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EXECUTIVE SUMMARY

This investigation work plan presents an approach for characterizing potential contamination at Material
Disposal Area (MDA) C, Solid Waste Management Unit 50-009, which is located at Technical Area 5G at
Los Alamos National Laboratory (the Laboratory). The work plan also includes a description of sampling
activities and analytical results for historical investigations at MDA C. The investigation activities proposed
herein are required under the Cormnpliance Order on Consent and are currently being conducted by the
Laboratory’s Environmental Stewardship Division—Environmental Remediation and Surveillance Program
({formerly the Environmental Restoration Project).

The objectives of the investigation activities are designed to complete the determination of the nature and
extent of contamination identified during past investigations, including the Phase | Resource Conservation
and Recovery Act (RCRA) facility investigation (RFI) fieldwork conducted at MDA C, and to collect
additional information on the hydrogeologic properties and other physical characteristics of the vadose
zone beneath MDA C. In addition, the objectives of the work plan are to determine the nature and extent
of hazardous waste constituent and/or radionuclide releases to the environment identified during the
Phase | RFI. The nature and extent of contamination will be determined to be sufficient to support
corrective action decisions for MDA C.

Evaluation of environmental data generated during the Phase | RFI consisted of comparisons of site data
with background values {BVs) and/or fallout values (FVs) in environmental media, evaluation of
correlations among environmental measurements, and spatial plots of contaminant concentrations in
surface and subsurface environmental media. The following contaminant releases were identified at
MDA C.

s Americium-241, plutonium-238, and plutonium-239, -240 were elevated with respect to FVs in
surface soil on the northeastern and eastern edges of MDA C.

» Limited evidence indicates that Aroclor-1260 and bis(2-ethylhexyl)phthalate may be elevated
locally in the surface soil and the fill above Pit 6.

* Numerous metals were detected above BVs in subsurface tuff in one or more samples, primarily
in borehole 50-09109 beneath Pit 6.

* Numerous radionuclides were detected in the subsurface tuff. With the exception of strontium-90
and tritium, these detections occurred primarily below Pit 6.

* Volatile organic compounds (VOCs) were detected in pore-gas samples collected from two
monitoring boreholes (50-09100 and 50-10131),

e VOC surface-flux data indicate airborne releases of trichloroethylene and tetrachloroethene near
the former Chemical Pit, in a iocation on the southern edge of Pit 5, and in the western regions of
Pits 1 through 4.

¢ Near-surface tritium pore-gas concentrations indicate releases to the atmosphere from locations
north of Pit 6 and in the vicinity of the northern portion of Shaft Group 3.

The Phase | RF| data were evaluated to determine whether additional data are required to complete the
characterization of the nature and extent of contamination. Additional data are required to determine the
following:

1. the extent of metals, cyanide, and radionuclide contamination in tuff beneath Pit 6;

2. the concentrations and spatial extent of VOCs in the vapor phase in subsurface tuff;
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3. the concentrations and spatial extent of tritium in the vapor phase in subsurface tuff;

4. the nature and extent of potential releases of metals, cyanide and radionuclides to tuff beneath
Pits 1 through 5, Shaft Groups 1 and 2, and the strontium-80 disposal shaft,

5. the extent of radionuclide contamination in surface soil on the eastern boundary of MDA C;
6. the presence of perchlorate, nitrate, dioxin, and furan contamination in tuff;

7. the presence of perched groundwater beneath MDA C; and

8. information on hydrogeologic properties and fracture characteristics to support contaminant
transport modeling of the vadose zone at MDA C.

The data requirements, as determined from the historical data review and outlined in this plan, include
surface and subsurface sampling to define the |ateral and vertical extent of contamination at MDA C. The
investigation activities presented in this plan have been designed to address these data requirements.

A total of 42 boreholes will be drilled adjacent to the 7 pits and 108 disposal shafts at MDA C. Tuff and
subsurface vapor samples will be collected to supplement the Phase | RF| data to define the nature and
extent of contamination, determine whether perched groundwater is present, and collect hydrogeologic

property data.
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1.0 INTRODUCTION

Los Alamos National Laboratory (LANL or the Laboratory) is a multidisciplinary research facility owned by
the Department of Energy (DOE) and managed by the University of California (UC). The Laboratory is
located in north-central New Mexico approximately 60 mi northeast of Albuguerque and 20 mi northwest
of Santa Fe. The Laboratory covers 40 mi® of the Pajarito Plateau, which consists of a series of finger-like
mesas separated by deep canyons containing perennial and intermittent streams running from west to
east. Mesa tops range in elevation between 6200 ft and 7800 ft above sea level.

The Laboratory’s Environmental Stewardship—Environmental Remediation Services (ENV-ERS) Program,
formerly the Environmental Restoration (ER} Project, is participating in a national effort by the DOE to
clean up sites and facilities formerly involved in weapons research and production. The goal of the
ENV-ERS Program is to ensure that past operations under the DOE do not threaten human or
environmental health and safety in and around Los Alamos County, New Mexico. To achieve this goal,
the ENV-ERS Program is currently investigating sites potentially contaminated by past Laboratory
operations. The sites under investigation are designated as either solid waste management units
(SWMUs) or areas of concern (AQCs).

The SWMU addressed in this investigation work plan, SWMU 50-009, also referred to as Material
Disposal Area (MDA) C, contains both hazardous and radioactive compenents. Depending on the type(s)
of contaminant{s) present and the history of a site, either the New Mexico Environment Department
{NMED) or the DOE has administrative authority over work performed by the ENV-ERS Program at the
site. Under the New Mexico Hazardous Waste Act, NMED has authority over cleanup of sites with
hazardous waste or certain hazardous constituents, including the hazardous waste portion of mixed
waste (i.e., waste contaminated with both radioactive and hazardous constituents). The DOE has
authority over cleanup of sites with radioactive contamination. Radionuclides are regulated under DOE
Order 5400.5, “Radiation Protection of the Public and the Environment,” and DOE Order 435.1,
“Radioactive Waste Management.”

Corrective actions at the Laboratory are subject to the Compliance Order on Consent (hereafter, the
Consent Order) entered into on March 1, 2005, by NMED, DOE, the Regents of the University of
California, and the State of New Mexico Attorney General. The Consent Order was drafted pursuant to
the New Mexico Hazardous Waste Act, New Mexico Statutes Annotated (NMSA) 1978, Section 74-4-10,
and the New Mexico Solid Waste Act, NMSA 1978, Section 74-9-36(D). This investigation work plan
{hereafter, the work plan) describes proposed activities to be executed and completed to meet the
requirements of the Consent Order for investigation of MDA C.

The ENV-ERS Program submitted the MDA C work plan to NMED on July 31, 2003, for review and
written approval. The work plan was disapproved by NMED in a letter dated September 4, 2003.

A revised work plan {Revision 1) was submitted to the NMED on November 7, 2003, and a second notice
of deficiency was issued by the NMED on December 16, 2003. The ENV-ERS Program submitted a
response to the second notice of deficiency on January 23, 2004, which included updated pages to the
revision. The work plan was approved with medifications by NMED on April 6, 2005. This second revision
of the work plan incorporates the madifications required in the April 6, 2005, letter and is being reissued in
its entirety.

1.1 General Site Information

Material Disposal Area (MDA) C is located in the east-central portion of the Laboratory on a mesa at the
head of Ten Site Canyon (Figure 1.1-1). MDA C is an 11.8-acre fenced, radiologically controlled area
containing 7 subsurface disposal pits and 108 shafts of various dimensions. It is located near the west
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end of Mesita del Buey, a mesa located primarily between Mortandad and Pajarito Canyons. Technical
Area (TA-) 55 (the plutonium-processing facility); TA-42 (former incinerator site within the boundaries of
TA-55); TA-50 (the Radioactive Liquid Waste Treatment Facility [RLWTF]), TA-52 (office and laboratory
facilities); TA-62 (maintenance shop and office trailers); and TA-35 (formerly used for radionuclide
research, currently the center for laser technology, optics, and nuclear safeguards) are also located on
Mesita del Buey. Figures 1.1-1 and 1.1-2 show the location of MDA C and other TAs on Mesita del Buey.
Figure 1.1-3 shows the locations of the pits and shafts as well as other site surface features and
topographical contours.

The depths of 7 pits at MDA C range from 12 to 25 ft below the original ground surface, and the depths of
108 shafts range from 10 to 25 ft below the original ground surface, i.e., before a cover was placed over
the site in 1984. The pits and shafts are constructed in the Tshirege Member of the Bandelier Tuff, a
consolidated tuff unit with relatively numerous fractures. The regional aquifer is estimated to be
approximately 1300 ft deep based on data from other wells at the Laboratory and the predictions of the
hydrogeologic conceptual model for the Pajarito Plateau (LANL 1998, 53599). The topography of MDA C
is relatively flat, although the slope steepens to the north and where the northeast corner of MDA C abuts
the south wall of Ten Site Canyon.

Historically, MDA C was used for disposing of solids and liquids including uncontaminated classified
wastes, hazardous chemicals, and radionuclides. Los Alamos Scientific Laboratory (LASL) engineering
drawings ENG-R-1264 (LASL 1970, 76047) and ENG-R-4459 (LASL 1974, 38446) were used to locate
the pits and shafts. Two geophysical surveys verified the general location and horizontal dimensions of
the disposal pits (AGS 2001, 73710; AGS 2002, 73711) and the depth of cover thickness, although the pit
boundaries inferred from the geophysical investigation did not exactly match those shown on the
engineering drawings. The depth of cover materials across MDA C was investigated using ground-
penetrating radar (GPR) in 2001 (AGS 2001, 73710). The cover thickness over Pits 1 through 6 ranges
from approximately 2.5 ft to about 8 ft. However, the cover thickness over Shaft Groups 2 and 3, the
western ends of Pits 1 through 4, and the Chemical Pit was estimated to be less than 1 ft. The current
thickness of cover materials at MDA C is illustrated in Figure 1.1-4. The depths of the shafts and pits were
documented in the approved work plan for operable unit {OU) 1147 (LANL 1992, 07672) and were based
on historical documents, but the elevation data were not documented. Subsequent additions of cover
material have increased the elevation across the site. The elevation of the shafts and pits at the time of
excavation was estimated from the tuff/soil interface logged in the 1995 Phase | RF| borehole logs.

This work plan presents the results of historical investigations (including the Phase | Resource
Conservation and Recovery Act (RCRA) facility investigation (RF1} of MDA C and presents
recommendations for additional activities required to complete the investigation of MDA C. It includes
information on the site background, the site conditions, the scope of activities to complete the
investigation, the investigation methods, and the anticipated schedule for completing the field activities.
Appendix A includes a list of acronyms, defines terms used in this report, and presents a table with
metric-to-U.S. customary conversions. Appendix B describes the historical investigations, including
Phase | RFI activities and analytical results for MDA C. Appendix C contains the borehole logs from
Phase | RFI drilling activities. Appendix D describes statistical analyses to support data interpretation.
Appendix E provides the Phase | RFI data. Appendix F describes the management of investigation-
derived wastes. The entire contents of this work plan is included on a CD on the inside front cover of this
report.
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1.2 Investigation Objectives

The objectives of the MDA C investigation work plan are to

« present the current knowledge of the nature and extent of hazardous waste constituents and/or
radionuclide releases to the environment based on existing data, including those collected during
the Phase | RFI;

¢ establish the rationale for collecting and analyzing additional data; and

s identify appropriate methods and protocals for collecting, analyzing, and evaluating data to
finalize the characterization of MDA C.

The former ER Project and the ENV-ERS Program conducted Phase | RF| fieldwork at MDA C from 1993
to 2003. The results of these investigations are summarized in an historical investigation report (HIR) in
Appendix B of this work plan. Based on an evaluation of existing environmental data collectad at MDA C,
several data requirements were identified that must be addressed to define the nature and extent of
contamination in the environment to support corrective action decisions and to evaluate risks to potential
human and ecological receptors. These additional data requirements are described in Section 2 of this
work plan.

2.0 BACKGROUND
2.1 Operational History

MDA C is a decommissioned material disposal area established to replace MDA B at TA-21 as a disposal
area for Laboratory-derived waste. MDA C operated from May 1948 to April 1974 but received waste only
intermittently from 1968 until it was decommissioned in 1974. Wastes disposed of at MDA C consisted of
liquids, solids, and containerized gases generated from a broad range of nuclear energy research and
development activities conducted at the Laboratory. These wastes include uncontaminated classified
materials, metals, hazardous materials, and radioactively contaminated materials. Historical reports
(Rogers 1977, 05707) indicate it was common practice for chemicals to be burned in the chemical
disposal pit at MDA C. A chronolegy of the major events pertinent to MDA C is presented in Table 2-9 of
the approved RFI work plan for QU 1147 (LANL 1992, 07672, p. 2-49).

At MDA C, 7 pits and 108 shafts were excavated into the overlying soil and unit 3 of the Tshirege Member
of the Bandelier Tuff (Figure 1.1-3). The pits and shafts were unlined except for 10 shafts in Shaft

Group 3 that were lined with concrete. After each pit or shaft was filled with waste, it was backfilled to
ground level with crushed tuff. Once the disposal shafts were filled, they were sealed with concrete. The
dimensions and operational dates of the pits and shafis are listed in Table 2.1-1.

2.2 Land Use

MDA C is located in an industrial area currently used for Laboratory waste management. The Laboratory
does not anticipate that the land use at TA-50 and the surrounding TAs will change in the foreseeable
future. Public access to the site is restricted by fencing, locked gates, and restricted access to Pajarito
Road. Under present-day conditions, only Laboratory employees or contractors may enter the site for
management operations (such as emplacing ercsion controls) or collecting environmental samples.
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2.3  Relationship to Other SWMUs and AOCs

SWMU 50-006(a) is located directly north of Pit 5 at the head of Ten Site Canyon (Figure 2.3-1).

SWMU 50-006(a) includes the area affected by two accidental operational releases of untreated
radicactive wastes and unknown chemicals in 1974. The outfali area was partially remediated in 1981 by
the removal of 70 m* of contaminated soil. Although SWMU 50-006(a) has impacted Ten Site Canyon,
the release did not affect MDA C since the SWMU is located downgradient from MDA C.

Emissions from exhaust stacks at a number of the buildings at TA-50 were designated as

SWMU 50-006{c) (Figure 2.3-1). Radioactive emissions from these stacks may potentially have been
deposited on surface soils within TA-50, including MDA C. Any surface contamination that may have
deposited on MDA C related to stack emissions would be accounted for in the surface soil samples
collected during the Phase | RFI.

The other SWMUs within TA-50 include two areas of active underground tanks [SWMUs 50-002(a) and
50-002(c) and Consolidated Unit 50-004(a)-00], a decommissioned aboveground tank [50-002(d}], a
decommissioned septic system [SWMU 50-011(a)], a number of storage areas [SWMUs 50-003(a), {b},
(¢}, (d) and (e)], an active underground drainage system [SWMU 50-001(b)], and decommissioned waste
lines and tanks [Consolidated Unit 50-004(a)-00] (Figure 2.3-1). These SWMUs lie 4 to 25 ft below grade
and no viable transport pathways for releases related to these SWMUs exist that can affect MDA C.

Based on the Phase | RFI data for MDA C and adjacent SWMUs at TA-50 and TA-35, the only areas
within close proximity that may have been affected by MDA C is Ten Site Canyon, which is considered an
AQC. Eroded surface soils from MDA C, in addition to soils and contaminant releases from other SWMUs
and/or AQCs at TA-50 and other TAs, have been deposited in the canyon bottom and stream banks
(Nyhan et al. 1978, 05702).

2.4 Contaminant Transport Mechanisms and Potential Receptors

The inventory of wastes disposed of at MDA C includes radionuciides, metals, and organic chemicals.
The relevant refease and transport processes associated with these wastes are a function of chemical-
specific properties, the physical form and/or container associated with a waste, and the nature of the
transport process. The transport of tritium and volatile organic chemicals (VOCs), for example, occurs
primarily in the gas phase and by diffusion or advection in air. Relatively water-soluble contaminants,
primarily certain metals and radionuclides, are susceptible to release and transport by infiltration of water
through the interred wastes. These contaminants can also be associated with a higher likelihood of
transport by root uptake of grasses, shrubs, and trees. Strontium-90 is a good example of such a
contaminant. Contaminants with relatively low water solubility, including organic chemicals such as
Aroclors, are likely to be released from subsurface wastes only by some physical disturbance, such as
excavation by burrowing animals. The primary potential release and transport mechanisms for
contaminants in subsurface wastes at MDA C include the following.

e Volatilization, diffusion, and dispersion in air. Gas or vapor-phase contaminants diffuse from
waste and mix with air in the shafts or pits, then diffuse through the air-filled pores in the
subsurface rock. Migration of gas- or vapor-phase contaminants from tuff into ambient air may
occur by diffusion or by advection driven by barometric pressure changes.

s Dissolution and advective transport in water. Rain or melting snow on the surface moves down
through the shafts and pits, dissolves contaminants, and slowly transports dissolved
contaminants through the subsurface rock. Transport in tuff may be facilitated by the presence of
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fractures, particularly when the fractures have coatings with low conductivity or when sufﬁcien.t
liquid saturates the matrix adjacent to the fracture where flow occurs.

» Biotic perturbation and transfocation of contaminants in subsurface wastes. Plants grow into the
waste and incorporate contaminants into their surface biomass; contaminants are deposited onto
the soil surface as biomass decays. Burrowing animals excavate contaminated wastes and
release them onto the soil surface as burrow spoils. Surface contamination may then be
transported back into the subsurface by burrow collapse or dissolution in surface water infiltrating
the soil or be transported away from the site by suspension in air or surface water runoff.

In addition to the processes described above, which were discussed in the context of buried wastes,
contaminants may also have impacted environmental media at MDA C from releases that occurred during
its operation. Dissolution of contaminants in infiltrating water, for example, may have been more prevalent
during site operations when pits and shafts were open for disposals. Currently, two release mechanisms
are inactive at MDA C but may have contributed to existing contamination in environmental media:

» Operational releases. Contaminants may have been released to surface soil during the period
when wastes were actively disposed at MDA C. Fires in the disposal pits at MDA C have been
recorded (LANL 1992, 07672) and may have released contamination to surface scils and air.

» Erosion before installation of the existing cover. The emplacement of a cover over MDA C in 1984
may have been instigated by erosion of the native cover before that time. Waste materials were
reportedly exposed on the ground surface in the area of Pit 5 before the crushed tuff and fill cover
were emplaced in 1984 (LANL 1992, 07672).

Phase | RFI data coliection activities occurred over the past 10 yr at MDA C. Site conditions have been
relatively constant over this period, such that potential temporal changes in the concentrations of
contaminants in envircnmental media are expected ta be negligible. One exception may be the presence
of locally elevated rates of water infiltration caused by surface depressicns related to subsidence within
MDA C. Subsidencs has been observed above Pit 6 in a location coincident with a surface runoff
channel. The subsidence has been repaired.

Receptors potentially exposed to contamination from MDA C include site workers at MDA C and TA-50
and biota at the site. Potentially, site workers may be exposed to contaminants by inadvertent soil
ingestion, inhalation of suspended sail (dust), dermal absorption from soil on the skin, and external
irradiation. Inhalation of gas-phase contaminants such as tritium and/or VOCs emanating from the site
into the atmosphere is also a possible source of exposure. Ecological receptors may be exposed by these
pathways as well as by root uptake and the food web; in addition, these receptors may be exposed to
higher concentrations of vapor-phase contaminants in subsurface burrows.

It is possible for plant rocts and burrowing animals to penetrate the existing cover and come in contact
with subsurface contamination. Site inspections have revealed that rodent and ant burrow spails contain
crushed tuff material that differs from surface soils. Grasses, trees, and shrubs are also present or have
histarically been present across MDA C. Results of recent sampling of burrow spoils and small ponderosa
pines within MDA C (Appendix B} wil! be reported in the MDA C investigation report.

A perched aquifer was not encountered nor is suspected beneath Mesita del Buey at MDA C {LANL
1998, 59599). No perched water was observed in 316 ft of drilling in the deepest borehole (borehole
50-09100, Appendix C). No perched water was observed in 700 ft of drilling in the nearby borehole SHB-1
or in regional well R-14 (Figure 2.4-1), Therefore, the potential for exposure of receptors through a water-
mediated pathway is unlikely. Data from other wells at the Laboratery and predictions of the
hydrogeologic conceptual model for the Pajarito Plateau place the regional aquifer at a depth of 1300 ft
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below MDA C (LANL 1998, 59599). Because of the depth to the aquifer and the low moisture content
{1%—10% gravimetric moisture content) of the vadose zone, it is unlikely that contamination at MDA C
could reach the regional aquifer in the near future. However, contaminants from MDA C have the
potential to reach groundwater, and this pathway will be investigated and evaluated for present-day risk in
the MDA C investigation report.

25 MDA C Waste inventory

The waste disposal records for MDA C are contained in a series of disposal logbooks (LASL 1948—1969,
76035). The radioactive waste disposal records provide sufficient detail to detarmine the location, type,
and volume of the waste disposed of and to estimate the number of curies present in specific pits and
shafts {Appendix B). However, little data exist on the volume of hazardous constituents disposed of at
MDA C. The description of waste items disposed of at MDA C is based on infermation provided in
Section 2.3 of the approved RF| work plan for OU 1147 (LANL 1992, 07672, pp. 2-51 to 2-57} and is
summarized in Appendix B of this work plan.

2.6 Historical Releases

The results of historical investigations indicate contaminants have been released to environmental media
as a direct consequence of disposal activities. Between 1976 and 1983, analysis of soil and vegetation
samples from MDA C “confirmed the presence of pCi/g levels of radionuclides in localized areas™ (LANL
1992, 07672, Section 2.3.2.2.1). Wastes in some pits {especially in Pit 5 on the north side of MDA C)
were exposed at the ground surface as a result of natural degradation or erosion of the shallow soil
covers. Additionally, anecdotal information related in the approved RF| work plan for OU 1147 states,
“chemical wastes were responsible for many fires at Areas B and C” (LANL 1992, 07672, p. 2-54). Itis
possible that fires served as a vehicle of contaminant transport from open pits and/or shafts to the
surrounding surface soil.

In 1984, additional crushed tuff was placed over contaminated scil on the surface of MDA C. Historical
documents report that approximately 1.5 ft of crushed tuff, followed by 0.5 to 3 ft of topsoil, was placed
over existing cover material (LANL 1992, 07672). The 2001 geophysical survey of MDA C (Appendix B)
indicates the existing cover thickness across the site ranges from a minimum of 0.0 ft to 8.8 f, with a
mean value of 3.4 ft (Figure 1.1-4). The only portion of MDA C where additional cover was not placed was
the northeast corner of the site where no pits or shafts are located. The isotopic plutonium and
americium-241 concentrations detected in surface soils in the northeast portion of the site measured
during Phase | RFI resulted in part from windborne deposition of contamination released during waste
disposal activities and from the deposition of historical stack emissions from operations at TA-50.

2.7  Summary of Historical Investigations
271 Pre-RFI Field Investigations

Sampling and analysis activities to ascertain the presence and scale of potential environmental
contamination at MDA C began after the facility was decommissioned in 1974. Radiation surveys of site
soils and vegetation using field instrumentation were conducted from 1976 through 1984 (LANL 1992,
07672, p. 2-57). Following the placement of crushed tuff and cover material over MDA C in 1884,
additional field surveys were conducted and supplemented with off-site contract laboratory analyses of
radicnuclides in soils and vegetaticn in 1985 and 1986 (LANL 1992, 07672, p. 2-59). These investigations
and the associated findings are described in the HIR (Section B-1 of Appendix B) and in the approved
RFI work plan for OU 1147 (LANL 1992, 07672).
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2.7.2 Phase | RFI Field Investigations

Phase | RF| activities included sampling of surface soil, subsurface tuff, and pore-gas. Surface sampling
activities conducted in 1993 included a radiation survey conducted on a 60- by 80-ft grid and 203 0-6-in.
surface samples of soil or tuff collected across the grid. All surface samples were field-screened for
radioactivity. One hundred twenty-two samples were submitted to a mobile analytical laboratory for
analysis of polychlorinated biphenyls (PCBs). Sixty-eight surface samples were analyzed at an off-site
contract laboratory for target analyte list {TAL) metals, radionuclides, and semivolatile organic compounds
(SVOCs). Fifty-nine of these samples were also analyzed for PCBs and nine surface samples were
analyzed for VOCs. Phase | RFI surface sample results are reviewed and interpreted in Section 2.7.3 of
this work plan; the data are summarized in Appendix B and included on a data CD (Appendix E) attached
to the inside front cover of this report.

A total of 390 subsurface samples were collected in 1995 and 1996 from two vertical and nine angled
boreholes drilled to depths ranging from 77 to 316 ft below ground surface {bgs). The subsurface samples
were field-screened at approximately 5-ft intervals for radioactivity, high explosives {HE) and VOCs and
submitted to a mobile radiological analysis laboratory. Samples were collected at approximately 20-ft
intervals and submitted for off-site contract laboratory analysis for TAL metals and cyanide, radionuclides,
and SVOCs. With the exception of samples from boreholes 50-09100 and 50-09102, 24 subsurface
samples were also analyzed for VOCs and PCBs/pesticides.

In 1996, 15 additional samples were collected from curated borehole cores, in response to a request from
the U.S. Environmental Protection Agency (EPA) (Neleigh 1985, 55112). These samples were submitted
to an off-site contract laboratory for analysis of inorganic chemicals (excluding cyanide and mercury since
the holding times had lapsed) and radicnuclides (except tritium). However, based on the core collection
dates and the actual dates the samples were analyzed, more than half of the curated core samples
missed the 180-day holding time for inorganic chemicals. Therefore, these results are provided only for
the purpose of comparison. Because the holding times for PCBs, VOCs, 8VQCs, and tritium had been
exceeded, curated core samples were not analyzed for these analytes. Phase | RF| subsurface results
are reviewed in Section 2.7.3 and summarized in Appendix B (Section B-2.0).

Ten of the 11 boreholes were backfilled and abandoned after the 1995 fieldwork. Cne vertical borehole
(50-09100) was capped after the 1995 fieldwork and subsequently completed in 2000 as a vapor
monitoring well with ten sampling parts. A second vertical borehole (50-10131) was drilled as a vapor
monitoring well in 2001, Pore-gas samples of VOCs were collected quarterly from selected ports in these
boreholes in 2000, 2001, 2002, and 2003. Surface-flux measurements of VOCs were conducted in 2000
at 101 locations. Near-surface tritium soil gas concentrations were measured at 15 locations at MDA C in
February 2003. Phase | RFI pare-gas and surface-flux results are reviewed in Section 2.7.3 and in
Appendix B.

Terrain conductivity (EM31), high-sensitivity metal detector (EM61), and GPR data were gathered during
two geophysical surveys at MDA C conducted in 2001 and 2002 (Appendix B, Section B-2.1.1) to confirm
the general location of the disposal units, confirm that Pits 1 through 5 do not extend east or south past
the MDA C fence line and to map the thickness of cover materials across the site. Sufficient anomalies
were detected in the area of Pits 1 through 5 to infer general pit boundaries; however, the anomalies
extend over the reported width of the pits, making it difficult to distinguish the boundaries between the
pits. No clear anomalies were observed to indicate the boundaries of Pit 6 or the Chemical Pit.

In January 2003, ant mounds and animal burrows were field-screened for radionuclides (gross alpha and
gross beta) to select sampling locations. Samples of conifer needles from 16 trees and soil from small-
mammal burrow spoils and ant mounds (29) were collected in February 2003 and submitted for analysis
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of gross alpha, beta and gamma radiation. The purpose of this sampling was to determine if plants or
animals were transporting contaminants from buried wastes to the ground surface. The results of the
February 2003 biota sampling will be presented in the MDA C investigation report.

2.7.3 Phase | RFl Results

Based on the results of Phase | RFI activities, the following conclusions can be made regarding the
nature and extent of contamination at MDA C.

1. Releases of radionuclides to historical surface soils were largely covered with crushed tuff in
1984. Elevated concentrations of americium-241 and isotopic plutonium in surface sacils in the
northeast area of MDA C were probably related to releases from MDA C before crushed tuff was
emplaced on the surface of the site in 1984. The extent of current surface radionuclide
contamination has been sufficiently defined to support corrective-action decisions.

2. Lead and silver were the only metals detected at concentrations above their respective BVs in
surface scil and fill. Statistical analyses presented in Appendix D indicate that the range of values
is almost identical to background. Sporadic detects of SVOCs and Arocior-1254 and Aroclor-1260
were found, but no defined pattern and no evidence for a widespread release of organic
chemicals from MDA C were determined. The extent of current surface inorganic and organic
chemical contamination has been sufficiently defined to support corrective-action decisions.

3. Concentrations of specific metals (including barium, copper, and lead) and radionuclides
(strontium-90 and americium-241} in tuff beneath disposal pits indicated that contamination
migrated from disposal pits into undertying rock. The extent of subsurface contamination has not
been defined and cannct support corrective-action decisions.

4. Tritium and YOC contamination (primarily trichloroethylene [TCE], tetrachloroethene [PCE], and
1,1,1-trichloroethane [TCA]) exists in subsurface pore gas; however, the vertical and horizontal
extent of this contamination has not been sufficiently defined and cannot support corrective-action
decisions.

5. Surface flux of VOCs and near-surface tritium soil-gas concentrations indicated localized areas
where releases to the atmosphere cccurred.

A detailed review of the Phase | RF| data is presented in Section B-3 of Appendix B. Phase | RFl data are
presented in Appendix E (on a CD attached to the inside front cover of this report).

2.7.3.1  Field Screening Results
Screening of Core Samples

The information presented in Section B-2 of the HIR is summarized and interpreted in this section to
describe the effectiveness of field-screening during the Phase | RF| and its applicability during future
investigation activities.

Subsurface samples collected during the Phase | RF| were screened in the field for HE using a spot-test
kit, alpha and beta/gamma radioactivity using field-survey meters, and VOCs using a photoionization
detector (PID). The field-screening results for HE, radionuclides, and VOCs indicated that the
concentrations of contaminants in the subsurface at MDA C were sufficiently low such that field-screening
was ineffective for the purpose of identifying samples for laboratory analysis.
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During the Phase | RFI, 332 subsurface core samples were screened in the field for HE using a spot teét
procedure. No HE was detected in any of these samples.

During the Phase | RFI, 333 subsurface core samples were screened in the field for alpha and
beta/gamma radioactivity, and 67 of these samples were submitted for laboratory analysis of
radionuclides. The results of the screening analyses are summarized in Table B-18. Forty-three of these
67 samples had detected activities of radionuclides other than tritium within the range of local BVs. The
remaining 24 samples had detected activities of radionuclides other than tritium above local BVs. The
Phase | field-screening results summarized in Table 2.7-1 indicate that there was no significant difference
in field-screening results for radionuclide samples within and above local BVs.

During the Phase | RFI, 333 subsurface core samples were screened in the field for VOCs by surveying
the surface of each core sample with a PID having an 11.7 eV lamp. No VOCs were detected by the PID
in any of the samples. Although VOC data were reported for tuff samples, these data are of little value
because tuff does not effectively adsorb VOCs and is, therefore, a poor sample matrix for VOCs. In the
subsurface, VOCs exist primarily in the gas phase because of the low absorptive capacity of the tuff, and
they cannot be detectad in the field by a PID. The results of RFls conducted at other MDAs since 1995
have shown that it is necessary to sample pore gas instead of tuff to determine the nature and extent of
VOCs in subsurface tuff.

2.7.3.2 Data Interpretation and Identification of Investigation Scope

Information presented in Sections B-1, B-2, and B-3 of the HIR is summarized and interpreted in this
section to describe the current understanding of the nature and extent of environmental contamination at
MDA C.

Interpretation of Phase | RF] Surface Soil and Fill Data

Metals: Lead and silver were the only metals detected at concentrations above their respective BVs in the
surface soil and fill. Silver was detected above the BV of 1.0 mg/kg in two of the 68 samples. Lead,
detected above its BV at a frequency of about 13%, has the highest concentrations along the southeast
portion of the site. The maximum lead concentration (30 mg/kg) was detected in a sample collected from
a location west of Shaft Group 3 and Pits 1 and 2 and south of Pit 6 and the Chemical Pit and is only
slightly above the BV (22.3 mg/kg). The box plot of the site surface soil and background soil data for lead
(Figure D-15) shows the range of concentrations in the two data sets is almost identical. These findings
indicate that the slightly higher site concentrations of lead are most likely related to characteristics of the
fill material, natural variability, and the proximity of MDA C to roadways and parking areas. Present-day
concentrations of metals in surface soil at MDA C do not indicate a release of metals from MDA C has
occurred to the surface.

Radionuclides: Americium-241, plutonium-238, plutonium-239, -240, thorium-232, tritium, and
uranium-238 were detected above their respective BVs in at least one surface sample. The highest
concentrations of americium-241, plutonium-238, and plutonium-239, -240 were detected in surface
samples collected in the northeast corner of MDA C and along the eastern edge of MDA C. Cover
materials placed over the surface of MDA C in 1984 did not extend to this area of the site (Figure B-6).
These findings indicate that the elevated concentrations of americium-241 and isotopic plutonium in
surface soils are related to releases during historical MDA C site operations and/or from the deposition of
historical airborne emissions from operations at TA-50. Concentrations of americium-241, plutonium-238
and plutonium-239, -240 are comparable to the results from surface sampies collected near the northeast
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corner of MDA C during the 1993 RF| of atmospheric releases [SWMU 50-006(c), LANL 1995, 49825, '
pp. 24-29,]. The nature and extent of americium-241 and isotopic plutonium contamination in surface
soils in the northeast comer of MDA C and along the eastern edge of MDA C has not been defined.
Uranium-238 was detected above the BV in only one of 68 surface samples {2.45 pCi/g), which is slightly
higher than its BV (2.29 pCi/g). Thorium-232 was detected above its BV (2.33 pCi/g) in 15 of 68 samples,
with the maximum concentrations approximately twice the BV. Spatial patterns do not indicate any
release of these isotopes to surface soils at MDA C.

Organic Chemicals: No consistent spatial pattern among the detected concentrations of organic
chemicals in surface scil and fill at MDA C was determined. Acenaphthene and pentachlorophenol were
detected only once in two different samples collected on the south side of MDA C.
Bis(2-ethylhexyl)phthalate was detected in two fill samples in the northwest part of MDA C. As with
bis(2-ethylhexyl)phthalate, Aroclor-1260 was detected in four of the 43 samples coliected in the northwest
portion of MDA €, while Aroclor-1254 was detected in two samples from the southeastern portion of the
site and in a single sample at the highest concentration collected from a central location adjacent to Pit 2.
The results of mobile laboratory analysis for PCBs showed four detections of Aroclor-1260, all above Pit 6
in the northwest corner of the site and no detections of Aroclor-1254. The detection of Aroclor-1260 in
eight samples (four fixed laboratory and four mobile laboratory) and bis{2-ethylhexyl)phthalate in two
samples in the same general location may indicate a localized release from Pit 6 to surface soil during
historic site operations. The nature and extent of organic chemicals present in surface soils at MDA C has
been sufficiently defined to support corrective-action decisions.

Nature and Extent of Surface Soil and Fill Contamination

An evaluation of the metals, radionuclide, and organic chemical Phase | RF| data for surface soil and fill
at MDA C does not reveal any data needs to define the nature and extent of contamination within the
MDA C boundary. A release of radionuclides, including americium-241, plutenium-238, and
plutonium-239, -240, was identified in the northeast region of MDA C. This release was probably
associated with historical site operations and/or with the deposition of air-borne emissions from historic
operations at TA-50 rather than from the more recent transport of contamination from wastes buried in the
disposal units. Additional surface sampling is proposed along the easten boundary of MDA C to define
the extent of radionuclide contamination. A release of Aroclor-1260 and bis(2-ethylhexyl)phthalate may
have occurred in the area of Pit 6 during operation of the site. The detected concentrations of these
chemicals are bounded by other soil and fill samples where they were not detected; therefore, the spatial
extent of potential surface releases from MDA C has been sufficiently defined by the Phase | RF| data to
support corrective-action decisions.

Interpretation of Phase | RFl Subsurface Tuff Data

Metals: A number of metals were detected above their respective BVs in Phase | RF| tuff samples
collected at MDA C. Aluminum, beryliium, calcium, chremium, cobalt, magnesium, and nickel were
detected above BV in only one sample. Antimony, arsenic, barium, copper, cyanide, lead, selenium, and
thallium were detected in two or more samples above their BVs. Of these metals, cyanide and lead were
detected above BVs with the greatest frequency. The greatest depth at which metals were detected in the
subsurface at MDA C was 83.4 ft bgs in the bottom sample from borehole 50-09106. Metals were
detected above BVs in the samples collected from the bottom of two boreholes, vertical borehole
50-09104 adjacent to the southern boundary of Pit 1 and borehole 50-09106, which was angled beneath
the north end of Shaft Group 3 and the west end of Pit 4. Plots of the analytical results for metals
detected in two or more samples above their BVs are presented in Figures D-10 to D-17.
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Phase | RFI borgholes from which samples were collected adjacent to or beneath Pit 5 include 50-09100
and 50-09102, both located north of the pit. Cyanide was detected at a concentration of 0.53 mg/kg in a
sample collected from a depth of 43.5 ft bgs in borehole 50-09100; however, there is no BV for cyanide.
Cyanide was not detected in any subsequent samples from borehole 50-09100. No other metals were
detected above BVs in either borehole (Table 2.7-2).

Phase | RFI boreholes from which samples were collected adjacent to Pits 1 through 4 and Shaft Groups
1 through 3 include 50-09103, 50-09104, 50-09105 and 50-09106. Cyanide was detected in the bottom
sample from borehole 50-09104 (sample 1D 0550-95-0099) at a concentration of 0.26 mg/kg and in
samples collected from four of the five previous depth intervals (Table 2.7-2). In addition, arsenic,
beryllium, copper, and thallium were detected in single samples from borehole 50-09104, and lead was
detected above background in two consecutive samples from the sample borehole. Thallium was
detected in the bottom sample from borehole 50-09106 (sample |D 0550-95-0071) at a concentration of
1.2 mg/kg; lead was the only other metal detected in this borehole at a concentration of 51.1 mg/kg (BV of
11.2 mg/kg). Lead was also the only metal detected in borehole 50-09103, and arsenic was the only
metal detected in borehole 50-09105; no metals were detected in subsequent samples collected from
either borehole. Collectively, the data for boreholes 50-09103, 50-09104, 50-09105, and 50-09106
indicate releases of metals to tuff have occurred from several of the pits and shafts located in the eastern
portion of MDA C; however, the nature and extent of these releases have not been determined, except for
the area adjacent to and beneath the northeast area of Pit 5 (Table 2.7-2, Table B-16, and Appendix D).

Phase | RFI boreholes from which samples were collected beneath or adjacent to Pit 6 include 50-09101,
50-09107, 50-09108, 50-09109, and 50-09110. With the exception of beryllium, the seven inorganic
chemicals listed above detected above BVs were all detected in the same sample, (sample ID
0550-96-0112) collected at a depth of 47 ft bgs in borehole 50-09109 beneath Pit 6. Concentrations of
barium, copper, lead, selenium, and thallium were also elevated above BVs in this particular sample. The
subsurface sample with the next greatest number of metals detected above BVs (sample |D
0550-95-0231) was also collected from borehole 50-09109 at a depth of 25 ft bgs. Antimony, barium,
copper, and lead were detected above BVs in this shallower sample. Of the inorganic chemicals detected
above BVs in two or more samples, the highest concentrations of antimony, copper, and thallium were
detected in borehole 50-09108 beneath the scuthwest portion of Pit 6 and the northwest corner of the
Chemical Pit.

The highest concentrations of barium, cyanide, and lead were detected in boreholes 50-09107, 50-09101,
and 50-09110 adjacent to and beneath Pit 6, respectively. None of these concentrations were detected in
the deepest sample from a borehcte, and all of the maximum concentrations detected (with the exception
of calcium and selenium) were within a factor of 10 of the BV. Detected concentrations of calcium and
sefenium exceeded BVs by mare than a factor of 30 in the sample collected at 47 ft bgs in borehole
50-08109 (sample ID 0550-96-0112). Collectively, the data for boreholes 50-09101, 50-09107, 50-09108,
50-09109, and 50-09110 indicate that releases of metals to tuff below Pit 6 and the Chemical Pit have
occurred; however, the nature and extent of these releases has not been determined (Table 2.7-2,

Table B-16, and Appendix D).

Radionuclides: Radionuclides detected at concentrations above BV, or detected in tuff when there is no
tuff BV, include tritium, americium-241, plutonium-238, plutonium-239, uranium-235 and uranium-238,
and various fission or activation products including strontium-90, cobalt-60, cesium-134 and cesium-137,
europium-152, and sodium-22. The maximum depth of detected radionuclides (other than tritium) was
84.8 ft bgs (Table 2.7-2). Radionuclides were detected in samples collected from the bottom of six of the
eleven Phase | RFI boreholes. Borehole profile plots of radionuclides in the subsurface are provided in
Appendix D.
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Phase | RFI boreholes from which samples were collected beneath or adjacent to Pit 6 include 50-09101,
50-09107, 50-09108, 50-08109, and 50-09110. Americium-241 was detected in the sample collected from
the bottom of borehole 50-09101 at a concentration of 0.011 pCifg at 81 ft bgs (sample |D 0550-95-0309)
and in samples from two previous nonconsecutive depth intervals {(Table 2.7-2). Amercium-241 was also
detected in the sample collected from the bottom of borehole 50-09107 at a concentration of 0.032 pCi/g
at 78.5 ft bgs (sample 1D 0550-985-0191) and in samples from three previous depth intervals (Table 2.7-2).
Sodium-22 was detected in the sample collected from the beottom of borehole 50-09109 at a concentration
of 0.056 pCi/g at 81 ft bgs (sample 1D 0550-95-0241). Additional radionuclides detected below Pit &
include cesium-134, strontium-90, and plutonium-238 in borehole 50-09108; strontium-90, uranium-235,
and uranium-238 in borehole 50-09109; and strontium-90 in borehole 50-09109. Collectively, the data for
boreholes 50-09101, 50-09107, 50-09108, 50-09109, and 50-09110 indicate that releases of
radionuclides to tuff below Pit 6 have occurred; however, the nature and extent of these releases has not
been defined (Table 2, Table B-18, and Appendix D).

Phase | RFI borehctes from which samples were collected adjacent to or beneath Pit 5 include 50-09100
and 50-09102, both located north of the pit. Amercium-241 was detected at 0.027 pCi/g, uranium-235
was detected at a concentration of 0.21 pCifg at a depth of 33.7 ft bgs, and plutonium-238 was detected
at a concentration of 0.014 pCi/g at a depth of 43.5 ft bgs in borehcle 50-09100. No radionuclides were
detected in any subsequent samples from borehole 50-09100 and above BVs in borehole 50-09102 (with
the exception of tritium) (Table 2.7-2).

Phase | RFi boreholes from which samples were collected adjacent to Pits 1 through 4 include

Shaft Groups 1 through 3 include 50-02103,50 -03104, 50-09105 and 50-09106. Strontium-90 was
detected in the sample collected from the bottom of borehole 50-09103 at a concentration of 0.599 pCi/g
at 82.6 ft bgs beneath the southeast corners of Pits 2 and 3 {(sample ID 0550-85-0129) and in the sample
collected from the bottom of borehole 50-09106 at a concentration of 0.767 pCifg at 83 ft bgs beneath
Pit 4 and the north end of Shaft Group 3 (sample ID 0550-95-0071). Plutonium-238 was detected ata
concentration of 0.014 pCifg at 85 ft bgs in borehole 50-09105 beneath Shaft Group 3 and the west end
of Pit 3. Plutonium-239 was detected at a concentration of 0.080 pCi/g in the sample collected from the
bottom of borehole 50-09105 at 84.5 ft bgs. Americium-241, uranium-235, and various fission or
activation products were detected sporadically and at low concentrations in boreholes 50-09103,
50-09104, and 50-09105. The frequent rate of detection of strontium-90 at depth (it was present in four
boreholes and below 65 ft in three of the boreholes) may be associated with its greater solubility as
compared to elements such as americium, uranium, and plutonium.

Collectively, the data for boreholes 50-09103, 50-08104, 50-08105, and 50-09106 showed sporadic
detections of radionuclide at low concentrations in tuff adjacent to and beneath several pits and shafts
located in the eastern portion of MDA C; however, the nature and extent has not been determined, except
for the area adjacent to and beneath the northeast area of Pit 5 {Table 2.7-2, Table B-18, and Appendix
D). Additional sampling is required to determine whether a decreasing trend exists.

Tritium migrates in tuff in the form of water vapor; therefore, its occurrence in the tuff is not necessarily
correlated with water infiltration but is related to diffusion and advection in a gaseous state. Tritium was
detected in almost every tuff sample coltected at MDA C; borehole profiles for tritium concentrations in tuff
are provided in Figure D-18 in Appendix D. Some of the highest tritium concentrations in tuff pore
moisture were measured in borehole 53-09107, the same borehole where americium-241 was detected in
the bottom borehole sample and three previous sample intervals. However, tritium concentrations were
also relatively high in samples collected beneath Pits 4 (borehole 50-09106) and 5 (borehole 50-09102}.
The tritium tuff data indicate a release of tritium in the subsurface, with concentrations higher in the
northern portions of the site below Pits 4, 5, and 6, although subsurface tritium data are lacking from the
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central portions of Pits 1 through 5. By cohtrast, near-surface tritium pore-gas concentrations indicate
relatively low concentrations directly above Pits 5 and 6.

Organic Chemicals: The tuff data for SYOCs do not show evidence of a release from the disposal units
and are not consistent with the metals and radionuclide data. Bis(2-ethylhexyl)phthalate was the only
SVOC detected in tuff samples, and the range of detection limits encompassed the detected
concentrations. Thus, the detected concentrations were very close to the limits of detection. PCBs and
pesticides were not detected in any tuff samples. Aithough VOC data were reported for tuff samples,
these data are of little value because tuff does not effectively adsorb VOCs and is, therefore, a poor
sample matrix for VOCs. In the subsurface, VOCs exist primarily in the gas phase because of the low
absorptive capacity of the tuff. Also, the low moisture content of the tuff, coupled with the low solubilities
of chlorinated hydrocarbons such as PCE and TCE, results in only negligible quantities of VOCs in pore
moisture. The distribution of VOCs in pore gas is discussed below (“Interpretation of Subsurface Pore-
Gas Data’).

