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D.1.0 Introduction

This report presents a summary of the field investigations and resulting data collected by IT
Corporation (IT), Ames Laboratory, McLaren/Hart Environmental Engineering Corporation, and
Technos Incorporated as part of the implementation of the Corrective Action Investigation Plan
for the Central Nevada Test Area CAU 417 (DOE/NV, 1997) and the Addendum to the
Corrective Action Investigation Plan for Central Nevada Test Area, CAU No. 417

(DOE/NV, 1998). The Corrective Action Investigation (CAl) is part of an ongoing

U.S. Department of Energy (DOE)-funded project for the investigation of Corrective Action Unit
(CAU) 417 for determining the impacts of past weapons testing activities on the surface of the
Central Nevada Test Area (CNTA).

The CNTA islocated in Hot Creek Valley in Nye County, Nevada, adjacent to U.S. Highway 6
about 15 kilometers (km) (10 miles [mi]) north-northeast of Warm Springs, Nevada

(see Figure D.1-1). The CNTA wasthe location of Project Faultless, which consisted of the
detonation of a nuclear device in the subsurface by the U.S. Atomic Energy Commission (AEC) in
January 1968. The purpose of thistest was to gauge the seismic effects of high-yield subsurface
detonations to determine the suitability of the site for future nuclear weaponstests. The yield of
the Faultless test was between 200 kilotons and 1 megaton (DOE, 1994b). Two similar tests
were planned for the CNTA, but neither was completed (AEC, 1974), however emplacement
holes for the intended tests were drilled.

The initial surface investigation of CAU 417 conducted in 1997 included the characterization of
surface soils and residual drilling materials for potential contamination resulting from drilling
operations. The results of thisinvestigation are provided in Sections D.1.1 through D.6.2.5 of
thisreport. A second phase of investigation activities was conducted in 1998. The results of that
investigation are presented in Section D.7.0. The field investigation results and characterization
data provided in this report provides the basis for the Corrective Action Decision Document for
the Central Nevada Test Area (CADD) which provides aternatives for corrective actions for the
CAU 417 Corrective Action Sites (CAS). All work on this project was conducted in accordance
with the Federal Facility Agreement and Consent Order (FFACO) (1996), the Resource
Conservation and Recovery Act, the Industrial Stes Quality Assurance Plan (QAPP),
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(DOE, 1994a) and al applicable Nevada Division of Environmental Protection (NDEP) policies
and regulations (NDEP, 1995).

The 1997 surface investigations were conducted using methods consistent with the principles of
an expedited site characterization (ESC). The ESC is a process for characterization of potentially
contaminated sites that provides for field based multidisciplinary integration of data resulting from
Investigation efforts to insure that characterization objectives are met. Elements of the ESC
approach used during these investigations included the use of on-site analytical facilities, on-site
data management and interpretation, and a flexible work plan incorporating on-site technical staff
decision making designed to minimize the potential for subsequent work episodes.

Sections D.1.1 through D.6.2.5 describe the investigation efforts conducted through the CAIP.
This investigation was conducted in two phases. Phase 1 work was conducted over a period of
18 working days commencing on September 7, 1996 and completed on September 23, 1996.
Phase 2 surface investigations were conducted for a period of 36 working days beginning with
mobilization operations on May 5, 1997 and concluding with final demobilization of the site on
June 14, 1997. Site operations were suspended for 4 days between May 24, 1997 and

May 27, 1997 for the Memorial Day holiday. Forty days were spent on the project site
conducting investigation activities. During this period 21 suspected contaminated sites were
investigated and characterized. Thirteen of these sites were formerly identified as Corrective
Action Sites (CASs) within CAU 417 and the other eight sites were identified as a result of the
field activities. There were 1,133 samples collected during the course of the field investigations
including quality assurance/quality control samples, waste characterization samples, and mud pit
characterization samples as specified in the CAIP and the Field Instructions for Soil Sampling at
the CNTA. On-site laboratories received 1,121 samples for analysis of total petroleum
hydrocarbons (TPH), total chromium, and hexavalent chromium. Off-site laboratories received
12 samples for analysis of waste characterization parameters. A total of 105 samples submitted to
the on-gite laboratory were not analyzed based on the results of other samples within these same
sites that indicated the analysis of these samples would not further benefit the characterization of
the respective site.

D.1.1 Purpose

The purpose of thisfield investigation was to characterize 13 identified CASs associated with the
drilling and completion of wells related to underground nuclear testing on the project site. The
CASs investigated were related to the residual drilling fluids and solids remaining from
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recirculating drilling fluids in mud pits and the solid separation/shaker systems and the solid debris

remaining from well drilling.

Contaminates of concern (COC) for the surface investigations included TPH, both diesel and
motor oil range hydrocarbons, and hexavalent chromium. The CASs and other identified sites,
including mud pits and shaker debris areas, were investigated to determine COCs were present, to
determine the vertical and horizontal extent of the individual mud pits, and to define the nature
and extent of any contamination associated with these areas. 1n addition to chemical/
hydrocarbon contamination, a potential for radioactive contamination was recognized in CASs
within the UC-1 area of investigation. The UC-1 CASs were related and proximal to the
detonation site of the Faultless subsurface nuclear device. Radiologic screening surveys were
conducted on all soil samples collected from any CASs investigated within the CNTA to
determine if radiologic contamination existed within the respective areas. In addition to
radiologic screening, waste characterization samples were collected from mud pit CASs that were
determined to have the greatest concentrations of COCs as determined by on-site analysis. These
samples were submitted to Lockheed Analytical Services, an off-site laboratory, for waste
characterization analysis which included chemical and radiological parameters.

