmalz (1972), Barraclough et al. (1976), Burgus and
Maestas (1976), Humphrey and Tingey (1978), and Humphrey (1980). See
Section 2 of this report for a discussion of the latter four reports. The
results obtained from these previous efforts provided some useful information;

5-1



however, they were (a) inconclusive with regard to the extent of the potential
migration of radionuclides, (b) employed techniques that were susceptible to
possible cross-contamination during sample coliection and handling processes,
and {(c) did not provide all the data required to model radionuclide transport
through the subsurface environment. Therefore, DOE requested EG&G Idaho and
the USGS INEL Project Office to prepare the SIP plan.

The planning effort for the SIP program was initiated in FY-82 and is
described in DOE (1983). The plan was subjected to a peer review and then
approved in early 1984. The remainder of FY-84 was spent preparing the
procedures to drill/sample the surficial sediments overlying the basalt at the
RWMC. In FY-85, 21 shallow boreholes were drilled and 19 were instrumented.
In 1986, 11 additional shallow holes were augered and instrumented. Five deep
boreholes were drilled in both FY-86 and FY-87. Three of these deep boreholes
were instrumented.

In 1987, the detection of VOCs in ground water and VOC vapors
encountered in two boreholes changed the scope of the program. As a
consequence, a Corrective Action Plan and a RCRA RFI Work Plan were written to
address the regulatory requirements associated with the RCRA COCA and to
provide a plan for evaluating the distribution and migration of VOCs in the
subsurface {EG&G, 1988a). The SIP was transitioned into the RWMC site
characterization program in the fall of 1988, and the original scope of the
program was expanded to include the subsurface transport of hazardous
constituents, subsurface transport of mixed hazardous waste, and the
regulatory requirements associated with a RCRA corrective action program.

5.2 Purpose of Investigation

The purpose of the SIP was to supply the geologic and hydrologic data
required to characterize the migration of radionuclide and organic
contamination in the vadose zone. These data were to support the eventual DOE
decision regarding the possible retrieval of the buried TRU waste at the RWMC.
Resulting evidence of significant migration would be used to argue for
retrieval of the approximately 2 million cubic feet of this waste or for the
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development of additional methods to reduce the extent of the migration.
Conversely, the lack of such evidence would support arguments for leaving the
waste in place at a great cost savings.

The overall objectives of the SIP were to (a) field calibrate a model to
predict the Tong-term migration of radionuclides in the vadose zone and
(b) measure the actual migration of radionuclides to date (DOE, 1983). To
achieve‘the first objective, the program implemented activities to drill
boreholes, dig test trenches, install weighing lysimeters, evaluate the
lithology of cores, conduct borehole geophysical surveys, and measure
hydrologic properties. To achieve the second objective, the program
implemented activities to collect cores from the deep boreholes, conduct
radionuclide and organic analyses on the core samples, and complete the
boreholes for subsequent gas and water sampling/analyses. These objectives
were accomplished for the surficial sediments as part of the shallow drilling
program and for the basalt and sedimentary interbeds as part of the deep
drilling program.

Specific objectives were defined for each of the activities within the
shallow and deep drilling programs. Test trenches and weighing lysimeters
were installed under the shallow drilling program. Test trenches were
installed and are monitored to determine the typical moisture content,
unsaturated hydraulic conductivity, matric potential, soil-moisture flux, and
soil-moisture velocity of the surficial sediments under actual and simulated
conditions (Laney et al., 1988). Boreholes were instrumented to characterize
the moisture availability, variability, and movement within each unit. The
weighing lysimeters were installed and are monitored to define the physics of
moisture entry into the vadose zone. The objective of the deep drilling and
core sampling and geophysical surveys was to define the geologic
characteristics of each Tithologic unit and delineate the spatial variability.
Hydrologic properties were measured to determine permeability values for
surficial sediments and rock units. For the radionuclide and organic analyses
of the collected core, the objective was to determine the type, concentration,
and extent of contamination. 1In addition, water and gas samples were
coliected and analyzed to establish baseline data on the types and
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concentrations of contaminants and to estimate the fluctuation of contaminant
concentrations in the organic vapors that diffuse from the buried waste.

5.3 Program Activities -

The SIP field activities were implemented under iwo programs: the
shallow drilling program and the deep drilling program. The shallow drilling
program consisted of the (a) drilling, sampiing, instrumentation, and
monitoring of shallow boreholes; (b) installation, instrumentation, and
monitoring of two test trenches; and (c) installation and sampling of weighing
lysimeters. The deep drilling program consisted of the drilling, sampling,
instrumentation, and monitoring of boreholes that were deep enough to
penetrate the basalt and sedimentary interbeds. Data collected from the field
activities were to be used for approximately 20 specific studies involving
hydrogeology, geochemical migration, and modeling of the RWMC. However, the
specific studies were never completed.® The following sections of the report
describe field activities associated with the shallow and deep drilling
programs. The shallow borehole installation, test trench, and weighing
lysimeter activities are discussed in Section 5.3.1; the deep drilling
activities are discussed in Section 5.3.2.

5.3.1 Shallow Drilling Program

Between 1985 and 1987, shallow boreholes, test trenches, and weighing
lysimeters were compieted in the surficial sediments near the SDA. A total of
32 shaliow borehoies were drilled to an average depth of 5 m (16 ft), sampled,
and instrumented with moisture sensing and sampling equipment. Continuous
samplers were used to collect 226 cores from the shallow boreholes. Selected
soil sampies were described and sent to laboratories for radiochemical
analyses and permeability testing. More than 140 samples were submitted for
radiochemical analyses and 4 samples were submitted for permeability testing.

a. Personal communication between J. M. Hubbell, EG&G Idaho, Inc., Idaho
Falls, Idaho, and P. B. Swain, SAIC, McLean, Virginia, November 7, 1990.
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A total of 266 instruments were installed at multiple depths within each
borehole including 19 tensiometers, 50 gypsum blocks, 59 thermocouple
psychrometers, 98 heat-dissipation probes, 39 soil water samplers (porous cup
lysimeters), and 2 neutron access tubes. Two test trench installations were
completed and instrumented with psychrometers, tensiometers, and neutron
access tubes. In addition, the weighing lysimeter installation was repaired
and modified to enhance its effectiveness. The shallow borehole installations
are described in Section 5.3.1.1, and the test trench and weighing lysimeter
installations are described in Sections 5.3.1.2 and 5.3.1.3, respectively.

5.3.1.1 Shallow Borehole Installations. As part of the shallow
drilling program, boreholes were drilled from land surface to the shallowest
basalt using hollow stem augers. These shallow boreholes ranged in depth from
1.2 to 7.7 m (4 to 25 ft) with an average depth of 5 m (16 ft). Nineteen of
the boreholes were located within the boundaries of the SDA with the remaining
13 boreholes in close proximity outside of the boundaries. In several
locations, the auger encountered rock near the surface; therefore, the drill
rig was moved until a suitable location was found with a minimum of 1.2 m
(4 ft) of surficial sediment. The locations of the shallow boreholes are
shown in Figure 5-1.

Continuous split-spoon samples were collected during drilling. These
samples were collected using California split-spoon samplers with a 5-cm
(2-in.) drive shoe that contained three 15.2-cm (6-in.) cellulose acetate or
one 7-cm (18-in.} Lexan core liner(s). Following collection, each split-spoon
sampler was triple-bagged at the drill site and transported to the field
laboratory where it was split open. Geologic descriptions of the material in
the drive shoe of the sampler were recorded at intervals of 0.53 m (21 in.)
including depth, texture, color, moisture, presence of roots, and reaction to
5% HCL. Geologic descriptions of samples from shallow boreholes are provided
in Hubbell et al. (1985), Hubbell et al. (1987), and Laney et al. (1988).

Soil moisture samples were also collected from the drive shoe while processing
the samples for storage. Radiochemical analyses were conducted on 112 of the
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Figure 5-1. Locations of SIP boreholes drilled from FY-85 through FY-87 (modified from lLaney et al., 1988,

locations are approximated).
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samples. In addition, 17 samples were collected during drilling using
thin-wall tube samplers (Shelby tubes) for permeability evaluations. Four of
the 17 samples were tested for permeability in 1989.

In each of the boreholes, one or two types of soil moisture monitoring
instrumentation were installed before the hole was backfilled. Nineteen
tensiometers were installed in 10 boreholes to measure the matric potential in
the sediments within the range of 0 to 0.8 bars. Fifty gypsum blocks were
installed in clusters of three within seven boreholes to measure the matric
potential of the soil for the range of 0 to 10 bars. Seventy-one heat
dissipation probes were installed in clusters of three within the shallow
boreholes to measure the matric potential of the soil for the range of 0 to
1.0 bars. In addition, porous-cup lysimeters were installed in most of the
shallow boreholes to collect soil-water samples for major ion and
radiochemistry analyses. Table 5-1 summarizes the type of instrumentation
installed in each borehole. The installation details for each borehole are
included in Appendix 5-1.

A1l soil-moisture monitoring instruments are monitored approximately
monthly. The data from all of the instruments, except the thermocouple
psychrometers, are collected by visually reading the gauges and meters that
are attached to the instrument lead wires at each borehole collar. Réadings
are recorded in field logbooks and entered into the RWMC database. The
thermocouple psychrometers are read automatically with a datalogger and the
data is downloaded directly to the RWMC database.

Aqueous samples are periodically collected from the suction cup
Jysimeters in the spring, fall, and sometimes in the summer. The samples are
analyzed for general chemistry, radionuclides, and metals. Radiochemical
analytical data collected for the shallow drilling program in FY-85 and FY-86
are summarized in Laney et al. (1988). Samples were collected from the
suction cup lysimeters in FY-87, -88 and -89, but these data have not been
summarized to date. Data were not collected from the suction cup lysimeters
in 1990.
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Table 5-1. Summary of shallow borehole instrumentation

Heat
Borehole Tensiometer Gypsum Block Dissipation Sensor Psychrometer Lysimeter

co1

o2

D06 6

D15 12

PADY 3 6

PAD2 2

112 3 3
23 1 12

THOZ

THO4 2 SR
THOS

™1 9

wo1 2 9
W02 '

W03

W04

W05 2

W6 3 1

W08

Wo9 : 12

W10 12

Wi 12

Wiz 3

W13 15

W6 6
w7 2 1%

w18 <9 15
w19 12 15
w20 2

w22 9
w23 1

W24 3 3

w25 3

— o NN - N

N s e e

- b A N =

a. Apperdix 5-1 contains tabutar data on installation dates and depths for each
type of instrument.
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5.3.1.2 Test Trench Installation. The test trench installation was
installed in 1984 north of the SDA boundary and consists of two trenches: the
east trench and the west trench (Figure 5-2). Data collection began at the
west test trench on November 9, 1987, and at the east test trench on October
26, 1986 (Pittman, 1989). Each of the two trenches are constructed with
two 2-m (6-ft) diameter culverts that are connected to form a T-shape

(Figure 5-2). A vertical piece of culvert extends from 1 m (3 ft) above land
surface to a depth of 4.3 m (14 ft) below land surface. A second culvert
Joins the vertical culvert at a 90 degree angle approximately 1.2 m (4 ft)
below land surface and extends horizontally for 6 m (20 ft).

Both test trenches were installed to obtain detailed information from a
small area on the hydrologic properties of the sediments under actual and
simulated conditions. Data collected from the test trench installation were
to be used as a control to calibrate the information collected from the
shallow boreholes around the RWMC. Within each trench culvert, 22 instrument
ports were prepared by drilling the 5.7-cm (2.3-in.) shallow boreholes to the
required depth {up to 12 ft) and setting a 2.54-cm (1-in.) Scheduie 40 PVC
pipe within each hole (Figure 5-3). The annular space was then filled with
polyurethane foam to seal and insulate each shallow borehole. In the west
test trench, both thermocouple psychrometers and tensiometers were installed
in the instrument ports to measure temperature and tension in the soils. In
the east test trench, only thermocouple psychrometers were installed. The
instruments were spatially located to collect data from disturbed and
undisturbed soils, adjacent to simulated waste containers, and along the
surficial sediment/basalt interface {Hubbell et al., 1985).

In addition, 15 neutron access tubes were instalied in and around the
test trench area to monitor soil moisture conditions (Figure 5-3). Each
neutron access tube consists of a 3.8-cnm (1.5-in.) inner diameter stainless
steel pipe placed vertically in the soil. Holes for the tubes were
hand-augered to the sediment/basalt interface while collecting undisturbed
cores for bulk density, soil moisture, and in some instances, particle size
analysis. A neutron moisture probe was inserted in each of the access tubes
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on a weekly to biweekly basis to record the soil moisture at 0.15-, 0.3-, and
0.6-m (0.5-, 1-, and 2-ft) increments to the bottom of the hole.

A micrometeoroiogical station was aiso installed at the trench
installation site to determine the effects of atmospheric conditions on
subsurface soil moisture and temperature variations. Data collection began on
June 18, 1986. Data obtained from the micrometeorological station are to be
used by the USGS and the EG&G Idaho Geosciences Unit to develop mass balance
equations for input into a numerical modei of unsaturated zone water movement
and for a migration model of the site, respectively. These efforts are
ongoing. Hydrological and meteorological data collected from 1985-1986 are
summarized in Pittman (1989}, and data collected during 1987 are summarized in
Davis and Pittman (1990).

A shelter was constructed at the trench installation site to protect the
data acquisition equipment. Within the shelter, a Campbell Scientific CR-7X
data logger records the hourly psychrometer and tensiometer data readings from
both trenches. Data are stored internally in the CR-7X for up to 7 days and
are retrieved weekly by remote accessing of the system using an IBM PC/AT.
Data are also stored on cassette tape in the instrument shelter as a back-up
to the system. A Campbell Scientific CR-21 data logger is also located in the
instrument shelter to record meteorological data. These data are recorded in
6- and 24-hour summaries and downloaded remotely to the IBM system monthly.

5.3.1.3 Weighing Lysimeter Complex. Two weighing lysimeters were

installed in 1979, to determine rates of soil moisture evaporation and plant
transpiration in the upper few meters of surficial sediment. These
instruments did not produce reliable data and consequently were shui down in
the latter part of 1982. The weighing lysimeter activity of the SIP began in
1985 and consisted of making necessary repairs and modifications to bring the
lysimeters back into operation such that they produced reliable data (Hubbell
et al., 1985).

The weighing lysimeter complex is Tocated 243 m (880 ft) north of the
SDA (Figure 5-4). This installation is made up of two weighing lysimeters
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measuring 1.5 x 1.5 x 1.8 m (5 x 5 x 6 ft), a control pit 1.3 m (4.3 ft) in
diameter, connecting pipe, and an instrument tank. The weighing lysimeters
and control pit have identical sets of instrumentation (i.e. soil-
moisture/temperature blocks, thermistors, and neutron access tubes) for data
comparison. As shown in Figure 5-5, two soil-moisture/temperature blocks were
inserted into the soil within the inner lysimeter box at depths of 5, 10, 20,
30, 60, 91, 122, and 151 cm (2, 4, 8, 12, 24, 36, 48 and 59.5 in.). 1In
addition, a borehole was drilled into the center of each weighing lysimeter
and control pit and cased for use as a neutron probe access tube. The neutron
probe is used to calculate moisture content and field calibrate the soil
moisture/temperature blocks for various moisture contents. Eight
thermocoupies were also attached to the outer sides of each lysimeter box at
the same depths as the soil-moisture/temperature blocks, and one thermocouple
was attached to each of the scales to monitor temperature. Sheets of cellutex
insulation were attached over the thermocouples to mitigate the effects of
temperature fluctuations outside the boxes. The weighing lysimeters were also
equipped with suction candles at the bottoms of the inner containers to remove
any excess water and equilibrate tensions to natural conditions.

Data were collected in 1986 from the 96 moisture/temperature blocks in
the two Tysimeters and control pit (32 at each installation) on a 6-hour
basis. Readings were also taken on a 6-hour basis for the 16 thermocouples on
the outside of the lysimeter boxes and from the scales. A1l these readings
were recorded in the Campbell Scientific CR-7X data logger and remotely
downloaded to an IBM PC. Approximately 40 to 50 percent of the moisture
temperature blocks gave erratic data (Hubbell et al., 1987). In‘FY-87, the
weighing lysimeters were repaired and modified. The laboratory calibration of
the soil-sensors was not possible without their retrieval. Consequently, the
collection of data from the soil-moisture/temperature sensors at the weighing
lysimeter was discontinued (Laney et al., 1988).

The weighing lysimeter activity in FY-88 consisted of collecting weight
data and neutron logging through the neutron probe access tubes. During the
first and second quarters of FY-88, snow bridging between the lysimeter and
the surrounding soil resulted in recording erratic weights. Data were also
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recorded during the third and fourth quarters of FY-88. Moisture profiles of
soil in the weighing lysimeters were compared to moisture profiles of the
control pit to verify that the lysimeter was operating correctly. In May, the
Tysimeter and control pit moisture profiles were matched using suction candles
in the lysimeters. This match could not be maintained on a continuous basis
during high moisture conditions, but the match was maintained from July to
September when infiltration was restricted by evapotranspiration to the upper
0.3 m {1 ft) of soil. Erratic weights were recorded during high wind
conditions as well (McEiroy et al, 1989).

- The collection of data from the weighing lysimeters continued in FY-90.
Work continued on methods to automate the moisture profile matching of the
lysimeter soil to ambient soil moisture and on improvements that will enable
the lysimeter to work during thaw conditions. Statistical analyses will be
performed to minimize the effects of wind Toading.

5.3.2 Deep Drilling Proqfam

Between 1986 and 1990, 10 boreholes (D02, D06, DO6A, D15, TWl, D10,
8801D, 8802D, 8901D, and 8902D) were drilied into the basalt and sedimentary
interbeds in the vadose zone beneath the SDA. Borehole 8801T was also drilled
as a test hole outside the SDA. Each borehole was sampled at selected
intervals for either chemical, geological, or hydrological analyses.
Geophysical logs were run to identify interbed tops and thicknesses. Heat
dissipation sensors and suction-cup lysimeters were installed in the
sedimentary interbeds of selected boreholes. Several boreholes were completed
with gas sampling ports. The locations of the deep boreholes drilled since
1988 are shown on Figure 5-6. The completion details for each deep borehole
are provided in Section 5.5.2.

Core samples were collected from selected stratigraphic intervals.
Before the drilling of Borehole D10 in 1987, the sampling was conducted at the
following stratigraphic locations: (a) the.surficial sediments; (b) 1.5 m
(5 ft) into the top of the basalt; (¢) 1.5 m (5 ft) above and below the
9-, 34-, and 73-m (30-, 110-, and 240-ft) sedimentary interbeds; and (d) in
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the sedimentary interbeds. Starting with Borehole D10, it was proposed that
all future boreholes be continuously cored from surface to total depth.

Samples were collected for chemical, geoiogical, and hydrological
analyses. California Split Spoon samplers with cellulose acetate and Lexan
liners were used to retrieve samplies for chemical and lithological analyses.
Shelby tubes were used to retrieve sampies for permeability testing.
Following retrieval, each core was described including sample depth, texture,
color, moisture, and reaction to 5% HC1. Lexan and cellulose acetate liners
were capped, sealed with electrical tape, and tripie bagged. Shelby tubes
were capped and sealed with electrical tape.

Interbed sediment samples were subjected to several analytical
procedures to determine the presence of the radionuclides listed in Table 5-2.
From this Tist, seven radionuclides were positively detected in sampies from
Boreholes D02, D06, DOGA, D15, and TWl: Pu-238,-239, Pu-240, Am-241, Sr-90,
Cs-137, Co-60, and Eu-154 (Laney et al., 1988). The samples from Borehoies
D10, 8801D, 8802D, 8901D and 8902D were analyzed for target compounds of
radionuclides and/or 40 CFR 264 Appendix IX chemicals based on an established
order of priority. Borehole 8801D was assigned a priority for 40 CFR 264
Appendix IX analyses. Boreholes 8802D, D10, and 8902D were assigned first
priority for radiochemical samples and second priority for Appendix IX.
Samples from Borehole 8901D were to be analyzed onlty for radionuclides. Table
5-2 Tists the target radionuclides in the boreholes drilled from 1988 to 1990.
Table 5-3 is a list of the target compounds from 40 CFR 264 Appendix IX.

Tabie 5-4 lists the sample collection requirements for the 40 CFR 264
Appendix IX constituents. The samples submitted for radiochemical and/or
40 CFR 264 Appendix IX analyses are summarized in Section 5.5.2.2.

Wireline geophysical Togs were run in all boreholes after drilling had
penetrated 1.5 m (5 ft) into the basalt underlying the 34-m (110-ft) interbed.
The entire borehole was logged again after reaching a total depth beiow the
73-m {240-ft) interbed. The types of geophysical logs recorded were gamma
ray, gamma-gamma, and neutron. Downhole television and caliper logs were also
run in selected boreholes. The interbed tops and thicknesses were determined

5-18



Table 5-2. List of target radionuclides for the SIP®

Boreholes 002. D06, DOGA,
D10, D15, TWl

Radionuclide

Actinium-228
Americium-241
Antimony-124
Cerium-141
Cerium-144
Cesium-134
Cesium-137
Cobalt-58
Cobalt-60
Europium-152
Europium-154
Europium-155
Hafnium-181
Iron-3%9
Manganese-54
Mercury-203
Niobium-96
Plutonium-238
Plutonium-239
Plutonium-240

Praseodymium- 144

Rhodium-106
Ruthenium-103
Scandium-46
Scandium-51
Tantalum-182
Zinc-65
Zirconium-95

a. Source:
EG&G (1989%e).

Half-Life

6.13 hours
458 years

60 days

33 days

284 days
2.05 days
30.2 years
71.3 days
5.27 years
12 years

16 years
1.81 years
42.5 days

45 days

303 days
46.9 days
23.4 hours
87.7 years
24,000 years
6,580 years
17.3 minutes
30 seconds
39.6 days
83.9 days
12.4 seconds
115 days

245 days

65 days

Boreholes 88010, 88020, 8901D,

89020, D10 (dee

Radionuclide

Actinium-228
Americium-241
Antimony-125
Bismuth-212
Bismuth-214
Cerium-144
Cesium-134
Cesium-137
Cobalt-60
Europium-152
Europium-154
Europium-155
Lead-212
Lead-214
Manganese-54
Plutonium-238
Plutonium-239
Plutonium-240
Plutonium-241
Protactinium-234
Radium-226
Silver-110 m
Strontium-90
Thallium-208
Thorium-234
Uranium-234
Uranium-238
Zinc-65

Half-Life

6.13 hours
458 years
2.7 years
60.6 minutes
19.8 minutes
284 days
2.05 days
30.2 years
5.27 years
12 years

16 years
1.18 years
10.6 hours
26.8 minutes
303 days
87.7 years
24,000 years
6580 years
14.4 years
6.7 hours
1600 years
253 days
28.8 years

3 minutes
24.1 days
2.5 x 10° years
4.5 x 10° years
245 days

Banson et al. (1981); Walker et al. (1983); Laney et al. (1988);
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Table 5-3. List of target compounds from 40 CFR 264 Appendix IX®

Appendix IX (40 CFR 264) contaminants of primary concern at the SDA

Practical
_ : Quantitation Limits

Contaminant Method/Instrument (pa/1)
Carbon tetrachloride GC/MS® 1
Trichlorethylene GC/MS |
Tetrachtorethylene GC/MS 0.5
1,1,1-trichlorethane GC/MS 5
Chloroform GC/MS 0.5
Metals Inductively coupled argen plasma 2 - 800 ug/l

emission spectrometer
VOCs found at lower concentrations

1,1,2-trichlorotrifluoroethane GC/MS 10
1,1-dichtoroethane GC/MS 1
1,1-dichloroethylene GC/MS 1
Dichlorofluoromethane GC/MS 10
Toluene GC/MS 2

a. Source: Koslow and Hubbell (1989).

b. Gas chromatograph/mass spectrometer.
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Table 5-4. Sample collection requirements for 40 CFR 264 Appendix IX analyses®

Parameter Sample Type Container Preservative® Hold Time Volume®
Metals Liquid Plastic/glass HNO; to pH <2 6 months {except P L
- : Mercury - 26 days)
Solid Glass 4 C None specified 250 mL
Semivolatile Liquid Amber glass Dark, 4 C 7 days (extraction) 1 gal
organic compounds analyses within 40 days
Solid Glass Dark, 4 C 12 days (extraction) 250 mL

analyses within 40 days

a. Source: EPA (1986b).

b. Liquid samples designated for volatile organic analysis and shipped air freight should be packaged in a
hermetically sealed container or be placed in a pressurized Tocation to avoid formation of decompressive air

bubbles that might invalidate any results.