Nature and Extent of Subsurface Contamination

Tuff data for metals (including cyanide) and radionuclides indicate releases to subsurface tuff have
occurred below Pit 6 because these contaminants are present at concentrations exceeding BVs and/or
fallout values (FVs).

Available data from angled boreholes beneath Pits 3, 4, and 5, and Shaft Group 3 do not provide
evidence of infiltration-related releases of metals or radionuclides. However, relatively few tuff samples
were collected from beneath these disposal units. No tuff sampies were collected from beneath Pits 1 and
3, beneath Shaft Groups 1 and 2, or beneath the strontium-90 disposal shaft. The number and locations
of tuff samples are not adequate to support any conclusions regarding the nature and extent of
contamination beneath Pits 1 through 5, Shaft Groups 1 and 2, and the strontium-90 disposal shaft.

Tritium pore-gas data in tuff indicate a release of tritium in the subsurface, with higher concentrations
measured in the northemn portions of the site below Pits 4, 5, and 6. Near-surface tritium pore-gas data
indicate a release of tritium to the atmosphere is occurring in the western regions of Pits 1 through 4, in
an area west of Shaft Group 3 and north of Pit 6. One or more shafts on the northern end of Shatft

Group 3 may be the source of the high concentration of tritium in pore gas measured in a location west of
these shafts, but the Phase | RFI samples are inadequate to confirm this hypothesis.

In addition to the analytical suites applied to the Phase | RF| tuff samples, additional suites may be
appropriate given the nature of the wastes disposed at MDA C. Nitrates and perchlorate, which are very
soluble and susceptible to migration with infiltrating surface water, were not analyzed in Phase | RF tuff
samples. Nitrates are associated with fertilizers and are also a common breakdown product of most
nitrogen-containing organic materials. Perchlorate-containing chemicals have been widely used as
oxidizers in a variety of chemical processes, and perchloric acid is a common strong acid used in
laboratories. Because of their mobility and potential occurrence in disposed waste at MDA C, analysis of
nitrates and perchlorate in tuff samples is appropriate. Therefore, nitrates and perchiorates will be added
to analytical suite for subsurface tuff samples to be collected in accordance with this work plan. Dioxins
and furans were not reportedly disposed of at MDA C. However, historic records indicate that chemicals
were burned in the Chemical Pit and may have formed dioxins and furans. Therefore, dioxins and furans
will be added to the analytical suite for subsurface tuff samples to be collected beneath Pit 6 and the
Chemical Pit.

Information on the hydrogeologic properties and other physical characteristics of the vadose zone at
MDA C is generally lacking and is, therefore, needed for evaluating potential future migration of
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contaminants from MDA C. Information on the moisture content of tuff was collected from the Phase | RFI
samples but only to a depth of approximately 316 ft bgs. Other relevant hydrogeologic information, as well
as information on the water content of tuff at greater depths in the vadose zone, must be inferred from
data obtained elsewhere at the Laboratory. Hydrogeologic properties such as saturated and unsaturated
hydraulic conductivity, porosity, bulk density, chloride-ion concentration, and matric potential are also
important parameters for evaluating the migration of liquid- and vapor-phase contaminants in the vadose
zone. Such evaluations usually performed using numerical models to simulate field conditions provide
support for conclusions regarding the nature and extent of contamination. It also helps in estimating
possible future migration of contaminants from the waste disposal units.

The hydrogeologic properties described above pertain primarily to the rock matrices of the geologic strata
at MDA C. Some strata, specifically units of the Tshirege Member of the Bandelier Tuff, also contain
fractures that can act as conduits for the migration of liquid- and vapor-phase contaminants in the vadose
zone. Information from fractured rock that can be used to evaluate the potential role of fractures in
contaminant migration includes fracture density, fracture apertures, the stiike and dip of fractures, and the
presence and characteristics of fracture coating and fill. Where fractures are encountered during coring of
boreholes, a comparison of chemical concentration data from tuff immediately adjacent to a fracture and
tuff further from the fracture can also provide valuable information on the role of fractures in contaminant
transport at MDA C.

Evaluation of Subsurface Pore-Gas and VOC Surface-Flux Data

TCE, PCE, and TCA were the most frequently detected VOCs in pore-gas samples collected in 2000 and
2001 from borehole 50-09100 (north of Pit 5) and borehole 50-10131 (adjacent to the Chemical Pit). Data
analysis has focused on TCE and PCE because these VOCs were detected at higher concentrations than
TCA. The concentrations of TCE ranging from 10.0 to 15.0 ppmv were measured between 10 to 250 ft
bgs in borehole 50-09100, and the concentrations do not decline in samples collected at the bottom of
this borehole at 316 ft bgs (Figure D-29). The concentrations of PCE decreased with depth in borehole
50-09100 (Figure D-28). In borehole 50-10131, maximum TCE concentrations were approximately 5 to 10
times lower (between 1.0 and 2.0 ppmv) than at borehole 50-09100 (Figure D-26). The PCE
concentrations ranged from 1.0 to 2.0 ppmv at depths above 100 ft bgs in borehole 50-10131 and
declined to 0.5 ppmv at the bottom of the borehole at 250 ft bgs (Figure D-25).

tn January 2003, pore-gas samples were simultaneously collected in each of the 10 sampling ports in
boreholes 50-09100 and 50-10131. Before January 2003, sampling of individual ports was sporadic, and
the effect of temporal variability on VOC pore-gas concentrations was not known. However, the results
from the 2003 sampling were consistent with previous TCE and PCE data. The highest pore-gas
concentrations of TCE in borehole 50-09100 are at 200 to 250 ft bgs, and concentrations of TCE
decreased slightly in the two deeper sample intervals. By contrast, the highest concentrations of TCE and
PCE in borehole 50-10131 are at 50 ft bgs.

In June and July 2000, 105 EMFLUX samplers were placed across the surface of MDA C to estimate the
surface flux of VOCs. The most frequently detected VOC was PCE, followed by TCE, with measured
fluxes ranging up to approximately 200 and 60 ng/m“—nmin, respectively. PCE flux was highest in the area
of the Chemical Pit and at a location on the southern edge of Pit 5 (Figure B-8). There were also frequent
measurements of PCE at fluxes of approximately 10 to 30 ng/m?-min between Pits 1 and 3 and in the
western regions of Pits 2 and 4.

In February 2003, near-surface pore-gas tritium samples, collected at a depth of 2.5 ft bgs in silica gel
columns, were abtained at 15 locations across MDA C. The highest measured tritium concentrations were
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north of Pit 6 (2500 pCi/mL) and in an area west of the northern portion of Shaft Group 3 where no
subsurface disposal units exist. Tritium pore-gas samples from directly above Pit 6, including a location
just south of the high concentration north of Pit 6, do not show such high concentrations. The elevated
concentration of tritium west of Shaft Group 3 may be related to a release from these shafts; moreover,
concentrations of tritium in pore-gas from borehcle 50-08106 near this location are also relatively high.
Relatively high tritium pore-gas concentrations were measured on the western areas of Pits 2 and 3 as
well. A tritium source at the northern portion of Shaft Group 3 could possibly explain these
measurements. Near-surface pore-gas tritium concentrations are shown in Figure D-31.

Nature and Extent of Subsurface Pore Gas Contamination and VOC Surface Flux

With only two vertical boreholes, data are inadequate to define the lateral extent of vapor phase VOCs in
subsurface tuff. Based on VOC surface-flux measurements and the pore-gas data from boreholes
50-09100 and 50-10131, TCE and PCE are the most prevalent VOCs in the subsurface at MDA C.
Surface flux measurements indicate the highest near-surface VOC measurements are in the vicinity of
the chemical disposal pit. In fact, VOC concentrations were greatest at shallower intervals at this location
(borehole 50-10131) than in borehole 50-09100. The nature and extent of VOCs in the vapor phase has
not been determined and will be addressed during the implementation of this work plan.

Phase { RFt data for tritium in subsurface tuff samples indicate a release occurred in the subsurface at
MDA C. The highest tritium concentrations were observed in tuff samples from angled boreholes beneath
Pit 6, the same area where elevated metals concentrations in tuff were measured. Only a limited number
of tritium samples have been collected in tuff samples beneath disposal units, other than beneath Pit 6.
A comparison of tritium data from subsurface tuff samples and near-surface pore-gas samples shows a
poor correlation of these data. The ENV-ERS Program now collects pore-gas samples for tritium, rather
than tuff samples, because the pore-gas samples provide a more accurate indication of tritium
concentrations in the subsurface. For these reasons, the spatial extent of tritium in the subsurface will be
determined during the implementation of this work plan.

3.0 SITE CONDITIONS

This section discusses aspects of the environmental setting at MDA C that are important in assessing the
potential impacts posed by contaminated surface and subsurface media, including the

« semiarid climate with low precipitation and a high evapotranspiration rate, which limits the amount
of moisture percolating into the disposal units and thus limits the amount of moisture available to
leach radionuclides or hazardous waste constituents;

¢ thick, relatively dry unsaturated zone, which greatly restricts or prevents downward migration of
contaminants in the liquid phase through the vadose zone to the regional aquifer; and

¢ canyon-mesa terrain, which affects atmospheric ¢conditions and ecological habitats.

3.1 Surface Conditions

MDA C is located on Mesita del Buey, a 140- to 220-ft-high, finger-shaped mesa that trends southeast
(Figure 2.4-1). The elevation of Mesita del Buey ranges from 7210 to 7280 ft. The topography at MDA C
slopes gently from west to northeast, gradually getting steeper across the northeastern quadrant of the
site toward Ten Site Canyon. At MDA C, Mesita del Buey is approximately 2000 ft wide and is bounded
by Mortandad Canyon (800 ft to the north) and Two Mile Canyon (750 ft to the south [Figure 1.1-2]).
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The surface vegetation at MDA C consists of a native grama grass mixture. The vegetation was initially
established after the 1984 addition of fill and topscil. This cover was placed over the tops of the pits and
shafis used for disposal at MDA C.

Localized surface subsidence on the north boundary of Pit 6 was observed in 2002. The subsidence may
have promoted infiltration of storm water into Pit 6 since it resulted in a hole along an asphalt drainage
that carries runoff into Ten Site Canyon. The subsidence has since been mitigated.

3.1.1 Soils

The soils of Mesita del Buey are derived from the weathering of the Tshirege Member tuffs {phenocrysts
and phenocryst fragments, devitrified glass, and minor lithic fragments) and from wind-blown sources.
Soils on the flanks of the mesa are developed on Tshirege Member tuffs and colluvium with additions
from wind-blown and water-transported scurces. Native soils have been disturbed by waste management
operations over much of the surface of Mesita del Buey, but when present, native soils are generally
thickest near the center of the mesa and thinner toward the edges.

in general, soils can be considered thin and poorly developed on the mesa surface; they tend to be sandy
in texture near the surface and more clay-like beneath the surface. More highly developed soil profiles
exist on the north-facing slopes; they tend to be richer in organic matter. Soil profiles on the south-facing
slopes tend to be poorly developed. Soil-forming processes have been identified along fractures in the
upper part of the mesa, and the translocation of clay minerals from surface soils into fractures has been
described at Mesita del Buey. Section 2.5.1.3 of the approved installation work plan (LANL 1998, 62060)
discusses the soils in the Los Alamos area.

The original soils in the vicinity of MDA C were poorly developed, as is typical of soils derived from
Bandelier Tuff and formed under semiarid climate conditions. In general, undisturbed scils on the mesa
tops consist of the Carjo loam, the Hackroy loam, and the Seaby loam. At MDA C, natural or undisturbed
surface soil cover is limited as a result of disposal unit and cover construction. The present-day surface of
MDA C is predominantly fill (crushed tuff} and imported topsoil.

Canyon bottoms near MDA C (Cafada del Buey, Two Mile Canyon, Pajaritc Canyon, Mortandad Canyon,
and Ten Site Canyon) are covered with colluviumn and aliuvium that has eroded from the tuff and soils on
the mesa top and canyon walls. The canyon rims and slopes are composed of soils from the Hackroy-
Rock outcrop complex; canyon bottoms are composed of the Tocal, a very fine, sandy loam. Since
disposal activities began at MDA C, Ten Site Canyon has experienced a pericd of accretion, and eroded
soils from MDA C, as well as other SWMUs at TA-50, have been deposited on the canyon bottom and
stream banks. The canyons are being investigated under separate work plans.

31.2 Surface Water

No streams exist on Mesita del Buey; water flows only as storm water and snowmelt runoff on the mesa
and in small drainages off the mesa to the northwest and the south. Runoff consists primarily of sheet
flow from MDA C into Ten Site Canyon (Figure 2.4-1). Sheet erosion appears to be occurring around the
east and northeast portions of the site. The RLWTF at TA-50 (SWMU 50-016) discharges treated effluent
to the National Pollutant Discharge Elimination System-permitted Outfall 051 in Mortandad Canyon
[SWMU 50-006(d), Figure 2.3-1]. At the Laboratory, surface water runoff and sediment transport are
among the potential migration pathways by which contaminants might be transported to off-site receptors.
Surface water may also transport subsurface contaminants exposed by scil erosion. Sail erosion is
dependent on several factors, including soil properties, the amount of vegetative cover, the slope of the
contaminated area, exposure, the intensity and frequency of precipitation, and seismic activity.
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The ENV-ERS Program conducted a surface water assessment at MDA C in 2002 following the mitigation
of the surface subsidence, which occurred along the narthern boundary of MDA C. MDA C received an
erosion matrix score of 8.8, indicating low erosion potential. The calculated score includes 8.8 for site
setting, an erosion matrix runoff score of 0.0, and a run-on score of 0.0.

3.2 Subsurface Conditions
3.21 Stratigraphy

The former ER Project (now ENV-ERS) drilled, cored, and sampled eleven boreholes at MDA C during
the Phase | RFI to characterize potential contaminant releases and transport in the subsurface. Borehole
logs from the site provide details of the stratigraphy below the ground surface to a depth of approximately
316 ft (borehole 50-09100) and are included in Appendix C. The locations and depths of regional
boreholes used to infer the stratigraphy beneath MDA C are shown in Figure 3.2-1, which also shows
east-west cross-sections beneath and in the vicinity of MDA C. The stratigraphy beneath MDA C includes
the Bandelier Tuff, Cerros del Rio lavas, Puye Formation, Totavi Lentil deposits, Santa Fe Group, and
Santa Fe-age basalts (Figures 3.2-1 and 3.2-1). Descriptions of stratigraphic units beneath MDA C follow.

In regard to Bandelier Tuff, the term welding is used to distinguish between tuffs that are uncompacted
and porous (nonwelded) from tuffs that are more compacted and dense (welded), In the field, the degree
of welding in tuff is quantified by the degree of flattening of pumice fragments {a higher degree of
flattening and elongation equals a higher degree of welding). Petrographically, welded tuffs show
adhesion (welding) of grains, while nonwelded tuffs do not. The term devitrified is applied to tuffs whose
volcanic glass has crystallized. Figure 3.2-2 shows the generalized stratigraphy of the Bandelier Tuff.

Tshirege Member

The Tshirege Member of the Bandelier Tuff is a compound cooling unit that resulted from several
successive ash-flow deposits separated by periods of inactivity, which allowed for partial cooling of each
unit. Properties related to water flow and contaminant migration (e.g., density, porosity, degree of
welding, fracture content, and mineralogy) vary both vertically and laterally as a result of localized
emplacement temperature, thickness, gas content, and composition.

Tshirege Member Unit 3 {(Qbt 3)

Unit 3 of the Tshirege Member of the Bandelier Tuff is poorly welded and nonindurated to slightly
indurated. It forms the cliffs of the Pajaritc Plateau. lts thickness, as intersected by borehole 50-09100 in
the region of MDA C, is 66.5 ft (20 m).

Tshirege Member Unit 2 (Qbt 2)

Unit 2 of the Tshirege Member of the Bandelier Tuff is a competent, resistant unit that forms cliffs where it
is exposed on the sides of the mesa. The rock is described as a moderately welded ash-flow tuff
composed of crystal-rich, devitrified pumice fragments in a matrix of ash, shards, and phenccrysts
{primarily potassium feldspar and quartz). Its thickness in borehaole 50-09100 is 78 ft {24 m); the unit thins
to the east across Mesita del Buey.

Unit 2 is extensively fractured as a consequence of contraction during post-depositional cooling. The
cooling-joint fractures are visible on the mesa edges and on the walls of the pits. In general, the fractures
dissipate at the bottom of unit 2, On average, fractures in unit 2 are nearly vertical. Mean spacing
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between fractures ranges between 1.9 ft and 2.6 ft (0.6 m and 0.8 m), and fracture width ranges between
less than 0.03 in. and 0.51 in. (1 mm and 13 mm), with a median width of 0.12 in. {3 mm). The fractures
are typically filled with clays to a depth of about 2.9 ft {3 m); smectites, the dominant clay minerals
present, are known for their tendency to swell when water is present and for their ability to strongly bind
certain elements, both of which have implications for the transport of radionuclides and inorganic
chemicals in fractures. Opal and calcite can occur throughout the fractured length, usually in the presence
of tree and plant roots (live and decomposed}; the presence of both the minerals and the roots indicates
some moisture at depth in fractures.

At the base of unit 2 is a series of thin {less than 3.9-in.-thick [10-cm-thick]), discontinuous, crystal-rich,
fine- to coarse-grained surge deposits. Bedding structures are often observed in these deposits.
The surge beds mark the base of unit 2.

Tshirege Member Unit 1v (@bt 1v}

Tshirege Member unit 1v is a vapor-phase-altered cooling unit underlying unit 2. This unit forms sloping
outcrops, which contrast with the near-vertical cliffs of unit 2. Unit 1v is further subdivided into units 1vu
and 1vc.

Unit Tvu. Unit 1vu is the uppermost portion of unit 1v where u signifies upper. It is devitrified and consists
of vapor-phase-altered ash-fall and ash-flow tuff. Unit 1vu is unconsolidated at its base and becomes
moderately welded nearer the overlying unit 2. Only the more prominent cooling fractures originating in
unit 2 continue into the more welded upper section of unit 1vu but not in the less-consolidated lower
section. More typically, fractures in unit 2 do not extend into unit 1vu. The measured unit thickness in
borehole 50-09100 is 73 ft (23 m).

Unit 1vc. Beneath unit 1vu is unit 1vc, where ¢ stands for celonnade, named for the columnar jointing
visible in cliffs formed from this unit. Unit 1vc is a poorly welded, devitrified ash-flow tuff at its base and
top, becoming more welded in its interior. The measured unit thickness in borehole 50-09100 is 10 f
{(3m).

Tshirege Member Unit 1g (Qbt 1g)

The basal contact of unit 1vc is marked by a rapid change (within 0.7 ft [0.2 m] vertical) from devitrified
{crystallized) matrix in unit 1ve to vitric (glassy) matrix in the underlying unit 1g. Vitric pumices in unit 1g
stand out in relief on weathered outcrops, while devitrified pumices above this interval are weathered out.
In outcrop, this devitrification interval forms a prominent erosional recess termed the vapor-phase notch.
No depositional break is associated with the vapor-phase notch; the abrupt transition indicates that this
feature is the base of the devitrification that occurred in the hot interior of the cooling ash-flow sheet after
emplacement,

Unit 1g is a vitric, pumiceous, nonwelded ash-flow tuff underlying the devitrified unit 1vc. Few fractures
are observed in the visible outcrops of this unit, and the weathered cliff faces have a distinctive Swiss-
cheese appearance because of the softness of the tuff. The uppermost 5 ft to 20 ft (1.5 m to 6.1 m) of unit
1g are iron-stained and slightly welded. This portion of unit 1g is resistant to erosicn, helping to preserve
the vapor-phase notch in outcrop. A distinctive pumice-pcor surge deposit forms the base of unit 1g. Its
thickness measured at borehole 50-09100 is 80 {t (24 m); it thins to 49 ft (15 m) fo the east beneath

MDA C.
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Tsankawi Pumice Bed

The Tsankawi Pumice Bed is the basal air-fall deposit of the Tshirege Member of the Bandelier Tuff. It is
a thin bed of gravel-sized vitric pumice. The unit thickness in borehole 50-09100 is about 2 to 3 ft
{0.6—1 m).

Cerro Toledo Interval {Qct)

The Cerro Toledo interval consists of thin beds of tuffaceous sandstones, paleosols, siltstones, ash, and
pumice falls, which separates the Tshirege and Otowi Members of the Bandelier Tuff. The Cerro Toledo
interval also includes localized gravel- and cobble-rich fluvial deposits predominantly derived from
intermediate composition lavas eroded from the Jemez Mountains west of the Pajarito Plateau. The
interval is about 20 ft {6.1 m) thick.

Otowi Member (Qbo)

The Otowi Member tuffs are about 100 ft (30 m) thick in the northwestern portion of Mesita del Buey and
become thinner towards the east. The tuffs are a massive, nonwelded, pumice-rich, and mostly vitric ash
flow. The pumices are fully inflated, supporting tubular structures that have not collapsed as a result of
welding. The matrix is an unsorted mix of glass shards, phenocrysts, perlite clasts, and minute broken
pumice fragments.

The Guaje Pumice Bed is the basal air-fall deposit of the Ctowi Member of the Bandelier Tuff. The
thickness of the unit has been measured as 10 ft (3 m) in the northwestern reaches of Mesita del Buey
and as 12 ft (3.7 m) in Pajarito Canyon south of MDA G. The pumice bed is nonwelded and brittle.
Pumice tubes are partially filled with silica cement.

Cerros del Rio Lavas (Tb 4)

Few data exist to describe the Cerros del Rio lavas directly beneath MDA C; however, dacitic lavas were
penetrated to the west (SHB-1) and to the east {R-14). Cerros del Rio lavas were observed to the east in
R-15. In R-14, the dacitic lavas are approximately 150 ft (46 m) thick, extending from 620 to 768 ft below
bgs. Local borehole cores at MDA L show that the lavas consist of both angular rubble and dense,
fractured masses, with zones of moderately to very porous lavas.

Puye Formation (Tpf, Tpp) and Older Fanglomerate

The Puye Formaticn is a conglomerate deposit derived primarily from volcanic rocks to the west, with
varying lithologies including stream channet and overbank deposits, ash and pumice beds, debris flows
and lahar deposits. Well tests on the Pajaritc Plateau confirm the unit is very hetercgeneous with both
high and low permeability zones present (Nylander et al. 2003, 76059). The formation is poorly lithified
and as such is unlikely to sustain open fractures.

The Puye Formation was encountered to the west {SHB-1) above the Cerros del Rio lavas and to the
east (R-14) both above and below the lavas. Two types of Puye rocks were noted at R-14 (Figure 3.2-2):
an upper layer of fanglomerate rock (Tpf), which may be relatively low in permeability, and a lower layer
of pumicious sands and gravels (Tpp), higher in permeability. The water table is found near the bottom of
the fanglomerate member at a depth of 1300 ft beneath MDA C.
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Totavi Lentil Deposits (Tpt)

The Totavi Lentil is an ancestral Rio Grande deposit composed of coarse gravels and sands with
abundant quartzite. The deposits have been alternatively conceptualized as a series of distinct north-
south trending ribbons and a continuous thin sheet at the base of the Puye Formation. As with the
overlying Puye Formation, they have both high and low permeability zones (Nylander et al. 2003, 76059).
The deposits were not penetrated by wells near MDA C but evidence from PM-5, about 1 mile to the east,
indicates they may exist at the base of the Puye Formation (Figure 3.2-1).

Santa Fe Group (Tsf, Tf, and Ts) and Santa Fe-Age Basalts (Tb 1 and Tb 2)

The Santa Fe Group is an alluvial-fan deposit consisting of medium to fine sands and clays. Numerous
north-south trending faults are present in the Santa Fe Group. Santa Fe Group rocks are deep below
MDA C (1500 ft bgs at PM-5, which is approximately 1 mile east of MDA C) and were not penetrated by
R-14 (Figure 3.2-1). Most water supply wells on the eastern edge of the Pajarito Plateau and elsewhere in
the basin are completed in these rocks. The Santa Fe Group units are characterized with the lowest
permeability compared to the other units in the regional aquifer (Nylander et al. 2003, 76059).

Basaltic lava flows occurred during the time the Santa Fe Group was deposited; these basalts are of
substantial thickness at PM-5 and may exist within the Santa Fe Group rocks beneath MDA C.

3.2.2 Hydrology

The proposed hydrogeolagic conceptual model for the Pajarito Plateau (LANL 1998, 53589) is presented
in Figure 3.2-3. The model predicts infiliration of water into the subsurface and subsequent transport of
water, vapor, and solutes through the upper regions of the vadose zone are heavily influenced by surface
conditions such as topography, surface water flow, and microclimate. According to model predictions,
movement through deeper layers, including the regional aquifer, is influenced only weakly by surface
conditions and is influenced more by hydraulic characteristics of aquifer rocks, regional groundwater flow
patterns, and stresses induced by water supply production. The following sections provide an overview of
infiltration rates and groundwater occurrence in the vicinity of MDA C.

infiltration

Surface and near-surface conditions (topography, precipitation, surface runoff) control the infiltration of
water into the subsurface and the transport of contaminants in the shallow subsurface. in this respect, the
climate behavior of mesas and canyons forming the plateau differ from one another (LANL 1998, 59599).
Mesas are generally dry, both on the surface and within the rock that forms the mesa. Canyons range
from wet to relatively dry; the wettest canyons contain continuous streams and perennial groundwater in
the canyon-bottom alluvium. Dry canyons have only occasional stream flow and may lack alluvial
groundwater.

The amount of mesa top recharge along the western portion of the Laboratery where MDA C is located is
uncertain. Higher rainfall, increased vegetative cover, and increased welding and jointing of the tuff might
lead to different recharge rates than those observed in better-studied portions of the Laboratory such as
TA-54 (LANL 1997, 63131). Mesa-top recharge can be locally significant under disturbed surface
conditions. Such local differences occur when the soil is disturbed, when the vegetation is removed, or
when more water is artificially added to the hydrologic system by features such as blacktop, lagoons, or
effluent disposal. Fractures within mesas do not enhance the movement of dissolved contaminants
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unless saturated conditions develop. Contaminants in the vapor phase generally migrate in a diffusive
manner through mesas (Stauffer et al. 2002, 69794; LANL 1997, 63131).

Mesita del Buey is one of the drier mesas found at the Laboratory on the Pajarito Piateau. Infiltration into
the mesa appears to be very low, possibly only 0.04 in./fyr ([1 mm/yr] LANL 1997, 63131) and occurs
during snowmelts or intense summer thunderstorms, which lead to slightly higher moisture content within
the uppermost few meters of the mesa surface. During dry periods, evapotranspiration removes moisture
from the surface of the mesa; permeable zones such as fractures and surge beds act as conduits for air
and aid in the drying of the mesa.

Groundwater

Groundwater beneath the Laboratory occurs in the regional aquifer (at depths ranging from 1200 to 600 ft
bgs) and in perched aquifers (Nylander et al. 2003, 76059). With the exception of TA-16, perched
aquifers have been detected only in wells beneath the relatively wet canyons (i.e., Los Alamos Canyan).
They exist as two types: (1) shallow alluvial aquifers that occur in some wet canyons (generally at depths
less than 100 ft) and {2) deeper “intermediate” perched aquifers that occur in zones separated from both
alluvial and regional aquifers by unsaturated rock. To date, the data obtained indicate that dry mesas
such as Mesita del Buey show no evidence of perched aquifers (Nylander et al. 2003, 76059). However,
alluvial and intermediate perched aquifers in adjacent canyons may cause an increased moisture content
within the vadose zone at the margins of the mesa.

Perched Intermediate Waters

Observations of perched intermediate water are rare on the Pajarito Plateau. Perched waters are
assumed to form mainly at horizons where medium properties change dramatically, such as at paleocsol
horizons containing clay or caliche. It is not known whether perched water bodies are isolated or
connected and to what degree they may influence travel times and pathways for contaminants in the
vadose zone. Although perched intermediate waters have been observed in some locations elsewhere on
the plateau, none have been cbserved in the regional wells (R-22, R-21, R-20, and R-16) or in R-14, the
well closest to MDA C (Figure 3.2-1) (LANL 1998, 59599).

Perched intermediate groundwater was not encountered nor is suspected beneath Mesita del Buey at
MDA C (LANL 1998, 59599). No perched water was observed in 316 ft of drilling in the deepest borehole
drilled to date {borehole 50-09100, Appendix C), although core collected at the depth interval from 71.5 ft
to 73.5 ft was described in the borehole log as “wet” (Appendix C). No perched water was observed in
700 ft of drilling in the nearby borehcle SHB-1 or in borehole R-14 (Figure 3.2-1).

Perched intermediate zones of saturation have been delineated beneath Mortandad Canyon. At borehole
MCOBT-4.4, a perched zone was identified in the Puye Formation above Cerros del Rio basalts. The
spatial location of perched zones (disconnected, associated with different units) potentially indicates a
lack of a continuous perched zone beneath the canyon. However, geochemical data indicate that
continuity must have existed at some time in the past and might persist in Mortandad Canyon at present
(Longmire 2003, 76050). In addition, when regional aquifer Test Well (TW) 8 was drilled in 1980, the units
between the alluvium and the regional aquifer were unsaturated, although possible perched zones were
encountered during borehole advancement (Baltz et al. 1963, 08402).
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Regional Aquifer

The regional aquifer of the Pajarito Plateau is the only aquifer capable of large-scale municipal water
supply (Purtymun 1984, 06513). The regional aquifer extends throughout the Espaiiola Basin (an area
roughly 6000 km®) and reaches its maximum thickness beneath the Pajarito Plateau (over 9800 ft
[3000 m] thick; Cordell 1979, 76049).

Depths to the regional aguifer range between about 1200 ft (366 m} along the western edge of the
plateau (1296 ft bgs at R-25, 950 ft at R-19) and about 600 ft (183 m) to the east. Beneath MDA C, the
water table elevation is approximately 5884 ft (at R-14) or approximately 1300 ft bgs. Figure 3.2-4 depicts
water table elevations in the regional aquifer across the Pajaritoc Plateau.

Spatial variations in water table gradients are caused by a combination of aquifer heterogeneity and the
influence of pumping. The horizontal component of the background hydraulic gradient beneath MDA C is
approximately 0.02, although gradients locally are steeper (0.03) from pumping at PM-5. At this time,
information about the hydrogeological conditions in the vicinity of PM-5 is insufficient to conclusively
predict the impact of PM-5 pumping in the deep units on the hydraulic heads and gradients in the shallow
aquifer units {Puye Formation and Totavi Lentil). Pore-water velocity is predicted to be approximately

40 ft/yr (12 m/yr) according to a calculation of Darcy’s Law that estimates groundwater velocity in the
regional aquifer. This velocity assumes hydraulic conductivity of 0.7 ft/day ([0.2 m/day], see Table 5, EPA
1992, 15344), a gradient of 0.03, and a porosity typical of sedimentary rocks (0.2, Freeze and Cherry
1979, 64057). At this veiocity, trave! time in the regional aquifer between MDA C and PM-5 or R-14 would
be approximately 100 yr.

Vadose Zone

The region beneath the ground surface and above the regional aquifer is called the vadose (unsaturated)
zone. This discussion focuses on the vadose zone beneath the mesa at MDA C. The source of moisture
in the vadose zone is precipitation, most of which is removed as runoff, evaporation, and transpiration
{LANL 1997, 63131). The subsurface movement of the remaining moisture (often referred to as recharge)
is predominantly vertical in direction and is influenced by properties and conditions of the vadose zone.
Characteristics of infiltration in the vadose zone are described above (see “Perched Intermediate
Waters”).

The geologic property of the Bandelier Tuff that most influences fluid flow in the unsaturated zone is the
degree of welding. Welded tuffs tend to have less matrix porosity and more fractures than nonwelded
tuffs. Fractures in welded tuff may include relatively close-spaced cooling joints as well as tectonic
fractures. Although nonwelded tuffs also have fractures, they are generally less abundant than in welded
tuffs.

Several competing effects determine moisture cantent and fluid flux in welded, devitrified tuff. While water
moves slowly through the unsaturated tuff matrix, it can move relatively rapidly through fractures if nearly
saturated conditions exist (LANL 1997, 63131). The saturation levels measured at MDA C are relatively
low ([1%—10% gravimetric moisture content] Appendix B). At these saturation levels, most of the fractures
beneath the site are expected to be completely dry, and the water will exist only in the tuff matrix. Only in
situations when substantial infiltration occurs from the ground surface will the fractures become wet and
conduct water. However, modeling studies predict that when fractures disappear at contacts between
stratigraphic subunits, when fracture fills are encountered, or when coatings are interrupted, fracture
moisture is absorbed into the tuff matrix {Soll and Birdsell 1998, 70011).
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4.0 SCOPE OF ACTIVITIES

This section identifies the specific activities to be performed during the field investigation of MDA C. The
primary goal of this investigation is to determine how buried waste materials disposed of at MDA C may
have migrated into soil and subsurface bedrock and the potential extent of that migration.

4.1 MDA C Investigation Activities

The field investigation of MDA C will be comprised of the following activities. The methods used to
conduct each of these activities are identified and discussed in Section 5.

* Forty-two vertical boreholes will be drilled at the locations shown in Figure 4.1-1 to 25 ft below the
deepest detected contamination based on field-screening.

» One boring will be advanced to approximately 800 ft bgs to evaluate for the presence of vapor-
phase contamination and intermediate perched groundwater.

s Continuous core samples will be collected from each borehale, visually inspected, field-screened
for alpha and beta/gamma radioactivity, and geclogically logged. Borehole logs will be prepared
for each barehole.

» Samples of both tuff and subsurface vapor for field-screening will be collected every 10 ft for the
first 60 ft of drilling bgs, then at 20 ft intervals to depths of 200 bgs and 30 ft intervals to total
depth (TD). A minimum of one sample for every 50 ft of boring will be submitted for laboratory
analysis for both tuff and subsurface vapor (Table 4.1-1).

s Subsurface vapor samples will be collected using SUMMA canisters and analyzed for VOCs
using EPA Method TO-15 or equivalent method. Samples will be selected based on the vapor
field-screening results or other evidence of potential contamination (e.g., the presence of surge
beds). Subsurface vapor samples will be collected for tritium analysis at the same sampling
locations.

» Groundwater samples will be collected if perched water is encountered in a borehole.

» Surface soil samples will be collected on the eastern boundary of MDA C for laboratory analysis
for the parameters specified in Section 5.3.2.

411 Number, Locations, and Depths of Boreholes

To define the nature and extent of contamination at MDA C, 42 vertical boreholes will be installed
surrounding the disposal pits and shafts (Figure 4.1-1). The boreholes will provide information on the

" subsurface stratigraphy and potential migration pathways and geotechnical properties. The borehole
locations are based on those specified in the April 6, 2005, NMED letter of approval with modifications.
Instead of drilling 4 horizontal boreholes beneath Pits 1 through 4 as specified in the approval letter, an
additional 11 vertical boreholes will be drilled between Pits 1 through 4, as shown in Figure 4.1-1. These
11 vertical boreholes will be drilled after conducting a geophysical survey. The gecphysical survey will
target the location of the boundaries between Pits 1 through 4 and attempt to locate the 55 shafts
between Pits 1 and 3. If the geophysical survey is successful in determining the pit and shaft locations, an
additional borehole may be drilled aleng the eastern area between Pits 1 and 3. With the current
uncertainty in the location of the shafts between Pits 1 and 3, only three boreholes are currently proposed
to be drilled between these pits.
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In addition to the requirements specified in the April 6, 2005 approval letter, 4 additional boreholes will be
drilled to the south and east of MDA C (Figure 4.1-1). These four perimeter boreholes will assist in
determining the lateral extent of potential contamination from MDA C and will be located approximately
250 ft away from the nearest disposal pit.

A single, vertical borehole (BH-09) will be drilled to a depth of approximately 800 ft bgs in the area north
of Pit 5 near the head of Ten Site Canyon {Figure 4.1-1) to determine whether perched groundwater is
present beneath MDA C. The location of the vertical borehole adjacent to the head of Ten Site Canyon
will provide the best chance of encountering perched groundwater in the vicinity of MDA C. The borehole
is near a storm water runoff channel that is cut into the tuff north of MDA C and that directs storm water
collected from parking areas and roadways serving TA-50 into Ten Site Canyon. Therefore, local
infiltration rates are expected to be much higher in this area than in other locations near MDA C.

BH-09 also provides an opportunity to collect geotechnical data to support transport modeling by
characterizing the site-specific hydrogeologic properties at MDA C, including saturated and unsaturated
hydraulic conductivity, chloride-ion concentration, porosity, bulk density, matrix potential (i.e., suction),
and moisture content. A detailed profile of moisture content will ensure an adequate data set to calibrate
a neutron prabe for moisture logging. Collecting a profile of matrix potential in combination with
measuring the moisture content will provide data on the probable direction of moisture movement in the
subsurface. Estimates of saturated and unsaturated hydraulic conductivity also support modeling of liguid
migration in the vadose zone. Tuff samples for chloride-ion concentration support evaluation of the rates
of water infiltration and evaporaticn.

Defining the extent of a liquid-borne release of metals or radionuclides from a disposal unit is difficult
because contaminants can migrate with water infiltrating below a pit or shaft through fractures in the tuff
rather than in the tuff matrix. Under fracture flow conditions, detection of residual contamination in uff is
largely uncertain and establishing the vertical and horizontal extent of such contamination is inherently
subjective, even with respect to concentrations relative to background or a decreasing concentration
gradient. Field documentation of samples collected from fractures will include a detailed physical
description of the fracture-fill material and rock matrix sampled. The volumes of fracture-fill and rock-
matrix material included in the sample will be estimated from field measurements. An additional sample
will be collected from the rock matrix adjacent to the fracture sample material to allow for comparison. The
fractures and matrix samples are paired and will be assigned unique identifiers.

4.1.2 Perched Water Sampling

BH-09 will extend through the Cerro Toledo interval to determine if perched groundwater is present below
MDA C. If saturation is encountered as the borehole advances, drilling will be stopped to determine
whether sufficient water volume is available to analyze the water quality. If the volume is sufficient, a
groundwater sample will be collected and analyzed for TAL metals, anions, perchlorate, alkalinity,
cyanide, total organic carbon, total inorganic carbon, and total dissolved solids. A groundwater monitoring
well construction plan will be submitted to NMED for approval within 15 days of completion of drilling and
sampling.

41.3 Subsurface Vapor Sampling

To establish the extent of VOC contamination in tuff, VOC pore-gas data will be collected from each
berehole. A minimum of one subsurface sample for every 50 ft of boring will be submitted for laboratory
analysis. The first sample in each borehole will be collected at a depth of approximately 20 ft bgs,
corresponding to a depth adjacent to the disposal unit. A second VOC pore-gas sample will be collected
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from the bedrock directly below the base eleva.tion of each pit or shaft. A third subsurface vapor sampie
will be obtained from the maximum depth of each borehole. Additional collection of subsurface vapor
samples will follow the requirements specified in Section [V.C.3.c.iv of the Consent Order.

A second round of VOC pore-gas sampling at the same depths will be conducted approximately one
month after drilling activities are completed at each borehole. The purpose of the second round of
sampling is to confirm the VOC pore-gas data findings for samples collected immediately after drilling. Itis
possible that the initial VOC pore-gas measurements may be affected by drilling activities; therefore, VOC
measurements collected after subsurface pore-gas conditions have stabilized may be more
representative of actual conditions.

All ten ports in boreholes 50-09100 and 50-10131 were sampled for VOCs in January 2003. The VOC
concentrations measured in January 2003 were consistent with results from sampling performed in 2000
through 2002, indicating minimal variability in VOC pore-gas concentrations over time. An additional two
rounds of pore-gas sampling will be conducted at boreholes 50-01800 and 50-10131 after drilling
activities are completed and again one month later. Data will be collected from all ten ports in each
borehole. The port depths for borehole 50-01900 are 20, 50, 90, 103, 120, 160, 200, 233, 260, and 315 ft
bgs. The port depths for borehole 50-10131 are 25, 50, 75, 100, 125, 150, 175, 200, 225, and 250 ft bgs.
Pore-gas data for VOCs from the first and second phase of VOC sampling in the new and existing
boreholes will be used to determine the extent of VOC pore-gas contamination and the need for
additional boreholes instrumented for monitoring VOCs in pore gas.

To establish the extent of tritium vapor contamination in tuff, tritium pore-gas data will be collected at the
same intervals that VOC samples are collected, and will be submitted for laboratory analysis. The first
sample in each borehole will be collected at a depth of approximately 20 ft bgs, corresponding to a depth
adjacent to the disposal unit. A second fritium sample will be collected from the bedrock directly below the
base elevation of each pit or shaft. A third sample will be cbtained from the maximum depth of each
borehole. Additional collection of tritium samples will follow the requirements specified in Section
IV.C.3.c.iv of the Consent Order.

A second round of tritium pore-gas samples will be coltected approximately one month after drilling
activities for all boreholes are completed. Tritium pore-gas samples will be collected in silica gel samplers
for analysis by an off-site contract laboratory.

414  Surface Soil Sampling

Phase | RF| surface soil data indicate that the extent of radionuclide contamination has not been defined
along the eastern border of MDA C. Concentrations of americium-241 and isotopic plutonium were
detected above BV/FV in a total of 11 samples northeast and east of the MDA C boundary.
Americium-241 was detected in 9 samples, plutonium-238 was detected in 5 samples, and plutonium-239
was detected in all 11 samples. The highest concentration of each radionuclide from these samples are
1.017 pCi/g americium-241 at location 50-08138; 0.068 pCi/g plutonuim-238 at location 50-08494; and
10.687 pCi/g plutonium-239 at location 50-08086. A summary of radionuclides detected above BV/FV in
surface soil at MDA C is provided in Table B-12, and bubble plots are of radionuclide detects are provided
in Figures D-3, D4, and D-5.

A gamma spectroscopy survey will be performed to determine the extent of radionuclide contamination in
surface soil along the eastern boundary of MDA C. Based on the results of the survey, six surface soil
samples will be collected for fixed laboratory analysis as specified in Section 5.3.2 of this work plan.
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41.5 Field-Screening

Section IV.C.3.c.iv, Paragraph 2, of the Consent Order specifies that core samples collected at MDA C be
screened using the methods described in Section IX.B of the Order. Section 1X.B.2.d of the Order
specifies that all core samples be screened by (1} visual examination; (2) headspace vapor screening for
VOCs; and (3) x-ray fluorescence (XRF) for metals. Additional screening for release-specific
characteristics, such as pH and HE, will be conducted where appropriate. Section I1V.C.3.c.iv of the Order
indicates that screening results for the samples collected at MDA C will be used to identify samples to be
submitted for laboratory analysis.

The results of Phase | RFI at MDA C indicate that the screening methods specified in the Consent Order,
other than visual examination, are ineffective and generate no useful information for the purpose of
identifying samples to submit for laboratory analysis. The limitations of field-screening methods for
various classes of analytes and alternative field-screening methods are discussed below.

VOCs

The headspace vapor screening procedure described in Section 1X.B.2.d of the Consent Order calls for
the sample to be sealed in a bag or other container and equilibrated with the ambient air inside the
container. The concentration of VOCs in the headspace gas is then measured using a PID. The results of
previous investigations at MDA C indicate that this procedure is not appropriate for core samples
collected at MDA C.

The above procedure is designed to identify samples with elevated concentrations of VOCs in the solid
matrix. This procedure is designed to cause VOCs associated with the solid phase to volatilize into the
headspace, where they can be detected using a PID. At MDA C, VOCs are present in subsurface tuff
samples in the pore gas and are not associated with the solid matrix. If this screening procedure were
used for samples collected at MDA C, vapor-phase VOCs would diffuse from the sample pore space into
the container headspace and decrease the concentration as the VOCs are diluted into the headspace
gas. Based on the results of past subsurface pore-gas monitoring at MDA C, the concentration of VOCs
in the headspace gas would be too low to detect using a PID. Past pore-gas monitoring has shown
maximum concentrations of most VOCs to be less than 1 ppm, with several VOCs having maximum
concentrations in the low ppm range. The concentration after dilution into the headspace should be less
than 1 ppm, which is the detection limit of many PIDs.

Alternate VOC screening approaches, such as direct surveys of the surface of the core using a PID would
also be ineffective. During Phase | RFI, 333 subsurface core samples were screened in the field by direct
survey with a PID. No VOCs were detected in any of these samples.

As an altemative, subsurface vapor samples will be collected for field-screening of VOCs every 10 ft for the
first 60 ft of drilling bgs, at 20-ft intervals to depths of 200 ft bgs, and 30-ft intervals to TD. Vapor screening
of subsurface core for VOCs will be conducted using a PID equipped with an 11.7 eV lamp capable of
measuring quantities as low as 1 ppm. The base of the boreholes at each sampling interval will be isolated
and purged in sufficient quantities to ensure formation air is sampled. The maximum value and the ambient-
air temperature will be recorded on the field borehole or test pit log for each sample. The PID will be
calibrated each day to the manufacturer’s standard for instrument operation, and all daily calibration results
will be documented in field logbooks. Field-screening for VOCs will be used to guide drilling beyond the
target depth. Boreholes will be advanced 25 ft beyond the last field-screening detection.
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Metals

During Phase 1 RFI, 82 subsurface tuff samples were submitted for laboratory analysis of metals.
Fourteen metals were detected at concentrations above BVs. Only three of these metals (barium,
calcium, and lead) were present at concentrations that would have been detectable using XRF. For the
other metals that can be detected using XRF, the maximum concentrations were generally less than half
the respective XRF detection limit.

HE

Tuff samples collected at depths less than 60 ft bgs that are submitted for laboratory analysis will be field-
screened for HE. If HE is not present beneath the pits at depths less than 60 ft, samples collected at
deeper intervals will not be submitted for laboratory analysis of explosive compounds. Strategic
Diagnostics, Inc., D-Tech immunoassay test kits will be used to field screen beth soil and tuff samples for
Research Department Explosive (RDX [1,3,5-trintro-1,3,5,-triazacyclchexane]) and trinitrotoluene (TNT).
Immunoassay field-screening results will be recorded on the field boring logs. A field duplicate sample will
be screened with every set (typically 10) of characterization samples. Field calibration standards for
quantitative field screening methods will be run daily or as prescribed in the manufacturer’s instructions.
The quantitative field analytical methods for RDX and TNT are EPA SW-846 Methods 4051 and 4050,
respectively. The detection limit for RDX and TNT in soils is approximately 1 ppm.