D.1.2 Scope of Work

Investigation activities were executed using an ESC approach conducted by multiple contractors
including: Ames Laboratory, McLaren/Hart Environmental Engineering Corporation, Technos
Incorporated, and IT Corporation. These individual contractors provided various services to the
project in addition to technical input to the direction of the investigation of the CASs. IT
Corporation provided the site infrastructure, overall site management/administration, and was
responsible for the collection, handling, and submittal of soil samplesto the on-site laboratory
facilities. I'T Corporation was also responsible for the appropriate handling and disposal of
investigation-derived wastes generated over the course of the project. Ames Laboratory provided
technical direction on ESC techniques in addition to providing field direction of soil boring and
sampling operations. McLaren/Hart provided soil boring and sampling equipment and staff as
well as on-site analytical services. Technos was responsible for establishing site grids, surveying,
and all surface and subsurface geophysical measurements. All work was conducted in accordance
with the NDEP-approved CAIP (DOE/NV, 1997).

The scope of the CNTA corrective action investigation included the characterization of 15 CASs,
principally as mud pits and shaker debris areas included in CAU 417. These CASs were |located
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in four general areas (Centra Mud Pit [CMP], UC-1, UC-3, and UC-4) based on the locations of
past CNTA well drilling operations. The identified CASs, their locations, and actions to be taken
arelisted in Table D.1-1. Two of the 15 CASs planned to be investigated were not done. The
burn area west of the CMP (CAS 58-35-01) was not investigated because it was determined to be
the same as the Decon Facility Pit (CAS 58-07-01) which was not planned for investigation
during this effort. The Scrap and Trash Dump west of the UC-3 recording trailer park
(CAS 58-19-01) was not investigated because it was never located in the field. Five previously
identified CASs were located but not investigated as specified in the CAIP. These CASsare
housekeeping sites and will be addressed at alater time. In addition to the listed CASs, several
other sites were identified during the course of the investigation and were sampled as appropriate.
Table D.1-2 lists sites not designated as CASs at the beginning of the field effort. These sites
have since been added to the list of CASs and been assigned CAS numbers.

Table D.1-1

Summary of Corrective Action Sites at the Start of Field Work

Corrective
Aglzn GeNn:tr;IiOSrllte Description Location Level of Investigation
(CAS)
Section 2.0 Central Mud Pit
58-09-01 CMP Central Mud Pit East of UC-1 Locate, map and sample
58-98-03 N/A Waste pile (drums, filters, debris) Adjacent to 1A (58-09-02) Locate, no investigation
58-07-01 N/A Decon Facility Pit West of CMP (58-09-01) Locate, no investigation
58-35-01 N/A Burn area West of CMP (58-09-01) Locate, no investigation
Section 3.0 UC-1 Well Area
58-09-02 U1A Mud Pit 1A Southwest of CMP (58-09-01) Locate, map and sample
58-09-04 uiB Mud Pit/Borrow Area 1B UC-1 (HTH-1 Well) Locate, map and sample
58-09-05 U1C, U1D, U1E Mud Pits (3) 1C, 1D and 1E UC-1 Surface GZ Locate, map and sample
58-44-02 UiX Drilling mud/grout piles (2) Southeast of UC-1 Locate, map and sample
58-44-01 UiXx Drilling mud/grout piles (2) West of CMP (58-09-01) Locate, map and sample
Section 4.0 UC-4 Well Area
58-09-03 U4A, U4B, U4C, | Mud Pits (5) 4A, 4B, 4C, 4D and 4E | UC-4 Locate, map and sample
uU4D, U4E
58-10-02 u4s Shaker Pad Area North of UC-4 Locate, map and sample
Section 5.0 UC-3 Well Area
58-09-06 U3A, U3B, U3C, | Mud Pits (5) 3A, 3B, 3C, 3D and 3E | UC-3 Locate, map and sample
uU3D, U3E
58-10-01 uU3s Shaker Pad Area Northeast of UC-3 Locate, map and sample
58-99-01 u3u Protruding pipes (2), Possible Southeast of UC-3 Locate, map and sample
underground storage tank
58-44-03 U3z Drilling mud/grout spill area Southeast of UC-3 Locate, map and sample
58-44-04 U3y Drilling mud/grout spill area Southwest of UC-3 Locate, map and sample
58-19-01 N/A Scrap and trash dump West of UC-3 RTP. Locate, no investigation
58-98-01 N/A W aste pile (drums, filters, debris) West of 3A (58-09-06) Locate, no investigation
58-98-02 N/A W aste pile (drums, filters, debris) South of UC-3 Locate, no investigation
58-98-04 N/A W aste pile (metal, cables, debris) Adjacent to (58-44-03) Locate, no investigation
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Table D.1-2
Summary of New Sites Investigated
Corrective General
Action Site Site Description/Methods of General Location Level of
Site Notation Identification Investigation
(CAS)
Unknown depression identified About 3,600 ft south of Located and sampled
58-44-06 uly during aerial photo and field UC-1 at the Recording
inspection in Phase 2. Trailer Park
Two grout piles identified from About 250 - 400 ft Located, mapped,
58-44-05 uiXx aerial and field inspection in northeast of UC-1 and sampled as with
Phase 1A. other grout piles
Shaker pad area/drill cuttings UC-1 between Mud Pits Located, mapped,
58-10-03 uis dump: ldentified during field 1C and 1D/1E and sampled
inspection in Phase 1A.
Drilling mud/cuttings dump area | North of UC-3 Located, mapped,
58-10-06 U3X identified from field inspection in and sa_mpled as with
Phase 1A. other similar dump
areas
Vertical pipes identified during West of UC-4 Located, mapped,
58-05-04 NA site visit/field inspection (Feb geophysical survey
97) with NDEP.
Eastern drainage with shaker East of UC-4 Located, mapped,
58-10-05 u4Xx pad waste: Identified during and sampled
field inspection in Phase 1A
Southern drainage with shaker South of UC-4 Located, mapped,
58-10-04 u4w pad waste: Identified during and sampled
field inspection in Phase 1A
Not Geophysical anomaly identified East of UC-4 Located, mapped,
) u4y .
assigned in Phase 1B and sampled
Southern Outlier of UC-3 Mud South and southeast of Located, mapped,
58-25-01 U3E Pit E: Identified during UC-3 Mud Pit E and sampled

characterization of UC-3 Mud
Pit E
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The COCs (associated with the drilling muds used at the various CNTA sites) were hexavalent
chromium and total petroleum hydrocarbons. Chromium 111 was also present but it was not
considered a COC. While these chemicals cannot be directly detected using noninvasive and
minimally invasive geophysical techniques, their associated drilling muds can be directly detected.
The electrical conductivity of the drilling muds (high electrical conductivity due to bentonite) was
used as an indicator parameter for geophysically detecting the COCs. This was the basis of the
field approach for Phase 1A and 1B.