¢. These are minimum sample collection requirements; sample volumes may be larger than indicated to obtain
a representative sample or to provide sufficient material for more than one sample preparation technique.
Metals and semivolatile organic compounds may be analyzed from the same 250 mL sample volume.




from available gamma ray logs, which are included in Appendix 3-1 of this
document.

Boreholes D15, TW1l, and D06 were instrumented with heat dissipation
sensors and suction cup lysimeters following the drilling and sampling. These
instruments were installed in clusters of one lysimeter and three heat
dissipation sensors to check for reproducibility of the measurements. The
instrument clusters were attached to a PVC guide pipe and lowered into place
50 that instruments were placed at depths corresponding to the locations of
the sedimentary interbeds. A layer of silica flour was tremied into the
borehole to surround the instruments and provide a hydraulic connection with
the surrounding sediments. A layer of bentonite below and above the silica
flour Tayer was used to isolate the instruments from other portions of the
borehole.

The heat dissipation sensors are monitored monthly when personnel and
weather conditions permit. Readings are taken visually from meters attached
to the instrument lead wires uphole. These readings are recorded in the
field, and the data are entered in the RWMC database for reduction, plotting,
and interpretation.

Six deep boreholes are instrumented with gas sampling ports (77-1,
WWW-1, 78-4, 8801D, DOZ, and 8902D). Their locations are shown in fFigure 5-7.
Boreholes 8801D, D02, and 8902D were completed under the SIP. The depth of
the sampling ports in 8801D, D02, and 8902D is shown on Table 5-5. For
detailed information on all deep boreholes instrumented with gas sampling
ports, see Section 11 of this report. The gas sampling procedures described
in Section 5.4.3.3 refer to a one-time gas sampling event of Boreholes 77-1,
WWW-1, 78-4, and 8801D that was conducted from May to June 1989. Gas samples
collected from this one-time gas sampling event were analyzed by the purge and
trap method with a GC/MS for the 34 VOCs listed in Table 5-6.
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Table 5-5. Depths of gas sampling ports in boreholes installed under the
SIP deep-drilling program®

Depth of Port
Borehole (ft below land surface) Port ID Number

88010 32.8 GSP-8801D-9

50.5 GSP-8801D-8
77.5 GsP-8801D-7
92.5 GSP-8801D-6
102.5 GSP-8801D-5
131.0 GSP-8801D-4
167.2 GSP-88010-3
192.5 . GSP-8801D-2
230.0 GSP-88010-1
8902 30.0 GSP-8902D-8
46.0 GSP-8902D-7
70.5 GSP-8902D-6
104.5 GSP-8902D-5
130.0 GSP-8902D-4
179.0 GSP-89020-3
199.0 GSP-8%02D-2
229.0 GSP-89020-1
Doz 27.5 GsSP-DO2-8
59.5 GSP-DO2-7
68.5 GSP-D02-6
100.0 GSP-D0O2-5
125.0 GSP-D02-4
165.5 GSP-D02-3
192.5 GSP-DO2-2
231.0 GSP-D02-1

a. Boreholes 78-4, WWwW-1, and 77-1 driiled prior to the SIP,
have gas sampling ports. The depths of these ports are
shown on Table 11-1 in Section 11 of this report.
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Table 5-6.

VOCs analyzed for in the SIP

Acetone

Benzene

2-butanone

Bromoform

Carbon disulfide

Carbon tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
‘2-chloroethylvinyl ether
Chloroform
cis-1,3-dichloropropene
Dichlorobromomethane
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
1,2-dichloropropane
Ethylbenzene

2-hexanone

Methyl bromide

Methyl chloride
4-methyl-2-pentanone
Methylene chloride
Styrene
1,1,2,2-tetrachloroethane
Tetracholoroethene
Toluene
trans-1,2-dichloroethene
trans-1,3-dichloropropene
1,1,1-trichloroethane
1,1,2-trichloroethane
Trichloroethene

Vinyl acetate

Vinyl chloride

Total xylenes
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5.4 Procedures

This section presents the procedures that were followed during all
phases of the shallow and deep drilling program. The drilling and borehole
completion procedures are summarized in Section 5.4.1; the instrument
installation and monitoring procedures are summarized in Section 5.4.2; the
soil, water, and gas sampling procedures are presented in Section 5.4.3; and

the quality assurance/quality control procedures are summarized in Section

5.4.4.

5.4.1

Drilling and Borehole Completion Procedures

Ten deep boreholes were drilled to a depth of approximately 76.2 m

(250 ft).

Drill holes were augered through the surficial sediments, and the

basalt and sedimentary interbeds were drilling using tricone or diamond coring

bits.

An air rotary circulation system was used to circulate cuttings to the

surface and to Tubricate and cool the bit face. The following drilling
procedures were proposed as a standard approach for the deep boreholes (Laney

et al., 1988). However, the drilling procedure for each deep borehole varied
from the proposed procedures as described in Section 5.5.2.

1.

2.

3.

The surficial sediments above the uppermost basalt layer were augered
by RWMC operations or by a subcontractor. Some years the surficial

sediments were sampled with a 18.4-cm (7-1/4 in) auger. The hole was
reamed to a 30-cm {12-in.) diameter using a 30-cm (12-in.) auger bit.

The SIP drilling rig cored the first 1.5 m (5 ft) of the basalt below
the surficial cover using an HWB or CP core barrel. The 1.5-m (5-ft)
core hole was reamed using a 30-cm (12-in.) tricone bit. A 20.3- or
25.4-cm (8- or 10-in.) diameter surface casing was set and cemented
into the drill hole from the surface to approximately 1.5 m (5 ft)
into the underlying basalt.

The basalt was either cored continuously or drilled using a 20-cm (7-
7/8-in.) tricone bit. In boreholes that were not cured continuously,

5-26



the basalt was drilled with the tricone bit to approximately 1.5 m (5
ft) above the 34-m (110-ft) interbed. The tricone drill string was
changed out to an HXB or CP core drill string. Before coring, a
samarium oxide or dysprosium tracer was placed in the borehole to
check against cross-contamination of sample material between
different rock units down the borehole. The interbed and
approximately 1.5 m (5 ft) of the overlying and underiying basalt
were cored. The borehole was reamed with a 20-cm (7-7/8-in.) bit.
Bentonite was placed at the bottom of the borehold, and 15-cm (6-in.)
casing was set into the bentonite layer.

4. After setting the 15-cm (6-in.) casing, a 15-cm (5-7/8-in.) tricone
bit was used to drill out the bottom of the casing into the
underiying basalt. The basalt was drilled with the tricone bit or
continuously cored until the 73-m (240-ft) interbed was within
approximately 1.5 m (5 ft). The drill string was changed out and
replaced with the core bit in boreholes that were not continuously
cored. The interbed and approximately 1.5 m (5 ft) of overlying
basalt were cored. After coring was completed, the hole was reamed
with the 15-cm (5-7/8-in.) tricone bit.

5.4.2 Instrument Installation and Monitoring Procedures

Four types of instruments are used to monitor soil moisture tension in
the unsaturated zone at the RWMC. These instruments are tensiometers,
thermocouple psychrometers, gypsum blocks, and heat dissipation probes. All
four types of instruments were installed in shallow boreholes drilled for the
shaliow drilling activity. Only heat dissipation probes were installed in the
boreholes for the deep drilling program. The location of shallow and deep
boreholes instrumented as part of the instrumentation, sampling, and
monitoring program are shown in Figure 5-8. The annual progress reports for
FY-85 (Hubbell et al., 1985), FY-86 (Hubbell et al., 1987), and FY-87
(Laney et al., 1988) describe the theory of operation and calibration and
installation procedures of the instrument systems. Specific standard
operating procedures used to collect data from the instruments are published
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in the RWMC Subsurface Investigations Program Guidelines for Data Collection
(Hubbell et al, 1988). The guidelines describe all aspects of data
collection, compilation, and entry into the RWMC Data Management System.
*Safety requirements are also described in the report.

The foliowing sections summarize the theory of operation, calibration,
installation, and monitoring procedures that were used for each of these
instruments. The tensiometer procedures are discussed in Section 5.4.3.1, the
thermocouple psychrometer and gypsum block procedures are described in
Sections 5.4.3.2 and 5.4.3.3, the heat dissipation procedures are discussed in
Section 5.4.3.4, and the backfilling procedures that were used to backfill all
of the boreholes following the instrumentation instaliation are described in
Section 5.4.3.5. |

5.4.2.1 Tensiometers. A Bourdon gauge tensiometer is used to measure
the negative pressure (tension) that the soil exerts on the water within the
soil. Each instrument is composed of a porous ceramic cup, connecting tube,

and vacuum gauge as shown in Figure 5-9. When the cup is set at the desired
location with a good hydraulic connection in the soil, water will move in or
out of the cup wall until tensions equilibrate between the soil and the
tensiometers. A Bourdon vacuum gauge is then read to give the tension in the
soil. These instruments are capable of measuring tension from saturated
conditions (zero bar tension) to 0.65 bar tension at the elevation of the
RWMC .

The tensiometers were factory calibrated and accurate to 2 centibar
(0.29 psi) tension as delivered to the RWMC. To check the factory calibration
and determine that the instruments were functioning properly, the gauges were
adjusted to zero pressure when unpressurized and a known vacuum was applied.

Before installation, each tensiometer was filled with fiuid and allowed
to sit a few minutes to saturate the ceramic cup. Next, the shallow borehole
was backfilled to 4.4 cm (1.75 in.) above where the measuring point was to be
located. The insertion tool was then driven 7.6 cm (3 in.) into the soil and
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removed. The tensiometer cup was placed in the hole made by the insertion
tool. One instrument was set at each depth.

Measurements are obtained from the installed tensiometers by readiné the
vacuum gauge that is connected to the instrument. The reading is taken in
centibars tension and recorded on a preprinted data collection sheet. The
Bourdon gauge zero point is checked and adjusted before each reading is taken.
The tensiometer reservoir is also checked and refilled if necessary.

5.4.2.2 Thermocouple Psychrometers. The thermocouple psychrometer is
an electronic instrument used to measure the relative humidity in soil air
(Figure 5-10). A thermocouple is cooled below the dew point so it collects a
film of condensed water on the junction. The cooling is discontinued, and the
junction starts to return to ambient temperature. Before ambient temperature
is reached, evaporation of water from the junction holds the temperature
constant at the wet bulb depression temperature. This temperature, along with
the ambient (dry-bulb) temperature, is used to calculate the relative
humidity. The soil tension can then be calculated from the relative humidity.
These instruments can measure tensions from about 1 to 80 bars and are well
suited for very dry soils.

Psychrometers were shipped to the RWMC from the factory with a one-point
calibration reading at approximately 25 bars tension. This reading was used
to derive the slope of a line for other readings. Before installation, each
psychrometer was also checked in the laboratory at 17.9 bar to isolate
defective instruments. This method involved placing numerous psychrometers in
sealed 500-mL flasks of a NaCl solution to prevent vapors from escaping. The
flasks sat overnight in a closed, insulated container, and then readings were
taken. Psychrometers with excessively high or Tow readings were not used.

To install each instrument, shallow boreholes were backfilled to the
desired depth, the instruments and lead wires were laid flat on the bottom,
and the hole was backfilled to cover the instruments. The psychrometers were
placed horizontally within each borehole in groups of three at each depth for
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most boreholes; 1 m (3.3 ft) of lTead wire was coiled at the same level as the
psychrometers to reduce the effects of temperature gradients.

The installed psychrometers are read monthly using a data logger. A
Wescor HP-115 Data Acquisition System is attached to one borehole and left to
scan the psychrometers. The HP-115 stores the field data in internal memory.
After the data from all SIP psychrometers has been read and stored in internal
memory, this information is downloaded to an IBM PC.

5.4.2.3 Gypsum Blocks. Gypsum blocks, or resistance blocks, measure
soil moisture as a function of the resistance between two electrodes imbedded
in gypsum. They can be calibrated to give readings in tension or moisture
content and can measure tensions of 0 to 10 bars.

Gypsum blocks were calibrated by placing them in native soil from the
SDA and drying the soil by applying various pressures in the soil using a
pressure plate extractor. Readings were taken with a resistance meter during
one drying cycle for tensions from 0 to 10 bars. All the gypsum blocks were
calibrated except those Tocated in Borehole THO4.

, Before installation, each gypsum block was soaked in deionized water.
The borehole was then backfilled to 1.9 cm (0.75 in.) below where the gypsum
blocks were to be set. A slurry of deionized water and native backfill
material was poured down the hole, the gypsum blocks were firmly pressed into
this mixture to form a good hydraulic connection, and the hole was backfilled.
Three gypsum blocks were set at each depth to compare readings.

A Model 5910A Soil Moisture Meter is used to collect data from the
installed gypsum blocks. The meter is hand-held and operates on one 9-volt
battery. The gypsum blocks are monitored approximately monthly.

5.4.2.4 Heat Dissipation Probes. Heat dissipation sensors measure
moisture content by sensing the differences in heat conduction through a
material with Tow thermal conductivity. The sensor has a miniature heater and
a temperature sensor (thermistor) within the porous block. To measure soil
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moisture, a temperature js measured at the thermistor; the heater is heated
for a specific time and the temperature remeasured. The difference in
temperatures is then correlated to the soil matric potential.

The sensors were calibrated by the manufacturer in the range of 0 to
1.0 bar tension. They were installed in the surficial sediments by
backfilling the shallow borehole to the designated monitoring depth, wetting
the sensors in water, pouring a thin layer of slurry {water and native soil)
to the bottom of the hole, and then pressing the sensor into the slurry. In
the sedimentary intefbeds, a silica flour and sand mixture was used to
surround the heat dissipation sensors instead of the native soil. Most of the
sensors were installed in clusters of three to check reproducibility of
measurements. The installation was completed by backfilling shallow boreholes
with native soil or with bentonite in the case of the deep boreholes.

Data are obtained from each heat dissipation sensor once per month by
taking manual readings when personnel and weather conditions permit. A
reading is obtained by connecting a modified Wheatstone bridge and
galvanometer (Agwameter) to the electrical connector. Each reading is stored
in the Agwameter and recorded on a preprinted data collection sheet.

5.4.2.5 Backfilling. The backfilling of each borehole was done
systematically to avoid disturbing the natural flow systems in the unsaturated
soil. Auger cuttings were used to backfill the holes. The cuttings were
tamped in 5-cm (2-in.) layers with a long metal rod. Experiments were run in
laboratory columns to practice backfilling the natural sediments in shallow
boreholes (Hubbell et al., 1985). Samples of tamped materials were removed
from the columns, and bulk densities were compared to those found in the field
to determine the best backfilling and tamping methods. In deep boreholes,
bentonite and cement were used to backfill.

Bentonite was used to seal the space between each instrument and the
space above the instrumentation closest to land surface. This was done to
inhibit downward saturated flow along instrument leads and isolate the
borehole at discrete depths to ailow the potentials to equilibrate. Bentonite
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layers 5 to 8 cm (2 to 4 in.) thick were typically placed at least 0.3 m

(1 ft) away from the instruments. Both granular and peiletized bentonite were
used to seal the boreholes. Tremie pipes were used to place the bentonite
layers in order to reduce the amount of bentonite sticking to the walls of the
borehole.

5.4.3 Sample Collection Procedures

Soil, aqueous, and gas sample procedures are summarized in this section.
The soil sample collection procedures are included in Section 5.4.3.1. The
aqueous. and gas sample collection procedures are described in Sections 5.4.3.2
and 5.4.3.3, respectively.

5.4.3.1 Soil Sample Collection and Handling Procedures. This section

summarizes the sample collection procedures for samples collected under the
deep drilling program. Augering and sampling procedures for the surficial
sediments are available through the Administrative Record Document Control
library. The deep borehole sample coliection procedures summarized below are
included in Appendix 5-2. These procedures were outlined before completing
Borehole 8801D and appiy to Boreholes 8801D, 8802D (for the portion drilled in
1988) and D10 (for the portion drilled in 1988). Before completing

Borehole 8801D, typically two sets of procedures were prepared for deep
boreholes. One procedure was for soil sample collection {covered under the
drilling procedures) and the second set of procedures was for sample handling
including laboratory sample handling. These procedures are available through
the Administrative Record Document Control library for SIP deep boreholes
completed before Borehole 88010,

Soil sample collection and handiing procedures are used from the time
the core is withdrawn from the borehole until the core sample is transported
to the temporary storage area or sent for analysis. All core was recovered
from the borehole by withdrawing the inner tube assembly from the outer tube
assembly using a wireline. At the surface, the inner tube assembly was
surveyed for both radioactivity and organic vapors before removal from the
outer assembly. Then, the inner tube was removed from the outer shoe,
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Tabeled, and the open ends closed with plastic caps. The core within the
inner tube was described including texture and general appearance. If the
inner core barrel shoe contained core, the shoe was also labeled and the open
ends capped. If any portions of the inner tube were empty, the empty section
of the tube was cut off with a pipecutter, and a new plastic cap was placed on
the open end.

For sediment samples submitted for chemical analysis, the following
procedures were outlined. Sample bottles were prelabeled with the borehole
identification number, sample identification number, date and time of sample
collection, type of analysis (e.g., volatile organic analysis, metal, etc.),
name of collector, and the time of collection recorded after sampling. This
information was also recorded in the field logbook. If the entire core was
not to be submitted for chemical ana1ysis; then the designated sample interval
was removed with a hacksaw. The archive sample was capped at both ends,
labeled, and triple-bagged, and a label was affixed to the outside of the
exterior plastic bag.

'The cored interval to be sampled for chemical analysis was pushed from a
tube into a stainless steel pan. For volatile organic analysis, two glass
250-mL containers were immediately filled using a stainless steel spoon and
capped. Sampie bottles were filled to minimize airspace. Care was taken to
minimize the cobble fraction of the samples and depending on the contract
chemical Taboratory specifications, the remaining sediment (exclusive of
volatile organic analyses) may have been vibrated through a 0.6-cm (1/4-in.)
mesh, stainless steel sieve before transferring the sample into glass
containers.

The fine-grained portion of the sample was mixed with a spoon.
Radiation and organic vapor concentrations were measured after mixing, and the
information recorded in the field logbook and on the chain of custody, sample
analysis request form. For metal analysis, 1 L of sediment was collected in a
1-L glass container. A 1-L glass container was also used to collect
1-L sediment samples for extractables and other organic analyses. The outside
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rim of sample containers were wiped, 1ids affixed, and the outside of the
glass container wiped clean.

Documentation on the sample was completed; documentation included the
use of sample identification numbers, sampie labels, sampie tags, custody
seals, field Togbooks, and sample tracking. A unique sample identification
number was assigned to each sample that was traceable throughout the sampling
and analysis process, which consisted of numeric characters 0 through 9 and
upper case alphabetic characters A through Z (not longer than 12 digits).
Gummed labels were affixed to the sample containers and to any outer wrapping
of the sample. These labels included the location of the top of the core,
core identification number, borehole number, date collected, core interval,
collector’s initials, organic vapor reading, and radiation reading if above
background. Samples selected for ana]ysié were labeled with the borehole
identification number, sample identification number, date and time of sample
collection, analysis requested, method of preservation, name of collector,
sample weight, and sample depth. A1l samples that were sent to the laboratory
were given a sample tag in addition to a sample label to indicate the
potential for hazardous constituents. The sample tag included the sample
identification number, sampling location, sample collector, data and time of
collection, analysis requested, concentration, and radiation screen results.
Custody seals were used to detect tampering of samples between the time the
samples were collected and the time the laboratory opened the samples for
analysis. Logbooks were maintained to document the core retrieved and the
sample selection process. Sample tracking was accomplished with the use of
chain-of-custody forms.

The samples for chemical analyses were sealed and chain-of-custody forms
were completed before packaging the samples for transport to the laboratory.
The sampies were packaged in accordance with procedures described in a
standard operating procedure included in Appendix 5-2. Excess sediment in the
stainless steel pan, excess core material, and any sample Teft in the shoe of
the inner tube were archived for possible future testing. Archived samples
were stored in a well-sealed, unbreakable container and were labeled, recorded
in the logbook, and placed in the storage area.

5-37



The sample and analysis procedures proposed for each borehole subseguent
to Borehole 8801D are summarized in the following documents. The actual
sampling procedures for each deep borehole were obtained from the field
logbooks and are described in Section 5.5.2.

» EG&G Idaho, Inc., 198%e, Sampling and Analysis Plan Boreholes 8802D,

D10, and 89020 Radigactive Waste Management Complex, Subsurface
Disposal Area, September,

« EG&G Idaho, Inc., 1988b, Sampiing and Analysis Plan Borehole 8901D,
Radioactive Waste Management Complex Subsurface Disposal Area, April.

5.4.3.2 Aqueous Sample Installation and Collection Procedures.
Suction-cup lysimeters were installed in the boreholes at the RWMC to collect
water samples and to estimate matric potentials. Most of the lysimeters were

of the ceramic-cup construction, but a few teflon samplers were also
installed. The ceramic-cup lysimeters were 66 cm (26 in.) long and 4.8 cm
(1.9 in.) in diameter with the porous cup being 5.7 cm (2.2 in.) long. The
teflon samplers were 46 cm (18 in.) long and 4.8 cm (1.9 in.) in diameter with
the porous teflon section being 10 cm (4 in.) long.

In the Taboratory, the lysimeters were prepared for installation by acid
washing and inserting 0.6-cm (1/4-in.) diameter polyethylene access tubes.
One tube was pushed through the neoprene plug so the end of the tubing reached
to the bottom of the porous ceramic cup (Figure 5-11). A pressure-vacuum
access tube used for evacuating and pressurizing the sampler was then inserted
into the neoprene plug so that it extended through the plug about 2.5 ¢m
{1 in.).

To install the lysimeters, the holes were backfilled with native
material to the desired depth, and a small quantity of 200 mesh pure silica
flour was poured into the borehole. Silica flour was mixed at a ratio of 3:1
with distilled water to make installation easier. Next, a Tysimeter was
placed in the borehole and another }ayer of 200 mesh silica sand was poured to
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Figure 5-11. Cutaway view of porous cup lysimeter used in deep boreholes (Seilmoisture Corp.).



a depth of at least 15 cm (6 in.) around the cup of the lysimeter. The silica
flour was covered with a thin Tayer of bentonite (5 to 7 cm) as a seal to
prevent moisture from moving downward through the backfill materials directly
into the silica flour. The borehole was backfilled with native soil and
tamped continuously with a Tong metal rod to return the backfill to near its
original bulk density.

At the surface, a 0.9 m (3 ft) iong, 20-cm (8-in.) inner diameter steel
casing was grouted 0.6 m (2 ft) into the top of the hole. The access tubing
was rolled up and placed in plastic bags between samplings to protect the
tubes from surface dust that might contain contamination.