For boreholes BH-1 through BH-38, a minimum of twc samples will be selected for explosive compounds
analyses within the first 60 ft of each borehole. The first sample will be collected adjacent to the disposal
unit and the second at the base of the nearest disposal units. If HE (RDX or TNT) is not detected in the
first 60 ft of each borehole during field-screening, no additional samples will be submitted for laboratory
analyses. If HE (RDX or TNT) is detected by field-screening, additional samples will be submitted until HE
is no longer detected by field-screening. For the four perimeter boreholes (BH-39 through BH-42) anly
one tuff sample will be selected for explosive compounds analyses within the first 60 ft of each borehole.

Radionuclides

The MDA C work plan specifies radiation screening of all samples is primarily for health and safety
purposes rather than for identifying samples for laboratory analysis. The results of the Phase | RF| show
that field radiation screening was not effective in identifying samples to submit for laboratory analysis.

During the Phase | RFI, 333 subsurface core samples were screened in the field for alpha and
beta/gamma radioactivity, and 67 of these were submitted for laboratory analysis of radionuclides.
Forty-three of these 67 samples had detected activities of radionuclides other than tritium within the range
of BVs. The remaining 24 samples had detected activities of radionuclides other than tritium above BVs.
Table 4.1-2 summarizes the field-screening results for samples having radionuclide activities within the
background range and above background. As shown in Table 4.1-2, there was no significant difference in
field-screening results for samples having radionuclides within and above background values. Therefore,
field-screening for radionuclides is not useful for determining which samples should be submitted for
laboratory analysis. Additionally, field-screening methods for tritium suitable for the levels of tritium
present at MDA C are not available.

4.1.6 Investigation-Derived Waste

Investigation-derived waste (IDW) is waste generated as a result of field investigation activities and may
include, but is not limited to, drill cuttings; purge water, contaminated personal protective equipment
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(PPE), sampling supplies and plastic; fluids from the decontamination of PPE and sampling equipment;
and ali other waste potentially coming in contact with contaminants. IDW generated during the
investigation at MDA C will be managed to protect human health and the environment, comply with
applicable EPA and NMED regulations, DOE orders, and Laboratory Implementation Requirements
(LIRs), and adhere to Laboratory waste minimization goals. The management of IDW is described in
Appendix F of this work plan.

4.1.7  Analytical Suites

A minimum of five tuff samples collected from all borehcles will be analyzed for the full analytical suite
specified in Section IV.C.3.c.iv.4 of the Consent Order. This suite includes VOCs (pore-gas only), SVOCs,
pH, PCBs, nitrates, perchlorate, TAL metals, and cyanide. A minimum of three tuff samples will be
analyzed for dioxin/furans and two samples for explosive compounds if HE is not detected by field-
screening within the first 60 ft of each borehole. VOC analyses of pore-gas samples will be performed in
lieu of VOC analyses of soil and tuff samples. In addition to the analyses required in Section IV.C.3.c.iv.4
of the Order, radionuclide analyses will be performed. The radionuclide analyses include gamma
spectroscopy and isotopic analyses of americium, plutonium, uranium, strontium, and tritium {pore-gas
only).

A review of the waste inventory records (see Appendix B) does not indicate the presence of dioxins or
furans in the disposed wastes. However, dioxin and furans can be generated by the combustion of
organic material containing, or in the presence of, chlorine atoms. Three tuff samples from each borehole
will be submitted to an analytical laboratory for dioxin/furan analysis. The first sample will be collected at a
depth adjacent to the disposal unit. The second sample will be collected at the base of the corresponding
pit or shaft. The final sample will be collected at TD. One sample will be submitted for dioxin/furan
analysis in the perimeter boreholes BH-39 through BH-42.

5.0 INVESTIGATION METHODS

The current versions of the ENV-Environmental Characterization and Remediation (ENV-ECR) standard
operating procedures (SOPs), quality procedures (QPs), and the ENV-ERS Quality Management Plan,
which are available at hitp://erproject.lanl.gov/documents/ procedures.html, are applicable to the
investigation methods proposed in this work plan and are summarized in Table 5.0-1. Additional
procedures may be added as necessary to describe and document quality-affecting activities.

« SOP-1.01 General Instructions for Field Investigations

» SOP-1.02 Sample Containers and Preservation

+ SOP-1.03 Handling, Packaging, and Shipping of Samples
s SOP-1.04 Sample Control and Field Documentation

¢ SOP-1.05 Field Quality Control Samples

o SOP-1.06 Management of ER Project Wastes

e SOP-1.08 Field Documentation of Driiling and Sampling Equipment
¢ SOP-1.10 Waste Characterization

» SOP-1.12 Field Site Closeout Checklist

o SOP-3.11 Geodetic Surveys

s SOP-5.03 Monitor Well and RFI Borehole Abandonment
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e S0P-5.07 Operation of LANL Owned Bdrehoie Logging Trailer

e« S0P-6.09 Spade and Scoop Method for Collection of Soif Samples

s SOP-6.26 Core Barrel Sampling for Subsurface Earth Materials

» SOP-6.31 Sampling of Sub-Atmospheric Air

+ SOP-7.05 Subsurface Moisture Measurements Using a Neutron Probe

« S0OP-12.01 Field Logging, Handling and Documentation of Borehole Materials

5.1 Methods for Drilling and Sampling
511 Drilling Protocol

Vertical boreholes will be drilled using either the holiow-stem or air-rotary method, depending on worker
safety requirements. Tc address worker safety requirements for this investigation, the potential for worker
exposure to subsurface contaminants from borehole cuttings and/or core will need to be reviewed in the
site specific health and safety plan and the documented safety analysis (DSA) Although the hollow-stem
auger drilling method is preferred when investigating vapor-phase contamination, the air-rotary drilling
method provides for engineered controls (i.e., cyclone-velocity dissipator and HEPA filter) to manage
downhole material at the surface and thus reduce and/or eliminating exposure pathways. The drilling
methods to be used at MDA C are described in the following paragraphs.

Hollow-Stem Auger

The hollow-stem auger consists of a hollow steel shaft with a continuous spiraled steel flight welded onto
the exterior site of the stem. The stem is connected to an auger bit and, when rotated, transports cuttings
to the surface. The hollow stem of the auger allows drill rods, split-spoon core barrels, Shelby tubes, and
other samplers to be inserted through the center of the auger so the samples may be retrieved during the
drilling operations. The hollow stem alsa acts to case the borehaole temporarily, so that the casing (riser)
may be inserted down through the center of the augers once the desired depth is reached, thus
minimizing the risk of possible collapse of the borehole. A bottom plug or pilot bit can be fastened onto
the bottom of the augers to keep out most of the soils and/or water that have a tendency to clog the
bottom of the augers during drilling. Drilling without a center plug is acceptable provided that the soil plug,
formed in the bottom of the auger, is removed before sampling or installing well casings. The soil plug can
be removed by washing out the plug using a side discharge rotary bit or augering out the plug with a
solid-stem auger bit sized to fit inside the hollow-stem auger.

Air Rotary

The air-rotary method uses a drill pipe or drill stem coupled to a drilt bit that rotates and cuts through soil
and rock. The cuttings produced from the rotation of the drilling bit are transported to the surface by
compressed air, which is forced down the borehole through the drill pipe and returns to the surface
through the annular space (between the drill pipe and the borehole wall). The circulation of the
compressed air not only removes the cuttings from the borehole but also helps to cool the drill bit. The
use of air rotary drilling is best suited for hard rock formations. In soft unconsolidated formations, casing is
driven to keep the formation from caving. During drilling, the air compressor will have an in-line organic
filter system to filter the air coming from the compressor. The organic filter system shall be inspected
regularly to ensure that the system is functioning properly. in addition, a cyclone-velocity dissipator or
similar air-containment/dust-suppression system wil! be used to funnel the cuttings to one location instead
of allowing the cuttings to discharge uncontrolled from the borehole. Air rotary that employs the dual-tube
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(reverse circulation) drilling system is acceptable because the cuttings are contained within the drill stem
and are discharged through a cyclone-velocity dissipator to the ground surface.

5.1.2 Collection of Tuff Samples

Subsurface tuff samples will be collected from the split-spoon core barrel into sealed sleeves or core-
protect bags to preserve core moisture following SOP-06.26, Rev. 1. A minimum of one sample for every
50 ft of boring will be submitted for laboratory analysis. Samples will be collected from intervals where
contamination is suspected because the field-screening results are elevated and/or visual inspection
identifies fractures or staining.

Field documentation of samples collected from fractures will include a detailed physical description of the
fracture-fill material and rock matrix sampled following SOP-12.01, Rev. 4. The volumes of fracture-fill and
rock-matrix material included in the sample will be estimated from field measurements. An additional
sample will be collected from the rock matrix adjacent to the fracture sample material to allow for
comparison. The fractures and matrix samples will be assigned unique identifiers.

Tuff samples will be analyzed for cyanide, nitrates, perchlorate, explosive compounds, TAL metals,
8VQOCs, pH, PCBs, and radionuclides (americium-241, strontium-90, isotopic uranium, isotopic plutonium,
and other radionuclides by gamma spectroscopy). Additionally, tuff samples collected adjacent to the
disposal unit, the first sampling interval below each pit or shaft, and at TD will be analyzed for dioxins and
furans. Tuff samples ccllected at depths less than 60 ft bgs that are submitted for laboratory analysis will
be field-tested for HE. If HE is not present beneath the pits at depths less than 60 ft, samples collected at
deeper intervals will not be submitted for explosive compound laboratory analysis. Analysis of all tuff
samples will be conducted using analytical methods specified by contract requirements of the statement
of work.

Quality assurance (QA)/quality control (QC) samples will include field-duplicate samples o evaluate the
reproducibility of the sampling technique and rinsate blanks to evaluate the decontamination procedures.
These samples will be collected following SOP-01.05, Rev. 1, and will be collected at the frequency
specified in Section 1X.B.2.e of the March 1, 2005, Consent Order. :

5.1.3 Collection of Pore-Gas Samples

Subsurface pore-gas samples will be coltected from the 42 vertical boreholes and boreholes 50-09100
and 50-10131 following SOP-06.31, Rev. 1 and in compliance with Section IX.B.2.g of the Consent Order.
In each borehole, pore-gas samples will be coliected at each depth interval where core samples were
selected for off-site laboratory analyses (pore-gas VOC analyses are performed in lieu of VOC analyses
on core samples). Pore-gas samples will be collected using a straddle packer to isolate discrete depths in
the borehole. Each interval will be purged before sampling until the measurements of carbon dioxide and
oxygen are stable and representative of subsurface conditions. A purge pump will be used to withdraw
borehole and formation vapors through the borehole or constructed sampling port. Concentrations of
purge indicator gases {carbon dioxide and oxygen) will be monitored continuously during this pre-
sampling cycle. Once indicator-gas concentrations are stable, proper purge is achieved and formation
vapor sampling can proceed. Subsurface pore-gas samples will be collected in SUMMA canisters and
submitted for analysis of VOCs using EPA Method TO-15 and in silica gel samplers for tritium analysis
using EPA Method 906.0.

QA/QC samples for VOCs in pore-gas will consist of an equipment blank and field duplicate for each
sampling round. After sampling and purge decontamination, the equipment blank will be cellected by
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pulling zero gas (99.9% ultrahigh-purity nitrogen) through the packer sampling apparatus. This sample
will be used to evaluate the decontamination procedures. The field duplicate sample will be used to
evaluate the reproducibility of the sampling technique. A field duplicate sample will also be collected for
tritium. QA/QC samples will be collected in accordance with SOP-01.05, and will be collected at the
frequency specified in Section IX.B.2.e of the March 1, 2005, Consent Order.

51.4 Borehole Abandonment

All boreholes, except those identified for completion as vapor-monitoring wells or perched groundwater-
monitoring wells, will be abandoned in accordance with Section X.D of the Consent Order by filling the
borehole with a bentonite/concrete mixture. A tremie pipe will be used to fill the boreholes upward from
the bottom of the borehole to the surface. All cuttings will be managed as investigative-derived waste as
specified in Appendix F of this document. All infermation regarding berehcle abandonment will be
provided in the MDA C investigation report.

5.1.5 Equipment Decontamination

Following drilling and sampling activities, project personnel will decontaminate all equipment involved in
drilling and sampling activities. Residual material adhering to equipment will be removed using dry
decontamination methods such as the use of wire brushes and scrapers (SOP-01.08). If equipment
cannot be free-released using dry decontamination methods, wet decontamination methods will be used.
The equipment will be pressure-washed on a temporary decontamination pad with a high-density
polyethylene liner. Cleaning solutions and wash water will be collected and contained for proper disposal.
Decontamination sclutions will be sampled and analyzed to determine the final disposition of the
wastewater and the effectiveness of the decontamination procedures. All parts of the drilling equipment,
including the undercarriage, wheels, tracks, chassis, and cab, will be thoroughly cleaned. Air filters on
equipment operating in the exclusion zone will be considered contaminated and will be removed and
replaced before equipment leaves the site. Equipment ready for demobilization will be surveyed by a
Health and Safety Radiation Controi Division technician before it is released from the site.

5.2 Methods for Drilling and Sampling BH-09

52.1 Drilling Protocol

A single, vertical borehole will be drilled to a depth of 800 ft in the area north of Pit 5 near the head of
Ten Site Canyon. The location and depth of the borehole were selected to provide information on the
vertical profile of VOC and tritium concentrations in pore-gas and to determine whether perched
groundwater is present below MDA C.

Hollow-stem auger drilling will be used until refusal (down to at least 300 ft) because it has proven to be
capabile of collecting undisturbed samples of core and subsurface vapors within the Tshirege Member of
the Bandelier Tuff. Upon refusal, air-rotary drilling will be deployed down the same borehole for
completion. A description of the air-rotary method is provided in Section 5.1.1. The coupling of these
drilling methods is practical and allows the abjectives of the sampling for this borehole to be met. The
vertical borehole will be cored continuously with a split-barrel sampler to 800 ft following

SOP-04.01, Rev. 1. Core will be screened for radiological contamination, visually inspected, and
geologically logged.
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5.2.2 Collection of Pore-Gas Samples

The sampling depth and analytical suites for BH-09 are described in Table 4.1-1. Subsurface pore-gas
samples will be collected every 100 ft down the borehole to the depth where hollow-stem auger drilling
cannot be continued (approximately 400 ft or deeper). Pore-gas samples will be collected following
SOP-06.31, Rev. 1, using a straddle packer to isclate discrete depths of the borehole. Each interval will
be purged before sampling until the measurements of carbon dioxide and oxygen are stable and
representative of subsurface conditions. Subsurface pore-gas samples will be collected in SUMMA
canisters and submitted for analysis of VOCs using EPA Method TO-15; samples collected in silica gel
samplers and submitted for tritium analysis using EPA Method 906.0. An additional sample will be
collected at TD (800 ft) with a single packer through the end of the air-rotary drilt string; however, the
potential instability of the Puye Formation and the effects of air-rotary drilling on subsurface vapors may
preclude collecting a sample representative of true subsurface conditions. The subsurface vapor sample
at TD will be collected only if the conditions for purge-gas stabilization according to SOP-06.31 are met.

QAJ/QC samples for VOCs in pore-gas will consist of an equipment blank and field duplicate for each
sampling round. After sampling and purge decontamination, the equipment blank will be collected by
pulling zero gas (99.9% ultrahigh-purity nitrogen) through the packer sampling apparatus to evaluate
decontamination procedures. The field duplicate sample will be used to evaluate the reproducibility of the
sampling technique. A field duplicate sample will alsc be collected for tritium. QA/QC samples will be
collected in accordance with SOP-01.05, Rev. 1.

523 Collection of Geotechnical Data

BH-09 will be cored continuously and geologically logged to TD foliowing SOP-04.01, Rev 1, and
SOP-12.01, Rev. 4. Samples will be collected from core provided by a split-barrel sampler throughout the
Tshirege Member of the Bandelier Tuff to allow for visual inspection. Brass sleeves will then be used in
the relatively unconsolidated Cerro Toledo interval, the Otowi Member, and the Puye Formation to
improve recovery and maintain the structural integrity in the hole for hydrogeoclogic characterization.
Samples collected from the split-barrel sampler will be preserved in sealed sleeves or core-protect bags
to preserve core moisture following SOP-08.26, Rev. 1.

Moisture content, matrix potential, and chioride analysis will be collected every 20 ft from this barehole.
Samples for saturated and unsaturated hydraulic conductivity, porosity, and bulk density will be collected
once in each tuff unit, twice from the Cerro Toledo interval, and five times in the Otowi Member at varying
depths. Five samples will also be collected from the Puye Formation. The samples collected from the
Cerro Toledo interval, the Otowi Member, and the Puye Formation will be selected from core to be
representative of all the textural intervals encountered. Analyses for saturated and unsaturated hydraulic
conductivity, porosity, and bulk density will be performed using analytical methods specified by contract
requirements of the statement of work. One field duplicate sample will be collected and analyzed o
evaluate the reproducibility of the sampling technique.

5.24 Collection of Perched Water Samples

During drilling operations zones of elevated moisture content, localized saturation, and groundwater may
be encountered. These zones may not be assignable to either an alluvial or the regional groundwater
system and may represent a localized phenomenon. The Laboratory’s decision process for characterizing
these zones is presented in the attached flowchart shown in Figure 5.2-1 and described in the following

text.

October 2005 32 ER2005-0172



MDA C Investigation Work Plan, Revision 2

If saturation is encountered as a borehole advances, drilling will be stopped to determine whether
sufficient water volume is available to analyze the water quality. These analyses may include metals,
anions, perchlorate, alkalinity, carbon organic carbon, total inorganic carbon, and total dissolved solids,
Generally the total volume required is approximately 0.5 to 1 L. Of this volume, 100 mL is unfiltered and
unpreserved; another 100 mL is filtered and preserved with nitric acid. If this minimum volume of
groundwater cannot be collected, the borehole will be continued to the planned TD or until saturation is
encountered again and the process is repeated. A porous cup lysimeter or absorbent membrane will be
installed at the depth of saturation to monitor the zone if the borehole is completed for pore-gas
monitoring. Insufficient water sample volumes from discrete depths will not be composited to make the
required volume for screening analysis.

If sufficient volume exists, a groundwater sample would be collected and analyzed for the screening
constituents on a rapid turnaround basis at a geochemistry laboratory at the Laboratory. Typically, results
of groundwater screening samples are available in the R-well drilling program within 48 hr. During this
time, the borehcle will be advanced to the base of saturation, or the perching horizon, and halted. If
possible, the perching horizon will be identified and not penetrated, and the thickness of the zone of
saturation and the characteristics of the perching harizon will be determined. Once drilling ceases, a
monitoring well will be designed, and a monitoring well design plan will be submitted to NMED for
approval before well construction. Following approval of the design, the well will be installed. A borehole
will be drilled adjacent to the well and the saturated zone isolated with a double wall casing advancement
drilling method to isolate the known saturated zone. The additional borehole will then be completed to the
planned depths and the process repeated.

5.3  Surface Sampling
5.31 Radiological Survey

A radiological survey will be conducted to the northeast and east of the MDA C boundary to aid in
determining the extent of radionuclide surface soil contamination. This survey will be performed with a
Berkeley Nucleonics Surveillance and Measurement System, a portable gamma spectroscopy instrument
with an integrated multichanne! analyzer. This instrument uses a sodium iodide detector to identify
multiple isotopes and the isotope specific/total dose rates at each survey location.

The radiological survey will be conducted on a 15- by 15-ft grid. The coordinates of all survey grid
locations will be coupled with the gamma spectroscopy data to determine spatial trends and the extent of
radionuclide contamination in the surface soil. The results of this survey will be used to select six surface
soil samples for fixed laboratory analysis.

5.3.2 Surface Soil Sampling

Six surface soil samples will be collected from locations on the gamma spectroscopy survey grid. The
locations of these samples will be biased towards both the highest radionuclide concentration, and from
bounding locations on the grid perimeter. The surface soil samples will be taken from an interval of 0-6 in.
in depth in accordance with SOP-06.09,

Surface soil samples will be submitted for fixed laboratory analysis of americium-241, isotopic uranium,
isotopic plutonium, and gamma spectroscopy, using methods specified by contract requirements of the
Laboratory's Sample Management Office (SMO). Samples for QA/QC will consist of one field duplicate
per ten samples collected.
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6.0 MONITORING AND SAMPLING PROGRAM

Pore-gas monitoring of two boreholes at MDA C has been conducted quarterly from 2000 through the
third quarter of 2003 to collect data to determine the nature and extent of contamination in the vapor
phase beneath MDA C. In addition, biweekly tritium samples in the breathing zone were collected outside
the northeast fence line of MDA C over a one-yr periad. The results of the investigation will determine
whether a vapor-monitering program is warranted; if so, a vapor-menitoring plan will be developed and
submitted to NMED for approval.

6.1 Pore-Gas Sampling

Two boreholes at MDA C, equipped with positive pressure membranes for sampling, were monitored at
multiple depths for 11 quarters. Boreholes 50-8100 and 50-10131 are located in areas of elevated surface
flux of VOCs, as determined by the EMFLUX soil-gas surveys and are therefore the likely areas of
maximum vertical extent. Measured VOC concentrations are in the low ppmv range near the depth of
disposal and diffuse with depth. Subsurface VOC concentrations at MDA C have been monitored from the
fourth quarter of 2000 until the third quarter of 2003 when quarterly pore-gas monitoring was
discontinued.

Previous vapor sampling has determined that VOCs disposed of in Bandelier Tuff are present in the
subsurface in the form of organic vapors. The very low organic and moisture content of the Bandelier Tuff
greatly limits, or inhibits, sorption of VOCs to the matrix. Therefore, fixed analytical laboratory analysis of
core samples will not detect VOCs, which are present primarily as vapor in the pore space. Therefore, to
characterize the nature and extent of potential vapor-phase contamination at MDA C at TA-50, the
ENV-ERS Program began an investigation of pore gas that uses technologies employed elsewhere at the
Laboratory and approved by NMED.

In 2002, RFI borehole 50-09100 was completed as a vapor monitoring well using a positive-pressure
membrane. Ten sample ports were installed in the membrane, ranging in depth from 20 to 315 ft bgs. In
2001, a second monitoring well (50-10131) was drilled and completed with a positive-pressure membrane
and with ports depths ranging from 25 to 250 ft bgs. Figure 6.1-1 shows the schematic of the membrane
in borehole 50-09100 showing port depths and construction.

Monitoring of subsurface VOCs has been completed at MDA C for a total of 11 quarters, beginning in the
fourth quarter of 2000 until the third quarter of 2003. Every available port at boreholes 50-09100 and
50-10131 was screened with a Brie! and Kjaer (B&K) multigas analyzer during every quarter of the
monitoring period following SOP-06.31. SUMMA canister samples were also collected from one port of
one borehole each quarter. SUMMA, samples were collected from borehole 50-09100 for 10 quarters and
from borehole 50-10131 for 6 quarters. In the second quarter of 2003, all sample ports in both boreholes
were sampled simultaneously to assess the potential influence of temporal variability on VOC
concentrations measured between 2000 and 2002. All pore gas sampling at MDA C was completed per
SOP-06.31, “Sampling of Subatmospheric Air.”

6.2  Tritium in Air Sampling

An ENV-Meteorology and Air Quality (MAQ) Group air-sampling station was set up outside the
northeastern boundary {the predominant wind direction) of MDA C in March 2003 at an elevation of 4
above ground level to monitor tritium in the breathing zone. The group conducted continuous air sampling
for tritium aver a one-yr period, in accordance with SOP ENV-MAQ-204, R10, “Sampling of Ambient
Airborne Tritium.” Composite samples were collected over two-week periods and submitted to an off-site
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laboratory for tritium analysis. The subsequent interpretation and analysis of these data was performed by
the ENV-MAQ Group in support of worker health and safety following its protocols, and the results will be
reported in the MDA C investigation report.

7.0 SCHEDULE

Field activities, including drilling and surface and subsurface sampling, will take approximately eight to ten
months to complete (barring inclement weather or other unforeseen delays). The subsurface sampling will
include the first round of pore-gas sampling using SUMMA canisters and silica gel samplers. A second
round of pore-gas sampling will take place approximately one month after the first round has been
collected. Laboratory and NMED representatives will meet to review the pore-gas data and determine
whether to instrument any additional boreholes for pore-gas monitoring.

The investigation report is scheduled to be submitted by December 6, 2006.
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and Mapping Section; Development Edition of 05 January 2005.

Materials Disposal Areas; Los Alamos National Laboratory, ENV-ERS Program; ER2004-0221; 1:2,500
Scale Data; 23 April 2004.

Paved Road Arcs; Los Alamos National Laboratory, KSL Site Support Services, Planning, Locating, and
Mapping Section; Development Edition of 06 January 2005,

Point Feature Locations of the Environmental Restoration Project Database; Los Alamos National
Laboratory, ENV-ERS Program, ER2005-0401; 16 June 2005.

Primary Electric Grid; Los Alamos National Laboratory, KSL Site Support Services, Planning, Locating,
and Mapping Section; 06 January 2004; Development Edition of 05 January 2005.

Security and Industrial Fences and Gates; Los Alamos National Laboratory, KSL Site Support Services,
Planning, Locating, and Mapping Section; 06 January 2004; Development Edition of 06 January 2005.
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Sewer Line System; Los Alamos National Laboratory, KSL Site Support Services, Planning, Locating, and
Mapping Section; Development Edition of 05 January 2005.

Structures, Line Feature Data; Los Alamos National Laboratory, KSL Site Suppoert Services, Planning,
Locating, and Mapping Section; Development Edition of 22 June 2005.

Waste Storage Features; Los Alamos National Laboratory, ENV-ERS Program, ER2005-0322; 1:2,500
Scale Data; 10 August 2005,

Water Lines; Los Alamos National Laboratory, KSL Site Support Services, Planning, Locating, and
Mapping Section; Development Edition of 05 January 2005.
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Table 2.1-1
Dimensions of the Disposal Units at MDA C -
Dimensions® Period of

Disposal Unit (ft) Operations
Pit 1 610 x40 x 25 1948-1951
Pit 2 610x40x 25 1950-1951
Pit 3 610 x 40 x 25 1951-1953
Pit 4 610 x40 x 25 1951-1955
Pit 5 705x110x 18 19531959
Pit & 505 x 100 x 25 1956-1959
Chemical Pit 180 x 25 x 12 1960-1964
Shaft Group 1 (12 [Shafts 56-67]) 2x10 1959
Shaft Group 2 (55 [Shafts 1-55]) 2x15 19591967
Shaft Group 3 {40 [Shafts 68—107}) 1-2 x 20-25 1962—1966
Shaft 108 (Strontium-80 Disposal Shaft) 4x4x4 1956

aAs stated in Table 2-11 of the OU 1147 Wark Plan, pit dimensions are length by width by depth;
shaft dimensions are diameter by depth (LANL 1992, 07672). Dimensions are approximate.

b Shafts 98107 are 1 ft in diameter and lined with 12-in.-thick concrete. Shafts 68-97 are 2 ft in
diameter and unlined.

Tabte 2.7-1
Summary of RFI Field Sampling Results for Subsurface Core Samples
Submitted for Laboratory Analysis

Phase | RFI 43 Samples 24 Samples
Field Screening Results Within Background Above Background

Alpha counts per minute

Range 0-3 0-2

Median 1 1

Average 08 07
Beta/Gamma counts per minute

Range 120-220 140-210

Median 180 165

Average 177 170
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Table 2.7-2

Summary of Maximum Depth of Detections for
Inorganic Chemicals and Radionuclides in Phase | RFI Boreholes at MDA C

Inorganic Chemicals

Borehole Maximum | Maximum Depth of Inorganic Chemicals > 8V
Depth Sample Depth | Inorganic > BV at Maximum Depth
Borehole {ft) {ft) {ft) of Inorganic > BV

50-09100 316.0 163.1 435 CN @ 0.533 mg/kg

50-09101 82.7 81.0 69.3 Se@1.2xBvV

50-09102 77.8 77.8 0.0 None > BV

50-09103 84.9 826 438 Po@1.4x8V

50-09104 90.0 87.0 87.0

50-09105 84.9 84.8 44.6 CN @ 0.26 mg/kg

50-09106 84.9 834 834 Ti@1.1xBv

50-09107 834 78.5 34.3 Se@3.7xBvV

50-09108 84.9 81.3 68.9 CN @ 1.0 mg/kg

50-09109 84.9 811 47.4 Al@1.1xBV,Ba@1.6xBV,Ca@ 34 xBV, Cr
@ 1.8xBV, Co@ 1.2 x BV, Cu@ 6.6 x BV, Pb
@101 xBV, Mg@ 1.6 xBV, Ni@ 2.0xBV, Se
@43xBV, TI@1.3xBV

50-09110 85.5 840 57.1 Pb@ 6.7 xBV

Radionuclides

Maximum Depth of
Borehole Maximum Detected
Depth Sample Depth | Radionuclide Other Detected Radionuclides
Borehole {ft) {ft) Than Tritium {ft) at Maximum Detected Depth

50-09100 316.0 163.1 43.5 Pu-239 @ 0.014 pCilg

50-09101 82.7 81.0 81.0 Am-241 @ 0.011 pCilg

50-09102 77.8 77.8 0.0 None detected

50-09103 849 826 826 Sr-90 @ 0.599 pCilg

50-09104 90.0 87.0 451 U-235 @ 2.6 x BV

50-09105 84.9 848 84.8 Pu-239 @ 0.080 pCifg

50-09106 849 83.4 834 Sr-90 @ 0.767 pCilg

50-09107 83.4 78.5 78.5 Am-241 @ 0.032 pCilg

50-09108 84.9 81.3 68.9 Pu-238 @ 0.014 pCifg

50-09109 849 81.1 811 Am-241 @ 0.058 pCilg

50-09110 855 84.0 46.5 U-235@23xBV
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Table 4.1-1
Summary of Proposed Borehole Sampling

Number
of Core
Samples
{per
Borehole borehole) Sample Type Analyses

BH-01 to BH-08 5 Subsurface Fill/Tuff - Cyanide

BH-10 to BH-42 - Nitrates

- Perchlorates

- TAL metals

- SVOCs

- pH

- PCBs

- Americium-241

- Gamma spectroscopy
- Isctopic Plutonium

- |Isotopic Uranium

- Strontium-90

3 Subsurface Fill/Tuff - Dioxins/Furans®

2 Subsurface Fill/Tuff - Explosive compounds
10 Subsurface Pore Gas - VOCs

- Tritium

BH-09 16 Subsurface Fill/Tuff - Cyanide

- Nitrates

- Perchlorates

- TAL metals

- 8VOCs

- pH

- PCBs

- Americium-241

- Gamma spectroscopy

- lIsotopic Plutonium

- Isotopic Uranium

- Strontium-90

- Geotechnical parameters

3 Subsurface Fill/Tuff - Dioxins/Furans®
2 Subsurface Fill/Tuff - Explosive compounds®

32° Subsurface Pore Gas - VOCs
- Tritium

¢

2 Assumes 150 ft depth for each borehole. Total depth and final sample numbers will depend on field-screening results.

b Core samples for dioxins and furans will be collected at a depth adjacent to the pit or shaft, at the base of the adjacent
pit or shaft, and at the bottom of the borehole. For boreholes BH-39 through BH-42, only one sample will be collected
and submitted for laboratory analysis.

“ Two samples for explosive compounds will be submitted for analysis within the first 60 ft of each borehole. The first
sample location will be adjacent to the disposal unit and the second sample at the estimated base of the disposal unit.
HE fietd-screening will be conducted on these two samples. If HE is not detected from field-screening, no additional
analytical samples will be submitted at depths greater than 60 ft. For boreholes BH-39 through BH-42, only one sample
will be collected and submitted for laboratory analysis.

d AVOC and tritium sample will be collected at each subsurface fill'tuff sample location based on the criteria specified in
the approval with modifications letter. A second round of subsurface sampling will be collected at the same sample
locations approximately one month after the first round samples were collected.

ER2005-0172 55 October 2005




§00¢ 18490120

98

m
)
R
S
S
o
S
—h
~
Ry

Table 4.1-2

Summary of Radiological Field Screening Results for Samples Submitted for Laboratory Analysis of Radionuclides

Radiological Field Screening Results

Samples within Radionuclides Other Than
Tritium within Background Range

Samples with Radionuclides Other Than
Tritium above Background

Alpha (cpm)
Range 0-3 0-2
Median 1 1
Average 0.8 0.7
Beta/Gamma (cpm)
Range 120-220 140-210
Median 180 165
Average 177 170
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Table 5.0-1
Brief Description of Field Investigation Methods
Title Summary
Sample Containers and | This method covers the specific requirements/process for sample containers, preservation techniques, and holding times as specified
Preservation by field regulations and guidance documents. The use of specific types of sample containers and preservation techniques is

mandatory for hazardous site investigations because the integrity of any sample is affected over time by physical (light, pressure,
temperature, etc.), chemical (changes in pH, volatilization, ete.), and biological factors. Because the various target parameters are
uniquely altered at varying rates, distinct sample containers, preservation techniques, and holding times have been established to
maintain sample integrity for a reasonable and acceptable period of time. The procedure covers documenting deviations from the
standard operating procedure, using proper sample containers and preservatives, performing data entry, implementing containment
procedures, preserving samples, implementing holding times, completing docurmentation, implementing postoperation activities, and
performing lessons learned.

Handling, Packaging
and Transporting Field
Samples

Field team members seal and label samples before packing and ensure that the sample and transport containers are free of external
contamination. Field team members package all samples so as to minimize the possibility of breakage during transportation. After all
environmental samples are collected, packaged, and preserved, a field team member transports them to either the Sample
Management Office {(SMO) or an SMO-approved radiation screening laboratory under chain-of-custody. The SMO arranges to ship
samples to analytical laboratories. The field team member must inform the SMO and/or the radiation screening laboratory coordinator
when levels of radioactivity are in the action-level or limited-quantity ranges.

Sample Contro! and
Field Documentation

The collection, screening, and transport of samples is documented on standard forms generated by the SMO. These include sample-
collection logs, chain-of-custody forms, and sample-container labels. The collection logs are completed at the time of sample collection
and are signed by the sampler and a reviewer who verifies the logs for completeness and accuracy. The corresponding labels are
initialed and applied to each sample container, and custody seals are placed around container lids or openings. Chain-of-custody
forms are completed and assigned to verify that the samples are not left unattended.

Field Quality Control
Samples

Field quality-control samples are collected according to the requirements stipulated in the March 1, 2005, Compliance Order on
Consent as follows:

Field Duplicate: At a frequency of 10%, collected at the same time as a regular sample and submitted for the same analyses.
Equipment Rinsate Blank: At a frequency of 10%, collected by rinsing decontaminated sampling equipment with deionized water,
which is collected in a sample container and submitted for iaboratory analysis.

Trip Blanks: Required for all field events that include collecting samples for volatile organic compound (VOC) analysis. Trip blanks
containers of certified clean sand are opened and kept with the other sample containers during the sampling process.

Field Decontamination
of Drilling and Sampling
Equipment

Dry decontamination is the preferred method to minimize the generation of liquid waste. Dry decontamination may include using a wire
brush or other tool to remove soil or other material adhering to the sampling equipment, followed by using a commercial cleaning agent
(nonacid, waxless cleaners) and paper wipes. Dry decontamination may be followed by wet decontamination, if necessary. Wet
decontamination may include washing with a nonphosphate detergent and water, followed by a water rinse and a second rinse with
deionized water. Alternatively, equipment may be steam cleaned.

Coordinating and
Evaluating Geodstic
Surveys

Geodetic surveys wili be conducted using a Trimble 5700 differential global positioning system (DGPS). The survey data will conform
to Laboratory Information Architecture (lA} project standards 1A-CB02, *GIS Horizontal Spatial Reference System,” and |1A-D802,
“Geospatial Positioning Accuracy Standard for A/E/C/ and Facility Management.” All coordinates will be expressed as SPCS 83, NM
Central, U.S. ft coordinates. All elevation data will be reported relative to the National Geodetic Vertical Datum of 1929.
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Table 5.0-1 (continued)

Title

Summary

Radiological Sereening

Samples may be field-screened continuously using an Eberline E-600/SHP380AB to detect both alpha and undifferentiated
beta/gamma gross readings. Core samples are screened by holding the probe <1 in. away from the core. The core is screened
immediately after it is removed from ground and before logging, sampling, etc. Measurements are determined by a quick scan to find
the highest initial reading, After logging the core, a one-minute reading is performed to determine gross alpha and beta/gamma
radiation levels. All screening data will be recorded in the Radiation Control Technician field log as well as in the lithologic boring logs.

Spade-and-Scoop
Collection of Soil
Samples

This method is typically used for collecting shallow soil or sediment samples. The spade-and-scoop method involves digging a hole to
the desired depth, as prescribed in the sampling and analysis plan, and collecting a discrete grab or portion of a composite sample.
The sample is typically placed in a clean stainless steel bowl for transfer into various sample containers.

Hand Auger Sampling

This method is typically used for sampling soil or sediment at depths of less than 10—15 ft but may, in some cases, be used for
collecting samples of weathered or nonwelded tuff. The method involves hand-turning a stainless steel bucket auger (typically with a
3—4-in. inner diameter), creating a vertical hole that can be advanced to the desired sample depth. When the desired depth is reached,
the auger is decontaminated before advancing the hole through the sample depth. The sample material is transferred from the auger
bucket to a stainless steel sampling bowl before filling the various required sample containers.

Core-Barrel Sampling
for Subsurface Earth
Materials

A stainless steel core barrel| (varying in length and diameter depending on drilling method) will be advanced using a powered drilling
rig. The core barrel extracts a continuous length of soil and/or rock that was examined as a unit. The split-spoon core barrel is a
cylindrical barrel split lengthwise so the two halves can be separated to expose the core sample. Once extracted, the section of core is
screened for radioactivity and organic vapors, photographed, and described in a geologic log. A portion of the core will be collected as
a discrete sample from the desired depth.

Sampling of Sub-
Atmospheric Air

Subsurface samples will be collected from discrete zones within each borehole and selected based on investigation and field-
screening results. During field measurements, vapor samples will be monitored for percent oxygen and carbon dioxide. Analytical
samples will be collected only after readings have stabilized. Viapor samples will be collected using a SUMMA canister and analyzed
by U.S. Environmental Protection Agency Method TO-15. All instruments used during field-screening will be calibrated daily following
the manufacturer's specifications.

Vapor Screening with a
Photoionization
Detector

Subsurface vapor samples will be collect at specific intervals and field-screened using a photoionization detector (PID). The peak
reading on the PID will be noted in the daily field logs. A PID with an 11.7eV bulb will be used for all field-screening. The instrument will
be field-checked and calibrated daily according to the operation manual supplied by the manufacturer.

Subsurface Moisture
Measurements Using a
Neutron Probe

This method is used for collecting subsurface moisture measurements using a neutron probe. A daily field standard count will be taken
to ensure that the instrument source, detector, and electranics are operating within the manufacturer's specifications. The probe will be
lowered into the borehole and field measurements will be collected and data recorded on a laptop computer connected to the probe.

Field Logging, Handling,
and Documentation of
Borehole Materials

This method is limited to the activities necessary to take custody of core and cuttings from drill rig personnel; conduct field screening;
remove time-sensitive analytical samples and subsamples for preliminary characterization; complete photographic documentation
when necessary,; perform field structural and lithologic description; and mark, package, and temporarily store the borehole materials at
a drill-site borehole material storage trailer, if required.
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APPENDIX A
ACRONYMS

AB
ALLH
ACC
ARS
B&K
bygs
BV

Cl
CMS
cocC
COPC
DGPA
DL
DOE
DOT
DSA
DU
EM
ENV-ECR

ENV-ERS

ENV-MAQ
EPA

ER Project
EQL

Fv

GPR

GPS

HE

HIR
HSWA

|A

ICPMS

ER2005-0172

ACRONYMS, GLOSSARY, AND METRIC CONVERSION TABLE

authorization basis

all-soil horizon

area of concern

American Radiation Services of New Mexico
Briel and Krajer

below ground surface

background value

confidence interval

corrective measure study

chain of custody

chemical of potential concern
differential global-positioning system
detection limit

Department of Energy

Department of Transportation
documented safety analysis
depleted uranium

electromagnetic

Environmental Stewardship Division—Environmental Characterization and
Remediation Group

Environmental Stewardship Division—-Environmental Remediation and Surveillance
Program

Environmental Stewardship Division-Meteorology and Air Quality Group
Environmental Protection Agency

Environmental Restoration Project

estimated quantitation limit

fallout value

ground-penetrating radar

global-positioning system

high explosive

historical investigation report

Hazardous and Solid Waste Amendments of 1984
Information Architecture

inductively coupled plasma/mass spectroscopy
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ICPES
IDW
LANL
LASL
LIR
LLW
MDA
MDA
MTADS
NMED
NMSA
ou
PCB
PCE
PID
PPE
QA
QcC
QP
RCRA
RDX
RFI
RLWTF
RRES-RS

SAA
SAP
SMO
SOP
SVOC
SWMU
TA
TAL
TCA
TCE

Qctober 2005

inductively coupled plasma emission spectroscopy
investigation-derived waste

Los Alamos National! Laboratory

Los Alamos Scientific Laboratory {designation of the Laboratory before January 1, 1981)
Laboratory implementation Requirement

low-level radioactive waste

material disposal area

minimum detectable activity

Multisensor Towed Array Detection System

New Mexico Environmental Department

New Mexico Statutes Annotated

operable unit

polychlorinated biphenyl

tetrachloroethene

photoionization detector

personal protective equipment

quality assurance

quality control

quality procedure

Resource Caonservation and Recovery Act
Research Department Explosive (1,3,5-trintro-1,3,5-triazacyclohexane)
RCRA facility investigation

Radioactive Liquid Waste Treatment Facility

Risk Reduction and Environmental Stewardship—Remediation Services (now the
Environmental Stewardship Division—Environmental Remediation and Surveiliance

Program)

Satellite Accumulation Area
sampling and analysis plan
Sample Management Office
standard operating procedure
semivolatile organic compound
solid waste management unit
technical area

target analyte list (EPA)
1,1,1-trichloroethane

trichloroethene
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TCLP toxicity characteristic feaching procedure
TLD thermoluminescent dosimeter

TNT trinitrotoluene

TSDF treatment, storage, an‘d disposal facility
uc University of California

UsSGS United States Geological Survey

UTL upper tolerance limit

VOC volatile organic compound

WCSF Water Characterization Strategy Form
XRF x-ray fluorescence

GLOSSARY

abandonment—The plugging of a well or borehole in a manner that precludes the migration of surface
runoff or groundwater along the length of the well or borehole. ‘

absorption—The uptake of water, other fluids, or dissolved chemicals by a cell or organism (e.g., tree
roots absorb dissolved nutrients in soil).

administrative authority—For Los Alamos National Laboratory, one or more regulatory agencies, such
as the New Mexico Environment Department, the U.S. Environmental Protection Agency, or the U.S.
Department of Energy, as appropriate.

adsorption—The surface retention of solid, liquid, or gas molecules, atoms, or ions by a solid.
alluvial—Pertaining to geclogic deposits or features formed by running water.

alluvial fan—A fan-shaped piedmont accumulation of alluvium.

alluvium—Soil deposited by a river or other running water.

alpha radiation—A form of particle radiation that is highly ionizing and has low penetration. Alpha
radiation consists of two protons and two neutrons bound together into a particle that is identical to a
helium nucleus and can be written as He®".

analysis—A critical evaluation, usually made by breaking a subject (either material or intellectual) down
into its constituent parts, then describing the parts and their relationship to the whole. Analyses may
include physical analysis, chemical analysis, toxicological analysis, and knowledge-of-process
determinations.

analyte—The element, nuclide, or ion a chemical analysis seeks to identify and/or quantify; the chemical
constituent of interest.

analytical method—A procedure or technique for systematically performing an activity.

andesite—Fine-grained intermediate volcanic rock, made up chiefly of plagioclase and pyroxene.
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annular space (annulfus)—The space between a borehole wall and a well casing, or the space between
a casing pipe and a liner pipe.

anthropoegenic—Of, relating to, or resulting from, the influence of human beings.

aquifer—An underground geological formation (or group of formations) containing water that is the
source of groundwater for wells and springs.

area of concern—(1) A release that may warrant investigation or remediation and is not a solid waste
management unit (SWMU). (2) An area at Los Alamos National Laboratory that may have had a
release of a hazardous waste or a hazardous constituent but is not a SWMU.

area of contamination—As defined by the U.S. Environmental Protection Agency, certain areas of
generally dispersed contamination that could be equated to a Resource Conservation and Recovery
Act (RCRA]} landfill. The movement of hazardous wastes within those areas would not be considered
land disposal and would not trigger RCRA land-disposal restrictions. An area of contamination may
be designated by the Environmental Remediation and Surveillance Program as part of a corrective
action for waste management purposes, subject to approval by the administrative authority.

ash-flow tuff—A tuff deposited by a hot, dense volcanic current. Ash-flow tuff can be either welded tuff or
nonwelded tuff.

assessment—(1) The act of reviewing, inspecting, testing, checking, conducting surveillance, auditing, or
otherwise determining and documenting whether items, processes, or services meet specified
requirements. (2) An evaluation process used to measure the performance or effectiveness of a
system and its elements. In this glossary, assessment is an all-inclusive term used to denote any
one of the following: audit, performance evaluation, management system review, peer review,
inspection, or surveillance,

background concentration—Naturally occurring concentrations of an inorganic chemical or radionuclide
in soil, sediment, or tuff.

background data—Data that represent naturally occurring concentrations of inorganic and radionuclide
constituents in a geologic medium. Los Alamos National Laboratory’s (the Laboratory's) background
data are derived from samples collected at locations that are either within, or adjacent to, the
Laboratory. These locations (1) are representative of geological media found within Laboratory
boundaries, and (2) have not been affected by Laboratory operations.

background level—{1) The concentration of a substance in an environmental medium (air, water, or soil)
that occurs naturally or is not the result of human activities. {2) In exposure assessment, the
concentration of a substance in a defined control area over a fixed period of time before, during, or
after a data-gathering operation.

background radiation—The amount of radicactivity naturally present in the environment, including
cosmic rays from space and natural radiation from soils and rock.

background sample—A sample collected from an area or site that is similar to the one being studied but
known, or thought, to be free from constituents of concern.
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background value (BV)—A statistically derived concentration (i.e., the upper tolerance limit [UTL]) of a
chemical used to represent the background data set. If a UTL cannot be derived, either the detection
limit or maximum reported value in the background data set is used.

barrier—Any material or structure that prevents, or substantially delays, the movement of solid-, liquid-,
or gaseous-phase chemicals in environmental media.

basalt—A fine-grained, dark volcanic rock composed chiefly of plagioclase, augite, olivine, and
magnetite.

baseline risk assessment—A site-specific analysis of the potential adverse effects of hazardous
constituents that have been released from a site in the absence of any controls or mitigating actions.
A baseline risk assessment consists of the following four steps: data collection and analysis,
exposure assessment, toxicity assessment, and risk characterization.

bentonite—An absorbent aluminum silicate clay formed from volcanic ash and used in various
adhesives, cements, and ceramic fillers. Because bentonite can absorb large quantities of water and
expand to several times its normal volume, itis a common drilling mud additive.

beta radiation—High-energy electrons emitted by certain types of radioactive nuclei, such as potassium-
40. The beta particles emitted are a form of ionizing radiation also known as beta rays.

blank—A sample that is expected to have a negligible or unmeasurable amount of an analyte. Results of
blank sample analyses indicate whether field samples might have been contaminated during the
sample collection, transport, storage, preparation, or analysis processes.

borehole—(1) A hole drilled or bored into the ground, usually for exploratory or economic purposes. (2) A
hole into which casing, screen, and other materials may be installed to construct a well.

borehole logging—The process of making remote measurements of physical, chemical, or other
parameters at multiple depths in a borehole.

calibration—A process used to identify the relationship between the true analyte concentration or other
variable and the response of a measurement instrument, chemical analysis method, or other
measurement system.

canyon—aA stream-cut chasm or gorge, the sides of which are composed of cliffs or a series of cliffs
rising from the chasm’s bed. Canyons are characteristic of arid or semiarid regions where
downcutting by streams greatly exceeds weathering.

chain of custody—An unbroken, documented trail of accountability that is designed to ensure the
uncompromised physical integrity of samples, data, and records.

chemical—Any naturally occurring or human-made substance characterized by a definite molecular
compaosition.

chemical analysis—A process used to measure one or more attributes of a sample in a clearly defined,
controlled, and systematic manner. Chemical analysis often requires treating a sample chemically or
physically before measurement.
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chemical of potential concern {COPC)—A detected chemical corhpound or element that has the
potential to adversely affect human receptors as a result of its concentration, distribution, and
toxicity.

chemical of potentia} ecological concern—A detected chemical compound or element that has the
potential to adversely affect ecological receptors as a result of its concentration, distribution, and
toxicity.