A multiple phase approach was initiated to investigate and characterize areas of potential COCs.
The first phase, Phase 1, was subdivided into two separate episodes, Phase 1A and Phase 1B.
The objective of Phase 1A and 1B was to identify the boundaries of mud pits and other
uncontrolled waste areas. Surface electromagnetics (non-invasive) and Geoprobe™ conductivity
(minimally invasive) techniques were used to map the lateral and vertical extent of high
conductivities possibly due to bentonite associated with drilling muds. This information was used
to guide the selection of sampling locations and depthsin Phase 2. At the beginning of Phase 2,
the corners or selected boundary points for each pit were marked in the field based upon the
integration of historical aerial photos, surface geophysical surveys, and field observations.

Initial sampling of individual CASs was conducted as specified in the CAIP. This required, for
the purpose of statistical analysis, that a minimum of six locations be sampled within each mud pit.
The six sampling locations were evenly distributed within each pit and the depth of sampling was
to include 0.61-meter (m) (2-foot [ft]) intervals within the mud, one 0.61-m (2-ft) interval above
the mud (if the mud was buried) and one 0.61-m (2-ft) interval below the mud. Appropriate
depth intervals were determined by Geoprobe™ conductivity profiles and/or visual inspection of
the soil materials as they were being acquired. If no muds were detected by Geoprobe™
conductivity profiles or by visual inspection at a given mud pit, then sampling would be
continuous up to a depth of 3.05 m (10 ft).

Where areas of uncontrolled wastes were investigated (e.g., shaker pad debris, grout piles),
boundaries were identified by the ESC core team using visual inspection supplemented by surface
geophysics to assess muds not visible at the surface. Sampling locations were selected based
upon the surface geophysics, preexisting information, and/or observationsin the field. For these
uncontrolled waste areas, the minimum number of sampling locations was selected based on the
size and characteristics of the area. Because most of these features appeared to be surface
deposits, the depth of sampling was typically very shallow (average 1.83 - 2.44 m [6 - 8 ft] deep)
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based upon either Geoprobe™ conductivity profiles and/or visual inspection of the soil materials as
they were being acquired.

Once sampling and analysis was completed, three key criteriawere used to assess the adequacy of
the data. These criteriawere:

o Statistical anaysis of samples from a given depth inside source areas (mud pits and shaker
pads). This evaluation determined whether sufficient samples had been acquired at a
single depth interval to provide greater than 90 percent confidence in the determination of
the level of contamination in the layer relative to the preliminary action level (PAL).

* Determination of whether the contaminant concentrations from the deepest sample were
below PALSs. If the deepest samples were above the action level, deeper samples were
obtained.

» Confirmation that lateral migration of contaminated material had not occurred in the
subsurface

These criteria had to be met before sampling was considered complete for a given CAS or other
area of investigation.

A comprehensive investigation was implemented with the ESC methods, using the
aforementioned multi-phased approach to the execution of the investigative work.

D.1.2.1 Expedited Site Characterization

Expedited Site Characterization is a process for characterizing contaminated sites which provides
timely, high-quality information derived primarily from judgment-based sampling and
measurements within the framework of aflexible work plan. The ESC process focuses on
collecting only information required to meet defined characterization objectives and on ensuring
that characterization ceases as soon as the objectives are met. The process is carried out by an
integrated, multidisciplinary project team in alimited number of field mobilizations. The ESC
process operates within the framework of existing regulatory programs.

One of the key concepts of the ESC process is the active role of technical personnel in the field.
The ESC core technical team for CNTA was comprised of advanced technical staff from all
contractors involved in the project. These individuals provided a broad expertise in the
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geosciences and contaminant chemistry. The core team provides a solid technical base from

which decisions in the field can be made with confidence.

At CNTA, the core team continually reviewed and interpreted chemical and physical data as it
became available and communicated this information to field and laboratory crews. The group
applied this information to direct field measurements via field instructionsto field staff as the
work progressed.

D.1.2.2 Phase 1 Work Scope

Work conducted as part of the Phase 1 investigations was performed by Ames Laboratory and
Technos Incorporated, with the assistance of IT. Phase 1 investigations were divided into Phase
1A and Phase 1B efforts. The scope of the work was similar; however, it was separated in the
time of execution due to health and safety training requirements necessary to conduct work in the
areaof UC-1.

Phase 1A and 1B focused on the shallow subsurface investigation of four sites at the CNTA that
included UC-1, CMP, UC-3, and UC-4 areas. Noninvasive surface geophysica methods along
with Geoprobe™ profile technology were used to define the lateral and vertical boundaries of
CASs that include mud pits, shaker pads and shaker pad debris, metallic debris, and vertical pipes.
The following summarizes the field methods used during the Phase 1 site investigations.

D.1.2.2.1 Land Survey of Investigation Areas

A systematic land survey was conducted by Technos over each of the areas of investigation.

A reference grid was established at each of the four areas (UC-1, CMP, UC-3, and UC-4) and
marked by surveyor pin flags. Pin flags were placed on the reference grid every 12.19 m (40 ft) in
the easting and northing directions and were labeled with their coordinates. The originisinthe
southwest corner of each grid. Local grid coordinates were trandlated into Universal Transverse
Mercator (UTM) coordinates during field operations for compatibility with existing DOE
databases. Some CASs and other areas investigated lie outside of the main survey grids. These
are referred to as “outliers”, and their locations are tied to the closest site grid.