Water samples were collected from the Tysimeters by attaching the access
tube to a pressure-vacuum hand pump and applying a vacuum of approximately
0.7 bar to the lysimeter. The pinch clamp on the pressure-vacuum access tube
was then closed, and the lysimeter remained under vacuum for a period of a few
days up to 2 weeks. The vacuum within the lysimeter causes the moisture to
move from the soil, through the porous ceramic cup, and into the lysimeter.
Following the 2-week period, the tension in the 1y§imeter had normally
equilibrated with the soil tension; therefore, the soil tension could be read
from the access tube with a Bourdon gauge before sampling. To recover the
soil water samples, the end of the discharge tube is placed in a collection
bottle, and the sampler is pressurized to force the collected water out of the
sampler and into the collection bottle.

. Samples were collected for chemical analysis after the remaining
deionized water has been removed or flushed from around the lysimeters. These
samples were collected as described previously, with the modification of using
nitrogen to reduce reactions between air and the water sample. The lysimeter
was purged of air by flowing nitrogen in the pressure-vacuum tube and out the
discharge tube for several minutes before applying the vacuum. When the
sample was removed from the lysimeter, nitrogen was used to force the water
out of the Tysimeter and into the coilection bottle. Lysimeter water samples
were collected approximately during the spring, summer, and fall.
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5.4.3.3 Gas Sampling Procedures. Soil gas sampies were collected in a
one-time gas sampling event from Boreholes 8801D, WWW-1, 77-1,‘and 78-4. The
following procedures are summarized from Ruebelmann and Peterson (1989). The
specific procedures for sample collection are contained in EG&G Idaho
Geoscience Unit Standard Operating Procedure #G-310. The current gas sampiing
procedures for deep boreholes instrumented with gas ports for the vapor vacuum
extraction demonstration are summarized in Section 11 of this report. For the
one-time sampling event, the samples were collected at the borehole collar
using a sampling pump, sampling train, and gas-tight syringes. During sample
coilection, the portable sampling train apparatus was connected to the
permanently installied collection tube that protruded from the borehole. The
sampling train consisted of a GC septum for sample collection and the
tubing/fittings required to attach one end to the borehole collection tube and
the other end to the silicon tubing from the inlet to the sampling pump as
shown in Figure 5-12. The sampling pump was a model MSR 482700 Flow Lite H
personal sampling pump. The syringes were Hamilton Series 1000 Gastight
Syringes with a Teflon Luer Lock.

After the sampling train was attached to the borehole collection tube
and the sampling pump, the pump was turned on to purge three volumes of gas
from the gas port. Next, organic vapor and explosive gas readings at the
discharge port of the pump were recorded. After the gas port was purged,
samples were collected from the sampling train while the pump was still
operating. For each sample, the following steps were followed: (1) the
needle of the syfinge was inserted into the GC septum, (2) the minilock valve
was opened to draw the sample into the syringe, (3) the plunger was drawn to
the specified volume, (4) the minilock valve was left open with the needle
still in the septum for 1 minute to allow any vacuum to subside, (5) the
minilock valve was closed, (6) the needle was withdrawn from the septum,

{(7) all pertinent data were recorded on the sample tag that was attached to
the syringe, and (8) the syringe was placed in a cooler at 4-C (39.2-F}).

Following sample collection, the pump was turned off and the sampling
train was removed from the gas port end. The pump was then turned back on to
run ambient air through the sampling train for at least 5 minutes to clear out
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Figure 5-12. Diagram of sampling train (Ruebelmann and Peterson, 1989).
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any residual gases in the train. All pertinent data were recorded in the
laboratory notebook and the field logbook including the date, time of
coliection, pumping rate, pumping time, HNu readings, LEL readings, sampling
port identification number, sample volume, personnel present, identities of
associated quality assurance samples, and the syringe number.

Following documentation, the sampling syringes were wrapped with plastic
packing material and packed with reusable ice packs into sturdy, thermé]ly-
insulated coolers. The cooler 1id was sealed with a custody seal and the
cooler carried directly to the laboratory on the same day of sampling. All
samples were analyzed by the purge and trap method with a GC/MS for the
34 volatile organic constituents lTisted in Table 5-6.

5.4.4 Quality Assurance/Quality Control Procedures

Comprehensive quality assurance objectives for drilling procedures and
for the soil, aqueous, and gas sampling for hazardous constituents were
developed in 1988 to provide guidelines for all field and Taboratory
operations. For radionuclide constituents, these qua1ity“assurance objectives
were instituted at the beginning of the SIP, and they are recorded in the
sampling and analysis plans and in standard operating procedures for drilling.
The goal was to (a) produce data of known and sufficient quality to estimate
baseline concentrations of known contaminants, (b) assess the effectiveness of
sampling procedures, and (c) supplement existing and future data to be used in
making corrective action and remedial response alternative decisions.

Standard procedures were developed so that known and acceptable levels of
precision, accuracy, representativeness, comparability, and completeness could
be documented {EG&G, 1988¢c). The results produced using established
methodologies and standard operating procedures should be reproducible and
comparable to other data reported at similar levels of precision and accuracy.

A1l drilling and sampling equipment subject to cross-contamination was
cleaned and triple-bagged before use. Health physics surveys of the equipment
were conducted before equipment was used during drilling and coring to screen
for radionuclide cross-contamination between the surface and the borehole.
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Wipe smears were taken of the drilling rig and drilling equipment, the
decontamination area, and the subsurface investigations field laboratory at
the start of each day and before and after each sampling event. The smears
were counted using an alpha spectrometer and a beta/gamma counter. Field
quality control measures were followed to provide quality assurance for
samples submitted for Appendix IX analyses. Quality control measures included
decontamination rinses of all sampling equipment with hexane, methanol, and
deionized water before each sampling event. Other measures included field
blanks, trip blanks, equipment blanks, spiked aqueous samples, and duplicate
or replicate sediment samples. For all sampling, the ratio of quality control
samples to normal samples averaged approximately 1 to 6.

Trip blanks for soil samples collected during drilling were included
with each sample shipment to be analyzed for volatile organic constituents.
They were prepared before the actual sampling event by an independent
laboratory or the EG&G Idaho field sampling team using high pressure liquid
chromatography (HPLC) grade water, packaged with the VOC samples, and shipped
to the Taboratory for analysis. The number associated with the sample trip
blank was recorded in the sample logbook.

Physical analyses were performed on selected samples from both the
shallow and deep drilling programs. The analyses to be performed and the
associated precision, accuracy, and completeness goals for soil and
sedimentary interbed samples are summarized in Table 5-7.

For soil sampling, an equipment blank was coliected before sampling of
the borehole, after the borehole was completed, and after the drill rig had
been cleaned. Several pieces of drilling or sampling equipment (including a
core tube) were chosen at random. After final decontamination and rinsing of
the equipment, an additional rinse with HPLC-grade water was made, and the
rinsate was collected for analysis. The initial equipment blank was submitted
for Appendix IX analysis. Based on the Appendix IX analyses of the soil
samples, the final equipment bianks were analyzed for the major constituents
of concern.
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Table 5-7.

Precision, accuracy, and completeness objectives for hydrological, mineralogical, and geochemical

properties®
Measurement Parameter Precision® Accuracy Completeness
(Method) Reference Experimental Conditions (%) % Biased (%)
Saturated hydraulic Part 1
conductivity
(constant head) Klute (1986) Undisturbed sample 50 150 80
p. 694,
(falling head} ASTM D2434 Undisturbed sample +50 140 80
Klute {1986)
p. 700
Moisture retention Part 1
(hanging water column) Klute (1986) Undisturbed sample +50 $50 80
(pressure plate) p. 635 Undisturbed sample +50 150 80
Klute (1986)
p. 648,
ASTM D2325,
13152
Moisture content Part 1
(graviometric) Klute (1986) Sealed sample 12 12 80
p. 503,
(volumetric) ASTM D2216 Sealed sample 12 12 80
: Klute (1986)
p. 696
Part I
Bulk density Klute (1986) Undisturbed sample +2 12 80
p. 364,
ASTM DA531
Porosity Part 1
Klute (1986) Undisturbed sample 5 15 80
p. 444
Unsaturated hydraulic
conductivity Not Not
(Maulem) Maulem (1976) Undisturbed sample quantifiable quantifiable 80

Van Genuchten

(1978)




9%-9

Table 5-7. ({(continued}
Measurement Parameter Precision® Accuracy Completeness
(Method) Reference Experimental Conditions (%) % Biased (%)
Particle size
distribution Part 1
(mechanical Sieve) Klute (1986) May be disturbed sample 110 140 80
{hydrometer) p. 393 May be disturbed sample 140 +10 80
Klute (1986} '
p. 404
Particle density Part 1
(pycnometer) Klute (1986) May be disturbed 12 12 80
‘ p. 378 sample
Air permeability API-RP-40 Undisturbed sample 150 $50 80
Total organic carbon - Klute {1986) May be disturbed; +10 +10 90
Part 2 has not been sieved
p. 539
p. 581
Total carbon Klute (1986) May be disturbed; 110 +10 90
Part 2 has not been sieved
p. 539
Mineralogic Klute (1986) <35 mesh 2 0=10.05 5% rel. dev. 90
(X-ray diffraction) Part 1 on split on Qtz, Std.
p.331 samples (100% inten-
sity peak)
Cation exchange capacity | Richards (1954) May be disturbed 110 $10 90
p. 101 has not been sieved
Part 2

a. Source:

Koslow and Hubbell (1989).

b. Precision represents the relative standard deviation reported with one sigma.




For aqueous samples, quality assurance/quality control measures required
spiked samples prepared by an independent laboratory. These were included at
a freguency of 1 in 10 aqueous samples. Split sampies and equipment blanks
were also included at a frequency of at least 1 in 10 samples. To preserve
the integrity of water samples collected from suction lysimeters,
three quality assurance/quality control measures were followed: (1) for each
sampling event, one sample bottle was filled with distilled-deionized water in
the lab and carried in an ice-chest in the field; (2) one set of four sample
bottles was filled with standard solution from laboratory stock and submitted
with each set of samples; and (3) field reagents were replaced with fresh
reagents for each field trip.

For the gas sampling event reported in Section 5.5.2.2 of this report,
the field blanks consisted of ambient air drawn into the syringe in the
vicinity of the sampling area. An eguipment blank was drawn from the sampling
train while the pump was pulling ambient air through the system. Duplicates
(or triplicates) were collected from a selected gas port immediately after
collecting a normal sample. Standard samples were prepared before the
sampling event by an EG&G Idaho laboratory not responsible for the analyses.
Trip blanks were collected in the laboratory from a gas-sampling bulb filled
with an inert, pure gas such as nitrogen. Trip blanks were transported to and
from the field sampling location. Blanks collected in the field were
transported to the analytical iaboratory with the other samples {Ruebelmann
and Peterson, 1989).

The transfer of samples from the field to the laboratory and through the -
testing process was documented using chain-of-custody procedures. Sample
custody procedures inciuded inventory and documentation during sample
collection, shipment, and laboratory processing. The chain-of-custody form
contained the following information: sample number for each sample,
collection date, sample description, required analyses, and signatures of
custody.

The sampling teams followed the health and safety practices that were
outlined in EG&G (1989f). The sampling team leader completed a Safe Work

5-47



Permit before each sampling event. The industrial hygienist conducted an
initial survey of the site before sampling was initiated to determine if
contaminants existed in the ambient air conditions. Sampling personnel
followed the personal protective guidance from the industrial hygienist and
the health physicist.

Complete field and laboratory quality assurance/quality control
procedures are described in the sampling and analysis plans (EG&G, 1988c).
Specific routine procedures used to assess data precision, accuracy, and
completeness are also included in this document.

5.5 Results

The data collected from the SIP Shallow and Deep Drilling Programs are
presented in the following sections. Section 5.5.1 presents the results of
the Shallow Drilling Program, and Section 5.5.2 presents the results of the
Deep Drilling Program.

5.5.1 Shallow Drilling Program

A total of 226 cores were collected from the 32 shallow boreholes.
Nearly 100% core recovery was obtained from the California split-spoon
sampiers (Hubbell et al., 1985). Almost all of the core samples were
compacted from the sampling technique. On average, silt or clay samples
appeared to be compacted to 77% of their original size. Sand samples usually
showed little or no compaction. Compietion diagrams for the shallow boreholes
are included in Appendix 3-1 of this document.

Geologic descriptions were recorded at intervals of either 50 or 30 cm
(20 or 12 in.) for core in the drive shoe of the sampler or the Shelby tube
depending on sampling methodology. These descriptions are provided in Hubbell
et al. (1985), Hubbell et al. (1987), and Laney et al. (1988).

Soil moisture samples were collected from the drive shoe of the
split-spoon sampler while processing the samples for storage. Moisture
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contents for these sampies are included in the geologic logs in Appendix A of
Hubbell et al. (1985). The frequency distribution for moisture content and a
graph of moisture content compared to sample texture for samplies collected in
1985 are presented in Tables 5-8 and 5-9, respectively.

Core samples were sent to laboratories for chemical and hydraulic
testing. The results of the radiochemical analyses that were completed on the
core sampies are presented in Appendix 5-3. Four samples from three shaliow
boreholes (W06, W09, and W24) were submittied for soil hydraulic property
tests; three samples from the same three boreholes were also submitted for
specific reservoir analyses. Tables in Section 5.5.2.2 summarize what samples
were submitted for specific analyses. The analytical data from the soil
hydraulic properties testing and air permeability analyses on shallow
boreholes are presented in McElroy and Hubbell (1990). No geochemical or
mineralogical analyses have been conducted on samples from shallow drilling
programs.

Water quality data collected through mid-1988 from lysimeters at the SDA
were evaluated to determine the geochemistry of soil pore waters and to better
characterize the potential for radionuclide migration. Water chemistry data
from lysimeters in Boreholes COl (control borehole), W23, W08, PAOl, and PAO2
were selected for evaluation because the waters showed low bromide
concentrations and represented the most compiete suite of analyses available.
The results of this investigation were reported by S. Rawson.® In addition,
radiochemistry data from lysimeters in selected shallow boreholes at the SDA
are presented in Table 5-10. Analytical data from soil water samples are
being compiled from the period from 1988 to present.

Data from the instrumentation and monitoring collected through 1987
indicate a range of matric potentials in surficial sediments from saturation
to -3.0 bars. A trend of decreasing matric potentials with increasing depth
was observed in most boreholes instrumented in the surficial sediments

a. Communication between S. A. Rawson, EG&G Idaho, Inc., Idaho Falls, ldaho,
and R. R. Piscitella, EG&G Idaho, Inc., Idaho Falls, December 12, 1988.
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Table 5-8. Frequency distribution for moisture content of auger hole

samples®
Moisture . Cumulative
Content® _Number of Samples Percent of Total Percent
(% by mass}
0-5 5 5 5
5-10 13 12 17
10-15 31 29 46
15-20 32 30 76
20-25 20 19 95
25-30 5 5 100
35+ -1 21 100
107 100

a. Source: Hubbell et al. (1987).

b. Moisture content based on oven-dried samples.

Table 5-9. Moisture contents for different textures of auger hole samples®

Moisture Content® Number of
Texture (% by mass) Samples
Sand 6.7 11
Silty sand or sandy silt 16.2 49
Silt 14.0 S
Clayey silt or silty clay 19.5 30
Clay 13.8 5

a. Source: Hubbell et al. (1987).

b. Moisture content based on oven-dried samples.
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Table 5-10. Summary of radiochemistry data from lysimeter water samples in shallow boreholes?
Depth Collection Pu-239,-240 Pu-238 and/or Am-241 Tritium®
Borehole  Lysimeter (ft-in.) Date 10" uci/mL 107" pCi/mL pCi/mi
1985
W06 L27 11-10  05/01/85 1.0 + 3.0 1.0 + 3.0
1986
PAOL L15 14-4 06/13/86 7.0 + 5.0 6.0 + 5.0 ( 4.00 + 2.00) x 107"
PAO2 L16 8-8 06/13/86 2.0 + 3.0 13.0 + 6.0 (-6.00 + 4.00) x 1073
W02 Lol 14-0 1986 (-3.00 + 2.00) x 1073
Wo4 L03 24-6 1986 ( 4.00 £ 2.00) x 10
L04 15-5 08/26/86 and 5.0 + 4.0 7.0+ 6.0
09/04/86°
LO5 6-2 06/13/86 2.0 + 3.0 2.0 + 3.0 (4.00 + 2.00) x 10°"
Wos L12 22-1 1986 (-7.00 + 4.00) x 1072
L13 11-5 1986 ( 5.00 + 3.00) x 107!
L14 6-2 1986 ( 8.00 ¥ 6.00) x 1072
W23 L08 11-11 1986 1.96 + 0.08
LO9 7-8 06/13/86 2.0 + 4.0 5.0+ 7.0 1.10 + 0.30°
TH4 L18 4-0 06/13/86 4.0+ 7.0 13.0 + 13.0
1987
PAOL L15 14-4 04/30/87 8.0 + 7.0 5.0+ 7.0
W02 LO1 14-0 04/30/87 2.0 + 3.0 7.0 5.0
W05 .25 10-0 04/30/87 4.0 + 7.0 16.0 + 12.0
W23 LO8 11-1 05/01/87 6.0 + 6.0 53.0 + 13.0¢
W25 L28 15-6 05/01/87 1.0 + 4.0 2.0+ 3.0
a. Source: Hubbell et al. (1987); Laney et al. (1988).

b. Detection Timit for tritium samples was 1 pCi/mL.

c. L04, W04 composite sample from 2 days sampling.

d. Positive results {greater than 3 sigma).




{McElroy and Hubbell, 1989). Subsurface hydraulic gradients were
predominantly downward below 3 m (10 ft). From the surface to 2 m (7 ft)
below land surface, neutron data indicate a zone strongly affected by cyc}gs
of precipitation and evapotranspiration (Laney et al., 1988). In this zone,
both upward and downward hydraulic gradients were detected.

5.5.2 Deep Drilling Program

A total of 10 deep boreholes were drilled from 1986 to 1990. Table 5-11
summarizes the sampling information by borehole, the top and thickness of the
sedimentary interbeds, core analyses, type of geophysical logs conducted, and
sampies analyzed for hazardous and radiological constituents. Geophysical
iogs of the boreholes included gamma-ray, gamma-gamma, neutron, TV, and
caliper logs. Completion diagrams and geophysical logs for the boreholes are
provided in Appendix 3-1 in Section 3. Drilling and sampie core logbooks for
boreholes drilied since 1988 are provided in Appendix 5-4. A summary of the
core recovery from the sedimentary interbeds is included in Table 5-12.

5.5.2.1 Borehole Completion Details. This section describes the
completion details for each of the deep boreholes that were drilled as part of
the SIP between 1986 and 1990. The boreholes are presented in chronological
order based on the drilling start date. Specific information is presented
concerning each borehole such as the depth of the cored intervals, the types
of drilling techniques used, the types of sample analyses conducted, and the
problems encountered during the drilling and sampling process.

D06

Borehole D06 was initiated on August 11, 1986, by augering and sampling
the surficial sediments. The borehole deflected from the vertical at 9 m
(30 ft) and corkscrewed to a depth of 38 m (126 ft). A decision was made to
complete it at that depth because the hole was too crooked to set casing. Ii
was reamed to total depth, backfilled, and instrumented. No sediment core was
obtained from either the 9-m (30-ft) or the 34-m (110-ft) interbed. The cored
intervals are described in Appendix B of Hubbell et al. (1987).
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Tabie 5-11. Deep drilling program summary of sampling, geophysical logs, chemical analyses, and boreho?é completions

Total Depth, ft Cored Sedimentary Interbeds Hydraulic Air
(Completion Interval(s) Top of 30-ft, 110-ft, 240-ft Properties Permeability Borehole
Borehole Date) (fr) {Thickness, ft) Testing _ Analysis Appendix 1X Radiochemistry Logg' Borehole Completion
D02 235 (9-86) 0-18 25 (4P .. . 1,2,3,4,5 Eight gas sampling ports
23 - 104 92 (5) b - -
223 - 235 223 (>20) X X - X
D0é 126 (9-86) 1-9 40 (;I"l)b - - 1,2,3,4,5 Porous cup lysimeters
B8 - 126 NP - - and heat-dissipation
pNPe - probes
DOSA 50 (10-86) 1-3 £1.5 (2) - X 1,2,3 No instruments
. T 7-50 DNP
DNP
™1 237 (56-87) 17 - 21 28 (4) - - 1,2,3,4,5 Porous cup lysimeters
88 - 103 101 (N - X (Not ond heat-dissipation
219 - 231 225 (>12) - X cont inuous probes
233 - 233.6 caliper)
B15 252 (9-87) 1.5 - 7 32 (3.5) - 1,2,3,4 Porous cup lysimeters
. 32 - 40 96 (16) X - X and heat-dissipation
45 - 47 222 (20) X X - X probes
B8 - 117
217 - 243
88010 245 (8-88) 20 - 210 NP b - f - 1,2,3,4,5 Nine gas sampling ports
103 ¢5) s: 1,2,3,5,6
229 (>4) X X s$: 1,2,3,4,5, X
.7
B302D 129 (7-88) 6 - 221 25 (S)b - 1,2,3,4 Stainiess steel screen
220 (7-89) 94 (8) - - and tubing for perched
DNP f water sampling
Perched Water at 220 ft H: 6 X
8801T 50.7 ¢ ) 15 - 50 NP - - None Test hole
DNP
89010 249 (6-89) 32 - 46 d - X 1,2,3,4,5 Staintess steel slotted
89 - 113 103 (5) - - pipe and riser completed

219 - 254 229 - X for VVED
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Table 5-11. ({continued)

Total Depth, ft Cored
(Completion

‘Sedimentary Interbeds

Intervel(s) Top of 30-ft, 110-ft, 240-ft Properties Permeability

Sorehole Date) (ft) (Thickness, ft)
89020 245 (2-90) 25 - 33 NP
101 (8)
223
D10 95 (9-87) 8-9 32D
239 (3-90) 239 92 (3)
94 223

a. 1 = ganma, 2 = gamma-gemma, 3 = peutron, 4 = TV, 5 = caliper.
b. Value from Anderscn and Lewis (1989).

c. Not submitted for analysis,

d. Not present.

e. Did not penetrate.

Appendix IX

2,6f

2,6f

Borehole
Radiochemistry Logs Borehole Completion
- 1,2,3,4,5 Eiéht gas sampling ports
- 1,2,3,4,5 Undec i ded

f. S = sediment, W = water, 1 = volatiles, 2 = semivolatiles, 3 = organophosphorous/pesticides, & = chlorinated herbicides, 5 = PCBs, 6 = metals, 7 = dioxins/furans.
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Table 5-12.

Summary of core recovery from sedimentary interbeds at deep boreholes

30-ft Interbed

Cored
Borehole _(ft)
D06 NC*?
D02 25 - 29
DOGA 47 - 49
w1 NC
D15 32 - 40
D10 32 - 39
8801D Np
88020 24.9 - 29.9°
8901D NP
8902D NC

a. NC = not cored.

Recovery

(%)

- 60
50

35
17

94

110-ft Interbed

Cored Recovery

(ft) (%)

89 - 92° 100
99 - 101.2 0

DNP
101 - 103.5 30
107 - 112 26
92 - 96 0
103.1 - 104.1 63
95-103 0
103 - 108 0.4
NC

240-ft Interbed
Cored Recovery
{(ft) (%)
DNP®
224 - 235 60
DNP
226 - 231 20
221 - 239 74
223 - 234 40
229 - 244 47
NC
229 - 249 55
NC

b. Cored interval was sediment infilled-fractured basalt, the 110-ft interbed was not present.

c. DNP = did not penetrate.

d. NP = not present.

e. Cored interval includes basalt.