Compliance Order on Consent (Consent Order}—For the Environmental Remediatioﬁ and Surveillance
Program, an enforcement document signed by the New Mexico Environment Department, the U.S.
Department of Energy, and the Regents of the University of California on March 1, 2005, which
prescribes the requirements for corrective action at Los Alamos National Laboratory. The purposes
of the Consent Order are (1) to define the nature and extent of releases of contaminants at, or from,
the facility; (2) to identify and evaluate, where needed, alternatives for corrective measures to clean
up contaminants in the environment and prevent or mitigate the migration of contaminants at, or
from, the facility; and (3) to implement such corrective measures. The Consent Order supersedes
the corrective action requirements previously specified in Module VIIi of the Laboratory's Hazardous
Waste Facility Permit.

contaminant—(1) Chemicals and radionuclides present in environmental media or on debris above
background levels. (2) According to the March 1, 2005, Compliance Order on Consent (Consent
Order), any hazardous waste listed or identified as characteristic in 40 Code of Federal Regulations
(CFR) 261 (incorporated by 20.4.1.200 New Mexico Administrative Code [NMAC]); any hazardous
constituent listed in 40 CFR 261 Appendix VIl (incorporated by 20.4.1.200 NMAC) or 40 CFR 264
Appendix IX (incorporated by 20.4.1.500 NMAC); any groundwater contaminant listed in the Water
Quality Control Commission (WQCC) Regulations at 20.6.3.3103 NMAC; any toxic pollutant listed in
the WQCC Regulations at 20.6.2.7 NMAC; explosive compounds; nitrate; and perchiorate. {Note:
Under the Consent Order, the term “contaminant” does not include radionuclides or the radioactive
portion of mixed waste.)

corrective measures study—A formal process for identifying and evaluating alternative remedies for
releases at a facility.

data-quality assessment—The statistical and/or scientific evaluation of a data set that establishes
whether the data set is adequate for its intended use.

decommissioning—The permanent removal of facilities and their components from service after the
discontinued use of structures or buildings that are deemed no longer useful. Decommissioning must
take place in accordance with regulatory requirements and applicable environmental policies.

Department of Energy (DOE). Federa! agency that sponsors energy research and regulates nuclear
materials for weapons production.

detection limit—The minimum concentration that can be determined by a single measurement of an
instrument. A detection limit implies a specified statistical confidence that the analytical
concentration is greater than zero.

October 2005 A-6 ER2005-0172



MDA C Investigation Work Plan, Revision 2

disposal—The discharge, deposit, injection, dumping, spiiling, leaking, or placing of any solid waste or
hazardous waste into, or on, any land or water so that such solid waste or hazardous waste or any
constituent thereof may enter the environment or be emitted into the air or discharged into any
waters, including groundwaters.

dose (dosage)—(1) The actual quantity of a chemical that is administered to an organism or to which it is
exposed. (2) The amount of a substance that reaches a specific tissue {e.g., the liver}. (3} The
amount of a substance that is available for interaction with metabolic processes after it has crossed
an organism’s outer boundary.

drill bit—The cutting tool attached to the bottom of a drill stem.

drilling fluid—The fluid used to lubricate a bit and to convey drill cuttings to the surface with rotary drilling
equipment. Usually composed of bentanite slurry or muddy water. The fluid can become
contaminated, lead to cross-contamination, and may require special disposal.

drilling string—The string of pipe (extending from the bit to the driving mechanism) that serves to carry
mud down a borehole and to rotate a bit.

drill rod {drill pipe}—Specia! pipe used to transmit rotation and energy from the drill rig to the bit. This
conduit conveys circulation fluids such as air, water, or other mixtures to cool the bit and evacuate
the borghole cuttings.

Environmental Restoration (ER) Project—A Los Alamos National Laboratory project established in
1989 as part of a U.S. Department of Energy nationwide program, and precursor of today's
Environmental Remediation and Surveillance (ERS) Program. This program is designed {1) to
investigate hazardous andfor radioactive materials that may be present in the environment as a
result of past Laboratory operations, (2) to determine if the materials currently pose an unacceptable
risk to human health or the environment, and (3) to remediate (clean up, stabilize, or restore) those
sites where unacceptable risk is still present.

estimated quantitation limit (EQL)—The lowest concentration that can be reliably achieved within
specified limits of precision and accuracy during routine analytical-laboratory operating conditions.
The low point on a calibration curve should reflect this quantitation limit. The EQL is not used to
establish detection status. Sample EQLs are highly matrix dependent, and the specified EQLs might
not always be achievable.

evapotranspiration—(1) The discharge of water from the earth’s surface to the atmosphere by
evaporation from lakes, streams, and soil surfaces and by transpiration from plants. (2) The loss of
water from the soil by evaporation and/or by transpiration from the plants growing in the soil.

exposure pathway--Any path from the sources of contaminants to humans and other species or settings
through air, soil, water, or food.

fallout radionuclides—Radionuclides that are present at globally elevated levels in the environment as a
result of fallout from world-wide atomic weapons tests. The Los Alamos National Laboratory (the
Laboratory) background data sets consist of environmental surveillance samples taken from marginal
and regional locations for the following radionuclides associated with fallout: tritium, cesium-137,
americium-241, plutonium-238, plutonium-2398/240, and strontium-30. Samples were collected from

ER2005-0172 AT October 2005




MDA C Investigation Work Plan, Revision 2

regional and marginal locations in the Laboratory’s vicinity that were (1) representative of geological
media found within Laboratory boundaries, and (2) were not impacted by Laboratory operations.

field blank {field reagent blank}—A blank sample prepared in the field or carried to the sampling site,
exposed to sampling conditions (e.g., by removing bottle caps), and returned to a laboratory to be
analyzed in the same manner in which environmental samples are being analyzed. Field blanks are
used to identify the presence of any contamination that may have been added during the sampling
and analysis process.

field duplicate (replicate) samples—Two separate, independent samples taken from the same source,
which are collected as collocated samples (i.e., equaliy representative of a sample matrix at a given
location and time}.

field notebook—A record of activities performed in the field or a compilation of field data.
field sample—See sample.

gamma radiation—A form of electromagnetic, high-energy ionizing radiation emitted from a nucleus.
Gamma rays are essentially the same as x-rays (though at higher energy) and require heavy
shielding, such as concrete or steel, to be blocked.

geohydrology—The science that applies hydrologic methods to the understanding of geologic
phencmena.

gravimetric moisture content-—See water content.

ground cover—Natural or human-made materials (e.g., grasses, pine needles, asphalt, or concrete)
which overlay soils.

groundwater—Interstitial water that occurs in saturated earth material and is capable of entering a well in
sufficient amounts to be used as a water supply.

grout—Cement or bentonite mixtures used for sealing boreholes and wells and for zone isclation. Only
Portland Type | or |l cement is approved for use at investigative sites.

hazard index—The sum of hazard quotients for multiple contaminants to which a receptor may have
been exposed.

Hazardous and Solid Waste Amendments (HSWA)—Public Law No. 98-616, 98 Stat. 3221, enacted in
1984, which amended the Resource Conservation and Recovery Act of 1876 (42 United States
Code § 6901 et seq).

hazardous waste—(1) Solid waste that is listed as a hazardous waste, or exhibits any of the
characteristics of hazardous waste (i.e., ignitability, corrosivity, reactivity, or toxicity, as provided in
40 CFR, Subpart C). (2) According to the March 1, 2005, Compliance Order of Consent (Consent
Order), any solid waste or combination of solid wastes that, because of its quantity, concentration, or
physical, chemical, or infectious characteristics, meets the description set forth in New Mexico
Statutes Annotated 1978, § 74-4-3(K) and is listed as a hazardous waste or exhibits a hazardous
waste characteristic under 40 CFR 261 (incorporated by 20.4.1.200 New Mexico Administrative
Code).
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Hazardous Waste Bureau—The New Mexico Environment Department bureau charged with providing
regulatory oversight and technical guidance to New Mexico hazardous waste generators and to
treatment, storage, and disposal facilities, as required by the New Mexico Hazardous Waste Act.

hazard quotient (HQ)—The ratio of the estimated site-specific exposure concentration of a single
chemical from a site to the estimated daily exposure level at which nc adverse health effects are
likely to occur.

high-explosive wastes—Any waste-containing material having an amount of stored chemical energy
that could start a violent reaction when initiated by impact, spark, or heat. This violent reaction would
be accompanied by a strong shock wave and the potential for high-velocity particles to be propelied.

holding time—The maximum elapsed time a sample can be stored without unacceptable changes in
analyte concentrations. Holding times apply under prescribed conditions, and deviations from these
conditions may affect the holding times. Extraction holding time refers to the time lapsed between
sample collection and sample preparation. Analytical holding time refers to the time lapsed between
sample preparation and analysis.

H3WA module—See Module VIlI.

hydraulic conductivity—(1) A coefficient of proporticnality that describes the rate at which a fluid can
move through a permeable medium. The rate is a function of both the medium and the fiuid flowing
through it. (2) The quantity of water that wilt flow through a unit of cress-sectional area of a porous
material per unit time under a hydraulic gradient of 1.00 (measured at right angles to the direction of
flow) at a specified temperature.

hydraulic gradient—The rate of change in hydraulic head per unit of distance in the direction of
groundwater flow.

hydraulic head—The elevation of the water table or potentiometric surface as measured in a well.

hydrogen-ion activity (pH)—The effective concentration (activity) of dissociated hydrogen ions {H+); a
measure of the acidity or alkalinity of a solution that is numerically equal to 7 for neutral solutions,
increases with alkalinity, and decreases as acidity increases.

“Hydrogeologic Workplan”—The document that describes the activities planned by Los Alamos
National Laboratory (the Laboratory) to characterize the hydrologic setting beneath the Laboratory
and to enhance the Laboratory’s groundwater monitoring program.

hydrogeology-—The science dealing with the occurrence of surface water and groundwater, their uses,
and their functions in modifying the earth, primarily by erosion and deposition.

hypothesis—A tentative explanation that accounts for a set of data and that can be tested by further
investigation.

infiltration—(1) The penetration of water through the ground surface into subsurface soil. (2) The
technique of applying large volumes of wastewater to land to penetrate the surface and percolate
through the underlying soil.

investigation-derived waste—Solid waste or hazardous waste that was generated as a result of
corrective action investigation or remediation field activities. Investigation-derived waste may include
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dfilling muds, cuttings, and purge water from the installation of test pits or wells; purge water, soil,
and other materials from the collection of samples; residues from the testing of treatment
technologies and pump-and-treat systems; contaminated perscnal protective equipment; and
solutions {aqueous or ctherwise) used to decontaminate nondisposable protective clothing and
equipment.

log book—A notebook used to record tabulated data (e.g., the history of calibrations, sample tracking,
numerical data, or other technical data).

logging run—A single data-collecting pass with a logging tool as the tool moves up or down in the
borehole or a portion of the borehole. A logging operation generally consists of a main run and one
or more repeat runs with each logging tool.

logging tool—A device that is run in a borehole to make borehole logging measurements.

material disposal area {MDA)—A subset of the solid waste management units at Los Alamos National
Laboratory (the Laboratory) that include disposal units such as trenches, pits, and shafts.
Historically, various disposal areas (but not all) were designated by the Laboratory as MDAs.

matrix—Relatively fine material in which coarser fragments or crystals are embedded; also called
"ground mass” in the case of igneous rocks.

migration—The movement of inorganic and organic chemical species through unsaturated or saturated
materials.

migration pathway--A route (e.g., a stream or subsurface flow path) for the potential movement of
contaminants to environmental receptors {plants, humans, cr other animals).

mitigation—(1) Minimizing environmental impacts by limiting the degree or magnitude of an action and
its implementation, (2) Rectifying an environmental impact by repairing, rehabilitating, or restoring
the affected environment, (3) Reducing or eliminating an environmental impact over time by
preservation and maintenance operations during the life of the action, (4) Compensating for an
environmental impact by replacing or providing substitute resources or environments.

mixed waste—Waste containing both hazardous and source, special nuclear, or byproduct materials
subject to the Atomic Energy Act of 1954,

model—A schematic description of a physical, biological, or social system, theory, or phenomenon that
accounts for its known or inferred properties and may be used for the further study of its
characteristics.

monitoring well—(1) A well used to obtain water-quality samples or to measure groundwater levels, (2)
A well drilled at a hazardous waste management facility or Superfund site to collect groundwater
samples for the purpose of physical, chemical, or biological analysis and to determine the amounts,
types, and distribution of contaminants in the groundwater beneath the site.

nondetect—A result that is less than the method detection limit.

notice of deficiency—A written notification from the administrative authority to a facility owner/operator
following the review of a permit application or other permit-related plan or report. A notice of
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deficiency requests additional information before a decision can be made regarding the original plan
or report.

notices of approval, of approval with modification, or of disapproval—Notices issued by the New
Mexico Environment Department (NMED). Upon receipt of a work plan, schedule, report, or other
deliverable document, NMED reviews the document and approves the document as submitted,
modifies the document and approves it as modified, or disapproves the document. A notice of
approval means that the document is approved as submitted. A notice of approval with modifications
means that the document is approved but with modifications specified by NMED. A notice of
disapproval means that the document is disapproved and it states the deficiencies and other
reasons for disapproval.

operable units {OUs)—At Los Alamos National Laboratory, 24 areas originally established for
administering the Environmental Remediation and Surveillance Program. Set up as groups of
potential release sites, the OUs were aggregated according to geographic proximity for the purposes
of planning and conducting Resource Conservation and Recovery Act (RCRA) facility assessments
and RCRA facility investigations. As the project matured, it became apparent that there were oo
many areas to allow efficient communication and to ensure consistency in approach. In 1994, the
24 QUs were reduced to 6 administrative field units.

outfall—A place where effiuent is discharged inte receiving waters.

perched water—A zone of unpressurized water held above the water table by impermeable rock or
sediment.

polychlorinated biphenyls (PCBs)—Any chemical substance limited to the biphenyl molecule that has
been chlorinated to varying degrees, or any combination that contains such substances. PCBs are
colorless, odorless compounds that are chemically, electrically, and thermally stable and have
proven to be toxic to both humans and other animals.

porosity—The degree to which soil, gravel, sediment, or rock is permeated with pores or cavities through
which water or air can move.

quality assurancefquality control—A system of procedures, checks, audits, and corrective actions set
up to ensure that all U.S. Environmental Protection Agency research design and performance,
environmental monitoring and sampling, and other technical and reporting activities are of the
highest achievable quality.

quality control—See quality assurance/quality control.

quality procedure—A document that describes the process, method, and responsibilities for performing,
controlling, and documenting any quality-affecting activity governed by a quality management plan.

radiation—A stream of particles or electromagnetic waves emitted by atoms and molecules of a
radioactive substance as a result of nuclear decay. The particles or waves emitted can consist of
neutrons, positrons, alpha particles, beta particles, or gamma radiation.
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radioaétive waste—Waste that, by either monitoring and analysis, or acceptable knowledge, or both, has
been determined to contain added (or concentrated and naturaily occurring) radioactive materia! or
activation products, or that does not meet radiclogical refease criteria.

radioactivity (radioactive decay; radioactive disintegration)—The spontaneous change in an atom by
the emission of charged particles and/or gamma rays.

radionuclide—Radioactive particle (human-made or natural) with a distinct atomic weight number.

RCRA facility investigation (RFI)—A Resource Conservation and Recovery Act (RCRA) investigation
that determines if a release has occurred and characterizes the nature and extent of contamination
at a hazardous waste facility. The RFI is generally equivalent to the remedial investigation portion of
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) process.

recbrdmAny book, paper, map, photograph, machine-readable material, or other documentary material,
regardless of physical form or characteristics.

regional aquifer—Geologic material(s) or unit(s) of regional extent whose saturated portion yields
significant quantities of water to wells, contains the regional zone of saturation, and is characterized
by the regional water table or potentiometric surface.

release—Any spilling, leaking, pumping, pouring, emitting, emptying, discharging, injecting, escaping,
leaching, dumping, or disposing of hazardous waste or hazardous constituents into the environment.

remediation—(1) The process of reducing the concentration of a contaminant (or contaminants) in air,
water, or soil media to a level that poses an acceptable risk to human health and the environment.
(2) The act of restoring a contaminated area to a usable condition based on specified standards.

Resource Conservation and Recovery Act—The Solid Waste Disposal Act as amended by the
Resource Conservation and Recovery Act of 1976 (Public Law [PL] 94-580, as amended by PL 95-
609 and PL 96-482, United States Code 6901 et seq.).

restricted area—Any area to which access is controlled by a licensee to protect individuals from
exposure to radiation and radioactive materials. The “restricted area” shall not include areas used as

residential quarters, although a separate room or rooms in a residential building may be set apart as
a restricted area.

runoff—The portion of the precipitation on a drainage area that is discharged from the area.
run-on—Surface water that flows onto an area as a result of runoff cccurring higher up on a slope.

sample—A portion of a material {e.g., rock, scil, water, or air), which, alone or in combination with other
portions, is expected to be representative of the material or area from which it is taken. Samples are
typically either sent to a laboratory for analysis or inspection or are analyzed in the field. When
referring to samples of environmental media, the term field sample may be used.

sample matrix—In chemical analysis, that portion of a sample that is exclusive of the analytes of interest.
Together, the matrix and the analytes of interest form the sample.

screening action level (SAL)—A radionuclide’'s medium-specific concentration level; it is calculated by
using conservative criteria below which it is generally assumed that no potential exists for a dose
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that is unacceptable to human health. The derivation of a SAL is based on conservative exposure
and on land-use assumptions. However, if an applicable regulatory standard exists that is less than
the value derived, it is used in place of the SAL.

screening risk assessment—A risk assessment that is performed with few data and many assumptions
in order to identify exposures that should be evaluated more carefully for potential risk.

sediment—(1) A mass of fragmented inorganic solid that comes from the weathering of rock and is
carried or dropped by air, water, gravity, or ice. (2) A mass that is accumulated by any other natural
agent and that forms in layers on the earth's surface (e.g., sand, gravel, silt, mud, fill, or loess). (3) A
solid material that is not in solution and is either distributed through the liquid or has settled out of
the liquid.

Shelby tube sampler—A thin-wall tube sampler that is latched onto a lead auger while hollow-stem
augering or pushed/driven ahead of the auger.

site conceptual model—A qualitative or quantitative description of sources of contamination,
environmental transport pathways for contamination, and receptors that may be impacted by
contamination and whose relationships describe qualitatively or quantitatively the release of
contamination from the sources, the movement of contamination along the pathways to the exposure
points, and the uptake of contaminants by the receptors.

site-specific health and safety plan (SSHASP)—A health and safety plan that has been tailored to a
site or to an Environmental Remediation and Surveillance (ERS) Program field activity and that has
been approved by an ERS health and safety representative. A SSHASP contains information
specific to the project, including the scope of work, relevant history, descriptions of hazards from
activity associated with the project site(s), and techniques for exposure mitigation (e.g., personal
protective equipment and hazard mitigation).

slope—A ratio of units of elevation change tc units of horizontal change, usually expressed in degrees.

soil—(1) A material that overlies bedrock and has been subject to soil-forming processes. (2) A sample
media group that includes naturally occurring and artificial fill materials.

soil gas—Gaseous elements and compounds in the small spaces between particles of the earth and soil.
Such gases can be moved or driven out under pressure.

soil moisture—The water contained in the pore space of the unsaturated zone.

soil screening level (SSL)—The concentration of a chemical (inorganic or organic) below which no
potential for unacceptable risk to human health exists. The derivation of an SSL is based on
conservative exposure and land-use assumptions, and on target levels of either a hazard quotient of
1.0 for a noncarcinogenic chemical or a cancer risk of 107 for a carcinogenic chemical.

solid waste management unit (SWMU)—(1) Any discernible site at which solid wastes have been
placed at any time, whether or not the site use was intended to be the management of solid or
hazardous waste. SWMUs include any site at a facility at which solid wastes have been routinely
and systematically released. This definition includes regulated sites (i.e., landfills, surface
impoundments, waste piles, and land treatment sites), but does not include passive leakage or one-
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time épills from production areas and sites in which wastes have not been managed (e.g., product
storage areas). (2) According to the March 1, 2005, Compliance Order on Consent (Consent Order),
any discernible site at which solid waste has been placed at any time, and from which the New
Mexico Environment Department determines there may be a risk of a release of hazardous waste or
hazardous waste constituents (hazardous constituents), whether or not the site use was intended to
be the management of solid or hazardous waste. Such sites include any area in Los Alamos
National Laboratory at which solid wastes have been routinely and systematically released; they do
nct include one-time spills.

split-spoon sampler—A hollow, tubular sampling device below a drill stem that is driven by a weight to
retrieve soil samples. The core barrel can be opened to remove samples. This is a sampling method
commaonly used with auger drilling. The split-spoon sampler can be driven into the ground or can be
advanced inside hollow-stem augers.

standard operating procedure—A document that details the officially approved method(s} for an
operation, analysis, or action, with thoroughly prescribed technigues and steps.

surface sample—A sample taken at a collection depth that is (or was) representative of the medium’s
surface during the period of investigative interest. A typical depth interval for a surface sample is 0 to
6 in. for mesa-top locations, but may be up to several feet in sediment-deposition areas within
canyons.

target analyte—A chemical or parameter, the concentration, mass, or magnitude of which is designed to
be quantified by a particular test method.

technical area (TA)—At Los Alamos National Laboratcry, an administrative unit of operational
organization {e.g., TA-21).

topography—The physical or natural features of an object or entity and their structural relationships.

tremie pipe—A small-diameter pipe used to carry sand pack, bentonite, or grouting materials to a
borehole’s bottom. Materials are pumped under pressure or poured to the hole bottom through the
pipe. The pipe is retracted as the annular space is filled.

trip blank—A sample of analyte-free medium taken from a sampling site and returned to an analytical
laboratory unopened, along with samples taken in the field; used to monitor cross contamination of
samples during handling and storage both in the field and in the analytical laboratory.

tuff—Consolidated volcanic ash, composed largely of fragments produced by volcanic eruptions.

unsaturated hydraulic conductivity—A coefficient that describes the rate at which a fiuid can potentially
move through a permeable, unsaturated medium.

unsaturated zone—The area above the water table where soil pores are not fully saturated, although
some water may be present.

U.S. Department of Energy—The federal agency that spensors energy research and regulates nuclear
materials for weapons production.

U.S. Environmental Protection Agency (EPA)—The federal agency responsible for enforcing
environmental laws. Although state regulatory agencies may be authorized to administer some of
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this responsibility, EPA retains oversight authority to ensure the protection of human health and the
environment.

Vadose zone. The unsaturated zone. Portion of the subsurface above the water table in which pores are
not fully saturated.

welded tuff—A volcanic deposit hardened by the action of heat, pressures from cverlying material, and
hot gases.

well casing—A solid piece of pipe, typically steel or polyvinyl chloride (PVC) plastic, used to keep a well
open in either unconsolidated materials or unstable rock and as a means to contain zone-isolation
materials such as cement grout or bentonite.

well screen—A perforated wire-wrapped casing that allows fluids, but not solid material, to enter a well.

work plan—A document that specifies the activities to be performed when implementing an investigation
or remedy. At a minimum, the work plan should identify the scope of the work to be perfermed,
specify the procedures to be used to perform the work, and present a schedule for performing the
work. The work plan may also present the technical basis for performing the work.

METRIC CONVERSION TABLES

Metric to English Conversions

Multiply S| {Metric}) Unit by To Obtain US Customary Unit
kilometers (km} 0.622 miles (mi)
kilometers (km) 3281 feet (ft)
meters (m) 3.281 feet (ft)
meters (m) 38.37 inches (in.)
centimeters (cm) 0.03281 feet {ft)
centimeters (cm) 0.394 inches (in.}
millimeters (mm} 0.0394 inches (in.)
micrometers or microns (um) 0.0000394 inches (in.}
square kilometers (kmz) 0.3861 square miles (miz)
hectares (ha) 25 acres
square meters (m?) 10.764 square feet ()
cubic meters (m°) 35.31 cubic feet (ft°)
kilograms (kg) 2.2046 pounds (Ib}
grams (g) 0.0353 ounces (0z)
grams per cubic centimeter (g/cm®) 62.422 pounds per cubic foot (Ib/t*)
milligrams per kilogram {mg/kg) 1 parts per million (ppm}
micrograms per gram (Jg/q} 1 parts per mitlion (ppm)
liters (1) 0.26 gallons (gal.)
milligrams per liter (mg/l) 1 parts per million (pprm)
degrees Celsius (°C) 9/5 + 32 degrees Fahrenheit (°F)
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APPENDIX B HISTORICAL INVESTIGATION REPORT

This historical investigation report {HIR) provides a summary of the field investigations and associated
environmental data collected to date for Material Disposal Area (MDA) C. The purpose of the HIR is to
provide supporting information for the proposed sampling design necessary to complete the MDA C
investigation as presented in Section 4 of this investigation work plan (hereafter, the work plan).

B-1.0 MDA C DISPOSAL UNIT INFORMATION {(OPERATIONAL HISTORY)

MDA C operated from May 1948 to April 1974 but received waste only intermittently from 1968 to 1974
before it was decommissioned in 1974. Wastes disposed of at MDA C included liquids, solids, and gases
generated from a broad range of nuclear energy research and development activities conducted at the
former Los Alamos Scientific Laboratory {(LASL), now the Los Alamos Naticnal Laboratory (LANL or the
Laboratory), including uncontaminated classified materials, metals, hazardous materials, and
radionuclides. MDA C consists of seven pits, with depths ranging from 12 to 25 ft below the original ground
surface and 108 shafts with depths ranging from 10 to 25 ft below the original ground surface. The
dimensions of pits and shafts based on LASL engineering drawing ENG-R 1264 (LASL 1970, 76047) are
listed in Table B-1. The pits and shafts were excavated into the overlying soil and the Tshirege Member of
the Bandelier Tuff and were unlined, except for Shafts 98-107, which were lined with 12-in.-thick concrete.
In 1959, permanent markers consisting of metal stakes with numbered tags were placed next to each
shaft. The shafts were sealed by filling them with crushed tuff, followed by concrete (Rogers 1977, 05707,
p. C-12). The pits were filled with crushed tuff when they were decommissioned.

Fill dirt was used to cover the material disposed in the pits as they were being filled. The dirt acted as a
temporary cover. A 1959 memo indicates that Pit 6 received approximately 10,000 yd® of waste and
24,000 yd® of fill dirt, an approximate ratio of 2.5 yd® of fill to 1.0 yd® of waste material that was typical of
MDA C operations (LASL 1959, 27781). When MDA C was decommissioned in 1974, most of the surface
was covered with crushed tuff and fill, and the new surface was recontoured and seeded with a native
grama grass mixture.

B-1.1 Waste Inventory and Disposal History

Woaste disposal records for MDA C from 1948 to 1969 are found in LASL fogbooks 1743, 2587, 3478,
4644, 6030, 7277, 8453, 9293, 9593, and 12442 (LASL 19481969, 76035). These logbooks were used
to record infermation on the type, date, location, and volume of waste placed in MDA C. Records prior to
1954 are incomplete and most logbook entries contain only brief descriptions of the wastes disposed at
MDA C. Historical reports (Rogers, 1977, 05707, p. C-7) indicate that it was common practice for
chemicals to be burned in the chemical disposal pit at MDA C. Hazardous constituents and
uncontaminated classified material were buried with radioactive contaminated material. Routine
radioactive contaminated trash disposed at MDA C consisted of cardboard boxes, 5-mil plastic bags of
waste generated in LASL chemistry labs, and 55-gal. barrels of sludge from wastewater treatment plants
at Building 35 at TA-21, DP West/TA-21, and TA-45. Nonroutine contaminated waste included debris
from the demolition of Bayo site and TA-1, classified materials, and tuballoy chips {Rogers 1977, 05707,
p. C-3). Waste inventory information gleaned from the logbooks is summarized in the approved Resource
Conservation and Recovery Act (RCRA) facility investigation (RFI} work plan for Operable Unit (OU) 1147
{LANL 1992, 07672, pp. 2-52-2-56). The logbooks are currently being reviewed to estimate the specific
quantities of individual contaminants in the MDA C disposal inventory. An updated inventory will be
presented in the MDA C investigation report.

ER2005-0172 B-1 October 2005




MDA C investigation Work Plan, Revision 2

B-1.1.1 MDA C Disposat Pit Inventory

Disposal pits at MDA C were used to dispose of hazardous wastes, uncontaminated classified materials,
and radioactive materials. Operating dates for each disposal pit and a discussion of the waste inventory
for each disposal pit compiled from disposal records for MDA C follows.

Pit 1 (Nov 1948-Sept 1951)

From LASL loghooks 2587 and 3478: trichloroethylene (TCE), boron, sulfuric acid, graphite, medical
laboratory solutions, contaminated materials and trash, tritium, americium-241, uranium, classified
material, plutonium, cyanide, mercury, radium-226, acids, lead, and waste oil.

Pit 2 (Apr 1950-Sept 1951)

From LASL logbocks 2587 and 3478: TCE and contaminated materials and trash, boron, tritium,
americium-241, uranium, sulfuric acid, biological waste, graphite, classified material, plutonium,
cyanide, mercury, radium-2286, acids, lead, and waste oil.

Pit 3 (Oct 1951-Apr 1953)

From LASL logbooks 4644: mercury teplers, tritium-contaminated glassware, cyanide solutions,
contaminated materials and trash, TCE, boron, americium-241, uranium, sulfuric acid, biolcgical
waste, graphite, classified material, plutonium, radium-226, acids, lead, waste oil, and beryllium.

Pit 4 (Oct 1951—-Feb 1955)

From LASL logbooks 4644 and 6030: tritium-contaminated glassware, boxes and urine samples,
mercury teplers, actinium-227, vials of radium-226, cyanide and cyanide solutions, a 5-gal. can of
actinium waste, empty bottles, contaminated materials and trash, TCE, boron, americium-241,
uranium, sulfuric acid, biclogical waste, graphite, classified material, plutonium, acids, lead, waste oil,
silver, and beryllium.

Pit 5 (Apr 1953—-Sept 1959)

From LASL logbooks 6030, 7277, and 9593: batteries {acids and lead), a 5-gal. can of actinium-227
waste, lead bricks, vials of radium-226, zirconium shavings, cyanide and cyanide solutions,
radionuclide-contaminated waste oil, empty bottles, silver nitrate, beryllium chips, tritium-
contaminated boxes and urine samples, contaminated materials and trash, TCE, boron,
americium-241, uranium, sulfuric acid, biclogical waste, graphite, classified material, and plutonium.

Pit 6 (Oct 1956—Sept 1959)

From LASL logbooks 9593, 11363, and 9293: radionuclide-contaminated ail, tritium-contaminated oil,
copper sheets, cobalt chips, bottles of cadmium-boron tungstate, tritium-contaminated boxes and
cans, a can of oil, approximately 100 curies {Ci} of source-strength cobalt-60, a lanthanum source, 10
bottles of platinum chloride, beryllium chips, carbon-14-contaminated graphite, a plutonium slug,
contaminated materials and trash, TCE, boron, americium-241, uranium, sulfuric acid, biclogical
waste, classified material, mercury, actinium-227, radium-2286, acids, and lead.
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Chemicai Pit (early 1960—June 1964)

No logbook entries were made for specific wastes disposed of in the Chemical Pit at MDA C. The
following quotes were recorded in the approved RF| Work Plan for OU 1147 (LANL 1992, 07672,

p. 2-54): the area "was used for burial of a variety of chemicals, pyrophoric metals, natural uranium
powders and hydrides, sealed vessels containing sodium-potassium alloy, compressed gases, and
unspecified equipment. . . .Undoubtedly, some plutonium- and uranium-contaminated objects were
inadvertently placed in the pit. . . .No high explosives were ever interred in this pit. . . .Low-level
radioactive waste placed in the pit may have included cardboard boxes containing materials from the
chemistry labs, as well as 55-gal. barrels of sludge from the waste treatment plants at Building 35,
DP West, and TA-45”

B-1.1.2 MDA C Disposal Shaft Inventory

The disposal shafts at MDA C were primarily used for disposal of beta- and gamma-contaminated waste
from the Chemical Metallurgy Research Building at TA-35; however, other Laboratory groups used the
MDA C shafts for waste disposal as well. The activity of solid radioactive wastes disposed in the MDA C
shafts between 1959 and 1972, decay-corrected to January 1989, includes 20,000 Ci tritium, 0.58 Ci
sodium-22, 2.4 Ci cobalt-60, 21 Ci strontium-90/yttrium-90, 1 Ci radium-226, 5 Gi uranium-233, <0.1 Ci
uranium-234, -235, -236, and -238, 50 Ci fission products, and 200 Ci of activation products. All of the
shafts were unlined with the exception of Shafts 98—107, which were lined with 12-in. thick concrete. A
single disposal shaft was dug at MDA C solely for disposing of a single strontium-90 source in the 1950s
or 1860s.Three groups of shafts were used sequentially over time. The Shaft Group 1 consists of 12
shafts numbered 56-67. These shafts were originally numbered 1-12; however, they were renumbered in
1962 to be sequential with subsequent shafts. Shaft Group 1 is south of Pit 5. Shaft Group 2 consists of
Shafts 1-55, which are located between Pits 1 and 3. Shaft Group 3 (Shafts 68—107) is west pf Pits 1
through 4.

Operating dates for each shaft group and a discussion of the waste inventory for each group of disposal
shafts compiled from disposal records for MDA C follows.

Shaft Group 1 (Shafts 56-67 [Feb 1953-0Oct 1959])

From LASL logbook 2593: Barium, tritium, radium, lanthanum-140, strontium-89 and -20, tantalum,
cerium waste, two cerium sources, fission products, one lanthanum-140 static source, phosphoric
acid, depleted uranium {DU), a charceal trap, and polonium-beryllium-fluorine compounds.

Shaft Group 2 (Shafts 1-55 [Nov 1959—-May 1967])

From LASL logbooks 9593 and 11363: barium-140, lanthanum-140, fission products from the Omega
reactor, uranyl phosphate, graphite slugs, a cobalt-60 capsule, radioactive graphite, radioactive
tantalum, 1 g of irradiated plutonium, thallium, irradiated uranium graphite, lead-beryllium sources,
thorium, cesium, strontium, plasma thermocouples, fuel elements (rods), cobalt-60 slugs and
sources, sulfuric acid solution, zirconium carbide, a copper sphere, two “rabbit” tubes of beryllium
(“rabbits" are containers placed in a reactor neutron flux to irradiate the contents), reactor seals, alpha
emitters in solution, acid solutions, actinium components, various uranium isotopes, depleted
uranium, cerium-141, yttrium, silver-110, sodium-22, cesium-137, cesium-144, plutonium waste,
oralloy (enriched uranium from Oak Ridge), benzene, isopropyl alcohol, neptunium-237,
contaminated materials and trash, americium-241, biological waste, classified material, radium-226,
lead, silver, and “induced activity” (activation products, usually from a linear accelerator).
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Shaft Group 3 (Shafts 68-107 [Oct 1962-Feb 1966])

From LASL loghcoks 11363 and 12442: plutonium-contaminated trash, fission products, aluminum
sheets and tubes, acids, cesium-137, sodium, cobalt-60, antimony, lanthanum-140, cobalt-60
sources, polonium, beryilium, vacuum pump oil, empty glass bottles, graphite, plutonium, boron, fuel
element end caps, thermocouples, acetone, uranium, zirconium carbide, zinc and aluminum residues,
barium, irradiated tantalum, tuballoy {(a uranium alloy), shell waste, yitrium-91, radioactive chemicals
and organic solutions, hydrochloric acid waste, plutonium in ether sclution, zinc and mercury
solutions, DU chips, miscellaneous sources, oralloy solution, iridium-192, tantalum, indium-114,
animal tissues, solvents, a LAMPRE rod assembly, waste oil, detonater components, NRX (Navy
experiment) reactor parts, trinitrotoluene (TNT) element samples, americium-242, aluminum-105,
zinc-65, neptunium-237, contaminated materials and trash, americium-241, classified material,
actinium-227, radium-2286, lead, silver, strontium-80, and “induced activity.”

B-1.2 Previous Field Investigations

The following information regarding field investigations conducted at MDA C prior to the Phase | RFl is
summarized from Section 2.3.2.2 of the approved RF| work plan for OU 1147 {(LANL 1992, 07672).

B-1.2.1 USGS Water-Infiltration Tests (1956-1961)

From 1936 through 1961, the United States Geological Society (USGS) conducted water infiltration tests
at MDA C using shallow pits approximately one ft deep, which were filled with water. One of the tests
conducted during the study involved placing 0.75 ft of standing water in a shallow pit and maintaining this
level of water in the pit for 99 days. The USGS found that the water did not percolate from the soil into the
unweathered tuff, which was encountered at 6 ft beneath the ground surface. The study conciuded that in
the presence of a continuous and consistent hydraulic head in the shallow pit, subsurface moisture
preferentially moved laterally in the soil profile rather than downward into tuff. The study further concluded
that the downward movement through soil and tuff is slow and inefficient, requiring more hydraulic head
than is typically present at MDA C (LANL 1992, 07672, p. 2-57).

B-1.2.2 Surface Radiation Surveys and Sampling (1976-1986)

Between 1976 and 1984, radiation surveys were conducted on the surface of MDA C to identify localized
areas of elevated radioactivity (LANL 1992, 07672, p. 2-57). Surface soil and vegetation samples were
subsequently collected from areas with elevated radiation levels and analyzed for radionuclides. Based
on the results of these radiation surveys, MDA C was covered with crushed tuff, except in the northeast
corner where ng disposal pits or shafts are located.

In 1985, radiation surveys were conducted around the MDA C perimeter (Figure B-1). Thermoluminescent
dosimeters (TLDs) were used to estimate external penetrating radiation doses. TLD readings taken at 18
locations were all near local background levels. Thus, perimeter TLD monitoring did not identify a
significant penetrating radiation source-area within MDA C. The TLD survey was repeated in 1986 with
similar results.

A Phoswich detector was used to perform a second 1985 radiation survey for the low end of the energy
spectrum to detect the presence of x-ray and gamma-ray emitters on the soil surface using a 64 ft by 64 ft
grid over the entire site. A high-pressure ion chamber was used to measure radiation doses at the high
end. Both surveys indicated background conditions over most of the site; however, elevated levels of
radioactivity were measured in the northeast corner of MDA C.
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Surface soil samples were collected from the surface at 0 to 1 cm and analyzed for tritium, plutonium-233,
-239, -240, and uranium. Tritium samples from the eastern half of MDA C were below the local
background concentration of 4.0 pCi/mL (LANL 1998, 59730). Isotopic plutonium (up to 10 pCi/g of
plutonium-239 and -240 and 30 pCi/g of plutonium-238) was detected on the north and east sides of
MDA C. Congentrations of uranium were all less than background value within the MDA C boundary. The
areas with elevated radionuclides correspond to the portion of MDA C that was not covered in 1984.
Additional soil sampling was performed in 1986 at the radiation survey locations shown in Figure B-1,
Surface soil samples were analyzed for americium-241, cesium-137, plutonium-238 and -239, and
tritium. Results of these analyses are presented in Table B-2 and are consistent with the 1985 results.

B-1.2.3 Perimeter Pore-Gas Sampling (1989)

In 1989, pore-gas samples collected from a depth of 4 ft at six locations near the Chemical Pit and 12
perimeter locations immediately surrounding MDA C were analyzed for volatile organic compounds
(VOCs). Results indicated that no VOCs were present at concentrations greater than method detection
limits (DOE 1989, 15364). TCE was detected in four of the eighteen samples at 0.2 to 0.3 mg/m®, carbon
disulfide was detected in one sample at 0.4 mg/m®, and 2-butanone was detected in one sample at

4.0 mg/m®.

Three sediment samples were collected at 0- to 12-in. intervals from a drainage channel at the top of
Ten Site Canyon and were analyzed for pesticides, polychlorinated biphenyls (PCBs), VOCs, semivolatile
organic compounds (SVOCs), inorganic chemicals, and radionuclides. Toluene was detected in one
sample at 4.0 pg/kg, eight SVOCs were detected at concentrations ranging from 8.0 to 190.0 pg/kg, and
four pesticides were detected at concentrations ranging from 1.0 to 36.0 ugrkg. Inorganic chemicals
including barium {28 to 110 mg/kg), chromium (7.0 to 19 mg/kg), nickel (68 mg/kg), and zinc (22 ta

47 mg/kg) were detected. Radionuclides including radium-226 (800 to 900 pCi/kg), uranium-235 {64 to
100 pCifkg), total uranium (4000 to 6000 pg/kg), plutonium-238 (8 to 420 pCifkg), plutonium-239, -240
{328 to 7840 pCi/kg), cesium-137 (160 to 395 pCi/kg), and americium-241 (790 pCi’kg) were detected
{DOE 1989, 15364). The 1989 perimeter pore gas and sediment sample locations are provided in
Figure B-2, and the analytical results are listed in Table B-3.

B-2.0 PHASE | RF| FIELD INVESTIGATIONS AND REVIEW OF FIELD SCREENING, SURVEY, AND
LABORATORY RESULTS

Field Investigations Summary

Phase | RFI fieldwork was conducted at MDA C from 1993 through 2002. The approved RFI work plan for
OU 1147 specified the sampling of surface soil, fill, and subsurface tuff and analyzing samples for
inorganic chemicals (target analyte list [TAL] metals}, organic chemicals (VOCs, SVOCs, pesticides, and
PCBs), and radionuclides {LANL 1992, 07672, p. 5-35). The cbjectives of the Phase | RFl were to
determine if contaminants had been released from MDA C, to define the nature and extent of any
contaminant releases, to collect data to support and supplement existing data, and to collect data to be
used in a risk assessment. Phase | RFI fieldwork conducted at MDA C included

¢ collecting and analyzing 68 surface soil and fill samples,
+ drilling two vertical boreholes and 9 angled boreholes,
» collecting and analyzing 82 core samples,

¢ collecting and analyzing 34 subsurface pore-gas samples for VOCs,
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+ collecting and analyzing 15 near-surface pore-gas samples for tritium, and
 collecting and analyzing 105 EMFLUX® soil-gas survey samples.

A summary of OU 1147 work plan specifications, fieldwork performed, and the rationales for deviations
from the work plan is provided in Table B-4.

Data Review Summary

The Phase | RF| data for MDA C include analytical data from 68 surface samples (16 surface soil
samples and 52 fill samples), 15 tritium probe samples, 82 tuff samples collected from 11 boreholes (79
from Qbt 3, 2 from Qbt 2, and 1 from Qbt 1v), 105 EMFLUX soil-gas survey samples, and 34 pore-gas
samples. All data used quantitatively to identify chemicals of potential concern (COPCs) at MDA C were
subjected to Environmental Stewardship—Environmental Remediation Services (ENV-ERS) Program
quality assurance/quality control {QA/QC) procedures. The data review process for identifying COPCs
hegins with a comparison of site data with

« naturally occurring background concentrations for inorganic chemicals,
» naturally occurring background and fallout concentrations for radionuclides, and

¢ analytical estimated quantitation levels (EQLSs) for organic chemicals.

Background comparisons and a variety of statistical and graphical methods were used to compare site
inorganic and radionuclide data with Laboratory background data (LANL 1898, 59730). Organic chemical
data were evaluated for detection status only. For background comparisons, the first step was to compare
the site data with a background value (BV). A BV may be an estimated value for the background data set
{upper tolerance limit [95, 95] or the 95% upper confidence bound on the 95th gquartile), a detection limit
(DL), a fallout value {FV), 2 minimum detectable activity, or it may be calculated based on secular
equilibrium or a total analysis. The term “background value” will be used in this report to represent any of
these values.