Geographic coordinates for corner points of the reference grids were established using differential
global positioning system (GPS). The GPS coordinates were also obtained at areas outside of the
survey grid. A more detailed description of the GPS procedures and the geographic coordinates
are included imttachment A
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Surface elevations for the grids were acquired with a digital level. The elevation data were
sampled at each of the 12.19 m (40 ft) grid nodes, except where flat terrain alowed for greater
sample spacing. Additional elevations were acquired at major slope breaks and were used to
create an elevation map for each of the four sites. Interpolated elevations were taken from the
computer-generated elevation grid files for each of the Geoprobe™ conductivity profiles and
chemical sampling locations. Attachment B contains a detailed description of the field procedures
used to acquire the elevation data and presents a tabular listing of the elevations for each site.

D.1.2.2.2 Geophysical Surveys
The geophysical techniques used during this investigation to locate areas of potential
contamination are described below.

Electromagnetic (EM) measurements provide a means of measuring subsurface electrical
conductivity which, at this site, is a function of moisture, clay content, and bentonite. The EM31
electromagnetic measurements provide a means to map lateral variations in subsurface electrical
conductivity to a depth of approximately 6.10 m (20 ft). Thiswas the primary tool used to map
the lateral boundaries of the mud pits. These EM 31 measurements also provide in-phase data,
which defines lateral boundaries of metallic objects. The digital data were acquired continuously
along parallel profile lines spaced 6.10 m (20 ft) apart, and EM 31 measurements were made at all
four sites.

The EM 38 electromagnetic measurements provide a means to map lateral variations in subsurface
electrical conductivity to a depth of approximately 1.52 m (5 ft). The digital data were acquired
continuously along parallel profile lines within the CMP and along selected lines at UC-3 and

UC-4. Attachment C contains a detailed description of the field procedures, processing, and results.
In addition, this Attachment documents quality control (QC) procedures and resulting data.

The Direct Current (DC) Resistivity soundings provide a means of obtaining vertical stratification
information due to changes in electrical resistivity. The soundings produce apparent resistivity
values as a function of depth which are related to the electrical properties of subsurface materials.
Three resistivity soundings were acquired within the CMP to estimate the vertical extent of the
mud. Attachment D contains a detailed description of the field procedures, processing, and
results.
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A magnetometer and a metal detector pipe locator were used at the various sitesto aid in
detecting the presence of potential buried tanks and to map pipelines. These instruments were
used in support of the EM31 measurements at selected sites. Both instruments were used in a
sweeping search mode over localized areas of interest. Data were recorded in afield notebook or
field map with the coordinates of areas showing a response.

A Geoprobe™ system with Wenner and “button” dipole conductivity probes was used to obtain
vertical electrical conductivity profiles at all four sites using minimally invasive push technology.
The purpose of the Geoprdobeonductivity profiles was to identify the vertical details and

vertical extent of the higher conductivity muds. Attachment E contains a detailed description of

the field procedures, processing, and a tabular summary of data acquired. In addition, this

Attachment contains plots of all Geoprobe™ conductivity profiles.

D.1.2.3 Phase 2 Work Scope

Work conducted as part of Phase 2 was performed by IT, Ames Laboratory, Technos
Incorporated, and McLaren/Hart as part of an ESC. Direct chemical evidence regarding the
presence and extent of contaminates of concern within the CASs was obtained from soil samples
collected from the surface and shallow subsurface soil borings. Sampling was conducted within
the respective CASs and other sites based on evidence obtained from the Phase 1A and Phase 1B
geophysical surveys. A total of 203 soil borings were completed to depths ranging from 0.61 m -
5.49 m (2 ft - 18 ft). Borings were advanced using Geoprobe™ direct-push sampling equipment.
Soil samples were collected as continuous cores at 0.61-m (2-ft) intervals. Soils and drilling
meaterials collected over the respective 0.61-m (2-ft) intervals was homogenized/blended in the
field and containerized for submittal to on- and off-site laboratory facilities.

D.1.2.3.1 Analytical Laboratory

A field-based analytical laboratory provided analysis of soil and associated quality
assurance/quality control (QA/QC) samples for COC (TPH diesel, TPH motor oil, and chromium
as both trivalent and hexavalent species). The preliminary action levels (PALS) for TPH and
chromium established in the CAIP (Section 3.4.3.3) are as follows:

» TPH - 100 milligrams per kilogram (mg/kg), which is the regulatory action level for TPH

¢ Hexavaent Chromium - 390 mg/kg. This PAL was developed from U.S. Environmental
Protection Agency (EPA) guidance (EPA, 1996a) and was selected in accordance with
NDEP.

o Trivalent Chromium - No PAL Specified in CAIP
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Sample extraction for TPH analysis was performed using EPA Method 3545, Accelerated Solvent
Extraction (ASE) (EPA, 1996c). This extraction procedure used elevated temperatures and
pressures to achieve analyte recoveries equivalent to those from soxhlet and sonication extraction
in significantly less time and with smaller quantities of solvent. The TPH analysis was conducted
according to modified EPA Method 8015 (gas chromatography with flame ionization detection
[GC/FID]) (EPA, 1996¢).

X-ray fluorescence (XRF) was employed as the primary method of total chromium analysis due to
the relative ease of sample preparation and speed of the analysis. The correlation between XRF
results and Flame lonization Atomic Absorption (FLAA) results was documented by the ESC
team while characterization work proceeded in the field (see Chromium Analysis section below).

The primary method for total chromium analysis was by XRF spectrometry. Samples were
prepared by mechanical grinding, drying, and sieving. Following the correlation study,
approximately 5 percent of the samples were analyzed in parallel by EPA Method 7191 FLAA
spectrometry (EPA, 1996¢). Sample preparation for FLAA analysis was by microwave digestion
(EPA Method 3051) (EPA, 1996¢).