L
[
[t

Borehole D02 was initiated on August 21, 1986. The surficial sediment
was sampled and the borehole was cored to 8.5 m (28 ft). Surface casing was
set to 7.3 m (24 ft). The borehole was cored to the 34-m (110-ft) interbed,
but no interbed sample was obtained because it was drier than expected and was
blown away by the air rotary circulation system. Bentonite was placed at the
bottom of the hole at 34 m (110 ft) to seal it, and the casing was set.
Drilling resumed with a tricone bit to 68 m (223 ft), the upper part of the
73-m (240-ft) interbed, with samples collected from the cyclone separator.
Shelby tubes were used to collect continuous cores within the interbed to a
depth of 72 m (235 ft) without encountering the basalt. Borehole D02 was
deepened to a total depth of 74 m (243 ft) on September 15, 1987, using a
tricone bit. Caving problems caused abandonment of the hole before drilling
into the basalt underlying the 73-m (240-ft) interbed.

Instrumentation was initiated but discontinued when VOCs were detected
during removal of the 15-cm (6-in.) casing. Descriptions of the cored
intervals are provided in Appendix B of Hubbell et al. (1987)}. These samples
were analyzed for radiochemistry in FY-87.

In 1988, this borehole was completed with eight gas sampling ports. The
gas sampling ports, consisting of 5-cm (2-in.) wire-wrapped stainless steel
screen 45 cm (18 in.) long, were attached to the surface with 1-cm (3/8-in.)
stainless steel tubing. A1l samplers were closed at land surface with
Swagelok quick connect female attachments.

DO6A

Drilling commenced on Borehole DO6A September 17, 1986. This borehole
was drilled to practice sampling techniques through the sedimentary interbeds.
It was anticipated that the thickness of the 9-m (30-ft) interbed would be
close to 3.3 m (11 ft) based on extrapolation from Borehole D06, located 60 m
(20 ft) to the north. A California split spoon sampler was used to collect
core from the surface to 0.84 m (2.75 ft), a 10-cm (4-in.) tricone bit was
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used to drill the next 1.2 m (4 ft), and an HXB core barrel was used to
continuously core the borehole from 2.1 m (6.9 ft) to a total depth of 15.2 m
(50 ft). The 9-m (30-ft) interbed was 60 cm {2 ft) thick compared to a
thickness of 3.3 m (11 ft) at Borehole D06. The recovered interval included
~ the basalt-sediment interface. Descriptions of cored intervals are included
in Hubbell et al. (1987). The hole was stopped at this point. Borehole DO6A
is sti]lepen with a Tocking waterproof cap.

TWl

Borehole TW1 was drilled within 4.6 m (15 ft) of Borehole D02 to confirm
the presence of radionuclides detected in the 73-m (240-ft) interbed at
Borehole D02. The 34-m (110-ft) interbed in Borehole TWl was approximately
2 m (7 ft) thick. The HXB core barrel, Shelby tube, and thin-wall Shelby tube
sampling devices were used to core the 73-m (240-ft) interbed. Core recovery
in the 240-ft interbed was poor (20%) for two reasons: (1) a Shelby tube was
lost in the hole, and (2) a coarse, unconsolidated sand encountered at the
base of the interbed could not be sampled. Repeated attempts to core this
zone with high pressure air resuited in erosion and caving of the borehole.
Borehole TW1 was consequently completed at a depth of 72 m (237 ft) and
instrumented. Descriptions of cored intervals are provided in Appendix A of
Laney et al. (1988).

D15

Borehole D15 was drilled approximately 91 m (300 ft) south of the SDA to
provide background samples for quality assurance/quality control purposes. An
HXB core barrel was used to sample the 9-m (30-ft) interbed with 35% core
recovery. A thick, unconsolidated gravel zone was encountered in the 34-m
(110-ft) interbed. Four different coring techniques were attempted to sampie
the gravel zone but failed: (1) the HXB core barrel, (2) the standard Shelby
tube, (3) a thin-wall Shelby type tube, and (4) a California split-spoon
sampler. Consequently, the open hole was cased from the surface to the base
of the gravel zone with 20-cm (8-in.) casing. HXB coring resumed through the
bottom of the casing to the base of the 34-m (110-ft) interbed. Core recovery
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in the interbed below the gravel was excellent (78%). Overall core recovery
from the entire 34-m (110-ft) interbed was 26%. The gravel was circulated to
the surface using high pressure air. Recovered gravel cuttings were evaluated
to aid in the geologic interpretation of the interbed. The 73-m (240-ft)
interbed was sampled with an HXB coring device with a recovery rate of 74%.
Descriptions of cored intervals are provided in Appendix A of Laney et al.
(1988). Borehole D15 was subsequently instrumented with suction Tysimeters

and heat dissipation sensors, and a Tocking cap was installed.

Dio

After Borehole D15 was drilled, it was decided that all future holes
would be cored continuously from surface to total depth, thus providing more
site-specific subsurface information about the RWMC. However, only
Borehole 8801D and part of 88020 were completed in this manner. Borehole D10
was continuously cored to a depth of 29 m (95 ft) when drilling was suspended
in September 1987 because organic vapors were detected in the borehole. The
hole was cored using a 8.9-cm (3 1/2-in.) rotary diamond core bit and
back-reamed to the standard hole size instead of drilling with a tricone and
back-reaming. The 9-m (30-ft) interbed was cored using an HXB core tool with
77% recovery. A few inches of sediment were encountered at the 34-m (110-ft)
interbed, but no core was obtained.

Borehole D10 was completed to a total depth of 72.8 m (238.9 ft) in
March 1990. The hole was cored continuously from depths of 2.6 to 72.7 m
(8.5 to 238.5 ft) below land surface. The cored intervals and recovered
samples are summarized in Table 5-13. The 9-m (30-ft) interbed was
intercepted at 9.6 m (31.6 ft), and the 73-m (240-ft) interbed was penetrated
at 68 m (223 ft). The 34-m (110-ft) interbed does not appear on the
geophysical logs, but some soil was present at 28 m (92 ft).

88010

Borehole 88010 was drilled during the summer of 1988 and was completed
in August. Core was obtained from the 34- and 73-m (110- and 240-ft)

5-58



Table 5-13. Cored intervals in Borehole D10®

Cored Interval Recovered
(ft) (ft) Sampie Number Comments
8.5 - 1.3 1.8 D-81
11.3 - 12.0 0.3 D-82
12.06 - 13.5 1.3 D-83
13.5 - 17.4 1.9 D-84
17.4 - 22.3 4.9 b-85
22.3 - 24.6 2.3 D-86
24.6 - 29.6 4.9 D-87
29.6 - 31.5 D-88
31.5 - 34.6 1.9 D-89
34.6 - 36.0 1.2 D-%0
D-91
2.0 D-92
62.1 - 441 4.6 D-93
44.1 - 49.1 D-94
D-95
54.4 - 59.4 3.2 D-96
59.4 - 62.9 2.6 D-97
66.2 ~ 69.6 D-99
69.6 - T4.6 4.3 . b-100
76.6 - 719.0 0.2 D-101
79.0 - 79.9 5.0 D-102
79.9 - 84.9 5.2 b-103
84.9 - 90.2 b.4 D-104
90.2 - 95.3 D-105
QA Sample D-106 Radiochemistry
QA Sample D-107 Radiochemistry
94.3 - 946.0 0.3 D1001287
96.5 - 101.25 4.8 D1002287
101.25 - 106.1 4.7 D1003287
106.1 - 111.0 5.3 D1004287
111.0 - 116.0 5.0 D1005287
116.0 - 121.0 5.0 D1006Z87
121.0 - 126.0 5.0 01007287
128.0 - 130.9 2.9 01008287
130.9 - 135.¢9 5.0 01009287
135.9 - 140.5 4.6 010106287
140.5 - 145.8 4.9 D1011287
145.8 - 151.5 4.9 D1012287
151.5 - 154.5 2.5 core not good for analysis
154.5 - 156.0 1.0 core not good for analysis
156.0 - 161.0 5.3 D1013287
161.0 - 166.0 3.7 no sample number assigned
165.7 - 170.0 5.5 D1014287
170.0 - 174.8 4.7 D1015287
174.7 - 179.8 5.4 no sample number assigned
179.8 - 184.0 4.2 D1016287
184.0 - 188.5 4.5 D1017287
189.0 - 190.3 1.4 D1618287
193.7 - 196.5 2.5 D1019287
196.5 - 201.5 5.1 1020287
201.5 - 206.5 4.5 1021287
206.5 - 211.0 4.3 01022287
211.0 - 215.7 4.7 D1023287
215.5 - 217.0 1.5 D1024287
217.0 - 220.5 3.4 D1025287
220.5 - 223.0 2.6 D1026287
223.0 - 225.5 1.6 D1027287
225.5 - 227.5 1.8 D1028z87 Sample submitted for 40 CFR Appendix IX
234.0 - 235.0 1.0 D1029287
235.5 - 238.5 1.5 D1030287

a, Source: Sample and core description Logbook I, Borehole D10, assigned to T. Clawson (samples D1001287
through D1030287) and deep drilling log (sampies D-81 through D-107) (Appendix 5-4).
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interbeds, intercepted at 31 and 70 m (103 and 229 ft), respectively; however,
the 9-m {30-ft) interbed was not present. This borehole was continuously
cored from approximately 7 m {20 ft) below land surface to a total depth of

75 m (245 ft) ‘The cored intervals and recovered samples are summarized in
Table 5-14. The 34- and 73-m (110- and 240-ft) sedimentary interbeds were
sampled for Appendix IX, metals, VOCs, and radionuclides as summarized in
Table 5-15. The analytical data from the Appendix IX analyses are included in
Appendix 5-6.

This borehole was completed with nine gas sampling ports. The ports,
consisting of 5-cm {2-in.) wire-wrapped stainless steel screen 45 cm (18 in.)
long, were attached to the surface with 1-cm (3/8-in.) stainless steel tubing.
A1l sampiers were closed at land surface with Swagelok quick-connect female
attachments.

8802D

Borehole 88020 was drilled to 39 m (129 ft) in 1988 before organic
vapors were detected in the wellbore. This borehole was located to collect
samples for priority pollutants, to obtain more even distribution of geclogic
data, and to explore for perched water zones. The borehole was cored
continuously from 1.8 to 39.2 m (6 to 128.6 ft) below land surface. The cored
intervals and recovered samples are summarized in Table 5-16. Core was
recovered from the 9-m (30-ft) interbed intercepted at 8 m (25 ft) but not
from the 34-m (110-ft) interbed. The 34-m (110-ft) interbed was penetrated at
28.6 m {94 ft) and had a thickness of approximately 1.4 m (4.6 ft) but was too
unconsolidated for any core recovery. The well was capped from August 19,
1988, to June 27, 1989. Borehole 8802D was reentered and drilling continued
until perched water was encountered at 67.4 m (221 ft). The borehole has been
completed for monitoring a perched water zone.

8901D

Borehole 8901D was drilled in the summer of 1989 to a depth of 76 m
(249 ft). This borehole was only cored through the three sedimentary
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Table 5-14. Cored intervals in Borehole 8801D°

Cored Interval Recovered

(ft}) (ft) Sample No. Comments

19.8 - 24.8 4.6 8801D01
26.1 - 28.6 1.4 8801D02
28.6 - 31.1 2.1 8801D03
28.4 - 29.8 0 8801D04
12.5 - 14.8 2.9 8801D05 Cored through grout
14.8 - 19.8 5.4 8801D06 Cored through grout
30.4 - 35.4 5.0 8801D07
35.4 - 40.4 5.0 8801D08
40.4 - 45.6 5.2 8801009
45.6 - 50.4 4.5 8801D10
50.2 - 55.2 4.6 8801D11
54.7 - 59.7 5.25 8801D12
59.7 - 64.75 5.1 8801D13
65.3 - 70.8 5.5 8801D14
70.5 - 75.5 4.8 8801D15
75.5 - 80.5 4.8 8801D16
80.5 - 85.5 5.0 8801017
85.5 - 90.5 5.2 8801018
90.6 - 95.7 4.9 8801D19
5.5 - 100.2 4.7 8801D20
100.2 - 103.2 3.0 8801D21
103.2 - 107.0 3.5 8801D22 Sample taken at 103.7 for 40 CFR Appendix IX
107.0 - 110.5 3.5 8801D23
110.5 - 115.4 4.9 8801D24
115.4 - 120.3 4.9 8801D25
120.3 - 125.1 4.8 8801D26
125.4 - 130.6 5.45 8801D27
130.6 - 134.6 4.0 8801D28
134.6 - 139.8 5.2 8801D29
139.8 - 145.0 5.2 8801D30
145.2 - 150.0 5.0 8801D31
150.0 - 155.2 5.2 8801D32
155.2 - 160.3 5.1 8801033
160.2 - 165.2 5.0 8801D34
165.2 - 170.2 4.9 8801D35
170.1 - 175.3 5.2 8801D36
175.3 - 180.3 5.0 8801D37
180.3 - 185.3 5.0 8801038
185.3 - 190.3 4.95 8801D3%
190.3 - 195.3 5.45 8801D40
195.8 - 200.9 5.04 8801D41
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Table 5-14.

(continued)

Cored Interval Recovered

(ft) (ft) Sample No. Comments

200.9 - 206.1 5.2 8801D42

206.1 - 208.7 2.56 8801D43

209.0 - 210.3 1.3 8801D44

210.3 - 215.3 - 5.0 8801D45

215.3 - 220.2 4.9 8801D46

220.2 - 225.3 5.1 8801D47

225.2 - 230.1 4.9 8801D48 Sample taken for 40 CFR Appendix IX
radiochemistry

230.1 - 233.3 2.5 8801D49 Sample taken for 40 CFR Appendix IX
radiochemistr‘_yb

233.3 - 235.3 2.2 8801050  Sample taken for radiochemistry®

235.1 - 240.1 0 8801051

240.8 - 242.3 1.3 8801D52

241.7 - 244.7 0 8801D53

a. Source: Borehole 8801D driliing core logbook (Appendix 5-4).

b. Radiochemistry samples were not collected or prepared according to stringent

cross-contamination procedures detailed in the sampling and analysis plan for sample
collection or the standard operating procedure for radiochemistry samplie preparation.
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Table 5-15.

Summary of 40 CFR 264 Appendix IX chemical analysis for

Borehole 8801D

. Sample Depth .

Number (ft) Type Weight/Volume Analyses
8801D22A 103.2 - 104.0  Sediment 30 g Pesticide/PCB
8801D22B 103.2 - 104.0 Sediment - -° Inorganics/metals

103.2 - 104.0 Sediment 30 g Semivolatile organics
103.2 - 104.0 Sediment Organophosphorous,
pesticides,
chlorinated herbicides
8801D22A 104.0 - 104.1 Sediment 549 Volatile organics
8801D48A 230.1 Sediment 5¢ Volatile organics
8801D48B 229.0 - 230.1 Sediment - -8 Inorganics/metals
8801D48C 229.0 - 230.1 Sediment - -f Organophosphorous,
pesticides,
chlorinated herbicides
8801D48C 229.0 - 230.1 Sediment 30 g Pesticide/PCB
8801D48C 229.0 - 230.1 Sediment - -f Dioxins/furans
8801D49B 230.1 - 231.1 Sediment - - Inorganics/metals
8801D49C 230.1 - 231.1 Sediment 30 g Semivolatile organics
8801049C 230.1 - 231.1 Sediment - -° Organophosphorous,
pesticides,
chlorinated herbicides
8801D49C 231.1 - 231.1 Sediment 30 g Pesticide/PCB
8801D49C 230.1 - 231.1 Sediment - -° Dioxins/furans
8801D22TBA Trip blank Water 5 mL Volatile organics
8801D22TBB Trip blank Water 5 mL Volatile organics

a. Unknown.
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Table 5-16. Cored intervals in Borehole 8802D°

Cored Interval Recovered
(ft) (ft) Sample Number
6.0 - 11.0 5.00 8802D01
10.1 - 15.0 4.90 8802002
14.5 - 19.9 3.00 8802D03
19.9 - 24.9 5.10 8802D04
24.9 - 29.9 4.70 8802005
30.0 - 35.0 4.90 8802D06
35.0 - 40.0 5.10 8802007
40.0 - 45.0 5.25 8802D08
45.0 - 50.0 4.80 8802009
50.0 - 55.0 5.10 8802010
55.0 - 60.0 5.00 8802011
60.0 - 65.0 4.40 8802D12
65.0 - 70.0 4.50 8802D13
70.0 - 75.0 4,85 8802D14
75.0 - 80.0 4.80 B802D15
80.0 - 85.0 5.00 8802D16
85.0 - 90.0 5.00 8802D17
90.0 - 95.0 5.10 8802D18
95.0 - 99.0 2.20 8802019
98.4 - 101.8 0 8802D20
101.8 - 105.1 3.20 8802D21
105.1 - 109.1 4.10 8802022
109.1 - 114.1 5.00 8802023
114.1 - 119.1 5.05 8802024
119.1 - 124.1 5.00 8802D25
124.1 - 126.4 2.30 8802026
126.4 - 128.6 0.70 8802027

Source: Sample and core description Logbook I,
Boreho]e 88020, assigned to T. Clawson (Appendix 5-4).
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interbeds as shown in Table 5-17. Samples from the 9-, 34-, and 73-m

(30-, 110-, and 240-ft) interbeds were collected for radionuclide analysis.
The 9- and 73-m (30- and 240-ft) interbeds were cored continuously; however,
only 0.6 cm (1/4 in.) of sediment was recovered from the 34-m (110-ft)
interbed. Borehole 8901D was completed as the production well for the VVE
demonstration with 52 m (170 ft) of stainless steel slotted pipe and riser
pipe.

89020

Borehole 8902D was drilled as a VVE demonstration replacement well for
Borehole 8802D. It was completed in January 1990 to a total depth of 75 m
(245 ft) for sampling of sedimentary interbeds. The interval from 7.6 to 10 m
{25 to 33 ft) was cored before the decision was made to drill with a tricone
bit; therefore, no additional cores were collected. After drilling was
completed, samples were collected from sediments that collapsed into the hoile
[presumably from the 73-m (240-ft) interbed}l by driving 20.3-cm (8-in.) steel
casing approximately 2.4 m (8 ft) into the interbed and retrieving the casing
to the surface. A sample was scraped from the bottom of the casing leaving a
sediment rind around the interior edge of the casing. The sample was mixed
and split into four 250-mL samples. Two of the samples were submitted for
metals and semivolatiles analysis, and the remaining two were archived.®

Borehole 839020 was completed with eight gas sampling ports for the VVE
demonstration. These ports, consisting of 5-cm (2-in.) wire-wrapped stainless
steel screen 45 cm (18 in.) long, were attached to the surface with 1-cm
(3/8-in.) stainless steel tubing. A1l samplers were closed at land surface
with Swagelok quick-connect female attachments.

5.5.2.2 Analytical Data From the Deep Drilling Program. Selected
sampies were analyzed for 40 CFR 264 Appendix IX compounds and radionuclide

a. Communication between J. M. Hubbell, EG&G Idaho, Inc., Idaho Falls, Idaho,
and L. N. Peterson, EG&G Idaho, Inc., Idaho Falls, Idaho, April 18, 1990.
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Table 5-17. Cored intervals in Borehole 8901D°

Cored Interval Recovered

(ft) (ft) _Sample No. _ Comments

31.6 - 36.1 4.5 001010850000
36.1 - 40.9 4.75 D01020890000
40.9 - 4b5.% 4.7 D01030890000
88.8 - 93.4 4.6 D01040890000
93.4 - 97.3 4.3 D01050890000
97.3 - 101.8 4.5 D01060890000
101.8 - 103.2 1.4 DA107089¢000
108.8 - 113.0 4.2 001080890000
219.4 - 224.0 4.6 001090890000
224.0 - 229.1 5.1 D01100890000
229.1 - 234.1 5.0 001110880000
234.1 - 239.1 2.3 D011208%0000
238.1 - 243.1 1.6 D01130890000
243.1 - 245.9 2.1 D01140890000
249.0 - 245.0 0

DO10OEB9AC00 Equipment blank

a. Source: Sample and core description logbook I, Borehole 8901D, assigned to
S. Budge {(Appendix 5-4).
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content. The sedimentary interbed samples submitted for 40 CFR 264

Appendix IX amalyses {i.e., organics, semivolatiles, and metals) are
summarized on Table 5-18. Chemical analyses on sedimentary interbed samples
from Boreholes 8902D and D10 have not been quaiified or validated but are
included in Appendix 5-5. The data qualification report for the analytical
data from sedimentary interbeds in Borehole 8801D is included in Appendix 5-6.

Radiochemical analyses for surficial sediments and the sedimentary
interbeds in Boreholes D02, D06, and TW1 are presented in Table 5-19.
Radiochemistry samples were collected from the 9-m (30-ft) interbed in
Borehole 8901D; from the 34-m (110-ft) interbed in Borehole D15; and from the
73-m (240-ft) interbed in Boreholes D15, 8801D, and 8901D (Table 5-18).

Physical and hydraulic properties testing of the surficial sediments and
sedimentary interbeds were conducted. Sixteen samples of the sedimentary
interbeds were collected from five archived core boreholes and submitted for
the hydraulic properties analyses shown on Table 5-20. An evaluation of the
data and the analytical results are presented in McElroy and Hubbell (1990).
Air permeability analyses were also compieted on 11 samples from four deep
boreholes. The type of analyses conducted on these samples are shown on
Table 5-21. The analytical data are evaluated and presented in McElroy and
Hubbell (1990). No geochemical or mineralogical analyses have been conducted
on the samples from the deep drilling program.

Data from the instrumentation and monitoring program collected from 1985
through 1989 are currently being evaluated and summarized by the EG&G Idaho
Geosciences Unit. The general range of matric potentials in the 9-, 34-, and
73-m (30-, 110-, and 240-ft) interbeds is from -0.3 to -1.7 bars. Preliminary
results indicate downward moisture movement through the interbeds (McElroy and
Hubbell, 1989).