If a site-specific datum exceeds its BV, additional evaiuation of the datum may be performed by
comparing the range of vaiues in the site data set for that chemical to the range of values for that
chemical in the background data set. Graphical analyses (e.qg., box plots) may be used or, if adequate
data are available, statistical tests that evaluate differences in distribution may be used. Nonparametric
tests commonly used to assess data distributions include the Gehan, quantile, and slippage tests.
Together these tests assess complete shifts in distributions, shifts of a subset of the data, and the
potential for some of the site data to be greater than the maximum background concentration. Observed
significance levels {p-values) are obtained; these values indicate whether a difference does or does not
exist between the data sets. A p-value of less than 0.05 indicates that a difference exists between the
distributions (i.e., the site data are different from the background data). A p-value greater than 0.05
indicates that no difference exists between distributions (i.e., site and background data are similar).
Statistical tests, graphical analyses, and their results are discussed in Appendix D.

Only data that are relevant for identifying COPCs are discussed in this section; this includes
measurements above applicable thresholds or DLs that are greater than an applicable threshold.
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B-2.1 Survey and Screening Results
B-2.1.t Geophysical Surveys in 1994, 2001, and 2002
1994 Magnetometry Survey

In August 1994, a magnetometry technique, the Multisensor Towed Array Detection System (MTADS),
was demonstrated at MDA C as a pilot test to locate boundaries of subsurface disposal units (McDonald
and Rebertson 1995, 56357). The survey was conducted to evaluate the MTADS, which incorporates a
towed array of seven cesium-vapor total-field magnetometers to detect subsurface disposal unit
boundaries. The maximum depth range of this survey technique is 12 ft below ground surface (bgs). If
ferrous materials were not present within a depth interval, the survey would not identify a subsurface
feature.

2001 Geophysica! Survey

A geophysical survey was performed in August and September 2001 (AGS 2001, 73710) to delineate
existing disposal pit and shaft locations and map the thickness of cover materials across the surface of
MDA C. To achieve these objectives, an integrated geophysical investigation was performed using terrain
conductivity (EM31), high-sensitivity metal detector (EM61), and digital ground-penetrating radar (GPR)
techniques. In addition, the dipole-dipole electrical resistivity technique was tested at MDA C to assess its
effectiveness in determining the thickness of cover materials. Although the survey was deemed
successful, interference from the chain-link fence obscured the southern and eastern pit boundaries.

2002 Geophysical Survey

A second geophysical survey was performed at MDA C in September 2002 (AGS 2002, 73711) after the
chain-link fence along the southern and eastern boundaries of MDA C had been removed. This
geophysical survey was done to confirm the southern and eastern pit boundaries and to determine if the
pits extend beyond the southern fence line. The geophysical survey was performed using terrain
conductivity (EM31), high-sensitivity metal detector (EM&1), and digital GPR techniques. The
methodology and instrumentation used during this survey were consistent with the previous survey to
altow integrated data processing and interpretation.

B-2.1.2 Geophysical Survey Results
Magnetometry Demonstration (1994)

Results of the August 1984 magnetometry demonstration indicate that all seven pits probably extend
beyond the boundaries shown on historical maps. In particular, Pits 1-4 extend farther to the east than
indicated on historical maps. The line of Shafts 98—-107 (a portion of Shaft Group 3) closely correlates
with detected magnetic anomalies. The other two shaft fields were not prominently displayed in the
magnetic data. Shaft 108 (the strontium-90 disposal shaft) was not identified by magnetic anomalies at its
expected location; however, if any ferrous material contained in the shaft is located beneath the 12-ft
range of the instrumentation, its location would not have been obvious {McDonald and Robertson 1985,
56357).

Survey results also indicated that Pit 6 may extend to the fence on the north side of MDA C and possibly

beyond the fence at the east end of the pit. However, a photograph confirms the proximity of the northern
edge of Pit 6 to the north perimeter fence (Rogers 1977, 05707, p. C-9).
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2001 Geophysical Survey

The EM31 results from MDA C show east-west trending conductivity anomalies that generally coincide
with the expected pit locations. Lateral variations within the interpreted pit locations indicate changes in fill
cover and the heterogeneity of the buried materials. At most of the suspected shaft locations, no
consistent anomalies were observed that could be attributed with certainty to the shafts. The absence of
anomalies at these locations indicates either that the shafis do not exist at the locations shown or that
insufficient contrasts occur in the upper 10 ft of materials.

Similarly, the EM61 data show high-amplitude anomalies at Pit 5. This finding indicates that most of the
metal objects buried at the site are contained in the southern portion of the pit. Small and randomly
scattered metal objects are observed throughout the remaining pit locations.

The interpreted pit boundaries based on the EM61 and EM31 data show a strong correlation. The GPR
survey showed that the minimum and maximum cover thicknesses at MDA C are 0.0 and 8.76 ft,
respectively, with a mean value of 3.4 ft. Figure B-3 illustrates the fill thicknesses at MDA C.

2002 Geophysical Survey

The electromagnetic (EM) data acquired in the eastern survey area show low values and laterally
homogeneous materials typical of natural sediments and rocks. Similarly, the GPR data indicate the
presence of native subsurface conditions over most of this area. EM interference created by utilities was
encountered along the southern site boundary, which made delineating the southern boundary of Pit 1
difficult. However, a subtle decrease in values was observed in the terrain conductivity, in-phase, and
EM61 data between the interpreted trench location and the apparent location of the utilities. The location
of the decrease indicates that the Pit 1 boundary occurs inside the fence line. GPR lines running across
this boundary support this conclusion, EM and GPR anomalies observed cutside the fence line in the
southern portion of the survey area are attributed to buried utilities and excavations unrelated to disposal
pits. In conclusion, the geophysical data acquired during this investigation show no evidence of disposal
pits outside the fence line in the surveyed areas.

Throughout this work plan, figures are based on the disposal pit boundaries shown on LASL engineering
drawing ENG-R 4459 (LASL 1974, 38446). The interpretation of the pit boundaries from the geophysical
survey differs slightly from the enginesring drawing. When the pit boundaries are overlaid on the 2001
geophysical survey (Figure B-4), the anomalies extend to a greater distance than the reported pit
boundaries. These differences will be taken into consideration when locating new boreholes during
implementation of this work plan.

B-2.1.3 Biota Screening and Sampling

Biota sampling was conducted at MDA C in accordance with the MDA C sampling and analysis plan
(SAP) addendum {LANL 2003, 74067) to determine whether any evidence of uptake and transport of
contaminants by biota could be found at MDA C. Biota sample locations were selected to ensure broad
spatial coverage and located above and around the Chemical Pit, Pits 1-6, and the southwest corner of
the area where no materials had been buried.

On February 12, 2003, 14 ant mounds and 63 animal burrows across the site were fisld screened for
gross alpha, beta and gamma activity in the field according to ENV-ECR Standard Operating Procedure
(SOP) 10.14, “Performing and Documenting Gross Gamma Radiation Scoping Surveys.” A Ludlum 139
radiation meter was used to detect alpha radiation. A Ludlum ESP 1 radiation meter with an HP 260
pancake probe and a Ludlum Model 2221 Scaler/Ratemeter with a Ludlum Model 44-10 2x2 gamma
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scintillator were used to detect beta/gamma radiation. The screening followed protocols outlined in
LANL-ER-SOP-10.14, including ensuring that the meter was source-checked before use and taking
background readings periodically during the meter's use. Local background was determined to be
300-400 dpm beta/gamma.

On March 20, 2003, 29 surface soil samples were collected from nine ant mounds and 20 animal burrows
and submitted to American Radiation Services (ARS) of New Mexico for gross alpha, beta and gamma
analysis. Figure B-5 shows the sample locations of the ant mound and animal burrow samples. Samples
of pine needles were collected on March 21, 2003, from all sixteen ponderosa pine trees on the surface of
MDA C and submitted to ARS for gross alpha, beta and gamma analysis (Figure B-5). Approximately

500 g of plant material were collected from each tree. Pine needles were rinsed with deionized water in
the field. Each location was surveyed by global-positioning system (GPS). Table B-5 presents all of the
samples that were collected and sent to the analytical laboratory. The analytical screening results from
ant mounds and burrow spoil material are presented in Table B-6. Analytical screening results for pine
needles are presented in Table B-7.

The trees were cut down and a wafer of the tree trunk was collected for tree-ring dating. All trees were
between 4.5 and 5.5 ft high, but exact tree heights were not recorded. The wafer used for tree-ring dating
was collected at the base of the trunk. The approximate age of the trees is presented in Table B-8. The
data will be evaluated by spatial plots and compared with background rates to determine whether and
where biota may be mobilizing subsurface contamination. This information will be used to evaluate
alternatives for remediation during the MDA C corrective measure study (CMS).

B-2.2 Surface Investigation
B-2.2.1 Surface Soil and Fill Sampling

The Phase | RF| surface sampling was conducted at MDA C from June 14 to July 14, 1883. A 60- by 60-ft
sampling grid was laid out across and beyond the boundary of MDA C, and a radiation survey was
conducted using a VIOLINIST field instrument to measure gamma radiation and x-rays at 208 locations at
midpoints between the nodes of the sampling grid. However, DLs were not available for the VIOLINIST
field instrument; therefore, these data are not included in this report.

A total of 203 soil samples were collected from the 0- to 6-in. interval at nodes of the 60- by 60-ft grid
(Figure B-6) and screened for gross alpha, beta, and gamma radiation using hand-held field instruments.
Based on radiation screening results, a total of 68 surface samples, whose locations are shown in

Figure B-7, were submitted to an off-site contract laboratory for analysis: 59 samples were anatyzed for
PCBs, and 68 samples were analyzed for inorganic chemicals (limited list of antimony, arsenic, barium,
beryllium, cadmium, chromium, lead, mercury, nicke!, potassium, selenium, silver, and thallium) and
radionuclides (gamma-emitting radionuclides by gamma spectroscopy, strontium-90, americium-241, total
and isotopic uranium, and isotopic plutonium). A summary of surface samples collected and requested
analyses is presented in Table B-9.

B-2.2.2 Phase | RFI Surface Soil and Fill Samples

Surface samples were collected from both soil and fill material. Table B-9 summarizes all the surface
samples collected during the Phase | RFI and the requested analyses for each sample. The request
number is shown in the table for each analysis requested for an individual sampie. According to the data
validation for inorganic chemicals, radionuclides, and organic chemicals in the surface soil and fill, the
results were not qualified and all data are suitable for data assessment.

ER2005-0172 B-9 Qctober 2005




MDA C Investigation Work Plan, Revision 2

Inorganic Chemical Comparison with BV

Surface soil and fill samples were analyzed for limited TAL metals (antimony, arsenic, barium, beryliium,
cadmium, chromium, lead, mercury, nickel, potassium, selenium, silver, and thallium). Sixty-eight samples
were analyzed for antimony, arsenic, barium, beryllium, cadmium, chromium, lead, nickel, selenium,
silver, and thallium; ten were analyzed for mercury and two for potassium. Because the surface of MDA C
has been disturbed and fill has been added, distinct soil horizons are not evident for the surface samples;
therefore, the BV for all soil horizon is used for background comparisons for samples identified as soil or
fill (LANL 1998, 59730). Table B-10 presents the frequency of detected inorganic chemicals above BVs in
surface soil and fill samples.

Lead and silver are the only inorganic chemicals that were detected above their respective BVs. Lead
was detected above the BV in 9 samples (7 to 30 mg/kg) at concentrations close to the BV (22.3 mg/kg).
The results of the Gehan and quantile tests for lead presented in Appendix D (Table D-1) indicate that
iead is elevated above background. Silver was detected in two samples at concentrations of 1.1 and

6.0 mg/kg, which are above the BV of 1.0 mg/kg. No further background tests for silver were performed
since there is no background data set for silver. All other inorganic chemicals were similar to Laboratory
site-wide soil BVs (LANL 1998, 59730). Table B-11 presents the concentrations of lead and silver above
background in surface soil and fill materiat at MDA C. Lead and silver were identified as COPCs in
surface soil and fill.

Radionuclide Comparison with BVs and Fallout Values

Sixty-eight surface soil and fill samples were analyzed for americium-241, isotopic plutonium, isotopic
uranium, strontium-90, and gamma-emitting radionuclides. Because the surface of MDA C has been
disturbed and fill has been added, distinct soil horizons are not evident for the surface samples; therefore,
the BVs for all soil horizons are used for background comparisons (LANL 1998, 59730). FVs apply to
americium-241, tritium, isotopic plutonium, strentium-90, and gamma-emitting radionuclides. The term
“background value” will be used in the following tables and text to represent both BVs and FVs.

Table B-12 presents the frequency of detected radionuclides above BV collected in surface soil and fill
samples.

Americium-241, plutonium-238, plutonium-239, thorium-232, and uranium-238 were all detected above
the BV in at least one sample. The BVs for thorium-232 and uranium-238 are both surrogates from
sediment data, and further statistical tests were not performed for these two analytes. The statistical test
results from the three radionuclides with soil background data are presented in Table D-2 (Appendix D).
As the statistical tests show, all p-values were less than 0.5, indicating that these three radionuclides are
elevated compared to the background data.

Table B-13 presents the concentrations above the BY in surface soil and fill. Americium-241,
plutonium-238, plutonium-239, thorium-232, and uranium-238 are identified as COPCs in surface soil and
fill at MDA C.

During the Phase | RFI, 59 surface socil/fill samples were analyzed for tritium and soil moisture to evaluate
the spatial distribution of tritium concentrations in surface soil. Although tritium related to historical surface
releases would long since have dissipated to the atmosphere, locally elevated concentrations of tritium in
surface soil may reflect areas where subsurface tritium is diffusing to the atmosphere as tritiated water
vapor. The analytical results from these surface samples, with tritium concentrations ranging between
0.17 and 12.82 pCi/mL., showed that the higher tritium concentrations were consistently correlated with
low moisture contents in the soil/fill samples. This correlation results from the greater uncertainty in trittum
values when a sample available for analysis contains little moisture. Because this correlation may
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confound interpretation of the tritium soil data, 15 shallow pore-gas vapor probes were installed across
MDA C in accordance with the MDA C SAP Addendum (LANL 2003, 74067). Pore-gas samples were
collected in February 2003 from each probe using absorbent silica gel columns and analyzed for tritium
{Section B-2.3.1). The vapor probe data indicate more reliably the locations where releases of tritium to
the atmosphere occur. The surface tritium data, including the sample locations and sample identification
numbers, are provided in Appendix E but were not used to support the evaluation of the nature and extent
of tritium contamination at MDA C.

Evaluation of Organic Chemicals

Surface soil and fill samples were analyzed for PCBs and SVOCs. Sample concentrations were reviewed
for detection status. Table B-14 presents the frequency of detected organic chemicals in surface soil and
fill.

Only five arganic chemicals were detected in the surface soil and fill samples. The concentrations of
these organic chemicals are presented in Table B-15.

Figures D-6 to D-8 show the distribution of the Aroclor-1254, Aroclor-1260, and bis(2-ethylhexyl)phthalate
data since these organic chemicals were detected in more than one sample. Acenaphthene,
Aroclor-1254, Aroclor-1260, bis(2-ethylhexyl)phthalate, and pentachlorophenal are identified as COPCs in
the surface soil and fili at MDA C.

Although the approved RF} work plan for OU 1147 did not call for collecting and analyzing surface soil
samples for VOC, ten surface soil/fill samples were collected and analyzed for VOCs during the Phase |
RFI to assess whether contaminants are available for transport from the surface of MDA C (LANL 1992,
07672). The analytical results from these samples, which reported no detected VOCs, are not
representative of past or current conditions because of the volatility of VOCs, which readily dissipate into
the atmosphere. Vapor-phase pore-gas sampling is more appropriate for determining the nature and
extent of VOCs. Therefore, VOC surface flux was measured across MDA C in two surveys conducted in
June and July 2000, and VOC pore-gas samples have been collected and analyzed from two vapor-
monitoring boreholes at MDA C (Section B-2.3). The surface VOC data, including sample locations and
sample identification numbers, are provided in Appendix E.

B-2.2.3 VOC Surface-Flux Measurements

VOC surface flux was measured across MDA C in two surveys conducted in June and July 2000 to
identify the nature and extent of potential subsurface VOC contamination. EMFLUX collectors, consisting
of an adscrbent cartridge suspended on a stake beneath a protective shell for a 72-hr period, were used
in the survey. VOC analysis was performed by Maryland Spectral Services using gas
chromatography/mass spectrometry technigues following a modified US Environmental Protection
Agency (EPA) Method TO-1. Additional information on surface-flux sampling and analysis protocols is
provided in the EMFLUX soil gas survey report for MDA C (BES 2000, 76046).

Eighty-four sample locations were identified in the first survey in June 2000; subsequently, an additional
21 locations were selected in the July 2000 survey. The EMFLUX surface flux measurement locations are
shown in Figure B-8. Four trip blanks were included among the samples of the first survey and one trip
blank for the second survey. Two field duplicate samples were also coliected during the first survey, and
laboratory method blanks were analyzed daily by the analytical laboratory.
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B-2.2.4 VOCs in Soil-Gas Survey Samples

Eighty-four surface flux samples were analyzed for VOCs (Figure B-8). Six VOCs were detected at
concentrations above the laboratory quantitation limit: aliphatics hydrocarbons, benzene, carbon
tetrachloride, chloroform, tetrachloroethene (PCE), and TCE. The rates of flux for these detected organic
chemicals are summarized in Table B-16. PCE was one of the most frequently detected organic
chemicals in the surface flux samples. Figure B-9 shows the locations of the highest concentrations of
PCE at MDA C.

The aliphatic hydrocarbons, benzene, carbon tetrachloride, chloroform, PCE and TCE are identified as
COPCs at MDA C.

B-2.3 Subsurface Investigations
B-2.3.t Subsurface Sampling
Phase | RFl Core Sampling

From July 17 to September 22, 1995, two vertical and nine angled boreholes were advanced at MDA C
as part of the Phase | RFI. From January 28 to February 5, 1996, the borehole 50-09100 cap was
removed and borehole 50-09100 was extended from 210 to 316 ft bgs to coliect stratigraphic and
geohydrologic data. Detailed borehole logs, including lithologies and well construction diagrams, are
presented in Appendix C. Borehole locations and trajectories are shown on Figure B-10. The boreholes
are described by depth, declination, and adjacent disposal unit in Table B-17. The exterior and ends of
each core barre! and each 5-ft. interval of core along the borehole were screened for VOCs using a
photecionization detector (PID); hand-held field instruments were used to screen for gross alpha, and beta
and gamma radiation. These field screening results are presented in Table B-18. Each 5-ft interval of core
along the borehole was inspected for fractures or stains, and the resuits were noted in borehole logs
{Appendix C). The screening samples were collected from fractures or stained tuff if present; if no
fractures or staining was present, screening samples were coliected from the bottom of each 5-ft. interval
along the borehole. Field-screening resuits were not used to select samples because gross alpha, beta,
or gamma aclivity in the core did not exceed local background levels. Results of core sample field
screening using the PID showed no VOCs in the core at concentrations exceeding readings in ambient air
(Table B-18). A review of sample collection log results of core samples screened with field spot-test kits
indicated no high explosives (HE) detections in any of the 5-ft intervals of core collected at MDA C

(Table B-18).

During the 1995 Phase | RFI, 66 core samples were collected from 20-ft intervals along the borehole and
were submitted to an off-site contract laboratory for analysis of TAL metals, cyanide, and radionuclides
(gamma-emitting radionuclides by gamma spectroscopy, tritium, strontium-90, americium-241, total and
isotopic uranium, isotopic plutonium, and isotopic thorium). The 66 core samples also were submitted to
an off-site contract laboratory for analysis of SVOCs and tritium, and 54 core samples collected from
boreholes 50-39101, 50-09103, 50-09104, 50-09105, 50-08106, 50-09107, 50-09108, 50-09108, and
51-09110 were analyzed at an off-site contract laboratory for VOCs and pesticides/PCBs. Table B-19 lists
the core sample locations, sample identification numbers, and requested analyses.

The core was photographed, logged, and curated from July through September 1995. On

February 27, 1996, in response to a request from the EPA to collect samples at additional intervals,

15 more tuff samples were collected from curated core from boreholes 50-09100, 50-09101, 50-09103,

50-09104, 50-09105, 50-09106, 50-09107, 50-09108, 50-09109, and 50-09110 (Neleigh 1995, 55112).

These samples were submitted to an off-site contract laboratory for analysis of inorganic chemicals (not

October 2005 B-12 ER2005-0172



MDA C investigation Work Plan, Revision 2

including cyanide and mercury because the holding times had been missed) and radionuclides {except
tritium). However, based on the core collection dates and the actual date the samples were analyzed,
more than half of the curated core samples missed the 180-day holding time for inorganic chemicals. The
inorganic chemical data from these samples are provided for comparison purposes only. VOCs, SVOCs,
and PCBs were not analyzed from the curated samples because holding times for these analytes had
been exceeded. In addition, tritium in the curated core was not analyzed at an off-site contract laboratory
because tritium is found primarily in vapor phase, and water-vapor levels in core that had been curated
for several months would not be representative of moisture levels at the time of core extraction. The
curated core samples are given in Table B-19.

In September and October 1995, surface casings were removed, and each borehole (except borehole
50-09100) was grouted closed, ensuring that the borehole would not provide a conduit for surface runoff
to enter the subsurface. Borehole 50-09100, maintained as an open borehole vapor-monitoring well, was
cased to 10-ft deep and capped at the ground surface.

Results of geologic logging were recorded in the borehole logs (Appendix C). Ten of the 11 boreholes
were drilled into unit 3 of the Tshirege Member of the Bandelier Tuff (Qbt 3). Borehole 50-08100 was
extended to 316 ft, ending in the Tsankawi Pumice Bed (the basal unit of the Tshirege Member).

Saturation was not encountered in any of the boreholes; however, moist core was recovered from
borehole 50-09105 below the asphalt on the ground surface and in borehole 50-09101, angled beneath
the surface water drainage channe! located along the northern boundary of MDA C. Moist tuff was
encountered at a depth of 71.5 to 73.5 ft bgs in borehole 50-09100. Moisture was expected at these
locations, because surface water runoff is channeled and asphalt prohibits evapotranspiration.

Borehole Air-Flow Velocity

in 1995 and 1996, air-flow velocity, oxygen content of the air entering or leaving the borehole, and
atmospheric pressure were monitored at boreholes 50-09100, 50-09101, 50-09102, 50-09103, 50-09105,
and 50-09107 to evaluate passive venting. Monitoring was performed for four days at borehole 50-09100,
14 days at 50-09101, 36 days at 50-09102, 14 days at 50-09103, 19 days at 50-09105, and 6 days at
54-08107. The results of the air-low monitoring demonstrate that air-flow characteristics of MDA C
boreholes are similar to those of other boreholes located on Mesita del Buey within the Bandelier Tuff.
Because the Bandelier Tuff has a porosity of 40% to 50%, at times these boreholes exhaust air of lower
atmospheric pressure (in the afternoon and evening) and at times inhale air of higher atmospheric
pressure (from night to mid-morning). During the air-flow monitoring at MDA C, atmospheric pressure
ranged from a minimum of 755 mb to a maximum of 790 mb. Atmospheric pressure varied from =3 to

5 mb daily. Airflow in MDA C boreholes peaked at approximately 1.0 standard cubic feet per minute
(scfm). The total volume of air flowing into and out of each MDA C borehole monitored was approximately
250 ft°/day (SEA 1997, 76055).

Pore-Gas Sampling

In 2001, an additional borehole (50-10131) was advanced in the vicinity of the Chemical Pit where high
PCE flux concentrations were detected in June and July 2000 (BES 2000, 76046 [see Figure B-10 for
borehole location]). Boreholes 50-09100 and 50-10131 are instrumented with FLUTe positive-pressure
sampling membranes, which each maintain 10 sampling ports at discrete depths. After purge of each
port, a VOC screening measurement from each port was made using a Bruel & Kjaer (B&K) gas analyzer
calibrated for measuring TCE and PCE in the sub-ppm concentration range. A SUMMA canister sample
was collected from two of the ports in each borehole during quarterly sampling based on B&K screening.
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The samples for each borehole were screened and sampled for VOCs in accordance with the most recent
revision of ENV-ECR SOP-6.31, “Sampling of Subatmospheric Air.” These samples were submitted to an
off-site contract laboratory for VOC analyses by EPA Method TO-14. QA/QC samples were collected per
applicable SOPs, including one field duplicate, one equipment blank, and one performance evaluation
sample.

Pore-gas sampling in borehole 50-09100 began in August 2000, and borehole 50-10131 was first
sampled in November 2001. These boreholes were sampled continually each quarter since

November 2001. However, SUMMA canister samples were collected from only two different ports in each
borehole during a sample event, making it difficult to compare and correlate B&K screening data and off-
site contract laboratory data as well as to evaluate temporal trends. In January 2003, pore-gas samples
were collected from all ten ports in both boreholes and analyzed for VOCs. The sampling of all ports in
the same event eliminates the temporal variability that confounded interpretation of the patterns of
existing VOC concentrations in these boreholes.

Tritium Probe Sampling

Fifteen shallow pore-gas vapor probes were installed across MDA C in accordance with the MDA C SAP
addendum (LANL 2003, 74067). Two vapor probes were installed within the boundary of each disposal pit
{except the Chemical Pit) and five discretionary locations were selected on the perimeter of the site
(Figure B-5). Vapor probes consist of a disposable-screened port bit driven down approximately 3 ft and
connected to the surface with Teflon tubing. The disposable-screened bit was left at 2.5 ft, and the holes
were backfilled and sealed.

Tritium samples were collected in February 2003 from each probe using absorbent silica gel columns in
accordance with ENV-ECR SOP 6.31 Rev 1. A single trip blank sample was also collected in accordance
with ENV-ERS QA/QC requirements.

B-2.3.2 Subsurface Tuff Samples

Eighty-two tuff samples were collected from nine angled boreholes and two vertical boreholes. Seventy-
nine samples were collected from Qbt 3 of the Tshirege Member of the Bandelier Tuff, two samples were
collected from Qbt 2, and one sample was collected from Qbt 1v. Table B-19 summarizes the subsurface
tuff samples collected during the Phase | RFI and the requested analyses for each sample. It should be
noted that 15 of the tuff samples were collected from curated core in 1996 from boreholes 50-09100,
50-09101, 50-09103, 50-09104, 50-09105, 50-091086, 50-09107, 50-09108, 50-09109, and 50-09110.

Inorganic Chemical Comparison with BV

Eighty-two subsurface tuff samples were analyzed for TAL metals {(except antimony in 76 samples and
cyanide in 61 samples). The data validation results for the subsurface inorganic chemicals data at MDA C
indicate some of the data were qualified. A summary of the qualifications and their affect on data review is
presented in this section.

Based on the core collection dates and the actual date the samples were analyzed, more than half of the
curated core samples missed the 180-day holding time for inorganic chemicals; therefore, the inorganic
chemical data from these samples are provided for comparison purposes only. The curated core samples
were not analyzed for VOCs, SVOCs, PCBs, tritium, cyanide, or mercury because the holding times for
these analytes had been exceeded by several months.
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Antimony, selenium, and thallium results were qualified UJ (indicating that the reported DL is estimated)
for some samples because of a low recovery in the matrix spike sample. Some results for manganese,
lead, zinc, antimeny, and cyanide were qualified J- (indicating that the result is estimated and biased fow)
because of a low recovery in the matrix spike sample. Seven inorganic chemicals (aluminum, beryllium,
iron, manganese, lead, thallium, and zinc) had some results qualified J (result is estimated) because the
relative percent difference between the sample and the laboratory duplicate was greater than the advisory
limit. Some inorganic chemicals also had results qualified J {result is estimated) because the result was
less than the estimated DL but above the method detection limit. Results for potassium and sodium were
qualified J+ (result is estimated and biased high) in six samples because the interference check sample
was high. Many inorganic chemicals had results that were qualified U (not detected) because the
concentration was less than five times the concentration in the method blank.

Antimony data were rejected for six samples and cyanide data were rejected for sixteen samples because
the matrix spike recovery was less than 30%. All the rejected antimony data were coflected in 1995 from
borehole 50-09104. Only the sample collected from curated core in 1996 from borehole 50-09104 did not
have rejected antimony data. Cyanide was rejected in sixteen samples, a maximum of two samples from
nine different boreholes. Fifteen of these samples were collected from the curated core in 1996, and the
holding time for cyanide had been exceeded by several months.

The estimated detection limits (UJ) as well as the estimated results (J) will be evaluated in the data review
the same as all other reported detection limits and delected results based on EPA guidance (EPA 1992,
54947). Because the J— and J+ qualifiers are only an indication of a low bias or high bias based on one
type of QC sample and the amount of the bias is not known, the results are compared to the BVs as they
were reported. Antimony data that were not rejected were reported with a detection limit above the BV.
Because only some of the results were qualified U or UJ (not detected), few results were rejected. The
data are of good quality and can be used for data assessment. Table B-20 summarizes the detection
limits above the BV.

Analytical results for inorganic chemicals in samples collected from Qbt 2 and Qbt 3 were compared with
the appropriate BVs for Qbts 2, 3, and 4, and results for inorganic chemicals in samples collected from
Qbt 1v were compared with BVs for that unit {LANL 1998, 58730). Table B-20 presents the frequency of
inorganic chemicals detected in the subsurface tuff at MDA C. Analytical results for all inorganic
chemicals are presented in box plots in Figure D-9 in Appendix D. The box plots show that the
concentrations for most inorganic chemicals are similar to the distribution of background concentrations.
Seven inorganic chemicals (aluminum, beryllium, calcium, chromium, cobalt, magnesium, and nickel)
were detected above the BV only once. Eight inorganic chemicals (antimony, arsenic, barium, copper,
cyanide, lead, selenium, and thallium) had at least two detected concentrations above their respective
BVs. DLs for mercury and silver were above BVs. Analytical results for inorganic chemicals with at least
two detected concentrations above the BV were plotted by depth bgs in each borehole to identify patterns
that might be assaciated with a release and migration through a fractured medium (see Appendix D,
Figures D-10 to D-17). Lead and cyanide were detected most frequently in the subsurface. Boreholes
50-09101 and 50-09104 had the highest number of detects for cyanide. Table B-21 presents the
concentrations of inorganic chemicals detected above BVs in the subsurface tuff at MDA C (tuff samples
collected from curated core are noted).

Antimony, arsenic, barium, copper, cyanide, lead, selenium, thallium are identified as COPCs because
they were detected above their respective tuff BVs in more than one sample. Mercury and silver are also
identified as COPCs because more than one DL was above the tuff BV,
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Radionuclide Comparison with Background and Faltout Values

Eighty-two subsurface tuff samples were analyzed for americium-241 (by alpha spectroscopy}, gamma-
emitting radionuclides, isotopic plutonium, isctopic thorium, isotopic uranium, strontium-90, and tritium.
The full-suite anaiyte list in the analytical services statement of work (LANL 1995, 49738) includes the
decay series of the naturally occurring radionuclides, uranium-235, uranium-238, and thorium-232, as
well as fission and activation products and their progeny. The primary radionuclides reliably measured by
gamma spectroscopy include activation products (americium-241, cobalt-60, and sodium-22); fission
products {cesium-134, cesium-137, europium-152, and ruthenium-106); and uranium-235,

Data validation results for the subsurface radionuclide data for tuff at MDA C indicate that some of the
data were qualified. Three samples analyzed for thorium-232 and one sample analyzed for uranium-234
and uranium-238 had results qualified J (result is estimated) because the relative percent difference
between the sample and the laboratory duplicate was greater than the advisory limit. These estimated
results (J) will be evaluated in the data review along with other detected results. In addition, thirty-one
samples that were analyzed for uranium-235 by inductively coupled plasma mass spectrometry (ICPMS)
instead of alpha spectroscopy. The analytical results from these two methods are not comparable, and
the samples analyzed using ICPMS generally have higher results than those analyzed by alpha
spectroscopy. Therefore, the uranium-235 data analyzed by ICPMS were evaiuated by detection status
rather than against the BV. Radionuclide concentrations were compared with the appropriate Laboratory
tuff BVs set or evaluated based on detection status (LANL 1998, 59730). Overall, the subsurface
radionuclide data are of good quality and suitable for data assessment. Table B-22 presents the
frequency of radionuclides detected above BV in subsurface tuff samples collected at MDA C.

As with the surface soil samples, americium-241, plutonium-238, plutonium-239, tritium, and uranium-235
were detected in the subsurface tuff. Since there are no BVs/FVs to compare with these radionuciides,
they are evaluated according to detection status. Strontium-90 was also detected in subsurface tuff
samples; the highest detected concentration of strontium-90 was at a depth of approximately 18 ft in
angled borehole 50-09109 (13 ft bgs). Tritium was detected in all boreholes at concentrations ranging
between 1.5 and approximately 650,000 pCi/mL." Figure D-18 in Appendix D presents a borehole profile
plot of the tritium data. The highest concentrations of tritium in pCifmL were measured in borehole
50-09107 in the sampling intervals beneath Pit 6. Table B-23 presents the concentrations of radionuclides
above the BVs in subsurface tuff samples (tuff samples collected from curated core are noted).

Americium-241, cesium-134, cesium-137, cobait-60, europium-152, plutonium-238, plutonium-239,
sodium-22, strontium-90, tritium, uranium-235, and uranium-238 were identified as COPCs because the
concentrations of these radionuclides were detected above BVs or detected (if no BV is available) in the
subsurface tuff.

" The accuracy of the tritium values is questionable. Tritium in core is measured by EPA Method 906.0, which is
performed on the water extracted from the core sample. At gravimetric moisture content less than 10%, a 3-in.
length of 2-in. diameter core will yield less water than the minimum required volume of 5 ml. To reach the necessary
volume, de-ionized water is added to the extracted water. The reported activity and uncertainty are corrected for the
dilution. Therefore, any moisture loss from a core sample prior to analysis at low moisture contents may
substantially increase the uncertainty of the measurement. Moreover, the EPA method requires the core material be
ground to a fine mesh before the water is extracted, such that significant moisture loss is inevitable. Given these
issues, ENV-ERS concluded that tritium contamination is best characterized in low moisture content environments
by using sorbent materials to extract and retain in situ subsurface water samples from pore gas.
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Evaluation of Orgénic Chemicals

Subsurface tuff samples were analyzed for PCBs, pesticides, VOCs, and SVOCs. Results for several
organic chemicals (i.e., acetone, bis[2-ethylhexyl]phthalate, and methylene chloride) were qualified U (not
detected) because the detected concentrations were attributed to laboratory contamination. Some organic
chemical results were also qualified J (result is estimated) because the result was less than the EQL but
above the method detection limit. All of these estimated results (J) are evaluated in the data review in the
same way as the other detected results. Organic chemical concentrations were reviewed for detection
status. Overall, the subsurface organic chemical data for MDA C are of good quality and suitable for data
assessment. Table B-24 presents the frequency of detected organic chemicals in subsurface tuff
samples.

Six organic chemicals were detected in the Phase 1 RFI subsurface tuff samples at MDA C. Methylene
chloride, 2-methylphenol, and toluene were detected once. Acetone, bis(2-ethylhexyl)phthalate, and
1,1-dichloroethene were detected in four to eight samples. The VOC 1,1-dichloroethene was detected in
four samples in borehole 50-09104. The detected concentrations of the other organic chemicals were
reported in multiple boreholes with no apparent pattern. Al of the bis(2-ethylhexyl)phthalate detected
concentrations were below the EQL (i.e., J qualified). No PCBs or pesticides were detected in the
subsurface samples. Table B-25 presents the detected concentrations in the subsurface tuff samples.

Acetone, bis(2-ethylhexyl)phthalate, 1,1-dichloroethene, methylene chloride, 2-methylphenol, and toluene
are identified as COPCs in the subsurfacs tuff at MDA C.

VOCs in Pore-Gas Samples

Pore-gas samples were collected between August 2000 and November 2001 and in January 2003 and
analyzed for VOCs by EPA Method TO-14. Twenty-four VOCs were reported as detected, these VOC
results are summarized in Table D-4.

PCE and TCE were detected most frequently and at the highest concentrations in pore-gas samples.
PCE was detected at a maximum concentration of 2.1 ppmv at 50 ft in borehole 50-1013, and the
concentrations decrease to 0.45 ppmv at a depth of 250 ft at the bottom of the borehole. Figure D-25 in
Appendix D shows the concentrations of PCE in borehole 50-10131. This borehole is located in the same
area as the high PCE-flux results. TCE was detected at a maximum concentration of 2.3 ppmv also at a
depth of 50 ft in borehole 50-10131. Concentrations of TCE ranged between 1.1 and 2.3 ppmv along the
entire borehole. Figure D-26 shows the concentrations of TCE in borehole 50-10131.

The maximum concentration of PCE in borehole 50-09100 was 1.2 ppmv at a depth of 20 ft. Samples
were collected from this depth four times during the six quarters of sampling, and the results were 0.033,
0.051, 0.070 and 1.2 ppmv. The second highest result reported for PCE in borehole 53-09100 was at
260 ft with a concentration of 0.51 ppmv. With the exception of these two results, the range of PCE
concentrations in borehole 50-09100 was 0.033 ppmv to 0.32 ppmv for other sampling events as shown
on Figure D-27. PCE concentrations decrease with depth.

TCE was detected over a large range of concentrations in borehole 50-09100 at the ports sampled more
than once. At 20 ft, the concentration of TCE ranged from 0.76 to 1.6 ppmv, at 90 ft it ranged from 3.3 to
9.4 ppmv, and at 200 ft it ranged from 8.8 to 12 ppmv. However, the maximum TCE concentration
detected in all of the pore-gas sampling events to date was at the bottom of borehole 50-09100 at

13 ppmv at a depth of 316 ft. Figure D-28 illustrates the trend of increasing concentration with increasing
depth. Although the maximum concentration was not detected at the bottom of the borehole each year,
the maximum concentration was always below a depth of 200 ft.
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As stated in section B-2.3.2, pore-gas samples were collected at every port in boreholes 50-09100 and
50-10131 in January 2003. Each sample was screened by the B&K instrument before being submitted to
an off-site contract laboratory for analysis. Figures D-29 and D-30 show a plot of the B&K data versus the
SUMMA data from the laboratory for TCE and PCE in borehole 50-09100. These figures show that the
values of the B&K and SUMMA measurements do not correlate well all the way down the borehole.
Therefore, the B&K screening may not be useful for predicting pore-gas concentrations in the low ppmv
range. The twenty-four VOCs listed in Table D-4 are identified as COPCs in subsurface pore gas at

MDA C.

Tritium in Pore-Gas Samples

Tritium was collected at 15 locations across MDA C in February 2003 (Figure B-5). Of the fifteen results,
two results were a factor of ten higher than the rest of the results. The maximum tritium concentration
detected was 2500 pCi/mL in a sample collected on the western side of MDA C at location 50-21467.
Although no pits or shafts are located directly beneath this area, it is possible that the tritium is coming
from Shaft Group 3 to the east. The second highest tritium concentration detected was 1400 pCifmL at
probe location 50-21472, north of Pit 6 near the west end of the pit at location 50-21472. The remainder
of the detected tritium concentrations range between 8.87 and 246 pCi/mL. Tritium concentrations
detected in the 15 near-surface pore-gas samples are presented in Table D-5. Figure D-31 presents a
bubble plot of the concentrations of tritium probe data.

Gravimetric Moisture

Gravimetric moisture content was measured concurrently with tritium sample collection during the Phase |
RFI. The gravimetric moisture content ranged from 1% to 11% (Table B-26).
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Table B-1
Dimensions of the Disposal Units at MDA C
Dimensions® Period of
Disposal Unit (ft} Operations

Pit 1 610x 40 x 25 19481951
Pit 2 610 x 40 x 25 1950-1951
Pit 3 610 x40 x 25 1951-1953
Pit 4 610 x40 x 25 1951-1955
Pit 5 705x110x 18 1953-1959
Pit 6 505 x 100 x 25 1956-1959
Chemical Pit 180 x 25 x 12 1960-1964
Shaft Group 1 (12 {Shafts 56-67]) 2x10 1959

Shaft Group 2 (55 [Shafts 1-55]) 2x15 1959-1967
Shaft Group 3 (40 [Shafts 68—107}) 1-2 x 20-25 1962—-1966
Shaft 108 (Strontium-90 Disposal Shaft) |4 x4 x4 1956

a As stated in Table 2-11 of the OU 1147 Work Plan, pit dimensions are length by width by depth;
shaft dimensions are diameter by depth {LANL 1992, 07672). Dimensions are approximate.

bShafts 98-107 are 1 ft in diameter and lined with 12-in.-thick concrete. Shafts 68-97 are 2 ft in
diameter and unlined.
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Table B-2
Summary of 1986 Field Instrument and Radiochemical Surveys at MDA C
Grid Media H-3 Am-241 Cs-137 Pu-238 Pu-239 Phoswich RASCAL
Loc. Code {pCilL} {pCifg) {pCifg) (pCifg) {pCilg) (c/t00 sec) | (c/120 sec)
1 Soil 11000.0 0.72 0.12 0.007 0.34 5319 1656
2 | Soil 13000.0 0.78 0.21 0.006 0.60 6070 1649
3 | Sail 3200.0 1.18 0.05 0.007 0.20 5986 1902
4 | Soil 3400.0 0.29 0.07 0.030 0.80 6141 1755
5 | Soil 7000.0 1.48 0.38 0.004 0.60 6736 2202
6 | Soil 4000.0 1.07 0.28 0.096 7.30 6856 2139
7 | Soil 7700.0 0.08 0.55 0.091 10.40 6333 1755
8 | Soil 29000.0 1.60 ND 0.022 2.35 6458 1510
g | Soil 21000.0 0.39 0.09 0.005 0.36 5508 1625
10 | Soil 41000.0 1.12 0.30 0.032 2.26 6169 1923
11 | Soil 39000.0 1.10 0.13 0.070 15.10 5698 1474
12 | Soil 21000.0 0.11 0.22 0.084 1.62 5488 1945
13 | Soil 50000.0 1.21 0.03 0.0004 0.01 5887 1853
14 | Soil 3000.0 0.22 0.03 0.003 0.06 4544 1208
15 | Soil 23000.0 1.11 0.14 0.008 0.15 4391 1324
16 | Soil 33000.0 0.19 0.30 0.011 0.13 5361 1440
17 | Soil 44000.0 1.22 0.26 0.014 0.60 5272 1512
18 | Soll 43000.0 1.31 0.07 0.013 0.78 4877 1554
1 Vegetation 400.0 | Samples lost ND? 0.002 0.012 NAP NA
2 Vegetation ND Samples lost ND 0.005 0.069 NA NA
3 Vegetation ND Samples lost 0.35 0.014 0.203 NA NA
4 Vegetation ND Samples |ost 0.25 0.012 0.078 NA NA
5 | Vegetation ND Samples lost 197 0.004 0.040 NA NA
6 | Vegetation ND Samples lost 1.87 0.002 0.333 NA NA
7 Vegetation ND Samples lost 1.83 0.005 0.450 NA NA
8 {Vegetation 1000.0 | Samples lost 0.20 0.006 0.259 NA NA
9 Vegetation 1800.0 | Samples lost ND 0.018 0.187 NA NA
10 | Vegetation 2100.0 |Samples lost ND 0.003 0.057 NA NA
11 | Vegetation ND Samples lost 0.02 0.014 0.174 NA NA
12 | Vegetation ND Samples lost 0.69 0.007 0.052 NA NA
13 | Vegetation 3400.0 | Samples lost 3.73 0.002 0.011 NA NA
14 | Vegetation ND Samples lost 0.08 0.022 0121 NA NA
15 | Vegetation 500.0 Samples lost 1.06 0.004 0.028 NA NA
16 | Vegetation 300.0 | Samples lost 1.75 0.003 0.026 NA NA
17 | Vegetation ND Samples lost 0.83 0.006 0.248 NA NA
18 | Vegetation ND Samples lost 0.45 0.005 0.022 NA NA

8 ND = Nondetect.
b NA = Not analyzed.

October 2005 B-34 ER2005-0172
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Table B-3
Summary of 1989 Perimeter Pore-Gas and Sediment Sampling at MDA C

Sample Reference on Figure {1 2 3 4 5 6 7

Sample Number LAS0801 |LAB0802 |LAB0803 |LA80804 |LAS0805 |LA80806 |LABO30O7

Media Soilgas Scilgas Soilgas Soilgas Soilgas Soilgas Soilgas

Units myg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mygim3 mg/m3
Suite Field Measurements | Depth (ft) 4 4 4 4 4 4 4
VOC Target Compounds Acetone -~ — - — — — —
VOC Target Compounds Carbon Disulfide - —_ — — — — —
VOC Target Compounds 1,2-Dichloroethene_(total) —_ —_ — — — — —
VOC Target Compounds 2-Butanone — 4 BQ — — — — —
vOoC Target Compounds Trichlorethene — — — —_ - —_ -
VOoC Target Compounds Tetrachloroethene — — — — -_ — —
vOC Target Compounds Toluene —_ — — — —_ —_ —
VOC Target Compounds Styrene — — — — — — —
VOC Total {(Allowed) Hold Time 16{ns)d 16(ns)d 16(ns)d 16(ns)d 16{ns)d 16(ns)d 16(ns)d
vOC ELEVated/DECReased CRQL DECR DECR DECR DECR DECR DECR DECR
vOC Dilution Factor 1.000 1.000 1.000 1.000 1.000 1.000 1.000
SVOC Target Compounds Isophorone NAD NA NA NA NA NA NA
SVOC Target Compounds Benzoic acid NA NA NA ‘NA NA NA NA
SvVoC Target Compounds Phenanthrene NA NA NA NA NA NA NA
SvoC Target Compounds Fluoranthene NA NA NA NA NA NA NA
SVOC Target Compounds Pyrene NA NA NA NA NA NA NA
sSVOoC Target Compounds Benz{a)anthracene NA NA NA NA NA NA NA
sSvoC Target Compounds Chyrsene NA NA NA NA NA NA NA
SVOC Target Compounds Benzo(b)fluoranthene NA NA NA NA NA NA NA
sSvoC Total (Allowed) Hold Time NA NA NA NA NA NA NA
SVOC ELEVated/DECReased CRQL NA NA NA NA NA NA NA
sSVoC Dilution Factor NA NA NA NA NA NA NA
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Table B-3 (continued)