Hexavalent chromium sample preparation was conducted using alkaline digestion by EPA Method
3060A and analysis was performed by EPA Method 7196A (visible light spectrophotometry)
(EPA, 1996¢).

Due to the undefined PAL for total chromium, hexavalent chromium was the species of primary
concern. Inaccordance with the CAIP, chromium analysis was conducted by first determining
total chromium using XRF and FLAA spectrometry. If the total chromium concentration was
determined to be above the action level for hexavalent chromium, then that sample was aso
analyzed for hexavalent chromium.

D.1.2.3.2 Chromium Analysis Correlation Study

A correlation study as defined in the CAIP was conducted to determine the statistical correlation
of the analysis of total chromium using FLAA and XRF methods of analysis. All soil samples
from the first set of locations at the CMP and UC-4 were split and separately analyzed by FLAA
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and XRF for total chromium. A minimum of 24 samples was specified in the CAIP to be included
in the correlation study. The purpose of these measurements was to test whether the correlation
coefficient between these two data sets was equal to or higher than 0.95, so that the faster and
cheaper XRF method of analysis could be used to measure total chromium. |If sufficient
correlation was found, the FLAA would be used for only 5 percent of the samples to ensure that

the results continued to correlate.

D.1.2.3.3 Statistical Layer Analysis

A statistical approach, as defined in the CAIP, was used to determine which depth intervals or
layersinside individual mud pits and shaker pad areas were above the action level at the 90
percent confidence level for either total TPH or hexavalent chromium. In general, six locations
inside each mud pit were selected for sampling at 0.61-m (2-ft) depth intervals.

The statistical test described in detail in the CAIP gave two resulfsthenminimum number of
samples required to make a statistically valid decision, and “A,” the amount by which a given layer
was above or below the PAL. This took into account the mean and the standard deviation of the
measurements in the layer and the false positive/false negative rates allowed. The values used in
the TPH test were total TPH (diesel + motor oil). The values used in the chromium test were
hexavalent chromium, if available. If a hexavalent chromium value was not available, the total
chromium value was used as a “worst case scenario” for hexavalent chromium. If both XRF and
FLAA values for total chromium were available for a given sample, the higher of the two was
used.

D.1.2.3.4 Sample Collection

Samples were collected using two types of core samplers. Generally the core samplers were
0.61 m (2 ft) in length with a sampling tube opening of 2.54 centimeters (cm) (1 inch [in.]).
However, during conditions of poor recovery, a 1.22 m (4 ft) long core sampler with an internal
diameter of 5.08 cm (2 in.) was used to improve sample volume. Soil samples were collected in
clear acetate sleeves located within the core sampler. As the sampler was advanced into the
soil/drilling materials, these materials filled theetate sleeve over the interval to be sampled.

Upon removal of the sampler from the boring, the outside of the sample barrel was screened for
radioactivity, the acetate sleeve was then extracted, opened and the soil radiologically surveyed by
IT personnel. The contents of the sleeve were then inspected, and the physical features of the
soil/driling materials were described and logged in detail by the IT geologist. Upon completion

of the visual observations of the soils, the contents of the sleeves were composited/homogenized
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over the 0.61-m (2-ft) interval. The composited soils/drilling materials were then placed in
labeled sample containers. Sample containers were then stored on ice within coolers until
transported for on- or off-site analysis. All samples were collected and handled in accordance
with ITLV Standard Quality Practices (1T, 1993, as amended).

A composite sample was collected from each 0.61-m (2-ft) interval. In order to obtain adequate
sample volume, it was occasionaly necessary to advance more than one boring at an individual
location. These additional borings were located within 0.31 m (1 ft) of theinitial boring. The two
samples were then mixed to produce one homogenous sample.

Waste Management and Mud Pit CAS characterization samples were also obtained as specified in
the CAIP (DOE/NV, 1997) and CNTA Field Instructions (I'T, 1997a). Samples were collected
from borings near those that were shown to contain COCs well in exceedence of PALs. A totd
of 12 soil borings were advanced, resulting in the collection of 13 soil samples, including a
duplicate for QA/QC purposes. Four areas of investigation were characterized for waste. CMP,
UC-1, UC-4, and UC-3. Waste characterization and mud pit characterization samples were
submitted to off-site laboratory facilities for analysis. These samples were analyzed for gross
alpha, gross beta, tritium, Toxicity Characteristic Leaching Procedure (TCLP) metals, gamma
spectroscopy, TPH diesel, TCLP semivolatile organic compounds (SVOCs), and TCLP volatiles.
All samples were accompanied by the statistically appropriate number of field QA/QC samples
including field duplicates, field blanks, trip blanks, and equipment decontamination rinsate samples
in addition to internal laboratory QA/QC samples. These samples provided information to further
characterize the individual CASs for purposes of waste management and to aid in the
determination of potential remedial options.

Statistical analysis was performed on the results of samples collected within discrete 0.61-m (2-ft)
depth intervals within the mud pit as specified in the CAIP (Section 3.4.6.1). The statistical
calculation provided mathematical guidance to demonstrate that an adequate number of samples
was collected from an individual 0.61-m (2-ft) layer. Anindividual layer was considered
sufficiently characterized based on the mean concentrations and the standard deviation of that
COC. Determinations as to the adequacy of sampling and characterization of the 0.61-m (2-ft)
layer were based on a 90 percent confidence level.
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D.1.2.3.5 Radiological Monitoring

The Central Nevada Test Area was decommissioned in 1973 and demobilized. Radiological
surveys performed in 1973 and 1986 did not detect radioactive contamination on the site surface
(AEC, 1974 and REECo, 1986). Since a nuclear device was detonated in the subsurface of
UC-1, there is a possibility that fission products may be present. All soil samples collected during
the May to June 1997 sampling event were radiologically screened. Radiological screening was
conducted in accordance with the Corrective Action Investigation Plan (CAIP), (DOE/NV, 1997)
Site Specific Health and Safety Plan (1T, 1997b), and appropriate IT Standard Quality Procedures
(I'T, 1993 as amended). Radiological screening instruments were checked against sources and
background activity was calculated each day prior to beginning field activities. The Prdiminary
Action Level was set at two times the average measured background level.