Water quality data collected through mid-1988 from lysimeters at the SDA
were evaluated to determine the geochemistry of soil pore waters and to better
characterize the potential for radionuclide migration. Water chemistry data
from lysimeters in Boreholes D06, D15, and TW1 were selected for evaluation
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Table 5-18. Summary of sedimentary interbed samples selected for chemical analysis in Boreholes 88010,

010, 8901D, and 8902D

89-9

Sample Depth Preservatives
Borehole Number (ft) Type Container Analysis ¢°c) Comments
110-ft Interbed
8801D 8801D22A 103.7 Interbed 40 mL AG®  volatile organic analysis 4
8801D228 103.2 - 103.7 Interbed 32 oz. AG Metals, BNA, other inorganics 4
8801D22TBA - Trip blank 40 mL AG volatile organic analysis (624) 4/none Prepared by Weston
8801022788 - Trip blank 40 mL AG Volatile organic analysis (624) 4 /none Prepared by Weston
8301D21R2 101.2 - 103.1 Fracture fill Radiochemistry
8801D22R0% 106.1 - 107.0 Fracture fill Radiochemistry
8301045801 210.3 - 215.3 Fracture fill Radiochemistry
8801D46R01 215.3 - 220.2 Fracture fill (?) Radiochemistry
240-ft Interbed
8801D 8801D48A 230.1 Interbed 120 mL AG Volatile organic analysis 4
8801D48A 2301 Interbed 120 mL AG  Volatile organic analysis 4
8801D488 229 .4 Interbed 930 ml. AG  Metals 4
B8301048C 229.4 Interbed 950 mL AG  Other organics 4
B8801D4TFA 232.6 Interbed 120 ml. AG  Volatile organic analysis 4
BAO1ID4TA 232.6 Interbed 120 mL AG  Volatile organic analysis &
88010498 230.1 - 231.05 Interbed 950 mL AG  Metals 4 Replicate
8801049C 230.1 - 231.05 Interbed 95G mL AG  Other organics 4 Replicate
88010 BB01048RO2A 229.0 Basalt/sediment interface 104¢g Radiochemistry
8801D48R02B 229.0 Basalt/sediment interface 149 Radiochemistry
B8B01D48ROTA 230.1 Interbed 10 g Radiochemistry
B88C1D48RO1B 230.1 Interbed 149 Radiochemistry
8801D49R01 231.05 - 232.1 Interbed Radiochemistry
B8O1D4ORO2 Top of core Radiochemistry
BBO1D50R01Y 235.5 Interbed Radiochemistry
8801ID50R02 Bottom of core Radiochemistry
D10 D1028287A 225 - 227.5 Interbed 250 mL AG  Semivelatile, metals 4
010282878 225 - 227.5 Interbed 250 mL AG  Semivolatile, metals 4 Replicate
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Table 5-18. (continued)
Sample Depth Preservatives
Borehole Number (fr) Iype Container_ Anslysis %) Comments
240-ft Interbed
89010 DO111XBIEA 229.% - 234.1% Interbed Radiochemistry
DO111XBFDA 229.1 - 2341 Interbed Radiochemistry
DO111X89CA 229.1 - 234.% Interbed Radiochemistry
DO111XBIBA 229.1 - 2341 Interbed Rediochemistry
DO111XB9AA 229.1 - 234.1 Interbed Radiochemistry
D0111x89€8 229.1 - 2341 Interbed Rediochemistry
DO111%89D8 229.1 - 2341 Interbed Rediochemistry
DO111x89C8 229.1 - 2341 Interbed Radiochemistry
pO111xB988 229.1 - 234.1 Interbed Radiochemistry
b0111X89A8 229.1 - 2341 Interbed Radiochemistry
DO111X8PAD 229.1 - 2341 Interbed Radiochemistry
DO111XB9AF 229.1 - 2341 Interbed Radiochemistry
DO111X89AG 229.1 - 2341 Interbed Radiochemistry
89020 D020128%A ? Interbed 250 mL AG  Semivolatile, metals 4
D02012898 T Interbed 250 mL AG  Semivolatile, metals & Replicate

a. AG = Amber glass




Table 5-19. RWMC sediment sample radiochemical analysis results: samples from the deep drilling program®
RESL
Depth Sr-390 Pu-238 Pu-239, 240 Am-241
Sample (ft-in.) {uCi/fa} {uCifq) (uCi/fa) {pCi/fg}

Deep Hole DO2
D-13 1-2 to 1-8 + + + 0. + E-07° + - -- --
D-17 9-2 to 9-8 * * + 1. + £-08 + - - -
0-20 15-6 to 16-0 + + +0. + E-07° + - -- --
D-30 233-10 to 224-4 + + + 1. * E-08 + - - -
D-31 224-4 to 226-4 + x P Y3 E-08 ¥ - - -
D-34 {field split} 230-0 to 230-4 + 0.8 + + + + -- - -
D-34 {lab split) 230-0 to 230-4 + 5.8 + - - -
D-34 {lab split, 230-0 to 230-4 + 2+ -- - -

4000-min count)
D-34 (lab spiit, 230-0 to 230-4 + + -- -— —-

4000-min count)
D-34A (field split, 229-8 to 230-0 + + -- -- -

4000-min count])
D-34A {lab split) 229-8 to 230-0 3o+ + -— - -
D-34A {lab spiit) 229-8 to 230-0 + + - -- -
D-35 232-3 to 232-7 6+ + 1.0 + 2+3 E-08 7+ -- - -
D-36 233-9 to 234-2 8% +1.4 x 2+4 £-08 (s -- - -
D-37 234-9 to 235-2 4+ +0.9 + +4 E-08 34 -- -- --
Deep Hole DOBA
0-29 47-0 to 49-0 + + +3 E-08 - - -
Deep Hole TW1
D-42 (field split} 10i-0 to 101-2 J+0.2 4+ 0, + 0. E-08 -- No split -—-
D-42 (lab subsplit) 101-0 to 101-2 .18 + 0.1 1+ 0. + 0. -- No split --
D-43A {field split) 101-2 to 101-7 4.6 + 1.4 1.97 + 0. + 0. E-08 10 + 3 E-09° 1.78 + 0 +0.95 E-08°
D-43 (field subsplit) 101-2 to 101-7 6.3+ 1.7 1.90 + 0. + 0. ND 1.68 + 0.09 E-07° + .075 €-07°
D-43A (lab subsplit) 101-2 to 101-7 6.5+ 1.6 2.00 + 0. + 0. 3.8 +1.3 E-09 1.7 + 0.03 E-07° +0.09 E-07°
D-47 225-9 to 225-11 4+6 8+ +9 £-08 -- - -
D-47 (lab subsplit) 225-9 to 225-11 7T+ 2+ + 1.
D-48 226-10 to 227-7 B+l 34 + 1. E-08 3+ 1.6 E-08 - - -
D-48 (lab subsplit) 226-10 to 227-7 5+9 2+ +1.1 -- — -
D-48 (lab subsplit) 226-10 to 227-7 6 +7 7 + -- - -

a. Source: Laney et al. {1988).

b. Sample result positive (i.e., greater than three sigma).




Table 5-20. Summary of soil hydraulic property tests (November 1989)°

Moisture Characteristics Particle Distribution Unssturated Hydraulic
Saturated Initial Dry Conductivity
Depth Date Hydraulic Hanging Pressure Moisture Bulk Perticle Mechanical
Borehole (ft) Somple Number Sampled Conductivity Colum Plate Content Density Porosity Density Sieve Hydrometer Calculated Onestep
Surficial Sediments
W06 1.7 - 2.7 DREWOSXSTOOH  08/06/86 X X X X X X X X X X
11.0 - 11.8 DBSWOGXSTION  09/06/86 X X X X X X X X X X
woe 6.0- 7.0 DBSWOPXST20H  09/11/86 X X X X X X X X X X
W24 T.4 - 8.3 DBAWZ4XSTOGH  03/01/36 X X X X X X X X X X
Sedimentary Interbeds
po2 230.3 - 232.6 DBGD02XDISXH 10/31/85 X X X X X X X X X X
232.6 - 234.2 DB&DOZ2XDISXH 11703786 X X X X X X X X X
234.,2 - 235.2 DBADOZXD3I7XH  11/03/B6 X X X X X X X X X
D10 31.5 - 34.6 DB7D1OXDAYXH  09/18/87 X X X X X X X X X X
w 34.6 - 36.0b DBTD10XD9OXH  09/18/87 X X X X X X X X X X X
2 34.6 - 36.0 DATD10XDPOXK-2 09/18/87 X X X X X X X X X X
D1S 108.6 - 110.0 DBTDLISXDETXR  0B/27/8B7 X X X X X X X X X X
229.4 - 233.4 DB7DISXDZ7BH  09/09/87 X X X X X X X X X X
237.3 - 239.3 DB7DISXDT9AR  09710/8B7 X X X X X X X X X X
aso1p  23¢.1 - 233.3b DBBBBOIDAGXH  07/25/88 X X X X X X X X X X
230.1 - 233.3 DBBABDI1DAPXK-2 - X X X X X X X X X X X
233.3 - 235.3 DB83B01DSOXH  07/25/88 X X X X X X X X X X
240.8 - 242.3 DBABANIDS2XH  07/28/88 X X X X X 4 X X X X
118°  225.0 - 230.0  D89118X0001H X X X X X X X X X
240.0 - 244.0 089118X00021 X X X X X X X X X
569.0 - 572.0 D89118X0004H X X X X X X X X X

a. Source: McElroy and Hubbell (1990).
b. Duplicate samples
c. Borehole not completed under the SIP.
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Table 5-21. Core analyses at simulated reservoir stress at selected boreholes®

Apparent Moisture Permeability
Depth Helium Vertical Air Sand Grain Content at 50%
Borehole _Sample No. (ft}) Porosity Permeability Saturation _Density Lithology Analysis _Saturation
Surficial Sediments
w24 D86W24XSTO6A 7.4 - 8.3 X X X X X X
W06 D86WOBXSTIOA 11.0 - 11.8 X X X X X X
W09 DB6WOIXST20A 6.0 - 7.0 X X X X X X
Sedimentary Interbeds
D02 D86D0OZXD35XA 230.3 - 232.6 X X X X X b
DB86DOZXD36XA 232.6 - 234.2 X X X X X b X
D86DOZXD3I7XA 234.2 - 235.2 X X X X X b
D15 DB7DISXD77AA 229.4 - 233.4 X X X X X X
D87D15XD79AA 237.3 - 239.3 X X X X X X
88010 D8888O0ID49XA 230.1 - 233.3 X X X X X X
D888801D50XA 233.3 - 235.4 X X X X X X X
D888801D52XA 240.0 - 242.1 X X X X X X
118°  D8S118X0001A 225.0 - 230.0 X X X X X
D8Y118X0002A 240.0 - 244.0 X X X X X
D89118X0004A 569.0 - 572.0 X X X X X

a. Source: McElroy and Hubbell (1990).

b. Moisture content analysis not representative, samples were wetted for permeability measurements prior to hydraulic
properties testing.

c. Borehole not completed under the SIP.




because the waters showed low bromide concentrations and, therefore, were
considered to be the most representative. Potassium bromide was used as a
tracer during placement of the suction lysimeters; therefore, low bromide
concentrdtions indicated that the initial water system had been flushed. The
results of this investigation were reported by S. Rawson.® 1In addition,
"waters were collected for radiochemical analyses to monitor radionuclide
migration, and the results are reported in Hubbell et al. (1985) and Hubbell
et al. (1987).

Perched water samples were collected July 19, 1989, for radionuclides,
tritium, and VOAs. On September 27, 1989, samples were collected fdr
radionuclides and metals from Borehole 8802D. Metals, cations, and tritium
were analyzed for in samples collected January 1, 1990, from Borehole 8802D.
The aqueous chemistry data are presented in Tables 4, 5, 6, and 7 of Hubbell
{1990).

A tabulation of the results from the one-time gas sampling event are
provided in Appendix 5-7. There are problems with the analytical results
because of uncertainties in the field sampling and in the Tab analysis. The
quality control summary table for the formation gas samples is presented in
Table 5-22. During the field sampling, a number of syringes did not have gas
tight seals and/or the needle was pltugged. This either prevented the
collection of samples in some cases or caused uncertainty in the integrity of
the sample. The range of the laboratory instrumentation was exceeded in many
of the samples. The instruments for the analyses of gas samples were
calibrated for 5 mL gas samples ranging in concentration from 20 to 200 mg/m>
or 25 mL gas samples ranging in concentration from 4 to 40 mg/m>. Many of the
samples collected from the four boreholes exceeded these concentration limits;
therefore, the concentrations could only be reported as estimated values for
the 14 organic compounds detected. It is noted in Appendix 5-9 that this
analytical difficulty causes reported concentrations to underestimate the

a. Communication between J. M. Hubbell, EG&G Idaho, Inc., Idaho Fails, Idaho,
and L. N. Peterson, EG&G Idaho, Inc., Idaho Falls, Idaho, April 18, 1990.
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Table 5-22.

Quality control table summary for formation gas samples®

Borehole

Number

8801D

8801D

78-4

Wiw-1

Sample
Number

05/03/89
E8019X8901
E8018X8901
E8017X8901

E8016X8901 -

E8015X8901
£801528301
EB01538801
£801058901

05/10/89

£801548901
EB014X8901
EBG13X8901
EB01328901
£801338901
EBD12X8901
£8011X890]
EB010X8901

05/18/89
E7845X8901
E784528901
E7844X8901
E784428901
E7843X8901
E7842X8901
E7840E8301

05/31/89
EWW17X8901
EWW16X8301
EWW1628901
EWW1638901
EWW15X8901
EWW14X8901
EwwW1428901
EWW1058901

06/06/89
EWW13X8901
EWW1328901
EwW12X8901
EWW11X8901
EWW1128901
EWW10X8901

Chain

Sample of Holding
Y¥olume Custody Time

- 0K 1] 4 oK
oK 0K 0K
oK 0K DK
0K 0K 0K
Sample not collected
oK 0K 0K
0K 0K 14
0K oK 0K
SmL OK oK
Smb OK 14
SmL 0K 14
Smi 0K oK
Sample not collected
Sml 0K 0K
Sml 0K 0K
SmlL 414 oK
0K 0K 0K
0K oK DK
0K 0K DK
oK 0K 0K
23 ml OK DK
oK 0K 14
0K 0K 0K
0K 0K 0K
0K 0K 0K
Sample not collected
0K 0K 0K
0K 0K 0K
oK 0K 0K
oK 1] 4 0K
oK 0K 0K
oK (114 0K
0K 0K 1.4
OK 0K oK
oK 0K 1.4
0K oK 0K
(1] 4 0K 0K

Tuning

Surrogate and

Recovery  Mass Cal

0K
oK
oK
oK

*

NO
*

NO

oK

0K
0K

*

NO
*

RO

0K
0K
oK

0K
0K
0K
0K

*

NO
-

NO
*

NO

0K
0K

0K
0K
0K
OK
0K

0K
0K
0K

*
NO
*
L]
*
NG

OK
oK
oK
CK

0K
oK
oK

0K
0K
0K
OK

oK
1.4
0K

0K
oK
oK
¢4
0K
0K
DK

0K
0K

OK
0K
0K
0K
oK

14
0K
0K
1.4
0K
oK
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Initial Continuing
Cal Cal
Two 4 compounds
compounds  exceeds
exceeds % diff
% diff
3 compounds
exceeds
% diff

6 compounds
exceeds
% diff

8 compounds
exceeds
% diff

7 compounds
exceeds
% diff

Internal

Standard

oK
0K
0K

OK
OK
0K

OK
0K
0K
0K
0K

Method
Blank

Acetone
Z-butanone

4 compounds
found in
lab blank

2-butano
methylen.
1,1,k-tricnior

4 compounds
found in_
blank

2 blanks
run

3 compounds
reported



T~ 5-22. {(continued)

Borehole Sample
Number Number

77-1 06/08/89
E7716X8901
E7715X8901
E771528901
E7714X8901
E7713X8901
E7712X8901
E771078901

a. Communication between L. D. Goodrich, EGRG Idaho, Inc., Idaho Falis, Idaho, and L. N. Peterson/C. J. Bonzon, EG&G

Sampie
Volume

0K
oK

oK

oK
0K
0K
oK

Chain
of

Custody

0K
0K
0K
0K
0K
0K
0K

Holding
Time

»48
>48
>48
>48
>48
>48
>48

I X X xXx xT T X

Surrogate
Recavery

oK

"
NO

0K
0K
0K

o
NO

*
NO

Tuning
and Initial Continuing Internal Method

Mass Cal Cal Cal Standard Blank

8 Compounds 2-butanone
0K, exceeds 0K 1,1,1-tri-
oK x diff 0K chloroethane
DK 0K
OK 0K
OK 0K
0K 0K
0K 0K

ldahe, Inc., ldaho Falls, Idaho, December 26, 1989. Samples were validated in accordance with EPA requirements for data

validation.
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6. SDA Surface Water
Runoft and Runof
Channel Investigation



6. SDA SURFACE WATER RUNOFF AND RUNOFF CHANNEL INVESTIGATION

The SDA has been flooded several times, resulting in water-filled waste
disposal pits and trenches. These floods caused some wasie boxes to break
open, releasing their contents and allowing drums to float freely in the
water. As a result of these events, there has been concern that hazardous or
radiological waste materials may have migrated offsite in the surface runoff.

This section discusses a one-time sampling investigation for hazardous
constituents and the routine monitoring for radionuclides in surface water
runoff at the RWMC. These studies were conducted to determine the presence
and/or extent of hazardous constituents or radionuclides that may have
migrated from the SDA as suspended sediments in runoff. Section 6.1 describes
a study designed to assess the potential migration of hazardous materials from
the SDA along the surface water runoff channel. Section 6.2 addresses the
routine monitoring at the RWMC for radionuclides in the surface water runoff.

6.1 Monitoring for Hazardous Constituents in
Surface Water Runoff at the RWMC

This section discusses a study conducted to evaluate the potential
migration of hazardous contaminants from surface water runoff at the SDA. The
purpose and propesed strategy of the SDA surface water runoff channe)
investigation is presented in Section 6.1.1, the procedures for the runoff
investigation conducted at the SDA in 1983 is described in Section 6.1.2, and
a summary of the study results appears in Section 6.1.3.

6.1.1 Purpose of the SDA Surface Water Runoff Channel Investigation

The SDA surface water runoff channel investigation, as proposed in the
December 1988 RFI Work Plan, was intended to determine if contaminant
migration had occurred in response to flooding or to surface water runoff from
the RWMC (EG&G, 1988a). Specific objectives of the study included:
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. Determine if contaminant migration from surface water runoff at the
RWMC was occurring

. Delineate affected areas
. Identify which contaminants migrated via this environmental
pathway.

The proposed investigation was never completed as proposed based on
evaluation of data included in a 1983 study. In the course of conducting the
RFI, further information on sediment and runoff characteristics at the SDA was
identified in Crockett (1983). The focus of the SDA surface water runoff and
runoff channel investigation subsequently changed from evaluating hazardous
constituents to simulating various flooding events using different computer
models. The Crockett (1983) study was conducted to determine if hazardous
materials buried at the RWMC were migrating from the burial site as
particulate matter suspended in air or water. This study is included in
Appendix 6-1 of this report and is briefly described in Section 6.1.2.

SBA drainageways are periodically regraded with heavy eguipment to
remove weeds and to discourage wildlife habitation. In addition, snow is
scraped from the SDA after heavy snowfall, as are debris and sediment that
interfere with flow. Soil from offsite is used to fill in areas subject to
subsidence. These procedures homogenize the surface sediments and obliterate
nearly all evidence of contaminant migration via surface water from any area
except the runoff infiltration area north of the SDA, where regrading is
untikely.

6.1.2 Procedure for Investigation

After the flood in February 1982, a study was undertaken to determine if
toxic metals or organic contaminants were migrating from the SDA via surface
water or air. Twelve composite samples of surface soils were collected on
September 13, 1982, and the sample analyses were conducted at an offsite
Taboratory about September 15, 1982. A description of the soil sampling
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locations is provided in Section 6.1.2.1, the sample collection procedure is
summarized in Section 6.1.2.2, and analytical procedures and qua1ity
assurance/quality control methods are described in Sections 6.1.2.3 and
6.1.2.4, respectively. ' '

6.1.2.1 Selection of Sampling Locations. Sample Tocations were sited
in order to collect fine-grained sediments because these sediments have a
higher probability of resuspension and a greater sorption capacity for metals
and organics than do coarse sediments {Crockett, 1983). Rapidly-flowing
runoff causes surficial erosion; thus, a heavy sediment load is carried.
Where the flow rate is high, large and heavier particles such as gravel and
coarse sand settle out of the load. When the runoff flow rate decreases,
particles of suspended sediments such as silt and clay settle out of solution.
Suspended clay minerals are deposited only after hours of quiescence.
Crockett sampled in areas where low flow rates were likely in order to obtain
primarily fine-grained sediment samples.

Sample locations within the RWMC are shown in Figure 6-1. These samples
were located in relatively low-flow areas such as drainage ditches and
depressions. Figure 6-2 illustrates the relative location of the control
samples and of sample R-1. Each type of sample is described below.

. Sample R-1 was collected about 2 km (1.5 mi) north of the RWMC at
the location where SDA surface water runoff is channeled and
allowed to spread and infiltrate. This location would be expected
to contain primarily fine-grained sediments.

. Four samples were collected in locations where the runoff flow rate
would decrease, resulting in the deposition of finer-grained
sediments. These samples are from the areas designated R-3, R-5,
R-6, and R-7 on the SDA {Figure 6-1).
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Figure 6-1. Location of RWMC soil sampling sites R-2 through R-9 (from Crockett, 1983, locations are

approximate).



f

\
\\
River
/ Diversion Dam
Drainage Channel
Diversion Channel —— Gaging Station Ry (~ Mitraton Area
Dike Road
Spreading y=——— Dike No. 1
/ Connecting Channel /e RWMC
Dike No. 2 Drainage Channel
RWMC
Spreading
Area B 2
ca (exact locations unknown)
Spreading
Area C
Spreading Miles
Area D o 05 1
Pt
T Weir 0 08 18
Dike No, 3 Kllometers
Southern Boundary of INEL
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Two samples were collected from areas where more rapid flow was
expected. Samples R-2 and R-4 were collected from a ditch on the
eastern end of the SDA and from the culvert that receives runoff
from Pad A, respectively. Both of these locations would be
expected to have coarser-grained deposition. However, the heavier
sediments collected at these locales may have been deposited here
because they contain heavy metals.

Sample R-8 was a composite collected from the bottom of active
Pits 16 and 17.

One sample (R-9) was taken from the TSA in the Jocation where snow
scraped from the SDA is deposited. The degree of contamination in
this sample would depend on three factors: the amount of SDA
surface soil scraped from the area during snow removal, the amount
of contamination in the scraped soil, and the amount of in situ
contamination from TSA activities.

Three control samples were collected. Two of these samples

(C-2 and C-3) were collected in the central portion of the Big Lost
River spreading area (Spreading Area B), about 3 km {2 mi) west of
the SDA (Figure 6-2). Spreading Area B is the source for soil
material used at the SDA to fill depressions and areas subject to
subsidence at the SDA. The other control sample (C-1) came from an
undisturbed sagebrush area. The exact collection location for this
sample was not given in the report.

6.1.2.2 Sampling Protocol. The following paragraphs present the
sampling protecol that was used. Tweive samples were taken from lecations on
or near the SDA, as shown in Figure 6-1. The samples were all composites of
five samples taken from a maximum depth of 5 cm (2 in.). In a given sample
area, a steel sampling ring 10 cm (about 4 in.) in diameter and 5 cm {2 in.)
in length was placed in five different locations, and a sample was coliected.
These five samples were composited to provide a single sample for that area.
The horizontal sampling area was larger for the control area and smaller for
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the SDA samples, but the actual sample areas were not given in the report.
Sampling equipment'consisted of a trowel and a steel ring, which were both
cleaned between each sampie collection with Chiorothane Nu, a solvent used for
radicactive decontamination. Samples were placed in clean 1-qt glass jars
with teflon-lined 1ids (Crockett, 1983).

The samples were analyzed for 15 metals, chlorides, nitrates, and
112 organic priority pollutants including PCBs and dioxin. No analyses for
radionuclides were conducted on these samples.

6.1.2.3 Analytical Procedures. Sample analyses were conducted by
California Analytical Laboratories, Inc., a laboratory under contract with
EPA. The analytical procedures used in the Crockett study were modified
versions of EPA Methods 608, 613, 624, and 625 for organics, nitric acid
digestion for all metals except boron and mercury, aqueous extract for boron,
and the cold vapor technique for mercury, respectively. Chlorides and
nitrates were measured using the American Public Health Association
Methods 407C and 418C, respectively. Appendix 6-1 (pp. 8-11) presents further
details on the analytical procedures. The analyzed compounds and elements and
their respective detection limits are listed in Table 6-1.

6.1.2.4 Quality Assurance/Quality Control Methods. In addition to the

internal quality assurance and quality control program required by the EPA for
the analytical laboratory, other gquality assurances/quality control measures
were used. Quality control and quality assurance measures for this study
included (a) collection of three control samples and twe field duplicates and
(b) submittal of spiked samples and standard samples from a simultaneous soil
study being conducted at the then-proposed Waste Experimental Reduction
Facility (WERF), which is located more than 16 km (10 mi) away from the SDA.
Additional information about this quality assurance/quality control program ‘
can be found on page 11 in Appendix 6-1.

6-7



Table 6-1. List and detection limits of organic chemicals, metals, and
nonmetallic inorganic constituents analyzed in RWMC and control

soils (mg/kg)?