Sample Reference on Figure |1 2 3 4 5 6 7
Sample Number LAB0B01 | LAB0802 |LABOB03 |LAB0B04 |LAB0805 |LASB0806 |LAS0807
Media Soilgas Soilgas Soilgas Soilgas Soilgas Soiigas Soilgas
Units mg/m® mg/m® mgfm® mg/m?® mgim® mg/m® mgfm®
Suite Field Measurements | Depth (ft) 4 4 4 4 4 4 4
PEST/PCB | Target Compounds alpha-BHC NA NA NA NA NA NA NA,
PEST/PCB | Target Compounds beta-BHC NA NA NA NA NA NA NA
PEST/PCB | Target Compounds delta-BHC NA NA NA NA NA NA NA
PEST/PCB | Target Compounds gamma-BHC (Lindane) NA NA NA NA NA NA NA
PEST/PCB | Target Compounds Heptachlor epoxide NA NA NA NA NA NA NA
PEST/PCB | Target Compounds Endosulfan | NA NA NA NA NA NA NA
PEST/PCB | Target Compounds Dieldrin NA NA NA NA NA NA NA
PEST/PCB | Target Compounds 4,4-DDE NA NA NA NA NA NA NA
PEST/PCB Target Compounds Endosulfan Il NA NA NA NA NA NA NA
PEST/PCB | Target Compounds 4,4'-DDD NA NA NA NA NA NA NA
PEST/PCB | Target Compounds 4,4-DDT NA NA NA NA NA NA NA
FEST/PCB | Target Compounds alpha-chlordane NA NA NA NA NA NA NA
PEST/PCB | Target Compounds gamma-chlordane NA NA NA NA NA NA NA
PEST/PCB | Target Compounds Arclor-1254 NA NA NA NA NA NA NA
PEST/PCB | Target Compounds Arclor-1260 NA NA NA NA NA NA NA
PEST/PCB Total {Allowed) Hold Time NA NA NA NA NA NA NA
PEST/PCB ELEVated/DECReased CRQL NA NA NA, NA NA NA NA
PEST/PCB Ditution Factor NA NA NA NA NA NA NA
INORGANIC | Analytes Antimony NA NA NA NA NA NA NA
INORGANIC | Analytes Arsenic NA NA NA NA NA NA NA
INORGANIC | Analytes Barium NA NA NA NA NA NA NA
INORGANIC | Analytes Beryllium NA NA NA NA NA NA NA
INORGANIC | Analytes Cadmium NA NA NA NA NA NA, NA
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Table B-3 (continued)

Sample Reference on Figure |1 2 3 4 5 6 7
Sample Number LAB0801 |LAB0802 |LAB0B03 |LAB0804 |LAS0805 |LASB0806 |LAB0807
Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas
Units mgim® mg/m® mg/m® mg/m® mg/m® mg/m’ mg/m’
Suite Field Measurements | Depth (ft) 4 4 4 4 4 4 4
INORGANIC [ Analytes Chrornium NA NA NA NA NA NA NA
INCRGANIC [ Analytes Copper® NA NA NA NA NA NA NA
INORGANIC | Analytes Lead NA NA NA NA NA NA NA
INORGANIC | Analytes Mercury® NA NA NA NA NA NA NA
INORGANIC | Analytes Nickel NA NA NA NA NA NA NA
INORGANIC | Analytes Selenium NA NA NA NA NA NA NA
INORGANIC | Analytes Silver NA NA NA NA NA NA NA
INORGANIC | Analytes Thallium NA NA NA NA NA NA NA
INORGANIC | Analytes Zinc NA NA NA NA NA NA NA
INORGANIC % Solids NA NA NA NA NA NA NA
INORGANIC Total (Allowed) Hold Time® NA NA NA NA NA NA NA
INORGANIC Total (Allowed) Hold Time® NA NA NA NA NA NA NA
RAD Alpha Emitters Radium-226 NA NA NA NA NA NA NA
RAD Alpha Emitters Thorium-230 NA NA NA NA NA NA NA
RAD Alpha Emitters Thorium 232' NA NA NA NA NA NA NA
RAD Alpha Emitters Uranium-235 NA NA NA NA NA NA NA
RAD Alpha Emitters Uranium-238' NA NA NA NA NA NA NA
RAD Alpha Emitters Uranium-238° NA NA NA NA NA NA NA
RAD Alpha Emitters Uranium (all isotopes) NA NA NA NA NA NA NA
RAD Alpha Emitters Plutonium-238 NA NA NA NA NA NA NA
RAD Alpha Emitters Plutonium-239, 240 NA NA NA NA NA NA NA
RAD Alpha Emitters Americium-241 NA NA NA NA NA NA, NA
RAD Beta Emitters Strontium-90 NA NA NA NA NA NA NA
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Table B-3 (continued)

Sample Reference on Figure |1 2 3 4 5 6 7
Sample Number LAS0801 |LAB0802 |LABOB0O3 |LABO804 |LABOSD5 |LABOSDGE |LASOS07
Media Soilgas Soilgas Soilgas Soilgas Scilgas Scilgas Soilgas
Units mg/m’ mg/m’ mg/m® mg/m® mg/m® mg/m® mg/m®
Suite Field Measurements | Depth (ft) 4 4 4 4 4 4 4
RAD Gamma Emitters Beryllium-7 NA NA NA NA NA NA NA
RAD Gamma Emitters Potassium-40 NA NA NA NA NA NA NA
RAD Gamma Emitters Cobalt-60 NA NA NA NA NA NA NA
RAD Gamma Emitters Cadmium-109 NA NA NA NA NA NA NA
RAD Gamma Emitters Cesium-137 NA NA NA NA NA NA NA
Table B-3 (continued)
Sample Reference on Figure |8 9 10 11 12 13 14
Sample Number LAB0B08 |LABD809 |LAB80810 |LA8B0811 |LAS0812 |LA80313 |LAB0814
Media Soilgas Soilgas Soilgas Soilgas Scilgas Soilgas Soilgas
Units mg/m® mg/m® mg/m® mg/m® mg/m® mg/m® mg/m?®
Suite Field Measurements | Depth (ft) 4 4 4 4 4 4 4
VOC Target Compounds Acetone — — - — — — —_
VOC Target Compounds Carbon Disulfide — 0.4J —_— — — — —_
VOC Target Compounds 1,2-Dichloroethene_{total) — -_— - — — — —
VOC Target Compounds 2-Butancne — — — — — — —
VOC Target Compounds Trichlorethene — 034 — — 0.3J — —
VOC Target Compounds Tetrachloroethene —_ — — — — — —
VQC Target Compounds Toluene - — — — — — —_
VOC Target Compounds Styrene — — — — — — —_
voC Total (Allowed} Hold Time 17(ns)d 17(ns)d 16{ns)d 16(ns)d 16(ns)d 16(ns)d 16(ns)d
\eloj ELEVated/DECReased CRQL DECR DECR DECR DECR DECR DECR DECR
vOoC Dilution Factor 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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Table B-3 {continued)

Sample Reference on Figure (8 9 10 11 12 13 14
Sample Number LAB0808 |1 A80809 |[LAB0810 |LA80811 |LAB0812 |LAB0813 |LAB0814
Media Scilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas
Units mg/m’ mgim® mg/m® mg/m’ mgim® mg/m® mg/m®
Suite Field Measurements | Depth (ft) 4 4 4 4 4 4 4
SvoC Target Compounds Isophorone NA NA NA NA NA NA NA
SvoC Target Compounds Benzoic acid NA NA NA NA NA NA NA
SVOC Target Compounds Phenanthrene NA NA NA NA NA NA NA
SVOC Target Compounds Fluoranthene NA NA NA NA NA NA NA
SVOC Target Compounds Pyrene NA NA NA NA NA NA NA
SVOC Target Compounds Benz{a)anthracene NA NA NA NA NA NA NA
sSvocC Target Compounds Chyrsene NA NA NA NA NA NA NA
SvVoC Target Compounds Benzo(b)fluoranthene NA NA NA NA NA NA NA
sSVOoC Total (Allowed) Hold Time NA NA NA NA NA NA NA
SvoC ElL EVated/DECReased CRQL NA NA NA NA NA NA NA
svocC Dilution Factor NA NA NA NA NA NA NA
PEST/PCB | Target Compounds alpha-BHC NA NA NA NA NA NA NA
PEST/PCB | Target Compounds beta-BHC NA NA NA NA NA NA NA
PEST/PCB | Target Compounds delta-BHC NA NA NA NA NA NA NA
PEST/PCB | Target Compounds gamma-BHC (Lindane) NA NA NA NA NA NA NA
PEST/PCB Target Compounds Heptachlor epoxide NA NA NA NA NA NA NA
PEST/PCB | Target Compounds Endosuifan | NA NA NA NA NA NA NA
PEST/PCB | Target Compounds Dieldrin NA NA NA NA NA NA NA
PEST/PCB | Target Compounds 4,4-DDE NA NA NA NA NA NA NA
PEST/PCB | Target Compounds Endosulfan I} NA NA NA NA NA NA NA
PEST/PCB Target Compounds 4,4'-DDD NA NA NA NA NA NA NA
PEST/PCB | Target Compounds 4. 4'-DDT NA NA NA NA NA NA NA
PEST/PCB | Target Compounds alpha-chlordane NA NA NA NA NA NA NA
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Table B-3 {continued)

Sample Reference on Figure |8 9 10 1 12 13 14
Sample Number LABDB0O8 |LAB08B09 |(LAB0810 |LA80811 |LAB0812 |LAS0813 |LAB30814
Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas
Units mg/im® mg/m® mg/m® mg/m® mg/m’® mg/im® mg/m®
Suite Field Measurements | Depth (ft) 4 4 4 4 4 4 4
PEST/PCB | Target Compounds gamma-chlordane NA NA NA NA NA NA NA
PEST/PCB | Target Compounds Arclor-1254 NA NA NA NA NA NA NA
PEST/PCB | Target Compounds Arclor-1260 NA NA NA NA NA NA NA
PEST/PCB Total (Allowed) Hold Time NA NA NA NA NA NA NA
PEST/PCB ELEVated/DECReased CRQL NA NA NA NA NA NA NA
PEST/PCB Dilution Factor NA NA NA NA NA NA NA
INORGANIC | Analytes Antimony NA NA NA NA NA NA NA
INOCRGANIC | Analytes Arsenic NA NA NA NA NA NA NA
INORGANIC | Analytes Barium NA NA NA NA NA NA NA
INORGANIC | Analytes Beryllium NA NA NA NA NA NA NA
INORGANIC | Analytes Cadmium NA NA NA NA NA NA NA
INORGANIC | Analytes Chromium NA NA NA NA NA NA NA
INORGANIC | Analytes Copper®© NA NA NA NA NA NA NA
INORGANIC | Analytes Lead NA NA NA NA NA NA NA
INORGANIC | Analytes Mercury® NA NA NA NA NA NA NA
INORGANIC | Analytes Nickel NA NA NA NA NA NA NA
INORGANIC | Analytes Selenium NA NA NA NA NA NA NA
INORGANIC | Analytes Silver NA NA NA NA NA NA NA
INORGANIC | Analytes Thallium NA NA NA NA NA NA NA
INORGANIC | Analytes Zinc NA NA NA NA NA NA NA
INORGANIC % Solids NA NA NA NA NA NA NA
INORGANIC Total {(Allowed) Hold Time® NA NA NA NA NA NA NA
INORGANIC Total (Allowed) Hold Time" NA NA NA NA NA NA NA
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Table B-3 (continued)

Sample Reference on Figure (8 9 10 1 12 13 14
Sample Number LAB0808 |LABOBO9 |LABOB10 |[LAB0811 |LAB80812 |LA80813 |LAB0814
Media Soilgas Soilgas Scilgas Soilgas Soilgas Soilgas Soilgas
Units mg/m® mgim® mg/m® mg/m® mg/m® mg/m® mgim®
Suite Field Measurements | Depth (ft) 4 4 4 4 4 4 4
RAD Alpha Emitters Radium-226 NA NA NA NA NA NA NA
RAD Alpha Emitters Thorium-230 NA NA NA NA NA NA NA
RAD Alpha Emitters Thorium 232' NA NA NA NA NA NA NA
RAD Alpha Emitters Uranium-235 NA NA NA NA NA NA NA
RAD Alpha Emitters Uranium-238" NA NA NA NA NA NA NA
RAD Alpha Emitters Uranium-238° NA NA NA NA NA NA NA
RAD Alpha Emitters Uranium (all isotopes) NA NA NA NA NA NA NA
RAD Alpha Emitters Plutonium-238 NA NA NA NA NA NA NA
RAD Alpha Emitters Piutonium-239, 240 NA NA NA NA NA NA NA
RAD Alpha Emitters Americium-241 NA NA NA NA NA NA NA
RAD Beta Emitters Strontium-90 NA NA NA NA NA NA NA
RAD Gamma Emitters Beryllium-7 NA NA NA NA NA NA NA
RAD Gamma Emitters Potassium-40 NA NA NA NA NA NA NA
RAD Gamma Emitters Cobalt-60 NA NA NA NA NA NA NA
RAD Gamma Emitters Cadmium-109 NA NA NA NA NA NA NA
RAD Gamma Emitters Cesium-137 NA NA NA NA NA NA NA
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Table B-3 (continued)

Sample Reference on Figure |15 16 17 18 LA84801 |LA84802 |LAB4803
Sample Number LAB0815 |LAB0816 |LA80817 |LA8B0818 |LAB4801 |LAB4802 |LAB4803
Media Soilgas Soilgas Soilgas Soilgas Soil Soil Soil
Units mgim® mg/m® mgim® mg/m® pglkg Hglkg uglkg
Suite Field Measurements | Depth (ft) 4 4 4 4 0-1 0-1 01
VOC Target Compounds Acetone -_— — — — — 180 B —
VOC Target Compounds Carbon Disulfide — — — — — — —
vocC Target Compounds 1,2-Dichloroethene_(total) — — — — — —_ —
VOC Target Compounds 2-Butanone — — — — —_ —_ —
vOoC Target Compounds Trichlorethene 0.2J — 03J — —_ — —
VOoC Target Compounds Tetrachloroethene — — — — — —_ —
VOO Target Compounds Toluene — — — —_ — 4J —
VOC Target Compounds Styrene — — — — — — —_
VvOC Total (Allowed) Hold Time 18(ns)d 18(ns)d 18(ns)d 18(ns)d — 19(14)d 13(14)d
VOC ELEVated/DECReased CRQL DECR DECR DECR DECR — ELEV ELEV
VOC Ditution Factor 1.000 1.000 1.000 1.000 —_ 1.000 1.000
SvVOC Target Compounds Isophorone NA NA NA NA NA -— 13J
SVOC Target Compounds Benzoic acid NA NA NA NA NA - 190 J
SvVOoC Target Compounds Phenanthrene NA NA NA NA NA 514 8J
SvVOoC Target Compounds Fluoranthene NA NA NA NA NA 100 J 17 J
SVOC Target Compounds Pyrene NA NA NA NA NA 81J 140
SVOC Target Compounds Benz(a)anthracene NA NA NA NA NA 47 J —
SVOC Target Compounds Chyrsene NA NA NA NA NA 48 J —
SVOC Target Compounds Benzo(b)fluoranthene NA NA NA NA NA 33J —
SvOoC Total (Allowed) Hold Time NA NA NA NA NA 12(14)d 12(14)d
SvVOC ELEVated/DECReased CRQL NA NA NA NA NA ELEV ELEV
SVOC Dilution Factor NA NA NA NA NA 1.000 1.000
PEST/PCB | Target Compounds alpha-BHC NA NA NA NA NA — —_
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% Table B-3 (continued)
§ Sample Reference on Figure |15 16 17 18 LAB84801 |LAS84802 |LA84803
% Sample Number LABOB15 |LA80B16 |LABD817 |LAB0818 |[LA84801 |LAS4802 LAB4803
" Media Soilgas Soilgas Soilgas Soilgas Soil Soil Soil
Units mgim® mg/m’ mg/m® mg/m® pa/kg pglkg nalkg
Suite Field Measurements | Depth (ft) 4 4 4 4 0-1 01 0-1
PEST/PCB | Target Compounds beta-BHC NA NA NA NA NA — —
PEST/PCB | Target Compounds delta-BHC NA NA NA NA NA — —
PEST/PCB | Target Compounds gamma-BHC {Lindane) NA NA NA NA NA — —
PEST/PCB | Target Compounds Heptachlor epoxide NA NA NA NA NA — —
PEST/PCB | Target Compounds Endosulfan | NA NA NA NA NA 36 —
PEST/PCB | Target Compounds Dieldrin NA NA NA NA NA — —
PEST/PCB | Target Compounds 4 4'-DDE NA NA NA NA NA — —
PEST/PCB | Target Compounds Endosulfan (1 NA NA NA NA NA — —
f PEST/PCB | Target Compounds 4,4-DDD NA NA NA NA NA 4504 6.
“ PEST/PCB | Target Compounds 4,4-DDT NA NA NA NA NA 11J 16J
PEST/PCB | Target Compounds alpha-chlordane NA NA NA NA NA — —
PEST/PCB | Target Compounds gamma-chlordane NA NA NA NA NA 0834 —_
PEST/PCB | Target Compounds Arclor-1254 NA NA NA NA NA — —
FPEST/PCB | Target Compounds Arclor-1260 NA NA NA NA NA - — §
PEST/PCB Total {Allowed) Hold Time NA NA NA NA NA 12{14)d 12(14)d O
PEST/PCB El EVated/DECReased CRQL NA NA NA, NA NA ELEV ELEV ?’:;
PEST/PCB Dilution Factor NA NA NA NA NA, 1.000 1.000 é’-
INORGANIC | Analytes Antimony NA NA NA NA NA — — %—
INORGANIC | Analytes Arsenic NA NA NA NA NA — — %
INORGANIC | Analytes Barium NA NA NA NA NA 89.0 106 >
o INORGANIC | Analytes Beryllium NA NA NA NA NA — — §
§ INORGANIC | Analytes Cadmium NA NA NA NA NA - — By
i INORGANIC | Analytes Chromium NA NA NA NA NA 7.4 19.2 %:
O =]
8 N
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Table B-3 {continued)

Sample Reference on Figure |15 16 17 18 LA8B4801 |LA34802 |LAB4803
Sample Number LAB0815 |LABO816 |LA8B0817 |LA80818 |LA84801 |LA84802 |LAB4803
Media Soilgas Soilgas Soilgas Soilgas Soil Soil Soil
Units mg/m® mgim® mg/m® mg/m® pg/kg palkg ug/kg
Suite Field Measurements | Depth (ft) 4 4 4 4 0-1 01 0-1
INORGANIC | Analytes Copper® NA NA NA NA NA — —
INORGANIC | Analytes Lead NA NA NA NA NA — —
INORGANIC | Analytes Mercury® NA NA NA NA NA NR NR
INORGANIC | Analytes Nickel NA NA NA NA NA — 58.0
INORGANIC [ Analytes Selenium NA NA NA NA NA — —
INORGANIC | Analytes Silver NA NA NA NA NA —_ —
INORGANIC | Analytes Thallium NA NA NA NA NA — —
INORGANIC | Analytes Zinc NA NA NA NA NA 471 46.6
INORGANIC % Solids NA NA, NA NA NA 79.0 76.6
INORGANIC Total {(Allowed) Hold Time® NA NA NA NA NA 7(182)d 11(182)d
INORGANIC Total {(Allowed) Hold Time® NA NA NA NA NA, — —
RAD Alpha Emitters Radium-226 NA NA NA NA NA 900 " 900"
RAD Alpha Emitters Thorium-230 NA NA NA NA NA NA NA
RAD Alpha Emitters Thorium 232" NA NA NA NA NA <12830' <12700°
RAD Alpha Emitters Uranium-235 NA NA NA NA NA 79" 100"
RAD Alpha Emitters Uranium-238 NA NA NA NA NA <12800' <12200°
RAD Alpha Emitters Uranium-238° NA NA NA NA NA NA NA
RAD Alpha Emitters Uranium (all isotopes) NA NA NA NA NA 5000 " 6000 "
RAD Alpha Emitters Plutonium-238 NA NA NA NA NA 190" 420"
RAD Alpha Emitters Plutonium-239, 240 NA NA NA NA NA 7840" 5280 "
RAD Alpha Emitters Americium-241 NA NA, NA NA NA 790 310"
RAD Beta Emitters Strontium-30 NA NA NA NA NA <720" <900 "
RAD Gamma Emitters Beryllium-7 NA NA NA NA NA NA NA
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% Table B-3 (continued)
§ Sample Reference on Figure (15 16 17 18 LAB48B01 | LAB4802 |LA84803
g Sample Number LA80815 | LAB0816 |LAB0817 |LA8B0318 |LAS84801 |LAB4802 |LAB4803
~ Media Scilgas Soilgas Sollgas Soilgas Soil Soil Soil
Units mglm3 mg/m’ mg:‘m3 mgims Ha/kg ua’kg Hg'kg
Suite Field Measurements | Depth (ft) 4 4 4 4 0-1 0-1 01
RAD Gamma Emitters Potassium-40 NA NA NA NA NA 24100 21200'
RAD Gamma Emitters Cobalt-60 NA NA NA NA NA NA NA
RAD Gamma Emitters Cadmium-109 NA NA NA NA NA NA NA
RAD Gamma Emitters Cesium-137 NA NA NA NA NA 395 291
a_- Not detected.
b NA = Not analfyzed.
¢ Copper not quantitated due to suspected interference and/or external contamination.
d CVAAS
® ®icp.
& f Total unbroken chain activity in equilibrium.
gAc:tivity in excess of U-238 natural chain,
h Units are pCifkgD.
i Units are pCitkgW.
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Table B4

Summary of Work Plan Specifications, Actual Fieldwork, and Rationale for Deviations

Work Plan Specification® Actual Fieldwork Performed
Analytes Analytes Rationale for
Media Sample Number Measured Sample Number Measured Deviation
Surface soil 223 Semivolatile organic 203 samples were collected | 59 samples analyzed for 20 of the originally planned samples were not
and fill compounds (SVOCs), and screened for gross PCBs/pesticides. collected because the locations were covered

inorganic chemicals,
gamma spec, tritium,
isotopic Pu, Sr-80, totat
uranium, Am-241.

alpha, beta, and gamma

68 samples submitted to an
off-site contract laboratory.

68 samples analyzed for
8VOCs, inorganic chemicals
(limited list of metals), gamma
spec, Sr-90, Am-241, isotopic
Pu, isotopic U.

10 samples analyzed for Hg.

59 samples analyzed for
tritium but data were not used.

by asphalt.

Tuff

See proposed drilling
modifications {LANL
1995, 49969) called for
20-ft sampling interval,
all samples to be
analyzed by mobile
labs, only 2 samples per
borehole for fixed lab
analysis.

SVOCs, VOCs, inorganic
chemicals, gamma spec,

tritium, isctopic Pu, Sr-90,

total uranium

82 total:

67 in 1995

15in 1996 from curated
core

SVOCs, VOCs, pesticides
and PCBs, inorganic
chemicals, cyanide, gamma
spec, tritium, Am-241, isctopic
Pu, isotopic U, isotopic Th,
Sr-90

82 TAL metals except Sh
(76), Cn (681)

82 radionuclides

67 tritium, SVOCs

54 VOCs, PCBs, and
pesticides.

The 6 vertical boreholes specified in the Work
Plan were to be 80 ft deep and the 4 angled
holes were to range in length from 483 to 706
ft bgs; the 2 vertical boreholes drilled were 80
and 316 ft deep and the 9 angled boreholes
drilted ranged in length from 91 to 120 ft bgs.

Samples were collected for field screening
every S feet; one sample per 20 feet was
submitted to a fixed contract laboratory based
on the proposed OU 1147 Work Plan
modifications.

EPA’s response to LANL's proposed drilling
modifications maintained the 10-ft sampling
interval requirement in all boreholes {Neleigh
1995, 556112). Phase | RF| fieldwork was
already completed so additional core
samples {15 of the 82) were collected from
curated core and submitted to an offsite
contract laboratory for analysis in 1996.

The RF| work plan specified locations for
boreholes. Actual borehole locations were
selected to maximize the area sampled and
avoid obstacles such as buried utilities and
waste.
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Table B-4 {continued)

Work Plan Specification®

Actual Fieldwork Performed

Analytes Analytes Rationale for
Media Sample Number Measured Sample Number Measured Deviation

Pore gas m’ab n/a 34 VOCs VOCs don't adsorb to the tuff matrix; gas
phase analysis provides information about
the nature and extent of VOCs in the
subsurface

Near-surface | n/a nfa 15 Tritium 15 shallow pore-gas vapor probes were

pore gas installed across MDA C to identify potential
locations of tritium releases to the
atmosphere

VOC surface | n/a n/a 105 VOCs Surface flux data can help identify lateral

flux extent of subsurface VOC contamination

Biota — ant Not specified nfa 29 Gross alpha, beta and gamma | Biota samples were collected and analyzed

mounds and radiation to determine if there has been any uptake of

burrow spoils contaminants at MDA C.

Biota — Not specified n'a 16 Gross alpha, beta and gamma | Biota samples were collected and analyzed

Ponderosa radiation to determine if there has been any uptake of

pine needles contaminants at MDA C.

Air-flow Not specified sefm® 6 boreholes scfm of air Air-flow monitoring was performed at six

monitoring boreholes to provide additional data to
assess potential contaminant transport at
MDA C

a Based on proposed modifications to the RFI Work Plan for OU 1147 for drilling and core sampling at MDA C to EPA based on a July 7, 1995 meeting with EPA (LANL 1985, 49969)

n/a = Not applicable.

c"scfm = Standard cubic feet per minute.
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MDA C investigation Work Plan, Revision 2

October 2005

Table B-5
2003 Biota Samples Submitted to ARS
Sample ID Location ID | Depth {ft) Media Sample Description

MD50-03-50891 50-21981 0-0.5 Sail Ant mounds and burrows
MD50-03-50892 50-21982 0-05 Sall Ant mounds and burrows
MD50-03-50893 | 50-21983 0-0.5 Soil Ant mounds and burrows
MD50-03-50894 50-21984 0-0.5 Soil Ant mounds and burrows
MD50-03-50895 | 50-21985 0-0.5 Soil Ant mounds and burrows
MD50-03-50896 | 50-21986 0-05 Soil Ant mounds and burrows
MD50-03-50887 50-21987 0-0.5 Soil Ant mounds and burrows
MD50-03-50898 50-21988 0-0.5 Soil Ant mounds and burrows
MD50-03-50899 | 50-21989 0-0.5 Soil Ant mounds and burrows
MD50-03-50900 | 50-21980 005 Soil Ant mounds and burrows
MD50-03-50901 50-21991 0-0.5 Soit Ant mounds and burrows
MD50-03-50902 | 50-21992 0-0.5 Sail Ant mounds and burrows
MD50-03-50903 50-21993 0-0.5 Soil Ant mounds and burrows
MD50-03-50904 | 50-21994 0-0.5 Soil Ant mounds and burrows
MD50-03-50905 50-21995 0-0.5 Soil Ant mounds and burrows
MD50-03-50906 | 50-21996 0-0.5 Sail Ant mounds and burrows
MD50-03-50907 50-21997 0-0.5 Soil Ant mounds and burrows
MD50-03-50908 | 50-21998 0-0.5 Soil Ant mounds and burrows
MD50-03-50909 | 50-21999 0-0.5 Soil Ant mounds and burrows
MD50-03-50910 | 50-22000 0-0.5 Soil Ant mounds and burrows
MD50-03-50911 50-22001 0-0.5 Soil Ant mounds and burrows
MD50-03-50912 | 50-22002 0-0.5 Soil Ant mounds and burrows
MD50-03-50913 50-22003 0-0.5 Soil Ant mounds and burrows
MD50-03-50914 50-22004 0-05 Soil Ant mounds and burrows
MD50-03-50915 | 50-22005 0-05 Soil Ant mounds and burrows
MD50-03-50916 | 50-22006 0-0.5 Sail Ant mounds and burrows
MD50-03-50917 | 50-22007 0-05 Soil Ant mounds and burrows
MD50-03-50918 50-22008 0-0.5 Soil Ant mounds and burrows
MDS50-03-50919 50-22009 005 Soil Ant mounds and burrows
MD50-03-51115 | 50-22027 0-0 n/a* Pine needles

MD50-03-51116 | 50-22028 0-0 nfa Pine needles

MD50-03-51117 50-22029 0-0 n/a Pine needles

MD50-03-51118 | 50-22030 0-0 nfa Pine needles

MD50-03-51119 50-22031 0-0 n/a Pine needles

MD50-03-51120 | 50-22032 0-0 n/a Pine needles

MD50-03-51121 50-22033 0-0 n/a Pine needles

MD50-03-51122 | 50-22034 0-0 n/a Pine needles
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Table B-5 {continued)

Sample ID Location ID | Depth (ft) Media Sample Description
MD50-03-51123 | 50-22035 0-0 nfa Pine needles
MD50-03-51124 | 50-22036 0-0 n/a Pine needles
MD50-03-51125 ( 50-22037 0-0 n/a Pine needles
MD50-03-51126 | 50-22038 0-0 nfa Pine needles
MD50-03-51127 50-22039 0-0 n/a Pine needles
MD50-03-51128 50-22040 0-0 n/a Pine needles
MD50-03-51129 50-22041 0-0 n/a Pine needles
MD50-03-51130 | 50-22042 00 n/a Pine needles

*nfa = Not applicable.
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Table B-6
Analytical Screening Results on Ant Mound and Mammal Burrow Spoil Material at MDA C
Gross Alpha Gross Beta | Gross Gamma
Sample ID Location ID {pCilg) {npCifg) {pCi/g) Type
MD50-03-50891 50-21981 11.07 54.05 11.67 Ant mound
MD50-03-50892 50-21982 17.44 50.97 16.18 Ant mound
MD50-03-50894 50-21984 11.18 53.11 -8.63 Ant mound
MD50-03-50901 50-21991 16.77 56.05 13.09 Ant mound
MD50-03-50903 50-21993 9.43 3512 12.19 Ant mound
MD50-03-50907 50-21997 23.29 64.98 11.05 Ant mound
MD50-03-50908 50-21988 7.31 47.15 15.41 Ant mound
MD50-03-50916 50-22006 13.83 43.45 12.84 Ant mound
MD50-03-50919 50-22009 16.47 48.07 11.72 Ant mound
MD50-03-50893 50-21983 18.48 52.85 17.64 Burrow spoil
MD50-03-50895 50-21985 16.01 56.94 20.05 Burrow spoil
MD50-03-50896 50-21986 13.88 48.38 15.18 Burrow spoil
MD50-03-50897 50-21987 10.83 53.91 14.55 Burrow spoil
MD50-03-50898 50-21988 10.11 36.53 14.07 Burrow spoil
MD50-03-50899 50-21989 11.35 5 13.07 Burrow spoil
MD50-03-50900 50-21990 17.36 58.09 20.66 Burrow spoil
MD50-03-50802 50-21992 7.15 39.41 15.2 Burrow spoil
MD50-03-50904 50-21994 11.38 62 19.64 Burrow spoil
MD50-03-50805 50-21995 18.17 59.39 17.54 Burrow spoil
MD50-03-50906 50-21996 13.29 49.15 17.11 Burrow spoil
MD50-03-50909 50-21999 16.28 57.38 11.72 Burrow spoil
MD50-03-50910 50-22000 19.73 59.25 20.44 Burrow spoil
MD50-03-50911 50-22001 21.35 61.44 18.73 Burrow spoil
MD50-03-50912 50-22002 14.63 442 20.32 Burrow spoil
MD50-03-50913 50-22003 19.19 60.08 19.42 Burrow spoil
MD50-03-50914 50-22004 2113 64.97 20 Burrow spoil
MD50-03-50915 50-22005 15.66 54.06 18.29 Burrow spoil
MD50-03-50917 50-22007 16.22 54.84 16.16 Burrow spoil
MD50-03-50918 50-22008 19.77 58.25 19.4 Burrow spoil
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Table B-7
Analytical Screening Results on Pine Needies at MDA C
Gross Alpha Gross Beta | Gross Gamma
Sample ID Location ID {pCilg) (pCilg) {pCilg)

MD50-03'51115 50-22027 3.95 141 6.34
MD50-03-51116 50-22028 171 6.54 7.18
MD50-03-51117 50-22029 .05 7.96 2.77
MD50-03-51118 50-22030 3.30 2359 0.51

MD50-03-561119 50-22031 17.89 54.4 547
MD50-03-51120 50-22032 3.46 265.70 4.24
MD50-03-51121 50-22033 -0.64 8.44 2.94
MD50-03-51122 50-22034 91.40 11.57 -0.15
MD50-03-51123 50-22035 77.18 10.97 8.99
MD50-03-51124 5Q-22036 3.77 6.92 2.52
MD50-03-51125 50-22037 3.73 10.24 0.85
MD50-03-51126 50-22038 243 13.26 4.94
MD50-03-51127 50-22039 4.19 8.55 7.45
MD50-03-51128 50-22040 233 10.54 9.15
MD50-03-51129 50-22041 2.33 10.54 1.35
MD50-03-51130 50-22042 0.91 12.91 9.54
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Table B-8
Tree Sampling Information from MDA C
Tree Sample Location Approximate Age
ID ID (Years) Pine Needle Analysis
T-1 50-22027 8 Gross alpha, beta, and gamma
T-2 50-22028 17 Gross alpha, beta, and gamma
T-3 50-22029 10 Gross alpha, beta, and gamma
T4 50-22030 18 Gross alpha, beta, and gamma
T-5 50-22042 14 Gross alpha, beta, and gamma
T-6 50-22036 9 Gross alpha, beta, and gamma
T-7 50-22035 12 Gross alpha, beta, and gamma
T-8 50-22031 15 Gross alpha, beta, and gamma
T-8 50-22032 17 Gross alpha, beta, and gamma
T-10 50-22034 11 Gross alpha, beta, and gamma
T-11 B0-22038 2 Gross alpha, beta, and garnma
T-12 50-22037 11 Gross alpha, beta, and gamma
T-13 50-22033 10 Gross alpha, beta, and gamma
T-14 50-22040 18 Gross alpha, beta, and gamma
T-15 50-22039 9 Gross alpha, beta, and gamma
T-16 50-22041 No sample* Gross alpha, beta, and gamma
*Sample not delivered for tree ring dating.
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Table B-9
Summary of Phase t RFI Surface Soil and Fill Samples at MDA C

a — % % a

2 5 | S s|35| s | 8| 5|28 8288 ¢

£ 5 | &8 |=|E2| ¢ | 5| & |S535 |38 &

7] s 52 2 a
AAA3153 | 50-08010 |(0-0.5 [Fill 14924b 14927 | 14927 | 14925 | 14925 | 14925 | 14925 | 14925
AAA3154 | 50-08062 |0-0.5 |[Fill 14924 14927 | 14927 | 14925 | 14925 | 14925 | 14925 | 14925
AAA3155 | 50-08064 |0-0.5 |Fill 14924 14927 | 14927 | 14925 | 14925 | 14925 | 14925 | 14925
AAA3156 | 50-08106 |0-0.5 |Fill 14924 14827 | 14927 | 14925 | 14925 | 14925 | 14925 | 14925
AAA3157 | B0-08110 (005 |Fill 14924 14927 | 14927 | 14925 | 14925 | 14925 | 14925 | 14925
AAA3158 |50-08116 |0-0.5 |Fill 14924 14927 | 14927 | 14925 | 14925 | 14925 | 14925 | 14925
AAA2797 | 50-08126 {0-0.5 |Fill 14867 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866
AAA3242 |50-08131 (0-0.5 [Fil 15092 - 15089 | 15093 | 15093 | 15093 | 15093 | 15093
AAA2798 | 50-08134 (0-0.5 |Fill 14867 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866
AAA3243 | 50-08137 |(0-0.5 |Fill 15092 — 15089 | 15093 | 15093 | 15093 | 15093 | 15093
AAA3244 |50-08139 |[0-0.5 |Fil 15092 — 15089 | 15093 | 15093 | 15093 | 15093 | 15093
AAA3159 |50-08156 |0-0.5 [Fill 14924 14927 | 14927 | 14925 | 14925 | 14925 | 14925 | 14925
AAA3160 |50-08162 (0-0.5 |Fill 14924 14927 | 14927 | 14925 | 14925 | 149825 | 14925 | 14925
AAA3189 | 50-08168 |(0-0.5 |Fill 14952 14949 | 14949 | 14948 | 14948 | 14848 | 14948 | 14948
AAAZ798 | 50-08176 |0-0.5 |Fill 14867 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866
AAAZ800 |50-08180 j0-0.5 |Fill 14867 | 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866
AAA3245 |50-08185 [0-0.5 [Fill 15092 — 15088 | 15093 | 15093 | 15093 | 15093 | 15083
AAA3246 | 50-08189 |0-05 |Fil 15092 — 15089 | 15093 | 15093 | 15093 | 15093 | 15093
AAA3247 | 50-08193 |(0-0.5 |Fill 15092 — 15089 | 15093 | 15033 | 15093 | 15093 | 15093
AAAZB01 | 50-08194 |0-0.5 |Fill 14867 | 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866
AAA3248 | 50-08195 |(0-0.5 |Fill 15092 — 15089 | 15093 | 15093 { 15093 | 15093 | 15093
AAA3190 |50-08214 |0-0.5 |Fill 14952 14949 | 14949 | 14948 | 14948 | 14948 | 14948 | 14948
AAA3181 | 50-08216 |0-0.5 |Fill 14952 14949 | 14249 | 14948 | 14948 | 14948 | 14948 | 14948
AAA2802 | 50-08222 [0-0.5 |Fil 14867 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866
AAAZ803 |50-08224 |0-0.5 |Fill 14867 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866
AAAZB04 | 50-08226 |0-0.5 |Fill 14867 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866
AAAZ2805 | 50-08228 |(0-0.5 |Fill 14867 | 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866
AAA3249 | 5008231 |0-0.5 |Fill 15092 — 15089 | 15083 | 15093 | 15093 | 15093 | 15083
AAA3092 |50-08240 {0-0.5 |Filt 14873 14870 | 14870 | 14869 | 14869 | 14869 | 14869 | 14869
AAA3093 |50-08244 [0-0.5 |Fil 14873 14870 | 14870 | 14869 | 14869 | 14869 { 14869 | 14869
AAA3250 |50-08245 (0-0.5 |Fil 15092 — 15082 | 15083 | 15083 | 15093 | 15093 | 15093
AAA3192 |50-08266 |0-0.5 |Fill 14952 14949 | 14949 | 14948 | 14948 | 14948 | 14948 | 14948
AAA3094 | 50-08274 | 0-0.5 |Fil 14873 14870 | 14870 [ 14869 | 14869 | 14869 | 14869 | 14869
AAA3095 | 50-08286 |0-0.5 |Fill 14873 14870 | 14870 | 14869 | 14869 | 14869 | 14869 | 14869
AAA30S6 | 50-08290 |0-05 |Fil 14873 14870 | 14870 | 14869 | 14869 | 14869 | 14868 | 14869
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Table B-9 {continued)

[ — % &
g 5 | 2| 2|23/ 8 | 3| E |85 23|38 &
Y] S a s ;’.,_ a
AAA3193 |50-08312 (0-0.5 |Fil 14952 | 14949 | 14949 | 14948 | 14948 | 14948 | 14948 | 14948
AAA3097 [50-08324 |0-0.5 |[Fill 14873 | 14870 | 14870 | 14869 | 14869 | 14869 | 14869 | 14869
AAA30Q98 | 50-08326 |0-0.5 |[Fill 14873 | 14870 | 14870 | 14869 | 14869 | 14869 | 14869 | 14869
AAA3099 | 50-08328 [0-05 |Fil 14873 | 14870 | 14870 | 14869 | 14869 | 14869 | 14869 | 14869
AAA3118 |50-08336 (0-0.5 |Fill 14887 | 14889 | 14889 | 14890 | 14890 | 14890 | 14890 | 14890
AAA3119 (50-08340 [(0-05 |Fill 14887 | 14889 | 14889 | 14890 ) 14890 | 14890 | 14890 | 14890
AAA3120 |50-08342 |0-0.5 [Fill 14887 | 14889 | 14889 | 14890 | 14890 | 14890 | 14890 | 14890
AAA3121 |50-08370 [0-0.5 |Fill 14887 | 14889 | 14889 | 14890 | 14890 | 14890 | 14890 | 14890
AAA3122 | 50-08374 |0-0.5 |Fill 14887 | 14889 | 14889 | 14890 | 14890 | 14890 | 14890 | 14880
AAA3123 | 50-08386 |0-0.5 |Fill 14887 | 14889 | 14889 | 14890 | 14890 | 14890 | 14890 | 14890
AAA3124 | 50-08428 |0-0.5 |Fill 14887 | 14889 | 14882 | 14890 | 14890 | 14890 | 14890 | 14890
AAA3125 | 50-08432 |0-0.5 |Fill 14887 | 14889 | 14889 | 14890 | 14890 | 14890 | 14890 | 14890
AAA3147 | 50-08436 |0-0.5 [Fil! 14914 | 14880 | 14880 | 14916 | 14916 | 14916 | 14916 | 14916
AAA3148 |50-08438 |0-0.5 [Fill 14914 | 14880 | 14880 | 14916 | 14916 | 14916 | 14216 | 14916
AAA3149 | 50-08440 |0-0.5 |[Fill 14914 | 14880 | 14880 | 14916 | 14916 | 14916 | 14916 | 14916
AAA3151 | 50-08486 |0-0.5 |[Fill 14914 | 14880 | 14880 | 14916 | 14916 | 14916 | 14816 | 14916
AAA3152 | 50-08492 |[0-0.5 |Fill 14914 | 14880 | 14880 | 14916 | 14916 | 14916 | 14916 | 14216
AAA2768 | 50-08086 |0-0.5 |Soil |14841 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA2769 | 50-08088 |0-05 |Soil |14841 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA3143 | 50-08102 |0-0.5 |[Soil |14914 | 14880 | 14880 | 14916 | 14916 | 14916 | 14916 | 14816
AAA2770 |50-08136 |0-0.5 |Soil |14841 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA2771 |50-08138 |0-0.5 |Scil |14841 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAAZ7T72 |50-08140 |0-0.5 |Scit [14841 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAAZ773 | 50-08142 [0-0.5 |[Soil {14841 | 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA2774 |50-08144 {0-0.5 |Soil {14841 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA3144 |50-08154 |0-0.5 |[Soil [14914 | 14880 | 14880 | 14916 | 14916 | 14916 | 14916 | 14916
AAA2775 | 50-08346 |0-0.5 |Socil |14841 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA3145 | 50-08364 [0-0.5 |Soil |14914 | 14880 | 14880 | 14916 | 14916 | 14916 | 14916 | 14916
AAA2776 | 50-08396 |(0-0.5 |Soil |14841 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA3146 | 5D-08418 [0-0.5 |Soil |14914 | 14880 | 14880 | 14216 | 14916 | 14916 | 14916 | 14916
AAA2T7T7T | 50-08446 (0-0.5 | Soil |14841 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA2TT8 | 50-08474 [0-05 |Soil | 14841 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA2T779 | 50-08494 |0-0.5 {Soil | 14841 14840 | 14840 | 14845 | 14845 | 14845 [ 14845 | 14845

a . . . . . . . ) . . . . .
Limited list metals include antimony, arsenic, barium, beryllium, cadmium, chromium, lead, mercury, nickel, potassium, selenium,
silver, and thallium.

Sample request number.

¢ = Sample not requested for the suite.

Oclober 2005

ER2005-0172




MDA C Investigation Work Plan, Revision 2

Table B-10
Frequency of Detected Inorganic Chemicals
Above BV in Phase | RFI Surface Soil and Fill Samples at MDA C

Number | Number | Concentration | Background Frequency of Frequency of Non-
of of Range® Value® Detects Above detects Above
Analyte | Media | Analyses | Detects {mg/kg) {mgfkg) Background Value | Background Value

Antimony | Fill 52 1 [0.04]to 0.21 |0.83 0/52 0/52
Antimony Soil 16 5 [0.04]t0 0.25 |0.83 0/16 0/16
Arsenic Fill 52 49 [0.2]t0o 5.2 817 0/52 0/52
Arsenic Soil 16 16 09t08 8.17 0/16 0/16
Barium Fill 52 52 36 to 250 295 0/52 0/52
Bariurmn Soil 16 16 26 to 190 295 016 0116
Beryllium Fill 52 52 041t01.4 1.83 0/52 0/52
Beryllium Soil 16 16 0.32t01.2 1.83 016 0/16
Cadmium |Fill |52 0 {0.4] 0.4 0/52 0/52
Cadmium Soil 16 0 [0.4] 04 0/16 0/16
Chromium, | Fill 52 52 241018 19.3 0/52 0/52
Total

Chromium, | Soil 16 16 13t012 19.3 016 0116
Total

Lead Fill 52 52 71030 22.3 6/52 0/52
Lead Soil 16 16 1010 27 223 3116 0/16
Mercury Fill ] 0 [6.1] 0.1 0/9 0/9
Mercury Soil 1 0 [0.1] 0.1 oM on
Nickel Fill 52 52 23t014 15.4 0/52 0/52
Nickel Soil 16 12 [2]to 8.2 154 0/16 0/16
Potassium | Fill 1 1 1800 3460 0/1 0on
Potassium | Soil 1 1 1300 3460 0/1 01
Selenium Fill 52 28 [0.2)to 1 1.52 0/52 0/52
Selenium Soil 16 3 [0.2] to 0.5 1.52 016 0/16
Silver Fill 52 1 [1]to 1.1 1 1/52 0/52
Silver Soil 16 1 [1]to 6 1 1/16 0/16
Thallium Fill 52 51 [0.04]t0 0.21 |(0.73 0/52 0/52
Thallium Soil 16 16 0.041tc 018 0.73 0/16 0186

aVaIues in square brackets indicate nondetects.
b BVs obtained from LANL 1998, 58730.