A Ludlum Measurements Inc. Model 3™, and Model 19 Micro-R™ meter were used to measure
gross gamma radiation. A NE Technology Electra™ was used to measure gross alpha and gross
betaradiation.

None of the samples exceeded two times the measured background level.

D.1.3 Summary of Results

Twenty-one suspected sites were sampled for COCs and characterized as a result of planned work
efforts under Phase 1 and Phase 2. One site was mapped and geophysical surveys were run but
no samples were collected. Of the 21 sites sampled, 13 were CASs addressed in the CAIP and 8
sites were identified as aresult of the geophysical surveys or due to their proximity to known
areas of contamination. 1n some cases, the lateral extent of contamination for a known CAS
suggested that further investigation outside that area was prudent. Table D.1-1 provides a
summary of the existing CASs identified in the CAIP. Table D.1-2 provides a summary of the
new CASs identified and investigated during this investigation.

All of the collected and analyzed samples from the respective sites of investigation indicted that
only TPH diesel/motor oil was in excess of preliminary action limits as defined in the CAIP. No
radionuclide activities were found at any of the sites which exceeded the PALSs.
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D.1.3.1 Analytical Laboratory Summary of Results
The following sections provide a summary of the analytical results from samples collected as part

of surface investigations at CNTA.

D.1.3.1.1 TPH Analysis

Diesdl fuel was initially believed to be the only petroleum hydrocarbon contaminant at the site.
However, during the first day of sample collection and analysis, a second set of petroleum peaks
was observed in the chromatographs by the laboratory analysts. The second contaminant was
interpreted to be motor oil. A determination was made by the core team in the field that all
subsequent TPH analysis would include motor oil. Standards were acquired and calibrations to
TPH were established. The sum of the diesel and motor oil TPH analyses was used for
comparison to the PAL and in statistical evaluations. Analytical results for samples collected for
on-site analysis are presented in Attachment F. Results for samples submitted for off-site analysis
are presented in Section 6.0.

D.1.3.1.2 Chromium Analysis

Hexavalent chromium was present in a portion of the samples at low concentrations, yet did not
exceed the PAL of 390 mg/kg. The highest value measured was 64.7 mg/kg, and most were
below 20 mg/kg. Analytical results for samples collected for on-site analysis are presented in
Attachment F.

D.1.3.2 Chromium Correlation Study Results

A study was performed on the chromium results for soil samples from the CMP and several
samples were obtained from the UC-4 well area mud pits to determine the correlation between the
concentration of total chromium using XRF methods of analysis verses the results of total
chromium using FLAA methods. A high correlation would reduce the number of samples
requiring analysis for hexavalent chromium and would provide an estimate for hexavalent
chromium concentrations based on results for total chromium determined by XRF methods. The
correlation study resulted in an acceptable correlation coefficient of 0.987. The optimal
correlation coefficient, as specified within Attachment C of the CAIP, was defined as greater

than 0.95.

A minimum of 24 samples were to be included in the correlation study as required by the CAIP.
Twenty-seven soil samples were included in this study. The CMP was the first area sampled.
Because of shallow refusalsin the CMP, only 20 soil samples were available. An additional
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seven samples were taken from Pits 4A, 4B, and 4E to form the first batch of samples for the
correlation study.

Using EXCEL 7 for Windows 95 statistical analysis software, the correlation coefficient, slope,
slope error, intercept along XRF axis, and intercept error were calculated. From this analysis, it
was demonstrated that the XRF data is higher than the FLAA data for XRF values below
approximately 100 mg/kg and above 200 mg/kg. The correlation coefficient for this data set is
0.987. Thisresult alowed for the use of the XRF as the primary method for total chromium
analysis. Data pertaining to the calculation and results of the chromium correlation study are
presented in Attachment G.

The correlation coefficient was reevaluated whenever a new batch of paired FLAA/XRF data
became available. The coefficient never dropped below 0.978. Sixty-nine pairs were taken during
the investigation. The final correlation coefficient was 0.9782.

The CAIP was written so that any sample with a value of total chromium above 300 mg/kg would
also be analyzed for hexavalent chromium. This cutoff value was chosen so that if all of the
chromium was hexavalent, any value close to, but still below the 390 mg/kg PAL would be
measured by the definitive hexavalent chromium method. The results of chromium analysis
indicated the percentage of hexavalent chromium in the total chromium of the sample was always
less than 3 percent. The dataindicated that for XRF values below about 1,500 mg/kg, the
hexavalent chromium measurements were nondetects. A Record of Technical Change was
submitted by Department of Energy/Nevada Operations (DOE/NV) and approved by NDEP
which modified the CAIP to indicate that measurements of total chromium below 1,200 mg/kg
would not always be followed by a hexavalent chromium measurement.

D.1.3.3 Statistical Layer Analysis

A statistical approach, as defined in the CAIP, was used to determine which depth intervals or
layers inside individual mud pits and shaker pad areas were above the action level at the

90 percent confidence level for either total TPH or hexavalent chromium. In general, six
locations inside each mud pit were selected for sampling at 0.61-m (2-ft) depth intervals.

If n, was less than or equal to the actual number of samples measured for the given layer, then a
statistically valid decision as to whether alayer was above or below the PAL could be made.
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Theirregular or unknown shape and slope of the shaker pad areas made application of the
statistical test problematic. The shaker pad at UC-1 was assumed to be directly south of the
UC-1 emplacement hole, although no historical documents confirm this. The suspected area also
exhibits a steep sope. The shaker pad area at UC-3 isnot visible at the surface and was filled and
graded prior to demobilization of drilling operationsin the late 1960s. The shaker pad area at
UC-4 isvisible, but is comprised of severa tiers of pooled runoff shaker debrisin aravine.