Detection Detection
Volatiles Limit Acid Compounds (cont) Limit
acrolein 0.05 4-nitrophenol 2.0
acrylonitrile 0.05 2,4-dinitrophenol 1.0
benzene 0.05 4,6-dinitro-2-methylphenol 0.5
carbon tetrachloride 0.05 pentachlorophenol 0.5
chlorobenzene 0.05 phenol 0.5
1,2-dichloroethane 0.05
1,1,1-trichloroethane 0.05 Base/Neutral Compounds
1,1-dichloroethane 0.05
1,1,2-trichloroethane 0.05 acenaphthene 0.5
1,1,2,2-tetrachloroethane 0.05 benzidine 0.5
' 1,2,4-trichlorobenzene 0.5
chloroethane 0.05 hexachlorobenzene 0.5
2-chloroethylvinyl ether 0.05 hexachloroethane 0.5
chloroform 0.05
1,1-dichloroethene 0.05 bis (2-chloroethyl) ether 0.5
trans-1,2-dichloroethene 0.05 2-chloronaphthalene 0.5
1,2-dichlorobenzene 0.5
1,2-dichloropropane 0.05 1,3-dichlorobenzene 0.5
trans-1,3-dichloropropene 0.05 1,4-dichlorobenzene 0.5
cis-1,3-dichloropropene 0.05
ethylbenzene , 0.05 3,3’-dichlorobenzidine 0.5
methylene chloride 0.05 2,4-dinitrotoluene 0.5
2,6-dinitrotoluene 0.5
chloromethane 0.05 1,2-diphenylhydrazine 0.5
bromomethane 0.05 fluoranthene 0.5
bromoform 0.05
bromodichloromethane 0.05 4-chlorophenyl phenyl ether 0.5
fluorotrichloromethane 0.05 4-bromophenyl phenyl ether 0.5
bis (2-chleroispropyl) ether 0.5
dichlorodifluoromethane 0.05 bis (2-chloroethoxy) methane 0.5
chlerodibromomethane 0.05 hexachlorobutadiene 0.5
tetrachloroethene 0.05
toluene 0.05 hexachlorocyclopentadiene 0.5
trichloroethene 0.05 isophorone 0.5
vinyl chloride 0.05 naphthalene 0.5
nitrobenzene 0.5
N-nitrosodiphenylamine 0.5
Acid Compounds
N-nitrosodipropylamine 0.5
2,4,6-trichlorophenol 6.5 bis (2-ethylhexyl) phthalate 0.5
p-chlor-m-cresol 0.5 phthalate
2-chlorophenol 0.5 benzyl butyl phthalate 0.5
2,4-dichylorophenol 0.5 di-n-butyl phthalate 0.5
2,4-dimethylphenol 0.5 di-n-octyl phthalate 0.5
2-nitrophenol 0.5
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Table 6-1. (continued)

Base/Neutral Compounds

(cont)

diethyl phthalate
dimethyl phthalate
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene

chrysene
acenaphthylene
anthracene
benzo(ghi)perylene

fluorene

phenanthrene
dibenzo{a,h)anthracene
indeno(1,2,3-cd)pyrene
pyrene

Pesticides

Detection

aldrin

dieldrin
chlordane
4,4'-DDT
4,4’ -0DE

4,4’ -DDD
a-endosul fan
B-endosulfan
endosulfan sulfate
endrin

endrin aldehyde
heptachlor
heptachlor epoxide
a-BHC

B-BHC

§-BHC

v-BHC {1indane)
PCB-1242
PCB-1254
PCB-1221

a. Source:

b. na = not available.

Detection

Limit Pesticides {cont} Limit

0.5 PCB-1232 0.1

0.5 PCB-1248 0.1

0.5 PCB-1260 0.1

0.5 PCB-1016 0.1

0.5 toxaphene 0.2

0.5

0.5 Metals

0.5

0.5 antimony 0.1
arsenic 0.1

0.5 beryllium 0.01

0.5 boron 1.0

0.5 cadmium 0.2

0.5

0.5 chromium 0.2
copper 0.4
Tead 0.3
mercury 0.03
nickel 0.3

0.01

0.01 selenium 1.0

0.1 silver 1.0

0.01 thallium 0.6

6.0l zinc 0.2

0.1 -

0.01 Inorganic Nonmetals

0.01 b

0.1 chloride na

0.01 nitrate na

0.1

0.01 Dioxins

0.01

0.01 2,3,7,8-tetrachloro-

0.01 dibenzo-p-dioxin 0.1

0

0.

0.

0.

0.

Crockett (1983).




6.1.3 Results

The results of the Crockett study laboratory analyses are presented in
Table 6-2. This table lists the analyses for the sediment samples, based on
the sample wet weights. No results for organics were provided because only
one organic contaminant was found in sample R-1. Results for samples R-8 and
C-3 were rejected as statistical outliers. It was assumed that errors in the
extraction procedure led to inaccurate results for these samples.

Crockett calculated the mean concentrations of metals in RWMC soils
and compared these with the mean concentrations in WERF area soils, which were
also used as background samples. Both of these areas were compared with
average crustal abundance data for basaltic and granitic rocks. This
comparison showed that the relative concentrations of metals in RWMC soils did
not differ significantly from the metal concentrations in other soils derived
from these rocks. These data are presented in Table 6-3.

In sample R-1, 0.055 mg/kg chloroform was detected. No other organic
compound was detected in the other samples. Sample R-1 was assumed to be
contaminated by the solvent used to clean the sample collection equipment
between samples.

6.2 Monitoring for Radionuclides in Surface Water at the RWMC

Surface water runoff sampling for radionuclides is conducted routinely
at the RWMC. The objectives of RWMC surface water monitoring are to
(a) determine concentrations and total amounts of radionuclides in any surface
waters leaving the RWMC, and as an interim measure, compare against derived
concentration guides for the Timits set for release to the public, (b) detect
significant trends in radionuclide concentrations in surface waters at the
RWMC, (c) provide an indication of confinement integrity for waste at the TSA
and SDA, and (d) provide data for pathways analyses on radionuclide
concentrations in surface water, which can be used for estimating dose to man
(EG&G, 1989g). In addition to the routine monitoring of SDA surface water
runoff, the Environmental Monitoring Unit periodically samples surface water
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Table 6-2. Raw data for metals and nonmetallic inorganic constituents in RWMC soils (mg/kg)®

Constituent? °°f?:§2°“ R-1 R-2 R-3 | R-4 R-5 R-6 R-7 R-8 ¢ R-9 c-1 c-2 c-3 ¢
Barium 1.0 83 210 180 83 92 180 83 - 130 250 92 -
Boron 1.0 17 18 12 21 22 18 22 -- 22 5 25 --
Chromium 0.2 5.1 3.5 2.7 4.7 5.1 2.5 3.3 -- 2.4 5.8 7.9 .-
Cadmium 0.2 0.65 0.45 0.45 0.62  0.55 0.34 0.50 -- 0.52 1.1 0.36 -
Cobalt 0.4 3.5 2.2 2.2 2.5 3.1 2.7 2.1 - 2.3 4.8 2.0 --
Copper 0.4 9.2 8.3 5.5 8.1 8.0 4.5 6.6 -- 6.2 1" 4.3 --
Lead 0.3 10 8.2 8.2 1 9.2 8.3 9.2 -- 6.8 12 7.8 --
Manganese 0.1 200 160 150 150 190 120 120 -- 140 230 160 --
Nickel 0.3 12 6.7 5.9 6.9 8.0 5.7 5.9 -- 7.1 8.3 4.0 -
Zinc 0.2 52 31 32 78 39 26 28 -- 33 38 20 --
Chloride -- 400 160 240 400 160 80 64 64 160 130 130 240
Nitrate-N -- 0.53 0.22 0.57 0.17 0.1 0.26 0.20 0.18 0.74 0.57 1.0 0.27

a. Sample tocations include ditches, depressions, disposal pits, sedimentation areas, control areas, and scraped snow deposition areas (refer to
Figure 6-1 for sample locations).

b. Antimony, arsenic, beryllium, mercury, selenium, silver, thallium, and vanadium were not detected.

c. Metsl results for samples R-8 and C-3 rejected due to extraction errors.
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Table 6-3. Concentration of metals and inorganic nonmetallic compounds in surface soils at the
RWMC and WERF

Concentrations mg/kq

RWMC Surface Soil : WERF Surface Soil

c a Exposgd Contrg’lc Mean? Granited Basalt d

onstituent Mean 95% Conf. Int. Mean™* N =12 95% Conf. Int. Average Average
Boron 19 16 - 22 25 67 61 - 74 15 5
Cadmium 0.50 0.42 - 0.60 0.62 0.5 0.4 - 0.6 0.2 0.2
Chromium 3.5 2.7 - 4.6 3.3 4.4 3.7 -5.3 4 200
Copper 6.9 5.6 - 8.4 6.8 ND® . npf - 10 100

Lead 8.8 7.8 - 9.9 9.9 1.7 1.0 - 2.9 20 5
Nickel 7.0 5.8 - 8.6 5.8 5.7 4.8 - 6.8 0.5 150
Zinc 37 27 - 51 27 19 16 - 23 40 100
Chtoride 150 80 - 310 160 NP NP NP NP
Nitrate-N 0.28 0.15 - 0.52 0.53 NP NP NP NP

a. The following elements were not detected in RWMC surface soils or controls: antimony, arsenic,
beryllium, mercury, selenium, silver, and thallium.

b. Estimated geometric mean.

c. One RWMC soil sample extract was rejected as an outlier for elemental analysis; n equals 8 and 2
for exposed and control soils. For the other inorganic constituents, n equals 9 and 3 for exposed
and control soils.

d. Source: Crockett (1983).

e. ND = not detected.

f. NP = not provided.




runoff for special studies such as the potential migration of uranium waste
containing soluble nitrate described in Reyes et al. (1987).

The procedure for collecting surface water samples have been consistent
the past several years; however, the sample collection Tocations have varied
stightly. Section 6.2.1 describes the surface water runoff sample collection
locations, and Section 6.2.2 summarizes the sampling protocol. Sections 6.2.3
and 6.2.4 address the analytical procedures and the quality assurance and
guality control procedures, respectively. - The analytical results are
presented in Section 6.2.5.

6.2.1 Selection of Sampling lLocations

Because the annual rainfall at the INEL is Tow, no surface water flows
from the SDA during most of the year. However, after heavy rainfalls or
snowmelts there can be rapid runoff from the SDA (Tkachyk et al., 1988). The
surface water runoff is diverted to a Series of drainage ditches that converge
near the SDA gate. From there, sump pumps transfer the water into the RWMC
drainage ditch, which flows eastward along the northern edge of the TSA. This
ditch is referred to as the RWMC drainage channel and is shown in Figure 6-2.
Most of the water in this ditch either seeps into the ground or evaporates.
The rest flows northward toward the Big Lost River.

Although this ditch receives drainage from both the SDA and the TSA, the
sampling locations are selected to assess the impact from potential sources
(Tkachyk et al., 1990). The current sampling locations are shown in
Figure 6-3. The sampling collection locations are

. The discharge pipes from the SDA gate ditch (also calied the SDA
pump or the SDA pump discharge).

. The culvert pipes on the north end of the TSA asphalt pads
(referred to as TSA-1, TSA-2, TSA-3, and TSA-4).
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’Figure 6-3. Locations for radionuclide sampling of surface water runoff.
Location TSA-4 added to monitoring network in 1989 (Tkachyk et al., 1990).



Sampling at the SDA pump allows a direct assessment of radionuclide
migration from the SDA via surface-water runcff; whereas, sampling at the
TSA-1, TSA-2, TSA-3, and TSA-4 provides a direct assessment of radionuclide
migration from the TSA pads (Tkachyk et al., 1990).

Control samples are collected primarily at two locations to provide
background data for comparison. The SDA control Tocation is a low, flat area
next to INEL access road T-12 near the intersection of Highway 20/26 and Van
Buren Avenue (Figure 6-4). Water collects after precipitation in this area,
providing a source of standing water for surface water sampling. The TSA
control location is an asphalt pad at the rest area on U.S. Highway 20/26.
Both the SDA and TSA control locations are located about 6 km (3.7 mi)
northeast of the RWMC as shown in Figure 6-4 (EG&G, 1989g).

6.2.2 Sampling Protocol

The sampling schedule for surface water including frequency, type of
analysis, and quality assurance samples is summarized on Table 6-4. Water
samples are collected during each quarter provided there is sufficient
rainfall or snowmelt to produce surface water runoff from the TSA asphalt pads
and to the SDA gate ditch. However, in most years, samples can be collected
only in the spring {March or April) and the fa]]r(October or November), when
there is sufficient runoff to collect (fkachyk et al., 1988).

According to the standard operating procedure, a total of 26 surface |
water samples should be collected each year from the following locations:
four samples from each of the four TSA culverts, four samples from the SDA
pump, and six samples from the control areas (EG&G, 1989g). This is a maximum
number of samples; usually only two samples are coilected (spring and fall)
for each location because there is insufficient runoff for sample collection.

The procedure for sample collection varies, depending on whether
standing water or running water is to be sampled. The sampling containers are
4-L polyethylene containers. In running water (as from the SDA pump discharge
and the TSA culverts), the sample collection container is rinsed out in the
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Figure 6-4. Approximate surface water control sample collection locations.

Location of control samples varies by year, but is approximately 6 km (3.7 mi)
northeast of the RWMC (modified from EG&G, 1989g).
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Table 6-4. Surface water sampling schedule®

T5A ] TSA 2 TSA 3 TSA 4 SDA_Pump Controls (2)

1. Gross alpha, gross beta
and gamma spectroscopy

Frequency of sampling Maximum once Maximum once Maximum once Maximum once Each day when Taken concurrently
quarterly quarterly quarterly quarterly water is 1egv- when other samples
when present when present when present when present ing the SDA are taken

Frequency of replicates - 3 in second - - 3 in second ‘ -
quarter {f quarter if
available available

Total number of 4 4 4 4 4 typical® 6 typical

samples annually

2. Radiochemistry for 1 1 1 1 1 2
specific alpha and beta
emitters (secand
quarter only)

3. Quality assurance on - - - -— - -
sample handing and
analysts

1 laboratory split per year for radiochemical analysis

4 Reagent water blanks--one each quarter

6 known standards--Z each quarter for a minimum of two quarters for gamma
analysis and 2 annually for radiochemistry

a. Source: modified from EG&G (19899).

b. When 5 samples have been collected, contact the Environmenta} Monitoring Program Technical Leader for guidance on
whether to continue sampling.

c. Water is not typically pumped in any other quarter than second quarter.

d. Radiochemical analysis will be run on the water samples collected in the spring after the thaw from each location.
Samples from other time periods will be selected for radiochemical analyses when results of gross alpha, gross beta,
or gamma spectroscopy indicate the need for radiochemistry.

e. QA sample analysis will include gamma spectroscopy and radiochemistry.
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water to be sampled, then held under the running water until the container is
filled. In standing water (such as at the control locations) the container is
rinsed in the water to be sampied, then a teflon beaker that has been rinsed
is used to dip water into the sampling container (EG&G, 1989g).

As soon as possiblie after collection, 80 mL of concentrated HNO, is
added to each 4-L container. Two ashless filter tablets are then added to the
sample containers. The sample containers are then sealed, dated, and
identified by lTocation. For samples collected from the SDA discharge pump,
the total volume of water pumped from the SDA and/or water that left the SDA
through the overflow culvert is recorded. Samples are surveyed for
radioactivity and contamination by RWMC Health Physics. If no radiocactivity
above background is detected, the samples are taken to the Environmental
Laboratory for preparation. If the radiation levels exceed ambient
background, the samples are prepared at WMO-601 and shipped to the Radiation
Measurements Laboratory (RML). The RML analyzes the samples for gross alpha,
gross beta, and gamma spectroscopy. The second quarter samples are also
submitted for specific alpha- and beta-emitting radionuclides (EG&G, 1989g).

6.2.3 Analytical Procedures

A1l samples are submitted to the laboratory and filtered. Both the
filtrate and the particulate fractions are sampled for gross alpha, gross
beta, and gamma-emitting radionuclides. The detection limits for the
radionuclides analyzed for in RWMC surface water samples are listed in
Tables 6-5 and 6-6. The detection limits have changed since 1983 in
conjunction with changes in analytical methodology.

Radiochemical determinations for the presence of Am-241, Pu-238,
Pu-239,-240, U-235, U-238, and Sr-90 are conducted on at least one set of
samples, usually those collected in the spring (Tkachyk et al., 1990). This
analysis is conducted on one sample from each sampling location and from the
control locations (EG&G, 1989q).
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Table 6-5. Detection limits for environmental-monitoring samples analyzed by
gamma spectrometry, 1985-1989°

Filtrate Insoluble

, 1072 Total 10 Total
Radionuclides pCi/mL pCi pCi/mb pCi
Sc-46 0.6 25 4 1.5
Cr-52 6.0 250 75 30
Mn-54 0.6 25 4 1.5
Co-57 3 120 13 5
Co-58 0.6 25 4 1.5
Fe-59 1.0 40 6 2.5
Co-60 0.6 25 8 3
In-65 1.2 50 15 6
Nb-94 0.6 25 4 1.5
Nb-85 0.6 25 4 1.5
Ir-95 1.0 40 10 4
Ru-103 0.6 25 5 2
Ru-106 0.6 250 75 30
Ag-110m 0.8 30 4 1.5
Sh-124 1.6 60 10 4
Sb-125 1.0 40 8 3
Cs-134 0.6 25 4 1.5
Cs-137 0.8 30 ‘ 6 2.5
Ce-141m 0.8 30 5 2
Ce-144 6 240 25 10
Eu-152 1.5 60 10 4
Eu-154 1.5 60 5 -2
Eu-155 3 120 20 8
Hf-181 0.6 25 4 1.5
Ta-182 1.4 60 13 5
Hg-203 0.5 20 4 1.5
Am-241 4 160 25 10
Gross beta

Gross alpha

a. Source: Reyes et al. (1986); Reyes et al. (1987); Tkachyk et al. (1988);
Tkachyk et al. (1989); Tkachyk et al. (1990). Note detection limits have
varied since 1983 in accordance with changes in the analytical method.
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Table 6-6. Detection limits for samples analyzed for radiochemistry,

1987-1989"°
' Sample Method of Detection Limits
Media Description Treatment («Ci/q or mlL)
Water 4-L collapsible Separate and Sr-80 2 x 10';
polyethylene dissolve paper Pu-238 2 x 10°
container containing pulp, reconstitute Pu-239 2 x 10"
25 mL or conc. HNO;  sample and boil Am-241 2 x 107V
and two Whatman down to 100 mL;
ashless filter analyze 1/2 sample
tablets for 4000 mL  on 2-L equivalent
water

a. Source: Tkachyk et al., (1988); Tkachyk et al., (1989); Tkachyk et al.,
(1990).
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6.2.4 Quality Assurance and Quality Control Methods

The quality assurance/quality control program for surface water sampling
includes collecting control samples to determine background levels of
radionuclides and collecting replicate samples. The quality assurance on
sample handling and analysis consists of one laboratory split per year for
radiochemical analysis, four reagent water blanks (one each quarter), and
six known standards. Quality assurance sample analysis includes gross alpha,
gross beta, gamma spectroscopy, and radiochemistry.

6.2.5 Results of the Surface Water Sampling

The results of the Taboratory analyses are reported in a standardized
format to facilitate Tong-range comparisons. Once the data are analyzed, they
are compared to the established derived concentration guides in Table 6-7.
These levels are set far below applicable dose lTimitations and are intended to
indicate potential problems before they become significant. The data are also
evaluated to determine if there is a significant increase in the radionuclide
concentrations in the surface water runoff (EG&G, 1989q).

Most of the detected radionuclides are in concentrations at or near the’
detection 1imit and can be either the result of statistical variation or
factors other than environmental contamination. Before 1985, only detections
of radionuclides at concentrations greater than two times the standard
deviation were considered positive. After 1985, only concentrations of
radionuclides greater than three times the standard deviation were considered
positive and were reported in the data tables. Concentrations between two and
three standard deviations are considered guestionable and are not reported
(Reyes et al., 1986; EG&G, 1989g; Tkachyk et al., 1990).

Reported positive results represent the concentrations of radionuclides
after subtracting the control sample Tocation results. The concentrations of
radionuclides in the suspended solids are reported separately from the
radionuclides in the filtrate portion of the sample (EG&G, 1989g).
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Table 6-7. 1989 Derived concentration guides®

DCGs for the PublicP®

Radionuclide Dcfgé?znfgter
K-3 2 x.103
Sc-46 2 x 107
cr-51 1x 103
Mn-54 5 x 107
Co-58 4 x 107
Fe-59 2 x 107
Co-60 5 x.10¢
Zn-65 9 x 100
5r-90 1 x 10¢
Nb-95 6 x 107
Zr-95 4 x 107
Ru-103 5 x 107
Ru-106 6 x 10°
Ag-110m 1x 107
sb-125 6 x 107
1-129 5 x 107
1-131 3 x 10%
Cs-134 2 x 10¢
Cs-137 3 x 1078
Ce-141 5 x 107
Ce-144 7 x 10¢
Eu-152 2 x 107
Eu-154 2 x 10°
Ra-226 1 x 107
Pu-238 4 x 108
pu-2394 3x 108
Am-241 35 x 1078
u-234 5 x 1077
u-235 6 x 107
u-238 6 x 107

Gross Alphad
Gross Bet:a':l

a. Source: Tkachyk et al. {1988).

b. This table contains water derived concentration guides based on concentrations that could be
continuously ingested, and do not exceed an effective dose equivalent of 100 mrem/year.

¢. Derived concentration guides apply to radionuclide concentrations in excess of those cccurring naturally
or due to fallout.

d. The derived concentration guides of Pu-239 and Sr-90 are the most restrictive and are appropriate to use
for gross alpha and gross beta derived concentration guides, respectively.
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The total curie quantity of each nuclide transported off the SDA is
reported in the Environmental Monitoring Annual Report. This value is
obtained by multiplying the average concentration of the total water sample
collected during a runoff perioed by the total’vo1ume of water leaving the SDA
during the same period. Increasing or decreasing trends are plotted as a
function of volume and curie data over time (EG&G, 1989g).