ER2005-0172 B-55 October 2005




MDA C Investigation Work Plan, Revision 2

Table B-11
Inorganic Chemicals Detected Above BV in Phase | RF| Surface Soil and Fill Samples at MDA C
Sample ID Location ID Depth (ft) Media Lead (mgfkg) Silver {mg/kg)
Soil Background Value® 22.3 1
NMED SsL” 400 380
AAA3143 50-08102 0.00-0.50 Soil 27 -
AAA3144 50-08154 0.00-0.50 Soil 27 —
AAA3093 50-08244 0.00-0.50 Fill - 11
AAA3(C96 50-08290 0.00-0.50 Fill 23 —_
AAA3193 50-08312 0.00-0.50 Fill 30 —
AAA3098 50-08326 0.00-0.50 Fill 26 —
AAA3099 50-08328 (.00-0.50 Fill 24 —
AAA3119 50-08340 0.00-0.50 Fill 23 —
AAA3145 50-08364 0.00-0.50 Soil 24 —
AAA3146 50-08418 0.00-0.50 Sail —_ 6
AAA3151 50-084886 0.00-0.50 Fill 23 —
a Soil background value is used for both fill and seil.
NMED soil screening level for residential soils.
©__ = Not above the BV.
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Table B-12
Frequency of Detected Radionuclides
Above BVs/FVs in Phase | RFl Surface Soil and Fill Samples at MDA C

Background/ Frequency of
Number of | Number of | Concentration Range® | Fallout Value” | Detects Above
Analyte Media | Analyses | Detects (pCifg) {(pCifg) Background Value
Americium-241 | Soil 16 13 [0.005] to 1.017 0.013 1116
Americium-241 | Fill 52 37 [0.003] to 0.292 0.013 24452
Cesium-137 Soil 16 1 [0.24]to 1.22 1.65 0/16
Cesium-137 Fill 52 1 [0.269 to 0.915] 1.65 /52
Cobalt-60 Soil 16 0 [0.165 to 0.814) na® 0/16
Cobalt-60 Fill 52 0 [0.128 to 0.761] na 0/52
Plutonium-238 | Soil 16 12 [0.004 to 0.219] 0.023 6/16
Plutonium-238 | Fill 52 20 [0.002] to 0.071 0.023 11/62
Plutonium-239 | Soil 16 16 0.01to0 10.687 0.054 15/16
Plutonium-239 | Fill 52 46 [0.003] to 2.91 0.054 20/562
Strontium-90 Soil 16 0 [-0.54 to 0.32] 1.31 0/16
Strontium-80 Fill 52 0 [-0.62 to 0.3] 1.31 0/52
Thorium-232 Sail 16 4 [2.09] tc 4.01 2.33 4116
Thorium-232 Fill 52 11 [1.83]t0 4.8 2.33 11152
Uranium-234 Sail 16 16 1.07 to 1.89 259 0/16
Uranium-234 Fill 52 52 0.911t0 1.83 2.59 0/52
Uranium-235 Soil 16 0 [0.036 to 0.13]) 0.2 016
Uranium-235 Fill 52 0 [0.023 to 0.165] 0.2 0/52
Uranium-238 Soil 16 16 1.07 t0 1.99 2.29 016
Uranium-238 Fill 52 52 1.08to 2.45 2.29 1/52

a Values in square brackets indicate nondetects.
b Tuff BVs obtained from LANL 1998, 59730.
c )

na = Not avaitable.
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Table B-13
Radionuclides Detected Above the BV/FV in Phase | RFI Surface Soil and Fill Samples at MDA C
Sample Location Depth Americium- | Plutonium- | Plutonium- | Thorium- Uranium-
ID D {f) Media 24 238 239 232 238
Soil and Fill Background Value® (pCi/g) 0.013 0.023 0.054 2,33 2.29
SAL® 39 49 44 5.0 93
AAA3153 | 50-08010 |0.00-0.50 |Fill —° — — 3.97 —
AAAZ768 | 50-08086 |0.00-0.50 | Sil — — 10.687 — —
AAA2769 |50-08088 |0.00-0.50 | Soil — 0.052 0.441 — —
AAA3143 |50-08102 |0.00-0.50 | Soil 0.094 —_ 0.446 — —
AAA3157 |50-08110 |0.00-0.50 Fill — — — 3.49 _
AAA2798 |{50-08134 | 0.00-0.50 Fill — — — 3732 —
AAAZ770 |50-08136 |0.00-0.5C [ Soil 0.048 — 1.427 374 —
AAA3243 | 50-08137 | 0.00-0.50 |Fill — — — 3.32 —_
AAA2771 | 50-08138 | 0.00-0.50 Soil 1.017 - 0.46 327 —
AAA2772 | 50-08140 |0.00-0.50 Soil 0.03 — 0.347 4.01 —
AAAZ7T3 | 50-08142 | 0.00-0.50 Sail 0.032 —_ 0.342 — —
AAAZT7T4 | 50-08144 | 0.00-0.50 Soil 0.036 - 0.278 — —
AAA3144 | 50-08154 |0.00-0.50 Soil 0.257 0.035 1.5 — —
AAA2801 |50-08194 |0.00-0.50 |Fill — — — — 245
AAA3191 | 50-08216 | 0.00-0.50 |Fill — — — 346 -
AAA2802 |50-08222 |0.00-0.50 (Fill — — — 3.07 —
AAA2804 |50-08226 |0.00-0.50 (Fill —_ — — 3.73 —
AAA3093 |50-08244 |0.00-0.50 ({Fill — — — 3.34 —
AAA3250 | 50-08245 |0.00-0.50 Fill — — — — —
AAA3098 | 50-08326 |0.00-0.50 Filt — — — 4.8 —
AAA2775 | 50-08346 |0.00-0.50 Sail 0.357 0.032 2.082 — —
AAA3145 | 50-08364 |0.00-0.50 [ Soil — — 0.103 — —
AAA3121 |50-08370 (0.00-0.50 |Fill — — — 2.96 —
AAA2776 |50-08396 |0.00-0.50 [ Soil 0.361 0.033 2.499 — —
AAA3147 |{50-08436 |0.00-0.50 Fill — — — 3.56 —
AAA2TT7 |50-08446 |0.00~0.50 [ Soil 0.192 0.027 213 275 —_
AAA2778 |50-08474 |0.00-0.50 [ Soil — — 0.562 — —
AAAZTTS [50-08494 | 0.00-0.50 | Soil 0.454 0.068 8.69 — —
2 50l background value is used for both fill and seil (LANL 1998, 59730).
LANL screening action leve! for residential soil.
= The concentration was not above the BV,
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Table B-14
Frequency of Detected Organic Chemicals in Phase | RFl Surface Soil and Fill Samples at MDA C
Number of Number of Concentration Frequency of
Analyte Media Analyses Detects Range* (mg/kg) Detects
Acenaphthene Fill 52 1 [0.00018] to 0.96 1/52
Aroclor-1254 Fill 43 3 [0.03]to 1 3/43
Aroclor-1260 Fill 43 4 [0.03 10 0.15] 4/43
Bis(2-ethylhexyl)phthalate Fill 52 2 [0.00018] to 1.4 2/52
Pentachlorophenol Sail 16 1 [0.85]t0 1.9 116
*Values in square brackets indicate nondetects.
Table B-15
Detected Organic Chemicals Analyses in Phase | RF] Surface Soil and Fill Samples at MDA C
£ °
S c
o o - £ 3 2 s 2
@ = £ m £ a o = o
@ S = z T T o a =]
o = i B =4 S H B = =]
£ 3 g = = g S @ X =
o o a o Q o [ o
v - x4 < b = 3
Lo S [
= @4
hd 0.
NMED SSL® 2800 1.1 1.4 350 naP
EPA SSL° n/a® nfa nfa nfa 3.0
AAAZ153 50-08010 0.00-0.50 Fill - — — 14 —
AAA3155 50-08064 0.00-0.50 Fill — — 0.04 1.4 —
AAA3156 50-08106 0.00-0.50 Fill — — 0.03 — —_
AAA3157 50-08110 0.00-0.50 Fill — — 0.07 - —
AAA3158 50-08116 0.00-0.50 Fill — — 0.04 — —_
AAA3Z193 50-08312 0.00-0.50 Fill 0.96 — — — —_
AAA3098 50-08326 0.00-0.50 Fill —_— 1 — — —
AAA3146 50-08418 0.00-0.50 Soil —_ — — — 1.9
AAA3151 50-08486 0.00-0.50 Fill —_ 0.07 — — —
AAA3152 50-08492 0.00-0.50 Fill —_ 0.17 — — —

Nate: Units are mg/kg.

¥ NMED soll screening level for residential soils.
b .
na = Not available.

(2]

EPA Region 6 soil screening level for residential soils.

d nfa = Not applicable.

©

— = The analyte was not detected.
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Table B-16
Detected Organic Chemicals in EMFLUX® Samples at MDA C
Location Sample Aliphatics Carbon
D ID HCs Benzene | Tetrachloride | Chloroform | Tetrachloroethene | Trichloroethene

50-10000 | MD50-00-0011 0.00 0.00 0.00 0.00 2.08 1.17
50-10001 | MD50-00-0012 0.00 0.00 0.00 0.00 10.94 7.3
50-10002 | MD50-00-0013 0.00 0.00 0.00 0.00 8.58 1.57
50-10003 | MD50-00-0014 0.00 0.00 0.00 3.66 11.56 277
50-10004 | MD50-00-0015 0.00 0.00 0.00 6.68 10.16 227
50-10005 | MD50-00-0016 0.00 0.00 0.00 2.80 6.84 1.50
50-10006 | MD50-00-0017 0.00 0.00 9.26 1.84 27.82 4.44
50-10007 | MD50-00-0018 20.85 .00 0.00 0.00 3.82 0.84
50-10008 | MD50-00-00192 0.00 0.00 0.00 0.00 2.86 0.00
50-10009 | MD50-00-0020 0.00 0.00 1.50 0.00 15.86 2.01
50-10010 | MD50-00-0021 0.00 0.00 2.67 0.00 15.21 117
50-10011 | MD50-00-0022 0.00 0.00 B6.71 1.16 16.95 2.94
50-10012 | MD50-00-0023 86.40 0.00 4.58 0.00 9.30 415
50-10013 | MD50-00-0024 0.00 0.00 0.00 0.00 2.18 1.20
50-10014 | MD50-00-0025 0.00 0.00 0.00 0.00 277 3.18
50-10015 | MD50-00-0026 0.00 0.60 2.38 0.0C 3.27 8.83
50-10016 | MD50-00-0027 0.00 0.00 0.00 0.00 2.09 0.94
50-10017 | MD50-00-0028 0.00 0.00 0.00 0.00 5.39 Q.00
50-10018 | MD50-00-0029 0.00 0.00 0.00 0.00 9.22 0.00
50-10019 | MD50-00-0030 0.00 0.00 0.00 0.00 7.23 2.58
50-10020 | MD50-00-0031 0.00 0.00 0.00 0.00 4.21 2.65
50-10021 | MD50-00-0032 0.00 0.00 2.31 .00 5.08 6.96
50-10022 | MD50-00-0033 0.00 0.00 36.15 4.67 2.52 3.52
50-10023 | MD50-00-0034 0.00 0.00 1.65 0.00 252 415
50-10024 | MD50-00-0035 0.00 0.00 0.00 0.00 1.28 3.82
50-10025 | MD50-00-0036 0.00 0.00 0.00 0.00 1.59 1.34
50-10026 | MD50-00-0037 0.00 0.00 0.00 0.00 7.54 0.90
50-10027 | MD50-00-0038 0.00 0.00 0.00 0.00 28.06 0.00
50-10028 | MD50-00-0039 0.00 0.00 6.00 0.00 9.23 0.00
50-10029 | MD50-00-0040 0.00 0.00 .00 0.00 3.15 2.82
50-10030 | MD50-00-0041 0.00 0.00 0.00 0.00 253 1.58
50-10031 | MD50-00-0042 0.00 0.00 4.85 0.00 4.68 4.79
50-10032 | MD50-00-0043 0.00 0.00 2.87 0.00 477 3.65
50-10033 | MD50-00-0044 0.00 0.00 1.73 0.00 28.38 12.47
50-10034 | MD50-00-0045 0.00 0.00 0.00 0.00 1.25 3.85
50-10035 | MD50-00-0046 0.00 0.00 0.00 0.00 5.30 1.11
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Table B-16
Location Sample Aliphatics Carbon
D D HCs Benzene | Tetrachloride | Chloroform | Tetrachloroethene | Trichloroethene
50-10036 | MD50-00-0047 0.00 0.00 0.00 0.00 13.32 0.00
50-10037 | MD50-00-0048 12.60 0.00 0.00 0.00 5.30 0.00
50-10038 | MD50-00-0049 0.00 0.00 0.00 0.00 6.92 1.58
50-10033 | MD50-00-0050 0.00 0.00 0.00 0.00 3.18 58.03
50-10040 | MD50-00-0051 0.00 0.00 0.00 0.00 5.43 3.19
50-10041 | MD50-00-0052 0.00 0.00 0.00 0.00 2.84 2.05
50-10042 | MD50-00-0053 0.00 0.00 0.00 0.00 4.96 097
50-10043 | MD50-00-0054 0.00 0.00 0.00 0.00 2.15 1.48
50-10044 | MD50-00-0055 0.00 0.00 0.00 0.00 0.87 1.98
50-10045 | MD50-00-0056 0.00 0.00 0.00 0.00 3.51 0.00
50-10048 | MD50-00-0057 0.00 0.00 0.00 0.00 2.20 0.00
50-10047 | MD50-00-0058 | 170.25 0.00 0.00 0.00 2.82 0.00
50-10048 | MD50-00-0059 0.00 0.00 0.00 0.00 0.00 0.00
50-10049 | MD50-00-0060 95.56 0.00 0.00 0.00 1.66 0.00
50-10050 | MD50-00-0061 0.00 0.00 0.00 0.00 2.92 0.00
50-10051 | MD50-00-0062 0.00 0.00 0.00 0.00 2.32 1.48
50-10052 | MD50-00-0063 0.00 0.00 0.00 0.0C 200.92 0.00
50-10053 | MD50-00-0064 0.00 0.00 0.00 0.00 69.71 1.08
50-10054 | MD50-00-0065 0.00 0.00 0.00 0.00 4,38 427
50-10055 | MD50-00-0066 0.00 0.00 0.00 0.00 487 0.00
50-10056 | MD50-00-0067 .00 0.00 0.00 0.00 1.92 0.00
50-10057 | MD50-00-0068 0.00 0.00 .00 0.00 1.79 0.00
50-10058 | MD50-00-0069 0.00 0.00 0.00 0.00 1.10 0.00
50-10059 | MD50-00-0070 13.52 0.00 0.00 0.00 1.89 0.00
50-10060 | MD50-00-0G71 0.00 C.00 0.00 0.00 1.32 0.00
50-10061 | MD50-00-0072 0.00 0.00 0.00 0.00 1.54 0.00
50-10062 | MD50-00-0073 0.00 0.00 0.00 0.00 1.19 0.00
50-10063 | MD50-00-0074 0.00 0.00 0.00 0.00 4.21 0.00
50-10084 | MD50-00-0075 0.00 0.85 0.00 0.00 8.39 .00
50-10085 | MD50-00-0076 0.00 0.00 0.00 0.00 1.51 0.00
50-10066 | MD50-00-0077 0.00 0.00 0.00 0.00 27.80 0.00
50-10067 | MD50-00-0078 0.00 0.00 0.00 1.52 207.30 10.37
50-10068 | MD50-00-0079 13.78 0.00 0.00 0.00 169.70 8.1
50-10068 | MD50-00-0080 54.59 0.00 0.00 0.00 140.79 578
50-10070 | MD50-00-0081 0.00 0.00 0.00 0.00 56.58 6.22
50-10071 | MD50-00-0082 0.00 0.00 0.00 0.00 150.02 2958
50-10072 | MD50-00-0083 0.00 0.00 0.00 0.00 16.67 0.00
50-10073 | MD50-00-0084 0.00 0.00 0.00 0.00 58.84 0.00
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Table B-16
Location Sample Aliphatics Carbon
ID ID HCs Benzene | Tetrachloride | Chioroform | Tetrachloroethene | Trichloroethene
50-10074 | MD50-00-0085 0.00 0.00 6.00 0.00 10.04 0.00
50-10075 | MD50-00-0086 0.00 0.00 0.00 0.00 3.05 0.00
50-10076 | MD50-00-0087 0.00 0.00 0.00 0.00 0.94 0.00
50-10077 | MD50-00-0088 0.00 0.00 0.00 0.00 7.40 0.00
50-10078 | MD50-00-0089 0.00 0.00 0.00 0.00 1.39 0.00
50-10079 | MD50-00-0090 0.00 0.00 0.00 .00 142 0.00
50-10080 | MDS0-00-0021 0.00 0.00 0.00 0.00 13.90 0.98
50-10081 | MD50-00-0092 0.00 0.91 .00 0.00 8.26 1.36
50-10082 { MD50-00-0093 0.00 0.00 0.00 0.00 574 1.93
50-10083 | MD50-00-0094 0.00 0.00 0.00 0.00 3.4 214
Note: Results are in ngfm%min.
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Table B-17
Summary of Phase | RFl Boreholes at MDA C

2L40-600243
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@ Northing | Easting

50-09100 1900 |n/a” 72330 |316.0 316.0 6917.0 |0.0 Qet 1768776 | 1626312 |7/17-31/85 |Vapor Pit 5
Monitoring

50-08101 |450 (S82W |72530 (1170 (827 7170.3 | 827 Qbt 3 1768915 | 1625964 |9/20-22/35 |Backfilled Pit 6
50-08102 |450 (S10wW |72180 (1100 |(77.8 71412 | 778 Qbt 3 1768750 | 1626610 | 8/2-8/95 Backfilled Pit 5
50-09103 |45.0 [N32W |72420 |[120.0 (849 71571 | 849 Qbt 3 1768404 | 1626596 |(8/17-22/95 |Backfilled Pits 1 and 3
50-09104 |90.0 |n/a 7260.0 (90.0 90.0 71700 (0.0 Qbt 3 1768444 | 1626044 |(8/15-17/95 |Backfilled Pit 1
50-09105 |45.0 |S86E (72650 (1200 (849 7180.1 | 849 Qbt 3 1768561 | 1625873 |8/23-28/95 |Backfilled Shaft Group 3

g 50-09106 |450 |S75E 7261.0 120.0 849 71761 849 Qbt 3 1768656 | 1625915 | 8/9-15/95 Backfilied Shaft Group
w 3/ Pit4
50-09107 450 |N4W 7262.0 118.0 83.4 71786 |834 Qbt 3 1768764 | 1625826 | 8/28-30/95 Backfilied Pit 6
50-08108 |45.0 |N40E |[7275.0 120.0 849 7190.1 84.9 Qbt 3 1768770 | 1625544 | 8/30-9/11/95 | Backfilled Chemical Pit/
Pit 6
50-09109 (450 |NB4E |7279.0 (120.0 84.9 7194 1 849 Qbt 3 1768863 | 1625429 |9/11-14/95 Backfilled Pit 6 =
50-09110 (700 }S67E |72780 (3.0 855 71925 | 311 Qbt 3 1768971 | 1625494 | 9/15-19/95 Backfilled Pit 6 E
50-10131° |90.0 |n/a 72756 | 250 250 70256 (0.0 Qct 1768774 | 1625545 | 6/21-6/25/01 | Vapor Chemical Pit g
Monitoring ©
28
& North American Datum of 1983. °
nfa = Not applicable. g‘
¢ This borehole was not part of the Phase | RF{ boreholes. =
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Table B-18
Field Screening Results from Phase | Borehole Sampling
Location Sample Depth Alpha Beta/Gamma PID
ID ID (ft bgs) HE Screen {cpm) (cpm) {ppm)
50-09100 | 0550-95-0360 20-22 Negative 1 180 0
50-09100 | 0550-95-0361 9.0-8.2 Negative 0 210 0
50-08100 | 0550-95-0362 10.6-12.6 Negative 3 220 0
50-08100 | 0550-95-0363 16.5-17.5 Negative 0 220 0
50-09100  0550-95-0324 18.6-19.2 Negative 0 220 0
50-09100 |0550-95-0364 121.5-22.3 Negalive 0 210 0
50-09100 | 0550-95-0365 26.5-28.5 Negalive 1 180 0
50-09100 |0550-95-0366 |31.5-325 Negative 3 170 1]
50-09100 | 0550-96-0100° | 32.7-33.7 —° — — —
50-09100 | 0550-95-0367 38.7-39.5 Negative 1 140 0
50-03100 | 0550-95-0368 415435 Negative 1 160 0
50-09100 | 0550-95-0369 46.547.3 Negative 0 150 0
50-09100 | 0550-85-0370 52.5-53.3 Negative 0 160 0
50-09100 | 0550-95-0371 58.2-60.0 Negative 1 170 0
50-09100 |0550-95-0372 61.0-62.0 Negative 1 180 0
50-09100 |0550-95-0373 66.0-67.0 Negative 0 180 0
50-09100 | 0550-95-0374 71.5-73.5 Negative 0 220 0
50-09100 |0550-95-0375 76.0-76.8 Negative 2 180 1}
50-09100 | 0550-95-0376 86.0-86.8 Negative 0 170 0
50-09100 | 0550-95-0377 92.2-93.0 Negative 0 180 0
50-09100 |0550-95-0378 96.0-96.8 Negative 0 210 0
50-09100 |0550-95-0379 102.2-103.0 Negative 0 210 0
50-09100 | 0550-95-0380 107.0-107.8 Negative 1 220 0
50-09100 | 0550-95-0381 113.2-114.0 Negative 1 220 0
50-09100 | 0550-95-0383 115.1-116.9 Negative 1 220 0
50-09100 | 0550-95-0384 120.0-120.8 Negative 0 210 0
50-08100 |0550-95-0385 125.0-125.8 Negative 0 200 0
50-09100 |0550-95-0386 130.0-130.8 Negative 2 200 0
50-09100 | 0550-95-0387 135.0-135.2 Negative 0 180 0
50-09100 | 0550-95-0388 140.0-140.8 Negative 2 200 0
50-09100 | 0550-95-0389 145.0-145.8 Negative 0 200 0
50-09100 | 0550-95-0390 150.0-150.8 Negative 0 180 0
50-09100 | 0550-95-0391 157.0-157.8 Negative ¢ 200 0
50-09100 | 0550-95-0392 161.3—163.1 Negative ¢ 220 0
50-09100 | 0550-95-0396 165.0-166.0 Negative 3 170 0
50-09100 | 0550-95-0397 171.0-171.8 Negative 0 160 0
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Table B-18 {continued)

Location Sample Depth Alpha Beta/Gamma PID
ID D (ft bgs) HE Screen {cpm) {cpm} {ppm})
50-09100 | 0550-95-0398 | 177.0-177.8 Negative 0 170 0
50-09100 | 0550-95-0399 | 182.2-183.0 Negative 0 180 0
50-09100 | 0550-95-0400 |185.0-185.8 Negative 1 160 0
50-09100 | 0550-95-0401 191.5-192.5 Negative 0 170 0
50-08100 | 0550-95-0402 | 197.3-198.0 Negative 1 200 0
50-09100 | 0550-85-0403 202.5-203.2 Negative 0 120 0
50-09100 | 0550-95-0404 206.4-207.2 Negative 0 140 0
50-09100 | 0550-96-0001 210.8-211.0 — — — —
50-09100 | 0550-86-0002 213.0-214.0 — — — —
50-09100 | 0550-96-0003 215.8-216.0 — - — —
50-09100 | 0550-96-0004 220.7-221.0 — — — —
50-09100 | 0550-86-0006 222.7-223.0 _ — —_ —
50-09100 | 0550-96-0007 225.7-226.0 — - —_ —
50-09100 | 0550-96-0008 228.1-228.4 — — —_ —
50-09100 | 0550-86-0009 230.7-231.0 — — - —
50-09100 | 0550-96-0010 233.0-233.3 —_ — — —
50-09100 | 0550-86-0011 235.7-236.0 - — - —
50-09100 | 0550-96-0012 238.1-238.4 — — — —
50-09100 | 0550-96-0013 240.7-241.0 — — — -
50-08100 |0550-96-0014 243.7-244.0 — — — —
50-08100 | 0550-96-0015 245.7-246.0 -_ — — —
50-09100 | 0550-96-0016 247.3-248.0 — — — —
50-09100 | 0550-96-0017 250.7-251.0 —_ — — —
50-02100 | 0550-26-0018 253.0-253.3 - — — —
50-08100 | 0550-96-0012 255.2-255.5 — — — —
50-09100 | 0550-96-0020 257.2-257.5 — - — —
50-09100 | 0550-96-0021 260.2-260.5 — — —_ —
50-09100 | 0550-96-0022 262.7-263.0 — — —_ —
50-09100 |0550-96-0023 2685.2-265.5 — — — —
50-09100 | 0550-96-0025 |267.2-267.5 — — — —
50-09100 | 0550-96-0024 270.2-270.5 —_ — — —
50-09100 |0550-96-0026 |273.2-273.5 — — — —
50-09100 | 0550-26-0027 | 275.7-276.0 —_ — — —
50-09100 | 0550-96-0028 |[278.2-278.5 — — — —
50-09100 | 0550-96-0028 |280.7-281.0 — — — —
50-08100 | 0550-96-0030 |283.2-283.5 — — — —_
50-089100 | 0550-96-0031 285.7-286.0 — — — —
50-09100 |0550-96-0032 288.3-288.5 — —_ — —
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' Table B-18 (continued)

Location Sample Depth Alpha Beta/Gamma PID
ID ID {ft bgs) HE Screen {cpm) {cpm) {ppm)
50-09100 | 0550-96-0033 290.7-291.0 — — — —_
50-09100 |0550-96-0034 |293.2-293.5 — — — —_
50-09100 | 0550-96-0035 |295.7-296.0 — — — —
50-09100 | 0550-96-0036 298.3-298.5 — — —_ —
50-09100 |0550-96-0037 299.7-300.0 — — — —
50-09100 | 0550-96-0038 | 303.2-303.5 —_ —_ — —
50-09100 | 0550-96-0039 | 305.7-306.0 - —_ —_ -
50-09100 | 0550-96-0040 308.2-308.5 — — — —_
50-09100 | 0550-96-0041 310.7-311.0 — — — —
50-09100 | 0550-96-0042 I2.5-313.0 — — — —
50-09100 [ 0550-96-0043 315.2-315.5 — — —_ —
50-09101 | 0550-95-0281 2526 Negative 0 170 0
50-09101 | 0550-95-0282 |5.7-6.0 Negative 2 180 0
50-09101 | 0550-95-0283 7.6-7.9 Negative 1 160 1]
50-09101 | 0550-85-0284 10.6-12.0 Negative 1 180 0
50-09101 | 0550-85-0285 10.6-12.0 Negative 1 180 0
50-09101 | 0550-95-0286 14.1-145 Negative 1 180 ¢
50-09101 | 0550-95-0287 17.7-18.0 Negative 1 150 0
50-09101 | 0550-96-0101% |19.0-19.7 — — — —
50-09101 | 0550-95-0288 21.2-215 Negative 0 170 0
50-09101 | 0550-95-0289 24.7-256 Negative 0 140 0
50-09101 | 0550-95-0290 26.5-26.8 Negative 0 140 0
50-09101 | 0650-95-0291 28.6-29.0 Negative 0 180 0
50-09101 |0550-96-0102° |31.1-31.8 — — — —
5009101 | 0550-95-0292 32.0-32.3 Negative 1 160 0
50-09101 | 0550-95-0293 37.0-374 Negative 0 200 0
50-08101 | 0550-95-0294 38.940.3 Negative 0 180 0
50-09101 | 0550-95-0295 38.940.3 Negative 0 180 0]
50-09101 | 0550-95-0296 43.8-44.2 Negative 1 140 0
50-09101 |0550-96-01037 |44.2-447 — — — —_
50-09101 | 0550-95-0297 47 .4-48.8 Negative 0 140 0
50-09101 {0550-95-0298 49.7-50.0 Negative 0 150 0
50-09101 | 0550-85-0299 53.0-544 Negative 0 210 0
50-08101 | 0550-95-0300 53.0-54.4 Negative 0 210 0
50-09101 | 0550-85-0301 58.3-587 Negative 2 140 0
50-09101 | 0550-95-0302 61.5-61.9 Negative 0 180 1]
50-09101 | 0550-95-0303 64.1-64.3 Negative 0 180 0
50-09101 | 0550-95-0304 67.9-69.3 Negative 2 160 0
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Table B-18 (continued)

Location Sample Depth Alpha Beta/lGamma PID
ID D {ft bgs) HE Screen {cpm) {cpm) (ppm)
50-09101 | 0550-85-0305 |67.9-69.3 Negative 2 160 0
50-09101 | 0550-25-0306 725728 Negative 1 150 0
50-09101 | 0550-95-0307 75.7-76.0 Negative o 160 0
50-09101 | 0550-95-0308 78.2-78.5 Negative 1 160 0
50-09101 | 0550-95-0309 79.2-81.0 Negative 0 180 0
50-09101 | 0550-95-0310 79.2-81.0 Negative 0 180 ¢
50-09102 | 0550-95-0001 2.5-2.6 Negative 0 200 ¢
50-09102 [ 0550-95-0002 |4.245 Negative 0 210 0
50-09102 | 0550-95-0003 |9.9-10.6 Negative 0 120 0
50-09102 | 0550-85-0004 11.3-134 Negative 0 130 0
50-09102 | 0550-95-0005 11.3-134 Negative 0 130 0
50-09102 | 0550-95-0006 16.3-17.0 Negative 0 180 0
50-09102 | 0550-95-0007 18.4-19.0 Negative 0 160 1]
50-09102 | 0550-95-0008 23.3-239 Negative 0 110 0
50-09102 | 0550-95-0009 26.2-28.9 Negative 0 220 0
50-08102 | 0550-95-0010 |26.2-28.9 Negative 0 220 0
50-09102 | 0550-95-0011 32.4-33.0 Negative 0 190 0
50-09102 | 0550-95-0012 |34.9-354 Negative 2 250 0
50-09102 |0550-95-0013 |36.8-37.4 Negative 0 210 0
50-09102 |0550-95-0014 40.3-424 Negative 0 180 0
50-09102 | 0550-95-0015 |40.3-424 Negative 0 180 0
50-09102 |0550-95-0016 |43.8-445 Negative 0 200 0
50-09102 {0550-95-0017 |47.6-484 Negative 1 210 0
50-08102 |0550-95-0018 |50.9-516 Negative 0 170 0
50-08102 {0550-95-001¢ |51.8-53.7 Negative 2 210 0
50-08102 ([ 0550-95-0020 51.8-53.7 Negative 2 210 0
50-09102 | 0550-95-0021 58.0-58.7 Negative 2 210 1]
50-09102 | 0550-95-0022 60.5-61.2 Negative 0 200 0
50-09102 | 0550-95-0039 62.2-62.6 Negative 0 180 0]
50-09102 | 0550-95-0023 62.6-629 Negative 0 180 0
50-09102 | 0550-95-0025 66.5-67.2 Negative 0 200 0
50-09102 | 0550-35-0024 67.2- €686 Negative 1 200 0
50-09102 | 0550-25-0026 67.2-68.6 Negative 1 200 0
50-08102 | 0550-95-0027 721-728 Negative 1 170 0
50-08102 | 0550-85-0028 75.0-75.7 Negative 2 200 0
50-09102 | 0550-95-0029 76.4-77.8 Negative 0 200 0
50-09102 | 0550-95-0030 |76.4-77.8 Negative 0 200 0
50-09103 | 0550-85-0101 3.5-3.6 Negative 0 180 0
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MDA C Investigation Work Plan, Revision 2

Table B-18 {continued)

Location Sample Depth Alpha Beta/lGamma PID
ID o] {ft bgs) HE Screen {cpm) {cpm) {ppm)
50-09103 |0550-85-0102 |4.9-50 Negative 1 150 0
50-09103 |0550-95-0103 |8.0-8.4 Negative 2 180 0
50-09103 | 0550-95-0104 13.1-147 Negative 1 150 0
50-09103 | 0550-95-0105 13.1-147 Negative 1 150 0
50-09103 | 0550-95-0106 16.0-16.3 Negative 2 130 0
50-09103 | 0550-95-0107 19.2-19.6 Negative 2 160 t]
50-09103 | 0550-95-0108 |22.6-23.3 Negative 2 170 0
50-09103 | 0550-95-0109 |25.5-27.4 Negative 0 150 0]
50-09103 | 0550-95-0110 [255-274 Negative 0 150 ¢
50-09103 | 0550-95-0111 29.0-29.6 Negative 1 150 0
50-09103 | 0550-95-0112 32.2-32.8 Negative 0 130 0
50-09103 |0550-96-0104° |32.9-33.8 — — — —
50-09103 | 0550-95-0113 | 36.6-37.1 Negative 1 150 G
50-09103 | 0550-95-0114 |39.6-41.6 Negative 1 150 0
50-09103 | 0550-95-0115 |{39.6-41.6 Negative 1 150 0
50-09103 | 0550-95-0116 |44.8-453 Negative 2 130 0
50-09103 | 0550-95-0117 |48.1-48.6 Negative 0 180 0
50-09103 |0550-95-0118 |[49.8-50.3 Negative 2 180 0
50-09103 | 0550-95-0119 |55.2-56.6 Negative 1 158 0
50-09103 | 0550-95-0120 55.2-56.6 Negative 1 158 0
50-09103 | 0550-95-0121 56.6-57.3 Negative 1 170 0
50-09103 | 0550-95-0122 60.8-61.4 Negative 0] 160 0
50-09103 | 05650-95-0123 |64.9-65.5 Negative 0 150 0
50-09103 | 0550-95-0124 |67.0-69.3 Negative 0 180 0
50-09103 | 0550-95-0125 |67.0-69.3 Negative 0 180 V]
50-09103 | 0550-95-0126 |71.6-72.1 Negative 2 190 ¢
50-09103 | 0550-95-0127 |74.4-75.0 Negative 2 160 0
50-09103 | 0550-95-0128 |78.7-79.3 Negative 1 190 ¢]
50-09103 | 0550-95-0129 |81.2-826 Negative 0 200 0
50-09103 | 0550-95-013C |[81.2-B2.6 Negative 1 200 0
50-09103 | 0550-95-0131 84.3-84.9 Negative 0 190 0
50-09104 |0550-95-0073 (4.0-4.1 Negative 1 170 0]
50-09104 |0550-95-0074 (9.0-9.1 Negative 1 180 0]
50-09104 | 0550-95-0075 10.9-12.8 Negative 2 180 1]
50-09104 | 0550-95-0076 10.9-12.8 Negative 2 180 V]
50-09104 | 0550-95-0077 15.1-16.0 Negative 1 160 V]
50-09104 | 0550-95-0078 |22.1-23.0 Negative 3 180 o
50-09104 | 0550-95-0079 |26.3-28.0 Negative 1 156 0
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MDA C Investigation Work Plan, Revision 2

Table B-18 {continued)

Location Sample Depth Alpha Beta/Gamma PID
iD ID {ft bgs) HE Screen (cpm) {cpm) {ppm}
50-09104 | 0550-95-0080 26.3-28.0 Negative 1 156 0
50-09104 | 0550-95-0081 31.8-32.3 Negative 3 140 0
50-09104 | 0550-95-0082 |34.3-35.0 Negative 2 150 0
50-09104 | 0550-95-0083 36.6-38.6 Negative 2 180 0
50-09104 | 0550-95-0084 36.6-38.6 MNegative 2 180 0
50-09104 | 0550-96-0105% |44.1-45.1 —_ —_ — —
50-09104 {0550-95-0085 |45.1-46.0 Negative 1 150 0
50-09104 1 0550-95-0086 50.4-513 Negative 1 160 0
50-09104 | 0550-95-0087 58.0-60.0 Negative 0 170 0
50-09104 | 0550-95-0088 58.0-60.0 Negative 0 170 0
50-09104 | 0550-35-0089 62.5-63.0 Negative 0 170 0
50-09104 | 0550-95-0090 69.2-70.0 Negative 0 170 0
50-09104 {0550-95-0092 |71.0-73.0 Negative 2 150 0
50-09104 {0550-95-0091 71.7-73.0 Negative 2 150 0
50-09104 | 0550-95-0093 |77.8-78.6 Negative 1 190 0
50-09104 | 0550-95-0095 79.0-81.0 Negative 0 180 0
50-08104 | 0550-95-0094 82.2-83.0 Negative 2 170 0
50-08104 |0550-95-0099 |85.0-87.0 Negative 2 130 0
50-09104 | 0550-95-0100 85.087.0 Negative 2 130 0
50-09105 | 0550-95-0132 2.8-29 Negative 1 170 0
50-09105 | 0550-95-0133 54-5.9 Negative 1 150 0
50-09105 | 0550-95-0134 8.5-9.1 Negative 1 150 0
50-09105 | 0550-85-0135 11.4-13.1 Negative 1 190 0
50-09105 | 0550-95-0136 11.4-13.1 Negative 1 190 0
50-09105 | 0550-95-0137 15.8-16.3 Negative 1 160 0
50-09105 | 0550-95-0138 19.9-20.6 Negative 2 210 0
50-09105 | 0550-95-0139 242247 Negative 1 180 0
50-09105 | 0550-95-0140 247-26.9 Negative 1 180 0
50-09105 | 0550-95-0141 247-25.2 Negative 1 180 0
50-08105 | 0550-95-0142 |30.5-31.1 Negative 0 170 0
50-09105 | 0550-95-0143 32.5-331 Negative 0 190 0
50-09105 | 0550-95-0144 36.1-36.8 Negative 1 190 0
50-09105 | 0550-95-0145  40.3-41.7 Negative 0 180 0
50-09105 | 0550-95-0146 ;40.3-40.7 Negative 0 180 0
50-09105 | 0550-95-0147 43.3-4338 Negative 0 180 0
50-09105 |0550-96-01067 |43.9-44.5 — — - —
50-09105 |0550-85-0148 |[46.7-47.4 Negative 1 150 0
50-09105 | 0550-95-0149 50.2-50.9 Negative 2 190 0
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MDA C Investigation Work Plan, Revision 2

Table B-18 {continued)

Location Sample Depth Alpha Beta/Gamma PID
ID ID {ft bgs) HE Screen (cpm) (cpm) {ppm)
50-09105 [0550-95-0150 |54.4-56.4 Negative 0 180 0
50-09105 | 0550-95-0151 54.4-56.4 Negative 0 180 0
50-09105 | 0550-95-0152 |5B8.0-58.6 Negative 0 180 0
50-09105 | 0550-95-01563 |[61.5-62.1 Negative 0 180 0
50-09105 | 0550-95-0154 |65.1-65.6 Negalive 0 180 0
50-09105 |0550-95-0155 (68.6-70.6 Negative 0 180 0
50-09105 | 0550-95-0156 |68.6-69.0 Negative 0 180 0
50-09105 | 0550-95-0157 | 71.6-72.1 Negative 0 180 0
50-09105 | 0550-95-0158 | 75.1-75.7 Negative 0 160 0]
50-089105 | 0550-95-0162 | 80.0-80.6 Negative 2 180 0
50-09105 | 0550-95-0160 |83.2-84.9 Negative 1 160 o
50-09105 | 0550-95-0161 83.2-849 Negative 1 160 0
50-09106 |0550-95-0040 [2.8-29 Negative 2 220 0
50-09106 | 0550-95-0041 46-52 Negative 1 210 0
50-09106 |0550-95-0042 |7.8-8.6 Negative 0 170 0
50-09106 |0550-95-0043 |7.8-8.6 Negative 0 170 ¢
50-09106 |0550-95-0044 |14.5-16.8 Negative ¢ 200 0
50-09106 |0550-95-00468 |19.4-21.6 Negative 2 180 0
50-09106 | 0550-95-0047 |19.4-21.6 Negative 2 180 0
50-09106 | 0550-95-0048 |22.5-23.7 Negative 2 160 0
50-09106 |{0550-95-0049 |25.1-25.8 Negative 0 190 0
50-09106 | 0550-95-0050 |29.0-31.1 Negative 0 140 0
50-09106 | 0550-85-0051 29.0-311 Negative 0 140 0
50-09106 §0550-95-0052 34.2-346 Negative 0 170 0
50-09106 {0550-95-0053 |37.3-37.8 Negative 1 180 0
50-09106 |0550-95-0054 |40.0-41.4 Negative 0 180 0
50-09106 |[0550-95-0055 |40.0-41.4 Negative 0 180 0
50-09106 | 0550-95-0056 |45.1-457 Negative 0 200 o
50-09106 |0550-95-0057 |47.9-482 Negative 1 180 ¢
50-09106 | 0550-95-0058 |49.9-516 Negative 0 140 0
50-09106 | 0550-95-0060 |49.9-51.6 Negative 0 140 0
50-09106 | 0550-95-0061 53.7-544 Negative 0 170 0
50-09106 [ 0550-95-0062 |56.8-57.6 Negative 0 180 0
50-09106 | 0550-95-0063 | 60.8-62.6 Negative 1 170 0
50-09106 | 0550-95-0064 | 60.8-62.6 Negative 1 170 0
50-09106 | 0550-95-0065 |65.6-66.3 Negative 1 150 0
50-09106 | 0550-95-0066 |71.5-72.1 Negative 2 160 0
50-09106 | 0550-95-0067 |72.1-73.5 Negative 2 150 0
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Table B-18 (continued)

Location Sample Depth Alpha Beta/Gamma PID
ID ID {ft bgs) HE Screen (cpm) {cpm) {ppm)
50-09106 | 0550-95-0068 721-73.5 Negative 2 150 0
50-09106 | 0550-95-0068 |[74.4-75.0 Negative 2 150 0
50-09106 | 0550-95-0070 79.7-80.3 Negative 0 150 0
50-09106 | 0550-95-0071 81.7-83.4 Negative 0 150 0]
50-09106 | 0550-95-0072 81.7-83.4 Negative 4] ' 150 0
50-09107 | 0550-95-0163 |[2.8-2.9 Negative 0 130 0
50-09107 | 0550-95-0164 7.8-8.1 Negative 1 160 0
50-09107 | 0550-95-0166 8.9-11.2 Negative 0 170 0
50-09107 {0550-85-0167 13.4-13.9 Negative 2 180 0
50-09107 | 0550-95-0165 17.0-17.4 Negative 0 150 0
50-09107 | 0550-95-0168 21.9-221 Negative 2 170 0
50-09107 | 05650-95-0171 25.5-27.6 Negative 1 160 0
50-09107 | 0550-85-0172 25.5-27.6 Negative 1 160 0
50-09107 |0550-85-0169 30.8-31.3 Negative 0 160 4]
50-09107 | 0550-95-0170 32.5-32.9 Negative 0 140 0
50-09107 |0550-96-0107° |33.2-34.3 — — — —
50-09107 10550-95-0173 38.4-39.0 Negative 0 140 0
50-09107 {0550-95-0176 40.3-41.7 Negative 1 150 0
50-08107 | 0550-95-0177 40.3-417 Negative 1 150 0
50-09107 | 0550-95-0174 44.8-453 Negative 1 150 0
50-02107 | 0550-95-0175 |46.3-46.8 — 2 160 0
50-09107 | 0550-96-0108% |46.8-47.4 — — —_ —
50-09107 | 0550-95-0178 50.4-509 Negative 0 140 0
50-09107 | 0550-95-0181 53.0-55.8 Negative 0 160 0
50-09107 | 0550-95-0182 53.0-55.8 Negative 0 160 0
50-09107 | 0550-95-0179 58.7-59.0 Negative 1 170 0
50-09107 | 0550-95-0180 60.1-60.6 Negative 0 140 0
50-09107 | 0550-95-0183 |65.8-66.1 Negative 1 150 0
50-09107 | 0550-95-0186 |67.2-68.6 Negative 1 150 0
50-09107 | 0550-95-0187 67.2-68.6 Negative 1 150 0
50-09107 | 0550-95-0184 72.1-725 Negative 1 120 0
50-09107 | 0550-95-0185 |75.5-76.0 Negative 1 150 0
50-09107 | 0550-95-0191 76.4-78.5 Negative 0 150 0
50-08107 | 0550-95-0188 78.1-78.5 Negative 1 150 0
50-08108 | 0550-95-0192 28-29 Negative 1 140 0
50-09108 | 0550-95-0193 57-6.2 Negative 0 160 0
50-09108 | 0550-95-0184 9.9-10.3 Negative 1 230 0
50-09108 | 0550-35-0195 10.6-11.9 Negative 0 190 0
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MDA C Investigation Work Plan, Revision 2

Table B-18 (continued)

Location Sample Depth Alpha Beta/Gamma PID
ID D (ft bgs} HE Screen {cpm) {cpm) (ppm}
50-09108 | 0550-95-0196 10.6-11.9 Negative 0 190 0
50-08108 {0550-95-0197 17.0-17.5 Negative 1 190 0
50-09108 | 0550-96-0109% |17.3-18.0 — —_ — —
50-09108 | 0550-95-0198 20.5-20.9 Negative 1 210 0
50-09108 | 0550-95-0199 21.9-22.3 Negative 1 210 0
50-09108 | 0550-95-0200 |26.2-27.3 Negative 1 210 0
50-09108 | 0550-95-0201 26.2-27.3 Negative 1 210 0
50-09108 | 0550-95-0202 30.4-30.7 Negative 2 200 0
50-09108 |0550-96-0110° |31.7-325 —_ — — —
50-09108 | 0550-95-0203 |36.1-36.3 Negative 2 250 0
50-09108 | 0550-95-0204 40.040.3 Negative 1 200 0
50-09108 | 0550-95-0205 | 40.3-41.7 Negative 1 210 0
50-09108 | 0550-95-0206 40.3-41.7 Negative 1 200 0]
50-08108 | 0550-95-0207 4384472 Negative 1 200 0
50-089108 | 0550-95-0208 47 4-47.9 Negative 0 190 0
50-09108 | 0550-95-0209 51.1-51.6 Negative 2 210 0
50-09108 | 0550-85-0210 54 2-556 Negative 1 200 0
50-09108 | 0550-85-0211 54 2-556 Negative 1 200 0
50-09108 | 0550-95-0212 58.1-58.5 Negative 1 180 0
50-08108 | 0550-95-0213 61.5-61.9 Negative 0 250 0
50-08108 | 0550-85-0214 66.2-66.6 Negative 1 170 0
50-09108 | 0550-95-0215 67.5-68.9 Negative 2 190 0
50-08108 | 0550-95-0216 67.5-67.9 Negative 1 140 0
50-09108 | 0550-25-0217 70.7-71.1 Negative 1 180 0
50-09108 | 0550-95-0218 |74.2-74.6 Negative 1 140 0
50-09108 | 0550-95-0219 77.9-78.3 Negative 0 130 0
50-09108 | 0550-25-0220 79.2-81.3 Negative 2 150 0
50-09108 | 0550-95-0221 79.2-81.3 Negative 0 180 0
50-09108 | 0550-95-0222 84.1-844 Negative 0 160 0
50-09109 [ 0550-95-0223 28-29 Negative 0 170 0
50-09109 | 0550-95-0224 6.0-6.4 Negative 1 170 0
50-09109 | 0550-85-0225 8.0-8.3 Negative 0 140 0
50-09109 | 0550-95-0226 12.9-14.3 Negative 0 180 0
50-09109 | 0550-95-0227 12.9-13.6 Negative 1 170 0
50-00109 | 0550-95-0228 16.8-17.1 Negative 1 200 0
50-09109 | 0550-95-0229 18.0-184 Negative 1 180 0
50-09108 | 0550-95-0230 21.6-219 Negative 0 210 0
50-09108 | 0550-95-0231 24 1-255 Negative 1 180 0
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Table B-18 {continued)