In practice, contaminated layers often had high Values even after six samples were analyzed.
In such cases, the affected layer was declared to be above the action level. Rarely was the “A”
value such that additional sampling was indicated.

D.1.3.4 Material Volume Estimates for Areas of Contamination

Within the general areas (CMP, UC-1, UC-4, and UC-3), fourteen of the investigated sites were
determined to contain soils and or drilling-related materials with contaminant concentrations

above the action levels. The following sites were statistically or judgmentally determined to have
total TPH diesel/motor oil in excess of the action limits within discrete 0.61-m (2-ft) layers below
ground surface. Estimates are provided in the following sections for the volume of materials
affected by TPH contamination within each of the sites. Estimates of the volume of material in
excess of the PAL are approximate and were calculated based on a rectangular area that covered
the areas of identified contamination extending to the depths of identified contamination. The
precise boundary of contaminated materials was not determined during the investigation. The
rectangular area used for the purposes of calculating material volumes was based on conservative
approximations of the limits of contamination relative to areas of identified uncontaminated
materials.



D.1.3.4.1 UC-4 Well Area
The following table provides volume estimates for soils determined to be in excess of the PAL for
TPH within the UC-4 area.
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Corrective General
Action ) - Estimated Volume Within the Interval
. Site Description 3
Site Notation (m?) (m)
(CAS)
58-09-03 U4A Mud Pit A 2,175.9 (2,844 yd®) | 1.22 - 3.05 (4 -101t)
58-09-03 U4B Mud Pit B 725.3 (948 yd®) 1.83-2.44 (6 -8ft)
58-09-03 u4cC Mud Pit C 1,359.9 (1,778 yd®) | 0-1.22 (0-4ft)
58-09-03 u4D Mud Pit D 2,447.6 (3,200 yd®) | 1.22 - 3.05 (4 -101t)
58-10-02 u4s Shaker Pad Area | 5,439.5 (7,111 yd® | 0.61-1.83 (2-61t)
58-10-05 u4x Eastern Drainage 90.6 (119 yd®) 1.22 -1.83 (4-6f1t)
Channel (Area X)
58-10-04 uaw Southern Drainage | 362.5 (474 yd®) 0-244 (0-8ft)
Channel (Area W)

m?® = cubic meters
yd3 = cubic yards

D.1.3.5 UC-3 Well Area
The following table provides volume estimates for soils determined to be in excess of the PAL
for TPH within the UC-3 area.

Corrective General
Action . o Estimated Volume Within the Interval
. Site Description 3
Site Notation (m?) (m)
(CAS)

58-09-06 U3E Mud Pit E 1,700.3 (2,222 yd®) 0-3.05 (0-10ft)

58-25-01 U3E Mud Pit E 25,709.5 (33,600 yd® | 0-5.49 (0-18ft)
(Southern Outlier)

58-10-01 u3s Shaker Debris Area | 141.7 (185 yd®) 1.22-1.83 (4 -6ft)

Protruding Pipes
58-99-01 u3u Under Ground 11.4 (15 yd®) 1.22-2.44 (4 -8ft)
Storage Tanks (UST)
(Area U)

58-44-03 u3z Shaker Debris Area | 783.4 (1,024 yd® 0-0.61 (0-2ft)

Southeast (Area Z)

m?® = cubic meters
yd3 = cubic yards
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D.1.3.6 UC-1 Well Area
The following table provides volume estimates for soils determined to be in excess of the PAL for
TPH within the UC-1 area.

Corrective General
Action . - Estimated Volume Within the Interval
. Site Description 3
Site Notation (m*) (m)
(CAS)
58-09-02 UlA Mud Pit A 544.0 (711 yd®) 0-1.22 (0 - 41t)
58-09-05 UlE Mud Pit E 636.5 (832 yd?) 0-1.22 (0 - 41t)
58-10-03 uis Shaker Debris Area 1,088.2 (1,422 0-1.22 (0 - 41t)
yd®)
58-44-06 Uyl Surface Depression 22.7 (30 yd®) 0-0.61 (0 - 21t)
(AreaY)

m?® = cubic meters
yd3 = cubic yards

D.1.3.7 Central Mud Pit
The following table provides volume estimates for soils determined to be in excess of the PAL for
TPH within the UC-1 area.

Corrective General
Action . - Estimated Volume Within the Interval
: Site Description 3
Site Notation (m*) (m)
(CAS)
. 40,206.7
58-09-01 CMP Central Mud Pit (52,556 yd?) 0-1.83 (0 -6 ft)

m?® = cubic meters
yd3 = cubic yards
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D.2.0 Central Mud Pit Surface Investigation (CAS 58-09-01)

The CMP, CAS #58-09-01, is a large earthen pit located approximately 449.58 m (1,475 ft)

southeast of the UC-1 well location (Figure D.2-1). The impoundment was used to store excess

and used mud from drilling operations at various wells within the CNTA project area including

the UC-3 and UC-4 emplacement holes. The CMP measures approximately 167.64 m by

131.06 m (550 ft by 430 ft), with the long axis of the pit running roughly east-west. The mud pit

Is fully bermed with the exception of an engineered breach to permit rainwater to drain from the
impoundment. The southeastern perimeter of the CMP’s berm has also been disturbed by a
subsidence fault generated by the UC-1 (Faultless) underground nuclear detonation

(DOE, 1994b).

D.2.1 Purpose

The purpose of soil/drill mud sampling at the CMP was to evaluate potential COCs and to
determine their vertical and horizontal extent. Eleven boring locations were sampled inside the
mud pit, and one boring was sampled outside the mud pit. In addition to investigation and
characterization of the mud pit, several of the samples were included in the correlation study to
determine the relationship in concentration of total chromium to that of hexavalent chromium
within the same samples.

Waste characterization samples were collected from areas near the ESC soil borings from the
intervals with the highest concentration of TPH and chromium as determined by the ESC
sampling. The results of these samples provided data for guiding the disposal of investigation-
derived waste (IDW) and for characterizing the contents of the impoundment for potential
remedial options.