Reported data in Table 6-8 on positive detections are summarized by
sampling area for the period from 1984 through 1989. Cesium-137 is typically
detected in environmental samples collected at the RWMC usually at ambient
background levels (Tkachyk et al., 1990). The Cs-137 concentration in surface
water runoff at the RWMC since 1978 is illustrated in Figure 6-5.
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Table 6-8. Results of RWMC surface water sampling for radionuclides at sampling

locations
Cmcgatrations'
€10 7 weisml)
Date of Detected b Detected Detected in
_Collection Radionuclide in Fittrete Particulate Reference®
SDA Pump

03714784 Cs-137 16.2 £ 1.7 45.0 ¢ 3.4 1
Pu-239,-240 0.15 £ 0.06 d 1

Am-241 8.0 ¢+ 0.20 d 1

$r-90 22.0 ¢ ;.0 d 1

03/19/84 n® NA NA 1
03/21/84 ND NA NA 1
03/22/84 ND NA NA 1
(replicate) ND NA NA 1
03/28/84 ND NA NA 1
08/02/84 ND NA NA 1
03/19/85 ND NA RA 2
03/21/85 Cs-137 ND 6.0 £ 2.0 2
(repticate) KD NA NA 2
04/01/85 ND NA NA 2
04/02/85 Total U 0.6 0.2 ND 2
07717785 ND NA NA 2
02/18/86 Cs-137 ND 6.0 2 0.5 3
04722788 Ce-137 ND 1.4 ¢ 4.0 5
03/89 ND NA NA é

TSA 1

03/14/84 ND NA NA 1
06/19/84 ND NA NA 1
07/25/84 ND NA NA 1
10/25/84 ND NA NA 1
04/01/85 ND NA NA 2
09/09/85 Co-60 24.0 £ 2.0 KD 2
Total U ND 0.4 £ 0.05 2

06/30/87 ND NA NA [
117027879 Co-60 6.7 ¢ 0.08 1.6 £ 0.2 4
c-137 4.8 £ 0,07 1.0 £ 0.2 4

04722/88 c-137 ND 0.9+ 0.2 5
09/29/88 Co-60 7.02 £ 0.58 ND 5
c-137 ND 0.83 & 0.16 5

03/89 ND NA NA é

TSA 2

03/14/84 ND NA NA i
06/19/84 KD NA . NA 1
10/25/84 Pu-239,-240 0.13 & 0.04 d 1
Am-241 0.01 ¢ 6.005 d 1

04701785 ND NA NA 2
05715785 ND NA NA -2
09/09/85 Total U ND 0.18 £ 0.07 2
02/18/86 Cs-137 ND 3.012 0.3 3



Table 6-8. (continued)
Cmcgatrations'
€10 7 pCi/mi}
Date of Detected- b Detected betected in
Coltlection Radionucl ide in Filtrate particulste Reference®
TSA 2 (continued)
09719786 Hn-54 ND 0.3 ¢+ 0.06 3
Co-58 ND 0.2 = 0.05 3
Co-80 ND 0.6 £+ 0.1 3
Sr-90 3.0 £ 0.6 ND 3
Pu-239, -260 0.1 % 0.04 WD 3
Am-241 0.2 £ 0.02 ND 3
01/28/87 Co-&0 ND 6.0 £ 1.0 4
Cs-137 ND 7.5 ¢ 1.0 4
06/30/87 Mn-54 KD h 0.078 £ 0.02. 4
Sr-90 2.2 ¢ u'3h &
Sr-90 2.7 & 0.3h &4
Am=-241 1.2 ¢ 0.1 4
11/02/87 ND NA NA - 4
04/22/88 Cs-137 ND 1.5 ¢ 0.2 5
09/28/88 Cs-137 ND 0.61 £ 0.11 5
03/89 Cs-137 ND 1.11 = 0.30 [
TSA 3
10/25/84 ND NA NA i
09/09/85 Total U KD 0.5 ¢ 0.1 2
02/18/86 Cs-137 64.0 £ 6.0 ND 3
09/19/86 Co-60 ND 1.0 2 0.1 3
Sr-90 . 4.0 2 0.6 d 3
Cs-137 0.4 2 0.01 ND 3
Am-241 0.04 £ 0.01 d 3
01/28/87 Ru-106 ND 23.01 2.0 4
Cs-134 ND 1.3 ¢ 0.2 [
Cs-137 ND 9.711.2 4
06/30/87 Co-60 ND 0.09 ¢ 0.02 4
Cs-137 ND h 0.066 ¢ 0.013 [
06/30/87 sr-90 1.2 0.3 4
11/02/87 ND NA NA 4
D4s22/88 ND NA NA 5
09/28/88 Cs-137 ND 1.78 £ 0.14 5
03/8% ND NA NA 6
CONTROL
03/14/84 ND NA NA 1
03/19/84 ND KA NA 1
03/21/84 ND NA NA 1
03/28/84 ND NA NA i
06/19/84 ND NA NA 1
07/25/84 ND NA NA 1
10/25/84 Pu-239,-240 0.09 ¢+ 0.04 d 1
Am-241 0.6 £ 0.2 d 3
Total U 0.2 ¢ 0.1 d 1
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Table 6-8. (continued)
Conce| trations®
(1077 gycismi)
bate of Detected b betected Detected in
Collection Radionuclide in Filtrate Particulate Reference®
CONTROL {continued)
03/19/85 ND NA NA 2
04/01/85 KD NA NA 2
05715/85 ND NA NA 2
09/09/85 Am- 241 0.9z 0.2 ND 2
Total-U ND 0.8+ 0.1 2
02/18/86 Ag-110 ND 0.6 £ 0.1 3
09/19/86 Mn-54 ND 0.3 £ 0.06 k3
Co-60 ND 0.8 £ 0.1 3 -
Sr-90 8.0 £ 1.0 d 3
Cs-134 ND 0.3 & 0,06 3
Cs-137 34.0 £ 4.0 ND . 3
Am-241 0.06 ¢ 0,01 d 3
01/28/87 Co-60 ND 1.1+ 0.3 &
Cs-137 ND 1.4 ¢+ 0.3 4
06/30/87 Co-60 ND 0.09 ¢ 0.02 4
Sb-125 04.6 £ 01,3 1.0 £ 0.2 4
Cs-137 h0.053 + 0.012 &
Sr-90 1.2 ¢ O.Zh &4
Pu-239,-240 0,098 ¢+ 0.02 4
117027879 Cs-137 8.2: 1.0 ND 4
04/22/88 ND RA NA 5
09/29/88 Cs-137 NA 0.63 £ 0.1 5
03789 ND NA NA .3

8. Reported values in 1984 and 1985 represent analytical results with > 2 standard deviations. From 1986 to
present, only radionuclide concentrstions of > 3 standard deviations are considered positive detections. Since
1988, results between 2 and 3 standard deviations have been considered questionable and are not necessarily

reported. Analytical uncertainties are presented as + 1 standard deviation.

b.

Concentrations are reported for only those radionuclides that are detected.

but not reported in the tables.

c.
4.

d.

References:
Tkachyk et at.

1. Reyes et al. (1985),
1988y, 5. Tkachyk et al. (1989),

No analysis done.

Not detected.

Not applicable.

Discrepancy between data reported in tables and in text for samples collected 11/02/87.

Not reported if detection from either the filtrate or particulate fraction of sample.

2. Reyes et al. (1986,

3. Reyes et al. (1987),
6. Tkachyk et al. (1990).

Naturally occurring
radionuclides (Ra-226, Th-232, Po-214, Bi-214, and K-40) were detected in samples collected from 1984 to 1967
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Figure 6-5. Cesium-137 concentrations in RWMC surface water runoff (Tkachyk et at. 1990).
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7. SOIL GAS SURVEY

A so0il gas survey was conducted in response to three events that
suggested the presence of VOCs burijed within the SDA. These events included
(1) the detection of volatile organics in the ground water at the SDA, (2) the
occurrence of organic vapors in wellbores being drilled within the SDA, and
(3) the discovery that waste containing organic substances had been shipped to
the SDA for disposal before 1970. The purpose of the soil gas survey is
discussed in Section 7.1, the investigation procedure is described in
Section 7.2, the results are summarized in Section 7.3, and the data quality
is discussed in Section 7.4.

7.1 Purpose of the Soil Gas Survey

A soil gas survey was performed by Golder Associates of Redmond,
Washington, from October 28 through November 6, 1987, to determine the
identity, location, and relative concentration of selected chlorinated and
aromatic VOCs in the vadose zone at the SDA and adjacent areas. This
investigation resulted in the delineation of potential source areas for VOCs.
The results of this investigation will be integrated with the other subsurface
studies to refine the conceptual model for predicting both the vertical and
lateral transport of waste organics through the vadose zone into ground water,
The study by Golder is included in EG&G (1988a).

7.2 Investigation Procedure

The investigation procedure for the soil gas survey consisted of
three parts: (I) constructing a sampling grid, described in Section 7.2.1;
(2) developing a sampling procedure, discussed in Section 7.2.2; and
(3) defining the procedures for soil gas analysis, reviewed in Section 7.2.3.

7.2.1 Sampling Grid

A sampling grid with 62-m (200-ft) spacing in north-south and east-west
directions was defined to provide comprehensive coverage of the SDA. The
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survey included an area approximately 187 m {600 ft) beyond the SDA and
overlapped a portion of the TSA (Figure 7-1). A total of 136 samples were
collected within the 62-m grid, and an additional 63 samples were collected at
supplemental Tocations including the overlapping portion of the TSA and at
Boreholes 77-1, 78-4 and WWW-1.

7.2.2 Sampling Procedure

S0il gas was extracted by installing a 1.6-cm (5/8-in.) outer diameter
carbon steel pipe into a l1-cm (1/2-in.) hole drilled approximately 76 cm
(30 in.) into the ground using a hand-held electric drill. One end of the
pipe was fitted with a metal cap to prevent clogging, and the pipe was driven
into the hole with a sliding hammer. The cap was then displaced using a steel
rod inserted through the pipe. A battery operated pump was attached to the
top of the probe using a stainiess steel quick-connect coupler and surgical
rubber tubing. Three to 10 pipe volumes were pumped from the probe. An
organic vapor analyzer (OVA or HNU) was used to monitor the discharge from the
sampling pump. Gas concentrations in the discharge stream stabilized very
guickly. The gas sample was collected from just inside the stainless steel
quick-connect by inserting a hypodermic needle on a glass syringe through the
surgical tubing. The syringe was then sealed and transported to the field
analytical laboratory.

Exceptions to this procedure occurred at the west end of the SBA and
where previously installed access tubes existed. West of row 9 in the
sampling grid, sample probes were driven only 30 c¢m (12 in.) into the ground
because of the health risk concern of TRU waste being present near the surface
(Figure 7-1). Gas samples were collected from multiple depths in
Borehoies 77-1, 78-4, and WWW-1 by pumping through the existing 0.6 cm
(1/4 in.) inner diameter tubing. Samples from neutron access tubes, Pits 19
and 20, and within the TSA were collected by lowering a 0.6 cm (1/4 in.) inner
diameter stainless tube down the existing access tube, sealing the top, and
pumping the sample from the bottom of the access tube.
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7.2.3 Soil Gas Analysis

The soil gas samples were analyzed in the field at a laboratory set up
in a trailer immediately north of the SDA. The analyses were performed with
an HNU Model 321 field GC equipped with two silica capillary columns and
electron capture and photoionization detectors. Standard mixtures of VOCs
were prepared by serial dilution of pure chlorinated and aromatic compounds in
dodecane or hexane. Soil gas samples were directly injected into the GC for
analysis, and the response was compared to those of VOC standards. The
samples were analyzed for the 12 VOCs shown in Table 7-1. Chloreform could
not be resolved from the large concentrations of carbon tetrachloride and
1,1,1-trichloroethane; therefore, it may have been present, but it could not
be identified.

Because the level of detection would vary from sample to sample
depending on individual sample constituents and sample size, the analytical
results reported by Golder Associates were those concentrations above the
practical quantification 1imits (PQLs) that were based on typical sample
amounts injected for GC analysis and daily detector response (EG&G, 1988a).
For compounds detected above the detection 1imit but below the PQL, a "P" was
entered in the table of results. Therefore, the results reported by
Golder Associates are all useful values not requiring further screening of
their analytical significance.

7.3 Results

Four of the 12 compounds screened by the survey were detected above the
PQL: carbon tetrachloride, tetrachloroethylene, 1,1,1-trichloroethane, and
trichloroethylene. A summary of the raw data for the soil gas survey data is
provided in EG&G (1988a). Table 7-2 presents the same data; however, "ND"
(not detected) has been entered for those samples that were below minimum
detection levels, and "P" has been entered for constituents detected at an
unquantified Jevel. The alpha characters in the table refer to the sample
location within the grid illustrated in Figure 7-1. Concentration plots of
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Table 7-1. Target compounds for the RWMC soil gas survey®

Practical Quantification

Limit

Compound {ug/L}
1,1,1-trichlorocethane 0.01
Carbon tetrachloride 0.01
Trichloroethylene 0.01
Tetrachloroethylene 0.01
1,1-dichloroethylene 0.6
Methylene chloride | 0.6
1,2-trans-dichloroethylene 0.6
Trans-1,3-dichloropropene 0.5
1,2-dichloropropane 0.6
1,1,2-trichloroethane 0.6
Benzene 1.0

Toluene 1.0

a. Source: Golder (1987) report in EGAG (1988a).
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Table 7-2. Results of soil gas analysis at the SDA®.

Carbon Tetra- 1,2-Trans- Trans-1,3- 1,2-Di- t.1,2-1rl-
Sample 1,1,1-Tei- tetra- Trichloro- chloro- 1,1-Dichloro- Methylene dichloro- dichloro- chloro- chloro-
Depth chloroethane chloride ethylene ethylyene ethylene chloride ethylene propene propene ethene Benzene Toluene

Geld  Emst  Merth  (in.) ug/L) fugsL)  (ug/L) {ug/L) {ug/L) {ug/L} (ug/L) {ug/L) {ug/L) {ug/L) {ug/t) {ug/L)
-~ B

B-02 200 2400 24 xoP 0.30 0.02 0.07 ND ND ND ND ND ND ND KD
B-04 800 2400 2 ND 0.40 0.03 0.04 ND ND ND ND ND ND [ [+] ND
B-06 1000 2400 28 ND 0.05 ND 0.0 KD ND ND ND ND ND ND ND
B-08 1400 2400 30 ®D 1.00 0.04 0.05 L ND ND ND ND KD ND ND
B-10 1800 2400 29 ND 0.40 ND 0.03 ND ND ND ND ND ND ND ND
B-12 2200 2400 21 KD 0.70 Pt P KD ND ND ND ND HO ND KD
B-14 2600 2400 30 ND 0.08 0.10 ND ND ND ND ND ND ND ND K0
B-16 3000 2400 19 ND 0.20 0.04 0.02 ND ND ND ND ND ND ND KD
B-18 3400 2400 18 ND 0.20 0.05 0.03 RD ND NO ND ND WD ND ND
-~ C

c-06 1000 2200 17 ND 0.40 KD 0.04 ND ND ND ND ND ND ND ND
c-08 1400 2225 28 ND 3.80 0.20 0.40 ND ND ND ND ND ND ND ND
c-09 1600 2200 18 ND 2.00 ND 0.67 ND HD MD ND ND ND ND ND
c-10 1800 2225 20 ND 5.00 1.00 0.30 ND ND ND ND KD ND ND ND
c-1 2000 2200 28 ND 5.60 0.40 0.04 ND RD HD ND L] ND ND ND
c-12 2200 2200 20 ND 3.10 0.80 0.20 ND ND ND ND WD ND ND ND
c-13 2400 2200 n ND 1.00 ND ND KD ND WD ND ND ND ND WD
c-14 2600 2200 3 P 19.00 3.00 1.00 ND ND ND ND ND KD WD ND
c-15 2800 2200 18 ND 2.00 P 0.40 ND ND ND HD ND NO ND ND
c-16 3000 2200 15 P 0.90 0.05 0.05 KD ND ND ND HD HD ND ND
c-18 3400 2200 30 P 1.50 0.06 0.10 KD ND ND ND ND HD ND ND
c-19.5 3700 2200 30 0.1 04.50 0.02 0.10 WD RD ND RD ND WD ND ND
-~ D

D-02 200 2000 29 ND P NG ND ND ND HD L] ND ND ND ND
D-04 600 2045 20 ND 0.20 0.01 0.04 ND ND ND ND ND ND KD ND
D-05 800 2000 12 P 0.10 ND 0.04 KD ND ND ND ND ND WD ND
D-06 1000 2000 12 P 0.10 0.04 0.20 ND ND HD NO ND ND ND ND
D-07 1200 2000 12 ND 0.04 ND 0.02 NO ND ND ND ND ND ND ND
D-08 1400 2000 12 1.0 ND ND ND ND KD ND ND ND ND ND ND
D-09 1600 2000 17 P 0.10 WD 0.50 ND KD ND ND ND ND ND ND
D-10 1800 2000 30 [ 4 0.40 0.10 0.10 ND ND ND ND ND HD ND ND
p-11 1925 2000 30 1.2 0.40 0.20 0.80 ND ND ND ND ND ND ND ND
p-t2 2200 2000 25 ND 1.00 240.0 0.01 ND ND ND ND ND ND ND ND
p-14 2200 2000 32 P 50.00 28.00 6.00 ND ND ND WD ND ND ND ND
D-15 2800 2000 30 ND 2.00 ND ND ND ND ND ND NOY ND ND ND
D-16 3000 2000 30 ND 0.50 ND ND ND ND ND KD ND ND ND ND
p-17 3200 2000 30 ND 0.30 ND ND HD ND ND KD ND ND ND ND
D-18 3400 2000 30 ND 1.00 HD 0.03 HD ND ND ND NG ND ND ND
D-1%9 3600 1975 30 P 4,70 1.10 4.00 ND ND ND ND ND ND ND ND
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Table 7-2. (continued)
Carbon Tetra- 1,2-Trans- Trens-1,3- 1,2-Di- 1,1,2-Tri-

Sample 1,1,1-Tri- tetra- Trichloro- chloro- 1,1-Dichloro- Methylene dichloro- dichloro- chloro- chlioro-

Depth chloroethane chloride ethylene ethylyene ethylene chloride ethylene propene propene ethene Benrene Toluene
grid East North  (in.) {ug/t} fug/L)  {ug/L) {uart) (ugsL) {uasL} {ug/L} {ug/L) (ug/L) {ug/L} (ug/L}) {ug/L)
-- £
E-02 200 1800 12 ND 0.02 ND ] ND ND ND ND ND ND ND RD
£-03 400 1800 12 1.3 ND 0,60 1.00 ND ND ND ND ND ND ND ND
E-04 600 1800 12 2.0 ND 4.00 0.03 ND ND ND ND ND ND ND ND
€-05 800 1800 12 1.2 ND o.01 0.20 HD ND ND NO ND ND ND ND
£-06 1000 1800 12 HD 4.80 0.02 1.40 ND ND ND ND ND ND ND ND
E-06 1000 1800 12 15.0 12.00 12.00 2.40 ND ND ND ND ND ND ND ND
E-07 1200 1600 8 1.0 1.00 1.00 1.60 ND ND ND ND ND ND ND ND
E-08 1400 1800 12 0.9 1.20 4.00 0.60 ND ND KD ND ND ND ND ND
E-09 1600 1800 30 8.0 3.00 2.00 2.00 ND KD KD ND ND ND ND ND
E-10 1800 1800 30 1.0 2.00 P P ND ND KD KD KD ND KD ND
E-11 2000 1800 30 0.4 0.30 1.00 2.00 ND ND ND ND ND ND ND ND
E-12 2200 1800 12 Nl ND ND ND ND ND ND ND ND ND ND ND
E-14 2600 1800 30 8.0 P ND 4.70 ND ND ND ND ND ND ND ND
E-15 2800 1600 28 310.0 ND 4.00 7.00 ND ND ND ND ND ND ND ND
E-15 2800 1800 28 48.0 5.00 0.80 5.20 ND ND ND ND ND L[V ND ND
E-15 2800 1800 28 170.0 P 1.460 6.00 ND ND ND ND ND KD ND ND
E-15 2800 1800 28 120.0 ND 0.08 3.00 NO ND ND ND ND ND HD ND
E-15 . 2800 1800 28 280.0 P 3.20 7.00 ND ND ND ND ND ND HD ND
E-16 3000 1800 30 ND 0.20 ND P ND ND WD ND ND NO ND ND
E-17 3400 1800 30 ND 2.00 ND ND ND ND ND ND ND ND ND ND
E-18 3525 1800 15 10.00 12.00 9.40 2.10 ND ND ] ND ND ND ND )
E-19 3525 1800 30 ND 1000.00 150.0 40.00 ND ND ND ND ND ND ND WD
E-19 3525 1800 30 P 1230.00 200.0 34.00 ND (1] ND ND ND KD ND L]
E-19 3525 1800 30 P 1400.00 100.0 25.00 ND ND ND ND ND ND ND ND
E-19 3525 1800 30 P 900.00 £90.0 3¢.00 ND ND ND ND ND ND ND ND
€E-19 3525 1800 30 P 640.00 80.0 20.00 ND ND WD ] ND KD ND ND
E-19 3525 1800 30 P 1200.00 100.0 21.00 ND D ND ND NO ND NO HD
€-19.5 3700 1825 32 P 0.30 ND ND XD ND ND ND ND ND ND ND
- F
F-02 200 1600 30 ND 0.10 ND ND ND ND ND ND RD ND WD ND
F-03 400 1625 12 ND 0.20 ND 0.70 ND ND ND ND ND ND ND ND
F-04 600 1575 12 ND ND ND ND ND ND ND ND ND ND ND ND
F-05 800 1600 12 ND 0.02 ND 0.0 ND ND ND ND KD WD ND ND
F-06 1000 1570 12 ND 0.07 ND 1.00 ND ND ND ND ND ND ND ND
F-07 1200 1600 12 ND 0.10 ND 0.70 ND ND ND ND ND D ND ND
F-08 1400 1600 " P 0.03 ND KD ND HD ND KD ND ND WD ND
F-09 1600 1600 30 8.00 2.00 2.00 2.00 ND NO ND ND ND ND ND ND
F-10 1800 1600 n 17.00 5.00 2.00 2.00 ND ND ND ND ND ND ND ND
F-11 2000 1600 30 13.00 1.00 1.00 3.00 ND ND ND ND ND KD ND HD
F-12 2200 1600 30 4.00 10.00 1.00 7.00 ND ND ND ND ND KD ND ND
F-13 2400 1600 30 4 29.00 4.00 2.00 ND ND ND ND NO HD KD ND
F-14 2600 1600 30 ND 0.09 0.05 0.10 ND ND ND ND ND HD ND ND
F-15 2800 1600 26 P 13.00 3.00 2.00 ND ND ND ND HD KD NO ND
F-17 3200 1600 30 0.02 P P 4 Hb ND ND ND HD ND HD ND
F-18 3400 1600 20 2.00 ND ? 0.50 ND ND ND ND ND NO ND ND
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Table 7-2. (continued)
Carbon Tetra- 1,2-Trans- Trans-1,3- 1,2-Di- 1,1,2-Tri-

Sample 1,4,1-Tri- tetra- Trichloro- chloro- 1,1-bichloro- Methyiene dichloro- dichloro- chloro- chloro-

Depth chloroethane chloride ethylene ethylyene ethylene chloride ethylene propene propene ethene Benzene Toluene
Grid East North {in.) {ug/L) {ug/L) {ugsLy {ug/L) {ug/i) {ug/iL} {ua/L) {ug/L) (ug/i) {ug/L) {ua/L) (ug/L)
-- 6
G-04 600 1400 30 ND 0.05 ND ND ND ND ND ND ND ND ND ND
G-05 800 1400 12 0.01 0.02 ND WD ND ND ND ND ND KD ND ND
G-04 1000 1400 12 0.03 0.04 ND ND ND ND NO KD KD ND ND ND
G-07A 1200 1300 12 RD 0.20 NO ND ND ND ND ND KD ND ND ND
G-078 1200 1475 12 ND 0.04 ND ND ND ND ND ND L) ND ND NO
G-08 1400 1400 12 ND 0.40 0.20 0.04 ND ND ND ND R ND ‘ND ND
G-09 1600 1400 26 P 0.20 P P ND ND ND ND W0 ND L1+ ND
G-10 1800 1425 30 ND 23.00 7.00 12.00 ND ND ND ND ND ND ND ND
G-11 2000 1425 32 KD 50.00 20.00 27.00 ND ND ND ND ND ND ND ND
G-12 2200 1420 30 2.50 2.40 1.50 0.40 ND KD ND ND KD ND ND ND
G-13 2400 1425 30 ND 2.00 .30 0.50 ND ND ND ND ND ND ND ND
G-14 2600 1400 32 RD 2,00 0.20 0.20 ND ND ND ND ND ND L L] ND
G-15 2800 1400 32 ND ND ND ND ND ND ND ND ND ND ND ND
G-18 3400 1400 20 0,04 0.05 0.02 0.20 ND ND ND ND ND ND ND KD
-~ H
H-06 1000 1225 n L] 0.50 ND 0.02 ND ND KD ND ND ND ND WD
H-08 1400 1200 12 KD ND ND ND ND ND ND o] ND ND KD HD
H-09 1600 1200 30 0.20 2.40 0.20 0.08 ND ND ND ND ND ND - ND ND
H-10 1800 1200 25 ND 2.00 0.10 0.03 ND KD ND ND HD ND ND ND
H-11 2000 1200 30 ND 0.30 0.01 0.02 NO ND ND WD ND ND ND ND
H-12 2200 1200 30 ND 1.00 0.80 1.00 ND ND ND ND ND ND ND ND
H-13 2400 1200 30 ND 0.20 ND ND ND L1 ND KD ND ND ND ND
H-14 2575 1150 30 KD ND ND ND ND ND L1} ND ND ND ND ND
H-15 2800 1200 30 ND 0.01 ND 0.01 ND ND KD ND ND ND ND ND
H-17 3200 1200 30 4.00 ND 0.01 0.20 NO ND KD 1] ND ND ND KD
H-18 3400 1200 30 4.00 ND WD «0.08 ND ND ND ND WD ND ND ND
-- 1
1-09 1600 1000 30 ND 4.00 0.20 0.08 ND ND ND WD ND ND ND ND
-1 2000 1000 30 ND 0.90 ND P ND ND ND KD ND KD ND ND
1-12 2200 1000 25 0.70 0.30 ND P ND ND ND KD ND ND ND ND
1-13 2400 1000 30 ND 0.40 KD 0.1 ND ND ND L] ND ND KD ND
1-14 2600 1000 30 NO 1.10 P P ND ND ND KD ND ND NO ND
1-14 2600 1000 30 ND ND ND L+ ND ND ND ND ND ND ND ND
1-17 3200 1000 k3] 3.00 ND ND g.08 ND ND L] WD ND ND ND ND
i-18 3400 1000 30 ND 0.30 0.02 0.04 ND ND L1 ND ND ND ND ND
-~ J
J4-1 2000 750 20 ND 0.03 KD ND ND ND WD ND ND KD ND ND
3-14 2600 800 29 3.80 ND KD ND ND ND ND ND ND ND ND ND
J4-15 2800 80O 27 180.0 P N P WD ND ND NOD ND KD ND L[]
J-16 3000 800 26 0.0 0.1 0.01 ND ND ND ND ND ND ND ND ND
417 3200 800 30 0.20 0.30 0.06 0.04 ND ND ND ND ND HD ND ND
J4-18 1400 800 30 ND HD [} ND ND KD ND ND ND ND KD ND
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Table 7-2. ({continued)
Carbon Tetra- 1,2-Trans- Trans-1,3- 1,2-Di- 1,1,2-1ri-

Sample 1,1,1-Tri- tetra- Trichtoro- chloro- 1,1-Dichloro- Methylene dichloro- dichloro- chloro- chloro-

Depth chloroethane chloride ethylene ethylyene ethylene chloride ethylene propens propene ethene Benzene Toluene
Grid East North {in.) fug/l) {ug/Ly {ug/L) fug/L) (ug/L) {ug/L) fug/L} {ug/L) {ug/L}) (ug/i) {ug/L) (ug/L})
- K
K-14 2600 400 21 ND 0.40 0.03 .02 ND NO ND ND ND ND ND ND
K-17 3200 600 32 ND 0.06 ND 0.01 D ND ND ND ND ND KD ND
- L
L-17 3200 400 30 ND 0.02 ND ND WD ND ND ND ND ND ND HD
-- Neutron Access Tubes
NAT-02 3340 770 13 ft 1.00 0.30 0.07 0.07 WD ND HD ND ND ND NO ND
NAT-03 3470 1210 10 ft 5.00 4.00 1.00 0.40 ND ND ND ND ND NO ND KD
NAT-04 3580 1650 10 ft ND 5.00 1.00 0.40 ND ND HD ND NO ND ND ND
RAT-05 3675 2120 9 ft ND 4.00 0.40 0.30 ND ND ND KD ND ND ND ND
RAT-O7 3455 1675 10 ft ND 22.00 4.00 1.00 ND ND ND N ND ND ND ND
NAT-19 1740 2090 15 ft P 264.00 1.00 2.00 ND ND ND ND ND ND ND ND
NAT-22 1265 1900 a8 ft P 19.00 0.50 KD ND ND ND ND ND ND ND ND
NAT-26 500 1920 11 ft P 22.00 2.00 3.00 ND ND MD ND ND ND ND ND
NAT-27 260 1775 12 ft NO 8.00 NO 1.00 ND ND ND ND ND ND ND ND
NAT-w02 3310 2070 10 ft ND P ND ND ND ND ND ND ND ND ND ND
-- Pit Samples
PO3-1 1950 1900 30 50.00 10.00 9.00 5.00 ND ND ND ND ND ND ND ND
PO4-1 2500 1600 L] ND 4.00 1.00 1.00 ND ND ND ND ND ND ND ND
POL-2 2300 1600 b3 HD 2300.00 9.00 10.00 ND ND ND ND ND ND ND ND
PO8-1 2950 1900 30 P ND ND ND L1 NO ND ND ND ND ND KD
PO9-1 3500 1900 3 ND 0.30 KD ND ND ND ND ND ND ND ND ND
PO9-2 3510 1850 3 ND 1000.00 8.00 13.00 ND ND ND NO ND ND ND ND
P10-1 2400 1485 26 0.40 3.80 P 1.80 ND ND KD ND ND ND ND ND
P10-2 2000 wrs 30 ND 160.00 21.00 19.00 ND ND KD ND ND ND ND HD
P10-3 1800 1500 30 HD 100.00 30.00 9.00 ND ND HD ND ND ND ND ND
P10-3 1800 1500 3t ND 470.00 4.00 10.00 ND ND ND ND ND KD ND ND
PI10-4 1600 1500 30 ND 28.00 22.00 2.00 ND ND ND ND ND ND ND ND
P13-1 2200 1350 25 ND 0.08 ND ND ND ND ND ND KD ND ND ND
P18-1 2900 1350 28 ND ND ND ND ND ND ND ND KD ND ND N>
p18-2 nas 1300 25 ND WD ND ND L] ND KD ND i1} ND L1 ND
P19-2 3075 1150 10 ft ND 0.05 ND 0.0 NO ND ND ND ND ND ND HD
P19-3 3600 1025 10 ft ND ND ND ND ND ND ND ND KD ND ND HD
P19-4 3025 50 10 ft 4 0.02 ND ND KD ND ND ND ND ND ND ND
P19-5 2900 900 10 ft ND 0.06 0.0 0.02 KD ND ND ND ND ND ND ND
P19-6 2850 1075 10 ft ND 0.20 0.03 0.04 KD HD ND ND ND NO ND ND
P19-7 2875 1000 10 ft P P ND ND HD KD ND L] ND ND ND ND
P20-1 2925 1025 10 ft 2.00 1.00 0.60 2.00 ND ND ND ND ND ND HD ND
PA-1 2350 1850 30 ND 8.00 3.20 9.70 ND ND ND L ND ND ND ND
PA-2 2350 1750 30 ND 3.80 1.30 5.70 ND ND ND ND ND ND ND ND
PA-3 2425 1750 29 ND 3.00 1.00 2.20 ND ND ND KD ND ND ND ND
PA-4 2300 1900 29 ND 1.90 0.40 2.50 ND ND WD KD ND HD ND ND
PA-5 2275 2000 25 ND 3.50 0.60 4.00 ND ND KD ND ND ND ND ND
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Table 7-2. {continued) ;
Carbon Tetra- 1,2-Trans- Trens-1,3-  1,2-Di- 1,1,2-Tri-

Sample 1,1,1-1ri- tetra- Trichlioro- chloro- 1,t-Dichloro- Methylene dichlore- dichloro- chloro- chloro-

Depth chloroethane chloride ethyliene ethylyene ethylene chloride ethylene propene propene ethene Benzene Toluene
Grid East  North  (in.) {ug/L) fug/ty  {ug/t} fua/L) {ug/L) Lug/L) {ua/L) fug/l) | (wa/L)  (uaft) (ug/ly  fug/L)
PA-6 2350 2050 28 ND 12.00 4.60 13.00 ND KD ND ND ND ND NO HD
PA-T 2425 2050 30 ND 5.40 460 7.80 ND ND ND KD ND ND ND D
pc-1 2400 1350 25 ND 2.00 ND ND ND ND ND ND ND ND ND ND
-- Transuranic Storage Area
TRU-1 3970 1475 20 ft 20.00 32.00 35.00 ND ND ND ND ND ND ND ND ND
TRU-2 4044 1349 20 ft 0.40 3.00 0.60 ND ND ND ND ND ND ND ND ND
TRU-3 4121 980 20 ft 24.00 22.00 6.00 0.20 HD ND ND ND ND ND ND ND
TSAR1 3875 692 13 KD 0.30 ND KD HD ND ND ND ND WD ND KD
TSARZ 3763 11 22 KD 0.10 1] ND WD ND ND ND ND ND ND ND
TSARS 3802 1462 27 ND 0.50 KD KD ND ND ND ND ND ND ND ND
-- Field Blanks
XP-0% 0 0 0 . ND ND ND ND ND ND ND ND ND ND ND ND
XP-02 0 0 0 ND P ND ND ND ND WD ND ND D ND ND
Xp-03 0 0 0 ND ND ND ND ND WD ND WD ND KD ND ND
XP-04 0 0 ] WD P ND ND ND ND ND ND NO HD ND ND
XP-05 0 0 0 P P P P KD WD ND ND ND ND ND ND
XP-06 0 0 0 ND 0.1 ND ND ND L[] ND ND ND ND KD ND
xp-07 0 0 0 P P ND KD L ND ND ND ND ND ND ND
up-08 O 0 0 p P ND NO KD ND ND ND ND ND WD ND
XP-09 1] L] 0 L P ND ND ND ND ND ND ND ND WD ND
XP-10 0 (1] 0 P P ND ND ND ND ND KD ND ND ND NB
ne-11 0 0 [i] P [ ND ND ND ND ND ND ND ND ND ND
x-12 0 0 0 P P P 4 ND ND ND ND ND ND ND ND
Xp-13 0 0 0 P P ND WD ND ND ND ND ND ND ND KD
XP-14 0 0 0 P 4 ND ND ND ND KD ND L] KD ND ND
XxP-15 0 i} o P P ND WD ND ND L0 N ND ke ND ND
XP-16 0 0 0 ND ND ND ND ND kD KD NO ND ND ND ND
xp-17 0 1] 1] ND P WD ND ND ND ND ND WD KD ND ND
XP-18 0 0 0 ND P ND ND ND KD ND ND ND KD ND WD
xP-19 0 0 0 ND a.0 KD ND ND ND ND ND ND KD ND ND
X-19 0 0 0 ND ND ND ND ND ND ND ND ND RG ND ND
XP-20 0 0 ] ND 0.05 06.05 0.05 ND ND ND ND ND ND ND ND
xp-2¢v 0 0 0 ND L4 ND ND ND ND ND KD ND ND ND ND
Xp-22 0 ] 0 ND ND ND ND ND ND ND KD ND ND ND ND
Xp-23 0 0 0 D P ND ND ND ND ND ND ND NG ND ND

a. Source: data from Golder (EG&G, 1988a).

b. ND indicates that the constituent was not detected.

€. P indicates that the constituent was detected in the sample at an unquantified level.

d. Field blanks collected by pulling ambient sir through s probe and collecting & sample of the air in o syringe.




the four organics are shown on Figure 7-2 (Laney et al., 1988). Isopleth maps
showing the areal distribution of the organic concentrations are presented in
Figures 7-3 and 7-4.

At the TSA, moderate concentrations of carbon tetrachloride,
trichloroethylene, and 1,1,1-trichloroethane were found. Because the neutron
access tubes at the TSA are only open immediately above the basalt, the effect
of overlying soil on VOC concentration is removed. Therefore, values measured
in the neutron access tubes were generally higher than soil gas concentrations
measured in the TSA. However, samples from both deep and shallow depths
followed similar concentration profiies.

Concentration data plots for the primary waste constituents are
discussed in Section 7.3.1, isopleth maps for the same constituents are
described in Section 7.3.2, and the SDA perimeter samples are summarized in
Section 7.3.3. The vertical distribution of gas in the study area is
described in Section 7.3.4.

7.3.1 Concentration Data Plots

Cross plots of the four primary constituents indicate that carbon
tetrachloride concentration correlates closely with the concentration of
trichloroethylene and tetrachloroethylene [see Figures 7-2(a) and 7-2(b)].
This correlation indicates that these constituents may have been mixed
together at the source(s). In contrast, the cross plot between carbon
tetrachloride and 1,1,1-trichloroethane [Figure 7-2(c)] shows three distinct
neighborhoods. One neighborhood represents samples high in carbon
tetrachloride that did not contain detectable Tevels of 1,1,1-trichloroethane.
A second neighborhood consists of samples high in 1,1,1-trichloroethane that
did not contain carbon tetrachloride. The third neighborhood represents
samples that contained both constituents in nearly equal proportions. These
relationships suggest the presence of multiple sources, source areas where
both constituents occur mixed in near equal proportiens, and other source
areas where they occur independently within the SDA. Whether three distinct
source materials exist, two pure source materials that mix exist, or some
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Figure 7-2. Ratio of carbon tetrachloride to (a) trichloroethylene (b)
tetrachloroethylene; (c) 1,1,1-trichloroethane detected in soil gas survey
sampies (Laney et al., 1988).
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other possibility exists is not clear from the data. The spatial distribution
of the samples plotted on Figure 7-2{c) is shown on Figure 7-5 (Laney et al.,
1988).

7.3.2 Isopleth Maps

Isopleth maps of each of the four organic constituents were generated by
Golder to show the areal distribution of the wastes and to delineate
prospective source areas (EG&G, 1988a). The spatial distribution of carbon
tetrachloride is shown in Figure 7-3(a). The distribution of
trichloroethylene and tetrachloroethylene are similar to that of carbon
tetrachloride [Figures 7-3(b) and 7-4{a)] as expected from the data plots
previously discussed. Carbon tetrachloride is the most prevalent organic
throughout the SDA and tetrachloroethylene the least prevalent. These
three compounds exhibit highest concentrations near the southern end of Pit 9,
the northern end of Pit 5, the eastern end of Pit 4, and the western end of
Pit 10. An area of lesser concentration occurs at and in the vicinity of
Pit 2. Data are not available to resolve whether this area is a source or
just an area of organic vapor accumulation. Only carbon tetrachloride appears
to show plume movement beyond the SDA. There is a concentration of carbon
tetrachloride under the drainage ditch along the north boundary of the SDA,
and there may be a plume moving to the southwest.

The areal distribution of 1,1,1-trichloroethane was different from that
of the other three VOCs [Figure 7-4(b)]. Highest concentrations of
1,1,1-trichloroethane were found in the southern end of Pit 5, the middle of
Pit 3, and near the southeast corner of the SDA. High concentrations of
1,1,1-trichloroethane were also found associated with Pit 2; Trenches 24, 29,
32; and Pit 4. The area within Pit 4 highest in 1,1,1-trichloroethane does
not correspond to the area highest in carbon tetrachloride [see
Figure 7-3{(a)].
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7.3.3 SDA Perimeter Samples

Sixteen soil gas samples were also collected along roads running to the
north, east, south, and west of the SDA. Detectable levels of carbon
tetrachloride were found 762 m (2500 ft) north, 1036 m (3400 ft) east, 579 m
(1800 ft) west, and 671 m (2200 ft) south of the SDA fence. Only the
northernmost sampie did not have detectable concentrations of VOCs. The
summary of soil gas analyses conducted outside the perimeter of the SDA are
presented in Table 7-3.

7.3.4 Vertical Distribution of Gas

Samples were taken from Boreholes 77-1, 78-4, and WWW-1 to obtain a
profile of VOC concentrations with depth (Figure 7-1). Each borehole was
instrumented with gas sampling ports at multiple depths as summarized in
Table 11-1 in Section 11 of this report. The data are presented in Table 7-4.
Maximum concentrations of VOCs generally occur within a range of 24 to 46 m
(80 to 150 ft). At depths greater than approximately 52 m (170 ft), the
concentrations drop off, but detectable levels were measured to a depth of 102
m (335 ft).

7.4 Data Quality

The high Tevels of VOCs found within several areas of the SDA required
stringent levels of quality assurance and control to minimize cross-
contamination and to maintain sample integrity. In order to achieve a high
level of analytical confidence, four methods of quality assurance/quality
control, listed below and described in the following subsections, were
implemented throughout the project.

. Frequent sampling of the soil gas sampling apparatus

. Continuous monitoring of sample syringes
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Table 7-3. Results of SDA perimeter soil gas analysis®

Carbon Tetra- 1,2-Trans- Trans-1,3-
Sample 1.,1,1-Tri- tetra- Trichlora- chloro- 1,1-Dichloro- Methylene dichloro- dichloro-
Depth chiorcethane chloride ethylene ethylyene ethylene chloride ethylene propene

grid  East  North  (in.) {ug/L) (uarl) _ (ug/i) (ug/L) {ua/L) {ug/L) {ua/L) {ug/L)
** Outside the Grid

2-01 2300 29% 32 noP 0.06 ND NO ND HD ") ND
I-02 2833 3000 13 ND 0.20 0.01 ND ND ND ND ND
1-03 3015 3558 17 ND 0.08 ND ND ND ND ND NO
2-04 3222 4138 31 D 0.20 0.1 ND ND ND ND ND
I-05 N7 4585 23 ND 0 ND ND ND ND ND ND
1-06 4504 1889 30 ND 2.00 0.03 0.10 ND WD ND ND
2-07 -90 2359 30 ND 0.20 0.01 0.20 ND ND ND ND
1-08 5860 2806 27 ND 0.20 0.01 0.01 ND ND ND ND
1-09 6497 3246 27 ND 0.02 ND ND ND ND ND ND
z-10 -ST3 1627 21 NO ¢ ND ND ND ND o ND
-1 -1355 2013 13 ND P ND ND WD ND ND ND
1-12 -1881 2329 16 ND 0.03 ND ND ND ND ND ND
-13 1528 412 30 ND 0.90 0.05 0.07 ND ND ND ND
1-14 1185 -33 30 ND 0.90 0.05 0.08 ND ND ND ND
1-15 842 -334 18 ND 0.20 RD [ 1] ND ND ND ND
-16 -873 -2980 28 ND 0.20 ND ND XD ND ND ND

a. Source: data from Golder {EG&G, 1983a).

b. ND indicates that the constituent was not detected.

c. P indicates that the constituent was detected in the semple at an unquantified level

1,2-Dj-
chloro-
propene
{ua/L)

ND
D
ND
ND

ND
ND
ND
NP
ND

1,%,2-Tri-
chloro-
ethene

Benzene

Toluene

(ua/L) fua/t) (ua/L)

ND
KD
ND
ND
ND
ND
ND
ND
L[
ND
ND
ND
ND
ND
ND
ND




61-L

Table 7-4. Results of analysis of deep borehole gas sampies taken during soil gas analysis®

Carbon Tetra- 1,2-Trans- Trens-1,3- 1,2-Di- 1,1,2-Tri-
Sample 1,1,1-1ri- tetra- Trichioro- chloro- 1,1-Dichloro- Methylene dichloro- dichloro- chloro- chloro-
Depth chloroethane chloride ethylene ethylyene ethylene chloride ethylene propense propene ethene Benzene Toluene
Grid Eest  MNorth  (in.) {wa/L) (ugsL)  fugfL) {ugrL) {ugrL) {ug/L) fugst) {ug/L) ug/t) (ug/L) (ug/L) fug/L)
wWhl-1  -1600 1800 15 NDb B.80 1.60 0.40 ND ND ND ND ND ND ND KD
Ww1-2  -1600 1800 48 ND 8.00 1.12 0.40 NO ND ND ND ND ND ND ND
$HWU1-3 -1600 1800 74 30.00 3.80 0.90 ND ND ND ND ND ND ND ND
wMi-4  -1600 1800 112 Pc 6.60 1.00 0.40 ND ND ND ND ND ND ND ND
W1-5  -1600 1800 135 P 28,00 4.00 1.00 ND ND ND ND ND ND ND ND
wWM1-6  -1600 1800 180 P 3.00 2.00 0.40 ND NO ND ND ND ND ND ND
wall-7  -1600 1800 240 ND 0.90 P P ND ND ND ND ND ND ND ND
m7-1-2 2175 2900 m P 2.30 0.04 0.10 ND ND ND ND ND ND ND ND
T7-1-3 2175 2900 153 5.00 20.00 5.00 2.40 ND ND ND ND ND ND ND ND
77-1-4 2175 2900 112 5.00 20.00 4.00 1.00 ND ND ND ND ND ND NO ND
77-1-5 2175 2900 104 0.80 4.00 0.90 0.40 ND ND N KD L] ND ND ND
77-1-6 2175 2900 66 7.00 4.00 8.00 2.00 ND ND ND ND ND ND ND ND
78-4-1 2175 2975 335 ND 0.60 0.04 0.04 ND ND ND ND ND ND ND ND
78-4-2 2175 2975 253 ND 2.00 0.03 0.03 ND ND ND ND ND ND KD KD
78-4-3 2175 2975 227 ND 0.10 D ND ND L] ND ND ND L] NO D
78-4-4 2175 297 118 NO 26.00 6.00 2.00 ND N ND ND ND D ND ND
78-4-5 2175 2975 It ND 36.00 9.00 2.00 ND ND ND ND ND NO ND ND

a. Source: data from Golder (EGAG, 1988a).
b. WD indicates that the constituent was not detected.

c. P indicates that the constituent was detected at an unquantified Level.




. Daily quantification of VOC standards

. Periodic monitoring of VOCs at selected locations.

7.4.1 Freguent Sampling of the Soil Gas Sampling Apparatus

A blank sample of the sampling apparatus was typically collected at
Teast once a day with subsequent sampling of any gas samples showing high
levels of VOCs. Before collecting a quality assurance sample, the pump was
run briefly to withdraw gases from the probe and sampling train. A sample was
then collected with a syringe and analyzed with the 6C. Those samples
identified as "X" or "XP" in Tables 7-2 and 7-3 represent quality assurance
checking of the gas sampling train.

7.4.2 Continuous Monitoring of Sample Syringes

Because the same sampling syringes were used multiple times, it became
necessary to analyze for syringe VOC artifacts. Soil gas samples with high
levels of VOCs left measurable Tevels of the four organic compounds in the
sampling syringe. Consequently, each syringe was solvent rinsed with hexane
and heated in an oven at 100°C (212°F) for 10 to 15 minutes to remove ény
residual VOC contamination. The syringes were tested after cleaning by
drawing ambient air into the syringe and injecting the air into the GC.

7.4.3 Daily Quantification of VOC Standards

Approximately seven standard runs of multiple levels of the target VOCs
were run daily to check the performance of the GC and to determine a response
factor for each target VOC. These response factors were then used to
calculate the concentrations found in individual soil gas samples.

7.4.4 Monitoring of VOCs at Selected Locations

In order to determine the effects of atmospheric pressure on the data
quality, two sampling locations were selected for periodic monitoring that
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extended from October 30, 1987, to November 4, 1987, and from October 30,
1987, to November 5, 1987 at locations E-15 and E-19, respectively

(Figure 7-1). This monitoring showed that soil vapor concentrations of carbon
tetrachloride, trichloroethylene, and tetrachloroethylene all decreased from
October 30 to minimum values on November 2. The values then increased on
subsequent days. The ratios of the highest to lowest values recorded

at location E-19 for the three compounds were 2.2 {1400/640 ug/L),

8.6 (690/80 ug/L), and 2.0 (40/20 ug/L), respectively (Table 7-2). Both
tetrachloroethylene and trichloroethylene at location E-15 showed their Towest
value for about the same period (October 30 to November 4), with the ratios of
high/low being 2.3 (7/3 pg/L) and 50 {4/0.08 ug/L), respectively (Table 7-2).
This ordered variability strongly suggested that an uncontrolled variable,
such as atmospheric pressure, was affecting the inhalation and exhalation of
soil gas and vapors from the subsurface to the atmosphere. These results
indicate that soil vapor concentrations measured on different days are not
directly comparable, and that precise mapping of contaminant vapors in the
subsurface would be very difficult.
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8. Geophysical
Invest