Subsurface and surface geophysical surveys were conducted over the area of the CMP prior to
and concurrent with soil boring and sampling efforts to determine the approximate vertical and
lateral extent of the drilling muds.

D.2.2 Scope of Work
Investigation of the CMP by advancing soil borings and collecting soil samples was conducted on
three days: May 12 and 13, 1997, and again on June 1, 1997.
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Mud pit investigation activities were conducted by multiple contractors as part of an ESC
approach to the characterization. McLaren/Hart provided staff and equipment to advance soil
borings and to collect soil cores. IT Corporation provided staff and equipment to prepare and
handle soil samples and collect the appropriate QA/QC samples. Technos Incorporated
performed geophysical investigations prior to and concurrent with sampling. 1T Corporation and
Ames Laboratory provided technical input to the selection of soil boring locations and the depth

intervals to be sampled.

D.2.2.1 Survey Grid and Elevations

The survey grid was established over an area of 402.34 - 219.46 m (1,320 x 720 ft)

(Figure D.2-2). The extent of the grid was selected to include all of the mud pits and key
features. Aerial photos, existing drawings, and on-site observations were used to select the
boundaries of the grid. It was not feasible to include some outlying features within the grid.

All field observations, measurements and coordinates given in the following text are referenced to
the grid northing and easting coordinates in feet. Local grid coordinates were trandated into
UTM coordinates during field operations for compatibility with existing DOE databases. See
Attachment A for atable of control points for the CMP area.

Digital elevation data were acquired for 759 stations over the entire grid generally at 12.19 m (40-
ft) sample spacings. Attachment H provides an elevation map for the CMP grid. Elevations at
the CMP grid range from 1,835.51 to 1,849.10 m (6,022 to 6,067 ft) and average 1,842.42 m
(6,044.7 ft). Detailsregarding elevational data are provided in Attachment B.

D.2.2.2 On-site Observations

Figure D.2-2 shows the site features in relation to the rectangular grid that surrounds the CMP.
The CMP is bounded on all sides by a steep berm extending about 3.05 m (10 ft) above the
surface of the mud. The berm has an engineered breach on the eastern end, and a drainage
channel extends southeast from the breach. The mud consists of a8 to 15 cm (3 to 6in.), dark,
oily crust with moist, semi-liquid material beneath it. Eight vertical diffusers and a wooden depth
gauge are located within the pit. A large steel pipe extends into the pit from the west.

A fault from the Project Faultless detonation at UC-1 extends southwest to northeast and abuts
against the CMP berm on its southeastern side. Numerous soil piping and active collapse zones
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were observed along this fault and on the southern berm of the CMP. Some of these collapse
features are located on the inside slope of the berm, very close to the mud.

D.2.2.3 Surface Geophysics
The following section describes the types and nature of the geophysical surveys conducted within
the area of the CMP.

EM31

EM31 data were acquired over the main grid along parallel lines oriented west-east with aline
separation of 6.01 m (20 ft) (Figure D.2-3). The lines extend over the grid outside and inside the
CMP. Datawere not acquired around the immediate perimeter of the CMP due to the steep
berm.

EM38

EM38 quadrature phase (conductivity) data were acquired within the CMP only, along parallel
lines with a 6.01-m (20-ft) line spacing oriented west-east (Figure D.2-3). This shallow data
provided an indication of the lateral continuity of the shallow muds within the CMP. When
combined with EM31 data, the EM 38 data also provide a qualitative estimate for the thickness of
the mud within the CMP.

Resistivity

In order to determine the vertical stratification of muds within the CMP, three resistivity
soundings were acquired within the mud pit, along with a background resistivity sounding north
of the mud pit. Figure D.2-3 shows the locations of the four resistivity soundings. The
background sounding was north of the CMP with the electrodes extending east-west along the
gravel road north of the mud pit. Sounding R1 had electrodes extending south-north within the
eastern portion of the mud pit. Sounding R2 had electrodes oriented southwest-northeast.
Sounding R3 had electrodes oriented southeast-northwest.

D.2.2.4 Geoprobe™ Conductivity Logs

Geoprobe™ conductivity logs were acquired at 17 locations within the grid. Locations are shown
in Figure D.2-3 and are |abeled sequentially CMP-GCO1 through CMP-GC17. No logs were
collected inside the CMP due to the low |oad-bearing capacity of the mud. Plots of all
conductivity logs are included in Attachment E.
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D.2.2.5 Chemical Sampling and Analysis
Eleven soil borings were completed within the CMP for the purpose of collecting soil samples.
Attachment | provides the coordinates of the soil borings. Figure D.2-4 illustrates their locations
within the CMP. Borings ranged in depth from 0.61 to 3.05 m (2 to 10 ft). Theinitial six borings
(CMPL1 thru CMP6) were located within the mud pit as specified in the CAIP. The mud pit was
divided into six roughly equal area sections by bisecting the mud pit along its long axis and
trisecting the mud pit in the short dimension. A boring was located near the center of each of the
sections. Two additional borings (CMP7, CMP8) were located near the CMP2 boring to
investigate an apparent thin layer of drilling mud within thisarea. Boring numbers CMP9,
CMP10, and CMP11 were along the centerline of the mud pit. Three additional waste
characterization borings were advanced within the CMP for purposes of IDW disposal and mud
pit characterization. The location of these borings and the sample intervals were determined from
previously completed ESC investigation-related borings. The location of these borings is

provided in Figure D.2-4.

All borings were advanced to their total depth using conventional, direct-push boring equipment
advanced using hand methods. Due to the instability of the mud pit surface, it was not practical
to conduct sampling with truck-mounted equipment.

Soil samples collected from individual borings were submitted to on-site and off-site laboratory
facilities for analysis. Thirty-seven samples were collected during the investigation of the CMP.
These samples were submitted to the on-site laboratory facilities for the analysis of chromium
(total and hexavalent) and TPH diesel. Characteri