Location Sample Depth Alpha Beta/Gamma PID
ID D {ft bgs) HE Screen {cpm} {cpm) {ppm)
50-09102 | 0550-95-0232 24.1-245 Negative 1 180 0
50-09109 | 0550-25-0233 26.0-26.4 Negative 0 140 0
50-09109 | 0550-95-0234 30.3-30.6 Negative 1 130 0
50-09109 |0550-96-0111% |32.5-33.2 — — —_ —
50-09109 | 0550-95-0235 |33.2-335 Negative 2 180 0]
50-09109 | 0550-95-0238 37.5-379 Negative 0 150 0
50-09109 | 0550-95-0236 |40.9-424 Negative 2 120 0
50-09102 | 0550-95-0237 40.9-41.2 Negative 2 120 0
50-09109 | 0550-95-0238 |43.1-435 Negative 0] 230 0
50-09109 | 0550-95-0240 |43.8-44.2 Negative 0 220 0
50-09109 | 0550-95-0243 | 46.0-486.3 Negative 1 130 0
50-09109 |0550-96-01127 |46.7-47.4 — — —_ —
50-09109 |0550-95-0244 |48.6-48.0 Negative 0 200 0
50-09109 |[0550-85-0245 |52.7-53.0 Negative 0 180 0
50-09109 {0550-95-0246 54.7-56.4 Negative 2 150 0
50-09109 | 0550-95-0247 54.7-56.4 Negative 2 150 0
50-08109 | 0550-95-0248 59.8-60.1 Negative 1 200 0
50-09109 | 0550-95-0249 62.2-62.5 Negative 2 160 0
50-09109 | 0550-95-0250 64.3-64.7 Negative 1 180 0
50-09109 [ 0550-95-0251 68.3-69.9 Negative 2 160 0
50-09109 ([ 0550-95-0252 73.1-73.5 Negative 1 150 0
50-09109 | 0550-85-0253 76.4-76.7 Negative 0 190 0
50-09109 | 0550-95-0254 78.1-78.5 Negative 1 180 0
50-09108 | 0550-95-0241 79.9-81.1 Negative 1 150 0
50-09109 | 0550-95-0242 |82.9-83.2 Negative 0 170 0
50-09110 | 0550-95-0256 |3.8-3.9 ' Negative 0 120 0
50-09110 | 0550-95-0257 |8.5-8.9 Negative 1 160 0
50-09110 | 0550-95-0258 11.3-11.7 Negative 0 220 0
50-09110 | 0550-95-0259 16.0-17.9 Negative 2 200 0
50-09110 | 0550-95-0260 16.0-17.9 Negative 2 200 0
50-09110 | 0550-95-0261 20.7-211 Negative 0 200 0
50-00110 | 0550-96-0113° |22.6-23.3 — — —_ —
50-09110 |0550-95-0262 30.1-30.5 Negative 0 220 o
50-09110 ;0550-95-0263 32.9-334 Negative 1 160 0
50-09110 | 0550-95-0264 35.7-376 Negative 1 200 0
50-08110 | 0550-95-0265 357-376 Negative 1 200 0
50-09110 | 0550-95-0266 41.6-42.1 Negative 1 180 0
50-09110 | 0550-95-0267 |45.1-456 Negative 1 200 0
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MDA C Investigation Work Plan, Revision 2

Table B-18 (continued)

Location Sample Depth Alpha Beta/Gamma PID
ID ID {ft bgs) HE Screen (cpm) {cpm) (ppm}
50-09110 |0550-96-0114° |45.6-46.5 -—_ — — —
50-09110 |0550-95-0268 |49.3-49.8 Negative 1 200 ¢
50-09110 | 0550-95-0269 |55.4-57.1 Negative 0 180 o
50-09110 | 0550-95-0270 |55.4-57.1 Negative 0 180 0
50-09110 | 0550-85-0271 60.1-60.6 Negative 1 200 0
50-09110 |0550-95-0272 |62.0-62.5 Negative 2 180 0
50-09110 |[0550-95-0273 |66.7-67.2 Negative 0 180 0
50-09110 | 0550-95-0274 |69.5-72.0 Negative 0 180 0
50-09110 |0550-95-0275 (69.5-72.0 Negative 0 180 0
50-09110 | 0550-95-0276 |74.2-74.5 Negative 0 130 0
50-09110 |0550-95-0277 |[78.9-79.4 Negative 0 180 0
50-09110 {0550-95-0279 |82.7-84.0 Negative 0 140 0
aSampie collected from curated core.
— = Screening was not performed.
)
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Table B-19

Summary of Phase | RFl Subsurface Tuff Samples Collected at MDA C

o S o | = &
E i £5E | 2 s | F |52 8| 2| E|§E| = |88|88|BE| &
3 S §-L’) u:; O 'S &, [72] <L (] - L] & L w5
[72]
0550-950362 |50-09100 [106-126 [abt3 [ 699 | 699 | —° [ e | — | 700 [ 700 | 700 [ 700 [ 700 | 700 | 700
0550-95-0365 | 50-00100 |265-285 labt3 | 722 | 722 | — [ 721 | — [ 723 | 728 [ 723 [ 728 [ 723 | 728 | 723
0550-96-0100° |50-00100 {327-337 [am3 | — |18 | — | — | — [ 18as [ 1835 | — [ 1835 | 1835 | 1835 | 1835
0550-95-0368 [50-00100 [41.5435 [ab3 | 722 | 722 | — [ 721 | — [ 723 | 723 | 723 | 723 | 723 | 723 | 723
0550-95-0371 | 50-09100 |58.260  |am3 | 722 | 722 | — [ 721 | — [ 723 | 723 | 723 | 723 | 723 | 723 | 123
0550-95-0374 | 50-09100 [71.5-735 |avt2 | 735 | 735 | — | 734 | — | 736 | 736 | 736 | 736 | 736 | 736 | 738
0550-95-0383 | 50-09100 [1151-116.9 [abt2 | 761 | 761 | — | 760 | — | 762 | 762 | 762 | 762 | 762 | 762 | 762
0550-95-0302 | 50-09100 [161.3-163.1 [Qbttv | 761 | 761 | — | 760 | — | 762 | 762 | 762 | 762 | 762 | 762 | 762
0550950284 |50-09101 [106-12  [abt3 | 1187 | 1187 | 1185 | 1185 | 1185 | 1189 | 1189 | 1189 | 1189 | 1189 | 1189 | 1189
0550-96-0101° | 5009101 [19-19.7  [abta | — [1834 | — | — | — [1835 | 1835 | — | 1835 | 1835 | 1835 | 1835
0550-95-0289 |50-09101 [24.7-256  |Qbt3 | 1187 | 1187 | 1185 | 1185 | 1185 | 1189 | 1189 | 1189 | 1189 | 1189 | 1189 | 1189
0550-96-0102° |50-09101 [31.1-31.9 [ama | — [18%4 | — | — | — [ 1835 | 1835 | — | 1835 | 1835 | 1835 | 1835
0550-95-0204 |50-09101 |38.9-304 [abt3 | 1187 | 1187 | 1185 | 1185 | 1185 | 1189 | 1189 | 1189 | 1189 | 1189 | 1189 | 1189
0550-96-0103° |50-09101 [44.2-447 [abts | — 1834 | — | — | — [ 1835 | 1835 | — | 1835 | 1835 | 1835 | 1835
0550-95-0299 |50-09101 |53-544  |aQbt3 | 1187 | 1187 | 1185 | 1185 | 1185 | 1189 | 1189 | 1189 | 1189 | 1189 | 1189 | 1189
0550-95-0304 |50-00101 |67.9-603 [abt3 | 1187 | 1187 | 1185 | 1185 | 1185 | 1189 | 1189 | 1189 | 1189 | 1189 | 1189 | 1189
0550-95-0309 |50-09101 |79.2-81  [Qbt3 [ 1187 | 1187 | 1185 [ 1185 | 1185 | 1189 | 1189 | 1189 | 1189 | 1180 | 1189 | 1189
0550-950004 |50-00102 [113-134 [abt3 | 820 | 820 | — [ soo | — [ 821 | 821 | s21 | s21 | 821 | 821 | 821
0550-950009 |50-09102 |262-28.9 {abt3 | 820 | 820 | — [ soo | — [ 821 | 821 | 821 | s21 | s21 | 821 | s21
0550-95-0014 [50-09102 [40.3-424 |apt3 | 820 | 820 | — [soo | — | 821 | 821 | s21 | 821 | 821 | s21 | 821
0550-95-0019 | 50-00102 |51.8-537 |abt3 | 877 |87 | — | — | = | a7s | s78 | e78 | svs | eve | evs | evs
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Table B-19 (continued)

a - ) 5 &

2 s | 2%g | g | 2|3 |Es| 8| 5|5 |28 o |B2|8585 =

= | 5 | g8s | f | 5|z 38|88 | :f|58 F|32|38|38 5

o« = 8 o - - o o
0550-95-0024 | 50-09102 |67.2-68.6 Qbt 3 877 877 - 876 —_ 878 878 878 878 8§78 878 878
0550-95-002¢ | 50-09102 |76.4-77.8 Qbt3 877 877 —_ 876 — 878 878 878 878 878 878 878
0550-95-0104 | 50-09103 |13.1-14.7 Qbt 3 987 987 986 986 986 988 988 988 988 988 988 988
0550-95-0109 | 50-094103 | 25.5-27.4 Qbt 3 8987 987 986 986 986 988 o088 988 988 988 988 9288
0550-96-0104° | 50-09103 | 32.88-33.81 Qbt 3 — 1834 — — — 1835 | 1835 e 1835 | 1835 | 1835 | 1835
0550-95-0114 | 50-09103 | 39.6—41.6 Qbt 3 987 987 986 986 986 988 988 988 988 988 988 988
0550-25-0119 | 50-09103 | 55.2-56.6 Qbt 3 987 987 986 986 986 988 988 988 988 988 988 988
0550-95-0124 | 50-09103 |[67-69.3 Qbt 3 987 987 986 986 986 988 988 988 988 988 988 988
0550-95-0128 |50-09103 |812-826 |Qbt3 | 987 | 967 | 986 | 986 | 986 | 988 | 988 | 988 | 988 | 988 | 988 | 988
0550-95-0075 50-02104 110.9-129 Qbt 3 246 946 945 945 945 947 947 047 947 947 947 947
0550-95-0079 [ 50-09104 |26.3-28 Qbt 3 946 946 945 945 945 947 947 947 947 847 947 947
0550-95-0083 | 50-09104 | 36.6-38.6 Qbt 3 —_ 946 945 945 945 947 947 947 947 947 947 947
0550-96-0105" | 50-09104 |44.1-45.1 Qbt 3 —_ 1834 - -— e 1835 | 1835 —_ 1835 | 1835 | 1835 | 1835
0550-95-0087 | 50-09104 |58-60 Qbt 3 946 946 945 8945 945 947 847 947 947 947 947 947
0550-95-0095 | 50-09104 |79-81 Qbt 3 946 946 945 8945 945 947 947 947 947 947 947 847
0550-95-0099 | 50-09104 |85-87 Qbt 3 946 846 945 945 945 947 947 947 947 947 947 947
0550-95-0135 |50-09105 |11.4-13.1 Qbt 3 — 1014 | 1013 | 1043 | 1013 | 1015 | 1015 | 10156 | 1015 | 1015 | 1015 | 1015
0550-95-0140 | 50-09105 |24.7-26.9 Qbt 3 — 1014 | 1013 | 1043 | 1013 | 1015 { 1015 { 1015 | 1015 | 1015 | 1015 | 1015
0550-95-0145 | 50-09105 |40.3-41.7 Qbt 3 — 1014 | 1013 | 1013 | 1013 | 1015 | 1015 | 1015 | 1015 | 1045 | 1015 | 1015
0550-96-01 06" |50-09105 43.9-445 Qbt 3 — 1834 — - — 1835 | 1835 — 1835 | 1835 | 1835 | 1835
0550-95-0150 | 50-08105 | 54.4-56.4 Qbt 3 — 1014 | 1013 | 1013 | 1013 | 1015 | 1015 | 1015 | 1015 | 1015 | 1015 | 1015
0550-95-0155 | 50-09105 |68.6-70.6 Qbt 3 - 1014 | 1013 | 1013 | 1013 | 1015 | 1015 | 1015 | 1015 | 1015 | 1015 | 1015
0550-25-0160 | 50-09105 | 83.2-84.9 Qbt 3 1018 | 1018 | 1017 | 1017 | 1017 | 1024 | 1024 | 1024 | 1024 | 1024 | 1024 | 1024
0550-95-0046 | 50-09106 | 19.4-21.6 Qbt 3 864 864 863 863 863 867 867 867 867 867 867 867
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Table B-19 (continued)

o a 2L E e |3 g £
5 8883 % 5|z |85 |58 3¢ 8232|358 &
0550-95-0050 50-09106 |29-31.1 Qbt 3 908 908 907 907 907 922 822 922 922 922 922 922
0550-95-0054 | 50-09106 |40-41.4 Qbt 3 908 908 907 907 907 922 922 922 922 922 922 922
0550-95-0058 | 50-09106 |49.9-51.6 Qbt 3 908 908 907 907 907 922 922 922 922 822 922 922
0550-95-0063 50-09106 |60.8-62.6 Qbt 3 508 808 907 907 907 922 922 922 922 922 922 922
0550-25-0067 50-08106 |72.1-73.5 Qbt 3 908 908 907 907 907 922 922 922 922 922 922 922
(0550-95-0071 50-09106 |81.7-834 Qbt 3 908 908 907 907 907 922 922 922 922 922 922 922
0550-95-0166 50-09107 |9.9-11.2 Qbt 3 1047 1047 | 1046 | 1046 | 1046 | 1048 | 1048 | 1048 | 1048 | 1048 | 1048 | 1048
0550-95-0171 50-09107 |[255-27.6 Qbt 3 1047 1047 | 1046 | 1046 | 1046 | 1048 | 1048 | 1048 | 1048 | 1048 | 1048 | 1048
0550-96-0107° | 50-09107 |33.2-34.3 Qbt 3 — 1834 — — —_ 1835 | 1835 — 1835 | 1835 | 1835 | 1835
0650-95-0176 | 50-09107 [40.3-41.7 Qbt 3 1047 1047 | 1046 | 1046 | 1046 | 1048 | 1048 | 1048 1048 | 1048 1048 | 1048
0550-96-0108" | 50-09107 | 46.8-47.4 Qbt 3 — 1834 — —_ — 1835 | 1835 — 1835 | 1835 1835 | 1835
0550-85-0181 50-09107 |53-556 Qbt 3 1047 1047 | 1046 | 1046 | 1046 | 1048 | 1048 | 1048 | 1048 | 1048 1048 | 1048
0550-35-0186 50-08107 |67.2-68.6 Qbt 3 1047 1047 | 1046 | 1046 | 1046 | 1048 | 1048 | 1048 | 1048 | 1048 | 1048 | 1048
0550-95-0191 50-09107 (76.4-78.5 Qbt 3 1047 1047 | 1046 | 1046 | 1046 | 1048 | 1048 | 1048 | 1048 | 1048 | 1048 | 1048
0550-25-0195 50-09108 [10.6-11.9 Qbt 3 1090 1090 | 1089 | 1089 | 1089 | 1091 1091 1091 1091 1091 1091 1091
0550-96-01 09° |50-09108 17.3-18 Qbt 3 — 1834 - — —_ 1835 | 1835 —_ 1835 | 1835 | 1835 | 1835
0550-95-0200 50-09108 |[26.2-27.3 Qbt 3 1090 1090 | 1089 | 1089 | 1089 | 1091 1091 1021 1091 1091 1091 1091
0550-96-01 10° |50-09108 |31.7-325 Qbt 3 — 1834 - — — 1835 | 1835 — 1835 ( 1835 | 1835 | 1835
0550-95-0205 | 50-09108 |40.3-41.7 Qbt3 1090 1080 | 1089 | 1089 | 1089 | 1091 1091 1091 1091 1091 1091 1081
0550-95-0210 50-08108 |54.2-55.6 Qbt 3 1090 1080 | 1089 | 1089 | 1089 | 1091 1091 1091 1091 1091 1091 1081
0550-85-0215 50-02108 |67.5-68.9 Qbt 3 1126 1126 | 1125 | 1125 | 1125 | 1128 | 1128 | 1128 | 1128 | 1128 1128 | 1128
0550-95-0220 50-02108 (79.2-81.3 Qbt 3 1126 1126 | 1125 [ 1125 | 1125 | 1128 | 1128 | 1128 | 1128 | 1128 1128 | 1128
0550-95-0226 50-09109 |12.9-14.3 Qbt 3 1150 1150 | 1148 | 1149 | 1149 | 1148 | 1148 | 1148 | 1148 | 1148 | 1148 | 1148
0550-95-0231 50-09109 |24.1-255 Qbt 3 1150 [ 1150 | 1149 | 1142 | 1149 | 1148 | 1148 | 1148 | 1148 | 1148 | 1148 | 1148
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Table B-19 (continued)

Tuff sample collected from curated core,

o (=] 2. £ » @ g
- = > - W o T o5 o o B

5 8 | %2 | T | SR |&Y| |7 <%k 22| 85|85
0550-96-01 11° | 50-00109 |32.5-332 Qbt 3 — 1834 — — — 1835 | 1835 — 1835 | 1835 1835 | 1835
0550-95-0236 50-09109 |(40.9424 Qbt 3 1150 1150 1149 1149 1149 | 1148 | 1148 | 1148 1148 | 1148 1148 | 1148
0550-96-0112" |50-09109 |46.7-47.4 Qbt 3 — 1834 — — — 1835 | 1835 — 1835 | 1835 1835 | 1835
0550-95-0246 50-09109 |54.7-56.4 Qbt 3 1163 1163 1162 1162 1162 1164 | 1164 1164 1164 | 1164 1164 | 1164
0550-95-0251 50-09109 |626-62.8 Qbt 3 1163 1163 1162 1162 1162 1164 | 1164 1164 1164 | 1164 1164 | 1164
0550-95-0241 50-09109 (79.9-81.1 Qbt 3 1163 1163 | 1162 1162 1162 1164 | 1164 1164 1164 | 1164 1164 | 1164
0550-95-0259 50-09110 [16-17.9 Qbt 3 1177 1177 1176 1176 1176 1178 1178 1178 1178 | 1178 1178 | 1178
0550-96-0113° |50-09110 |22.6-23.3 Qbt 3 — 1834 — — — 1835 1835 — 1835 1835 1835 | 1835
0550-95-0264 50-09110 |35.7-37.6 Qbt 3 1177 1177 | 1176 | 1176 | 1176 1178 1178 1178 1178 | 1178 1178 | 1178
0550-96-0114° | 50-09110 |45.6 46.5 Qbt 3 — 1834 — — — 1835 1835 — 1835 1835 1835 | 1835
0550-95-026% | 50-09110 |55.4-57.1 Qbt 3 1177 1177 | 1176 | 1176 | 1176 | 1178 1178 1178 | 1178 1178 1178 | 1178
0550-95-0274 50-09110 {69.5-72 Qbt 3 1177 1177 | 1176 | 1176 | 1176 | 1178 | 1178 1178 | 1178 1178 1178 | 1178
0550-95-0279 50-09110 |[82.7-84 Qbt 3 1177 1177 1176 | 1176 | 1176 | 1178 | 1178 1178 | 1178 1178 1178 | 1178
_= Sample not analyzed for this suite.
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MDA C Investigation Work Plan, Revision 2

Frequency of Detected Inorganic Chemicals

Table B-20

Above BV in Phase | RFl Subsurface Tuff Samples at MDA C

Frequency of
Frequency of | Nondetects
Number | Number | Concentration | Background | Detects Above Above
of of Range® Value” Background | Background
Analyte Media | Analyses | Detects {mg/kg) {mglkg) Value Value
Alurminum Qbt 3 79 79 180 to 7900 7340 1/79 0r7g
Aluminum Qbt 2 2 2 254 to 3260 7340 02 0/2
Aluminum Qbt 1v 1 1 272 8170 o/ 0/1
Antimony Qbt 3 73 3 [0.1 to 11} 0.5 3/73 60/73
Antimony Qbt 2 2 1 [0.38] to 0.41 0.5 0/2 02
Antimony Qbt 1v 0 [0.39] 0.5 0/1 0/
Arsenic Qbt 3 79 36 [0.18]t0 9.8 2.79 4179 0/79
Arsenic Qbt 2 2 2 094to 15 2.7% 0/2 0/2
Arsenic Qbt 1v 1 1 0.72 1.81 0N 0N
Barium Qbt 3 79 79 2.8t0 100 48 2179 0/79
Barium Qbt 2 2 2 11.5t0 34 46 0/2 0/2
Barium Qbt 1v 1 1 10.3 26.5 oM on
Beryllium Qbt 3 79 Y [0.02]t0 1.3 1.21 1/79 0179
Beryllium Qbt 2 2 2 0.3t00.65 1.21 0/2 0/2
Beryllium Qbt 1v 1 1 043 1.7 01 oM
Cadmium Qbt 3 79 28 [0.02] to 0.82 1.63 0/79 0/79
Cadmium Qbt 2 2 0 [0.02 to 0.04] 1.83 0/2 0/2
Cadmium Qbt 1v 1 0 [0.04] 0.4 01 0
Calcium Qbt 3 79 79 160 to 73900 2200 1/79 0/79
Calcium Qbt 2 2 2 174 to 703 2200 0/2 o2
Calcium Qbt 1v 1 1 167 3700 0n o1
Chromium, Total | QGbt 3 78 26 [0.16]to 12.7 7.14 1/79 0/79
Chromium, Total | Qbt 2 2 2 02022 7.14 0/2 0/2
Chromium, Total | Qbt 1v 1 1 0.19 2.24 011 0/1
Cobait Qbt 3 79 27 [0.18]t0 3.8 314 1/79 0179
Cobalt Qbt 2 2 2 0.37to 11 3.14 0/2 0/2
Cobalt Qbt 1v 1 1 0.42 1.78 0/ 0N
Copper Qbt3 79 39 [0.42]t0 30.7 4.66 379 0/79
Copper Qbt 2 2 2 098tod4 4.66 02 02
Copper Qbt 1v 1 1 1 3.26 01 on
Cyanide, Total | Qbt 3 58 11 [{0.00053] to 10.2 na® 11/58 na
Cyanide, Total Qbt 2 2 o [0.19 to 0.38] na 02 na
Cyanide, Total Qbt 1v 1 o [0.19] na 0/1 na
Iron Qbt 3 79 79 517 to 8670 14500 0/79 0179
Iron Qbt 2 2 2 3560 to 8370 14500 0/2 0/2
Iron Qbt 1v 1 1 3320 9800 on 01
ER2005-0172 B-79 October 2005



MDA C Investigation Work Plan, Revision 2

Table B-20 (continued)

Frequency of
Frequency of | Nondetects
Number | Number | Concentration | Background | Detects Above Above
of of Range® Value® Background Background
Analyte Media | Analyses | Detects {mg’kg) (malkg) Value Value
Lead Qbt 3 78 79 0.681t075.2 11.2 9/79 079
Lead Qbt 2 2 2 38to6.4 11.2 0/2 0/2
Lead Qbt 1v 1 1 5.1 18.4 on on
Magnesium Qbt 3 79 74 60.8 to 2690 1690 1/79 0179
Magnesium Qbt 2 2 2 93.1 10478 1690 072 0/2
Magnesium Qbt tv 1 80.3 780 0N oM
Manganese Qbt 3 79 79 70 to 272 482 0/79 0/79
Manganese Qbt 2 2 2 286 to 319 482 02 0/2
Manganese Qbt 1v 1 358 408 on 01
Mercury Qbt 3 79 0 [0.02 to 0.11] 0.1 0172 11779
Mercury Qbt 2 2 0 [0.05] 0.1 0/2 02
Mercury Qbt 1v 1 0 [0.05] 0.1 0/ on
Nickel Qbt 3 79 20 [0.2]t0 13.2 6.58 1/79 0/79
Nickel Qbt 2 2 2 0261029 6.58 0/2 0/2
Nickel Qbt 1v 1 1 0.32 2 01 oM
Potassium Qbt 3 79 57 [55] to 1000 3500 Q79 0179
Potassium Qbt 2 2 1 [93.1] to 410 3500 0/2 0/2
Potassium Qbt 1v 1 0 [96.9] 6670 0/1 01
Selenium Qbt 3 79 5 [0.11]to 10.5 0.3 4179 48/79
Selenium Qbt 2 2 0 [0.44] 0.3 012 2/2
Selenium Qbt 1v 1 0 [0.45] 03 0N 111
Silver Qbt 3 79 2 [0.1t02.2] 1 0/79 10/79
Silver Qbt 2 2 0 [0.1 to 0.11] 1 0/2 012
Silver Qbt 1v 1 0 [0.1t01] 1 on 0
Sodium Qbt 3 72 68 59.5 to 387 2770 /79 0179
Sodium Qbt 2 2 0 [60.4 to 79] 2770 0/2 0/2
Sodium Qbt 1v 1 0 [49.8] 6330 oM oM
Thallium Qbt 3 79 17 [0.1]to1.4 1.1 379 21/79
Thallium Qbt 2 2 1 [0.48] to 0.49 1.1 072 0/2
Thallium Qbt 1v 1 1 0.69 1.24 0N 01
Vanadium Qbt 3 79 70 0.421t010.5 i7 079 0179
Vanadium Qbt 2 2 2 0.73t0 31 17 0r2 0/2
Vanadium Qbt 1v 1 1 0.49 4.48 0N 01
Zinc Qbt 3 79 79 12.4 to 54 63.5 0/79 079
Zinc Qbt 2 2 2 28610505 63.5 0/2 0/2
Zinc Qbt 1v 1 1 28.9 84.6 0N oM
N Value in square brackets indicate nondetects.
BVs obtained from LANL 1998, 59730.
¢ na = Not available.
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MDA C Investigation Work Plan, Revision 2

Table B-21
Inorganic Chemicals Detected Above the BV in Phase | RFI Subsurface Tuff Samples at MDA C

Part1

a a :E_& E > E

» 5 2% | £ | 2| &8 | £ | E| 2| 5

g & £33 k: E £ & 5 z 2

2 oo 5 = c o m @ S

[77] ] 8 [ <X << o4
Qbt 2,3,4 Background Value® 7340 0.5 2.79 48 1.21 2200
Qbt 1v Background Value® 8170 6.5 1.81 26.5 1.7 3700
NMED ssL’ 74,000 30 3.9 5200 150 nia®
0550-95-0083 | 50-09104 | 36.60-38.60 |Qbt3 - — — — 1.3 —
0550-96-0105° | 50-09104 | 44.10-4510 {Qbt3 — — 3.2 — — -
0550-96-0106° | 50-09105 {43.91-44.55 |[Qbt3 — — 3 — — —
0550-95-0046 | 50-09106 | 19.45-21.57 |[Qbt 3 — — 9.8' — — —
0550-95-0067 |50-09106 [72.12-73.54 |Qbt3 — 0.86 (J) — — — —
0550-96-0107° |50-09107 [ 33.16-34.29 |Qbt3 — — 28 — — —
0550-95-0231 | 50-08109 | 24.11-25.46 | Qbt3 — 11 (J) — 100 — —
0550-96-0112° [50-09109 |46.67—47.38 |Qbt3d [7900 ()| — — 7186 - 73900
0550-95-0264 | 50-09110 | 35.71-37.59 |Qbt3 — 31 - — — —
Part 2

a =] E_=& £ £

P 5 2%z | = | €| 5| &8 | 5| = 2

5 2 38 2 § £ = | §8 g 2

£ 3 265 = 2 S 8 | g8 | - >

w — 2 @ o =
Qbt 2,3,4 Background Value® 714 314 4.66 n/a 11.2 1690
Qbt 1v Background Value® 2.24 1.78 3.26 n/a 18.4 780
NMED ssL’ 2309 | 4500 | 2800 1200 400 nia
0550-95-0368 | 50-09100 [ 41.50-43.50 |Qbt3 — — — 0.533 - —
0550-95-0284 | 50-09101 [10.61-12.02 |Qbt3 — — — 10.2 —_ -
0550-95-0289 50-09101 | 24.5-25.60 Qbt 3 — — — 6.2 — —
0550-95-0294 | 50-09101 | 38.89-39.38 |[Qbt 3 — — — 092 — —
0550-96-0104° | 50-09103 | 32.88-33.81 |Qbt3 — — — — 162 | —
0550-95-0075 {50-09104 [ 10.90-12.90 |Qbt3 — —_ — | 0.22(J-) — —
0550-95-0079 | 50-09104 {26.30-28.00 [Qbt3 - — — |023@-)| 138 —
0550-95-0083 | 50-09104 | 36.60-38.60 |Qbt3 — — 5 — 50.3 -
0550-95-0087 | 50-09104 | 58.00-60.00 |Qbt3 — — — | 0.25(J-) — —
0550-95-0095 | 50-09104 | 79.00-81.00 |Qbt3 — — — 0.3 (J-) — —
0550-95-0099 | 50-08104 | 85.00-87.00 |Qbt3 — — — | 026 () — —
0550-95-0046 | 50-09106 | 18.45-21.57 |Qbt3 — — — — 51.1 () —
0550-95-0195 | 50-09108 | 10.61-11.88 Qbt 3 —_ —_ — — 65 —
0550-95-0200 | 50-08108 | 26.16-27.29 |Qbt3 — — — — 22 —
0550-95-0215 | 50-09108 |67.53-68.94 |Qbt3 — — — 1 - —
0550-95-0231 | 50-09109 |24.11-2546 |Qbt3 — — 1 — 41 —
0550-96-0112° |50-09109 | 46.67-47.38 |Qbt3 127 | 38() | 307 — 11.3(J-) | 2690
0550-95-0264 50-09110 | 35.71-37.59 Qbt 3 — — —_ 39 — —
0550-95-0269 | 50-09110 | 55.44-57.13 | Qbt3 — - — — 75.2 —
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MDA C Investigation Work Plan, Revision 2

Table B-21 (continued)

Part 3

Sample ID
Location ID
Depth Below

Ground Surface
(ft)

Media

Mercury
Nickel

Selenium

Silver
Thallium

Qbt 2,3,4 Background Value®

01 6.58

0.3

-l
-
-

Qbt 1v Background Value®

N (e

NMED SSL”

1500

380

380

0550-95-0362 | 50-09100 | 10.60-12.60

Qbt 3

105

0550-95-0304 | 50-09101 | 67.8869.30

Qbt 3

0.35

0550-96-0105° | 50-09104 |44.10-45.10

Qbt 3

0550-95-0071 | 50-09106 | 81.67-83.44

Qbt 3

— 1.2 (J)

0550-96-0107° | 50-08107 | 33.16~34.29

Qbt 3

1.1

0550-96-0112% | 50-09109 | 46.67—47.38

Qbt 3

1.3

Note: Units are mg/kg.

A Tuff BVs/FVs obtained from LANL 1998, 59730.

NMED soil screening level for residential soil.
n/a = Not applicable.
— = The concentration was not above the BY.

- 0 a o o

Tuff sample collected from curated core.
Value exceeds screening level,

g Soil screening level is for hexavalent chromium.

Table B-22
Frequency of Detected Radionuclides Above BV in Phase | RFl Subsurface Tuff Samples

Number | Number Background Frequency of
of of Concentration Range Value® Detects Above
Analyte Media | Analyses | Detects {pCilg)® {pCilg) Background Value
Americium-241 Qbt 2 2 0 [0.002 to 0.016} na“ 0/2
Americium-241 Qbt3 79 8 [-0.14] to [0.183] na 8/79
Americium-241 Qbt 1v 1 0 [0.014] na 0/
Cesium-134 Qbt 3 45 2 [-0.026] to 0.32 na 2/45
Cesium-137 Qbt 2 2 0 [-0.029 to 0.002] na 0/2
Cesium-137 Qbt 3 79 1 [-0.4 tc 0.768 na 1478
Cesium-137 Qbt 1v 0 [0.0272] na 0/
Cobalt-60 Qbt 2 2 0 [-0.050 to ~0.006] na 0/2
Cobalt-80 Qbt 3 79 1 [-0.0371t0 0.32 na 1/79
Cobalt-60 Qbt 1v 0 [0.032] na 0/
Europium-152 Qbt 2 2 0 [-0.037 to 0.122] na oz
Europium-152 Qbt 3 63 2 [-0.023 10 0.78] na 2/63
Europium-152 Qbt v 1 0 [0.104] na 0/1
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MDA C Investigation Work Plan, Revision 2

Table B-22 (continued)

Number | Number Background Frequency of
of of Concentration Range Value® Detects Above
Analyte Media | Analyses | Detects (pCifg)® (pCilg) Background Value

Plutonium-238 Qbt 2 2 0 [0 t0 0.02] na 0/2
Plutonium-238 | Qbt 3 79 1 [-0.011] to [0.014] na 1/79
Plutonium-238 Qbt 1v 0 [0] na 01
Plutonium-239 Qbt 2 2 0 [-0.C1 to 0.005] na 012
Plutonium-23% Qbt 3 79 2 [-0.C05) to 0.08 na 2179
Plutonium-232 Qbt 1v 1 0 [0] na 0N
Ruthenium-106 Qbt 2 2 0 [-0.309 to —0.121] na 0/2
Ruthenium-106 Qbt 3 79 0] [-0.302 to 1.41] na 0/79
Ruthenium-106 Qbt 1v 1 0 [0.027] na oNn
Sodium-22 Qbt 2 2 0 {-0.004 to 0.005] na 0/2
Sodium-22 Qbt 3 79 3 [-0.03]to 0.22 na 3/79
Sodium-22 Qbt tv 0 [-0.002] na 01
Strontium-90 Qbt 2 2 0 [0.291 to 0.58] na 0/2
Strontium-90 Qbt 3 79 4 [-0.52] to 1.44 na 4/79
Strontium-90 Qbt 1v 1 0 [0.55] na 01
Thorium-228 Qbt 2 2 2 1.35t0 1.69 252 0/2
Thorium-228 Qbt 3 79 75 [0.083] to 1.81 2.52 0/79
Thorium-228 Qbt 1v 1 1.50 3.75 0N
Thorium-230 Qbt 2 2 2 0.8110 1.23 1.98 0/2
Thorium-230 Qbt 3 79 50 [0.289 10 1.74] 1.98 0/79
Thorium-230 Qbt 1v 1 1 1.11 3.12 on
Thorium-232 Qbt 2 2 2 1.23t0 1.66 252 0/2
Thorium-232 Qbt 3 79 77 [0.06] to 1.76 2.52 0/79
Thorium-232 Qbt 1v 1 1 1.50 3.75 0/
Tritium Qbt 2 2 1 1.54 to [4.26] (pCi/mL) na 12
Tritium Qbt 3 64 63 [1.4] to 649261 (pCi/mL}) na 63/64
Tritium Qbt 1v 1 0 (2.38] (pCifmL}) na 0/1
Uranium-234 Qbt 2 2 2 0.51t0 1.016 1.98 0/2
Uranium-234 Qbt 3 79 77 0.5631t0 1.7 1.98 0/79
Uranium-234 Qbt 1v 1 1 0.993 3.12 on
Uranium-235 Qbt 2 2 2 0.0210 0.05 0.09 o/2
Uranium-235 Qbt 3 79 53 [0.009] to 0.23 0.09 15/79
Uranium-235 Qbt 1v 1 1 0.045 0.14 OH
Uranium-238 Qbt 2 2 2 0.591t01.03 1.93 0/2
Uranium-238 Qbt 3 79 78 0.308t0 2.36 1.93 1779
Uranium-238 Qbt 1v 1 1 0.991 3.056 oM .

aVzalues in square brackets indicate nondetects.
t:'Tuff BVs obtained from LANL 1998, 59730.
¢ na = Not available.
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Table B-23
Detected Radionuclides Above BVs in Phase | RFl Subsurface Samples at MDA C

Part 1

o o | E.e $ | 3|85 | g | 2| 8| 8

2 E 858  §| 5| &t | &t | £ | 5| B | B

2 5 sge |2| 2| 2| 2| 8| 8| § | B

@ 5 g°a g | 8| & | 8 g | 2 | 2

< w [-® o

Qbt 2,3,4 Background/Fallout Value® nia’ nia nia nfa nfa nfa nfa
SAL® 19 na” 5.3 12 2.7 49 4
0550-95-0365 | 50-09100 | 26.50-28.50 Qbt3 | 0.027 —° — - - — —
0550-95-0368 | 50-09100 | 41.50-43.50 Qbt 3 — - - — — — 0.014
0550-95-0284 | 50-09101 | 10.61-12.02 Qbt3 [ 0.018 — — — — — —
0550-95-0289 | 50-09101 | 24.5-25.60 Qbt3 | 0.018 — - — — — —
0550-95-0309 | 50-09101 | 79.20-80.96 Qbt3 | 0.011 — — — - — —
0550-95-0104 | 50-09103 | 13.08-14.71 Qbt 3 — - - — 0.231 — —
0550-95-0109 | 50-09103 | 25.46-27.44 Qbt3 | 0.027 - - - — — —
0550-95-0118 | 50-09103 | 55.15-56.57 Qbt3 | 0.023 — — — 0.297 - -
0550-95-0075 | 50-09104 { 10.90-12.90 Qbt 3 — 0.32 — - — — —
0550-95-0079 | 50-09104 | 26.30-28.00 Qbt 3 — — — 0.32 —_ - -
0550-95-0135 | 50-09105 | 11.38-13.08 Qbt 3 — — 0.768 - —_ — —
0550-95-0145 | 50-09105 | 40.31-41.72 Qbt3 | 0038 — —_ - — — —
0550-95-0160 | 50-09105 | 83.23-84.85 Qbt 3 — — — — — — 0.08
0550-95-0166 | 50-08107 | 9.90—11.17 abt3 | 0012 - — — — — —
0550-95-0181 | 50-09107 | 53.03-55.58 Qbt3 | 0.007 — — - - — —
0550-95-0186 | 50-09107 | 67.18-68.59 Qbt3 | 0.009 - - — — — —
0550-95-0191 | 50-09107 | 76.37-78.48 Qbt3 | 0.032 — — — — — —
0550-96-0109' | 50-09108 | 17.32-18.03 Qbt 3 — 0.29 — — — — —
0550-95-0215 | 50-09108 | 67.53-68.94 Qbt 3 — - — — — 0.014 —
Part 2

2 % '§ 2 = E % g EZ g g

= k= m S & 5 E 3 E S E E E

£ g £ 8 ¢g = = g = £3 2 2

3 g &°a s 8 2 - e 8 8

= a w w n =3 = =

Qbt 2,3.4 Background/Fallout Value® na nfa 2,52 nfa 0.09 1.93
saL® 1.5 5.7 5.0 17,0009 17 93
0550-05-0362 | 50-09100 | 10.60~12.60 Qbt 3 — — — 12.2 - -
0550-95-0365 | 50-09100 | 26.50-28.50 Qbt 3 — — — 622 — —
0550-96-0100" | 50-09100 | 32.70-33.70 Qbt 3 — — — — 0.21 —
0550-95-0368 | 50-09100 | 41.50-43.50 Qbt 3 — - - 13.4 _— —
0550-95-0371 | 50-09100 | 58.20-60.00 Qbt 3 — - — 27.9 — —
0550-95-0374 | 50-09100 | 71.50-73.50 Qbt 2 — - — 1.54 — —
0550-05-0284 | 50-09101 | 10.61-12.02 Qbt 3 — — — 2.86 — —
0550-96-0101" | 50-08101 | 18.99-19.69 Qbt 3 - - — — 0.22 —
0550-95-0289 | 50-09101 | 24.75-25.60 Qbt 3 - — — 7.33 — -
0550-96-0102 | 50-09101 | 31.11-31.89 Qbt 3 — - — — 0.22 -
0550-95-0294 | 50-09101 | 38.89-39.39 Qbt 3 — - - 7.77 — —
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Table B-23 (continued)

Part 2 (continued)
g % é - & © § 8é g. E § §
2 S m S 8 5 E 2 E 2 £ 5 5
E s £EE = = < £ 8 g E
& 3 g° 3 & £ 2 i & g
o n [~ =1 =
Qbt 2,3,4 Background/Fallout Value® na nfa 2.52 nia 0.09 1.93
sAL® 1.5 5.7 5.0 17,000° 17 93
0550-96-0103 | 50-09101 | 44.19-44.69 Qbt 3 — — — — 0.22 —
0550-95-0299 | 50-09101 | 53.03-54.45 Qbt 3 — — — 7.5 — —
0550-95-0304 | 50-09101 | 67.88-69.30 Qbt 3 — — — 5.63 — —
0550-95-0309 | 50-09101 | 79.20-80.96 Qbt 3 — —_ —_ 47.5 — —
05650-95-0004 | 50-09102 | 11.31-13.44 Qbt 3 — — — 1.84 — —
0550-95-0009 | 50-09102 | 26.16-28.92 Qbt 3 — — - 10.4 — —
0550-95-0014 | 50-09102 | 40.31-42.43 Qbt 3 — — - 23300" — —
0550-95-0019 | 50-09102 | 51.76-53.74 Qbt 3 — — — 6720 - —
05650-95-0024 | 50-09102 | 67.18-68.59 Qbt 3 — — — 274 —_ —
0550-95-0029 | 50-09102 | 76.37-77.78 Qbt 3 - — — 376 — -
0550-95-0104 | 50-09103 | 13.08-14.71 Qbt 3 - —_ — 35.8 — -
0550-95-0108 | 50-09103 | 25.46-27.44 Qbt 3 — — — 7.14 — —
0550-96-0104 | 50-09103 | 32.88-33.81 Qbt 3 — — — — 021 —
0550-95-0114 | 50-09103 | 39.60-41.58 Qbt 3 — — — 12.7 — —
0550-95-0119 | 50-09103 | 55.15-56.57 Qbt 3 — — — 6.32 — —
0550-95-0124 | 50-09103 | 66.96-69.30 Qbt 3 — — _ 14.4 — _
0550-85-0129 | 50-09103 { 81.18-82.59 Qbt 3 — 0.599 — 217 — —
0550-95-0075 | 50-09104 | 10.90-12.90 Qbt 3 0.22 — — 347 — -
0550-95-0079 | 50-09104 | 26.30-28.00 Qbt 3 — — — 290.7 - —_
0550-95-0083 | 50-09104 | 36.60-38.60 Qbt 3 0.22 — — 378.2 — —
0550-96-0105' | 50-09104 | 44.10-45.10 Qbt 3 — —_ - — 0.23 —
0550-95-0087 | 50-09104 | 58.00-60.00 Qbt 3 - — — 43.15 - -
0550-95-0095 | 50-09104 | 79.00-81.00 Qbt 3 — — — 3.26 — —
0550-95-0099 | 50-09104 | 85.00-87.00 Qbt 3 — — - 1.9 — —
0550-95-0135 | 50-09105 | 11.38-13.08 Qbt 3 — — — 3.84 — —
0550-95-0140 | 50-09105 | 24.75-26.87 Qbt 3 — — — 1.5 — -
0550-95-0145 | 50-09105 | 40.31-41.72 Qbt 3 — — — 481 —_ —
0550-96-0106 | 50-09105 {43.91-44.55 Qbt 3 — - - — 0.1 —
0550-95-0150 | 50-09105 | 54.45-56.36 Qbt 3 — — — 6.1 — —
0550-95-0155 | 50-09105 | 68.59-70.57 Qbt 3 — — — 3.22 — —
0550-95-0046 | 50-09106 | 19.45-21.57 Qbt 3 — - — 126 — —
0550-95-0050 | 50-09106 | 28.99-31.11 Qbt 3 — — — 38100 — —
0550-95-0054 | 50-09106 | 39.95-41.37 Qbt 3 — — — 6440 - —
0550-95-0058 | 50-09106 | 49.85-51.62 Qbt 3 — — — 28 — —
0550-95-0063 | 50-09106 | 60.81-62.58 Qbt 3 — - - 14.8 — —
0550-95-0067 | 50-09106 | 72.12-73.54 Qbt 3 — — — 64.9 — -
0550-95-0071 | 50-09106 | 81.67-83.44 Qbt 3 — 0.767 — 30.1 — —
0550-95-0166 | 50-09107 | 9.890-11.17 Qbt 3 — - - 124 — —
0550-95-0171 | 50-09107 | 25.46-27.58 Qbt 3 — —_ — 10373 _ —
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Table B-23 (continued)

Part 2 {continued)
% % E 2 g w g gé g T § g:
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3 L 5°3 & £ 2 =8 § 8
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Qbt 2,3,4 BackgroundfFallout Value® na n/a 2.52 nia 0.09 1.93
SAL® 1.5 5.7 5.0 17,000° 17 a3
0550-96-0107 | 50-09107 | 33.16-34.29 Qbt 3 — _ —_ — 0.2 —
0550-85-0176 | 50-09107 | 40.31-41.72 Qbt 3 — — — 649261 — —
0550-96-0108' | 50-09107 | 66.20-67.00 Qbt 3 _ — — — 0.23 —_
0550-95-0181 | 50-09107 | 53.03-55.58 Qbt 3 — — — 207792 — —
0550-95-0186 | 50-09107 | 67.18-68.59 Qbt 3 — — — 13827 — —
0550-95-0191 | 50-09107 | 76.37-78.48 Qbt 3 — — — 581.5 — -
0550-95-0195 | 50-09108 | 10.61-11.88 Qbt3 — — — 3.08 — —
0550-96-0109' | 50-09108 | 17.32-18.03 Qbt 3 — — — - 0.22 —
0550-95-0200 | 50-09108 | 26.16-27.29 Qbt3 —_ — — 12.02 - —
0550-96-0110" | 50-09108 | 31.75-32.46 Qbt 3 — — — — 0.22 —
0550-85-0205 | 50-09108 | 40.31-41.72 Qbt 3 — -— — 5.46 0.11 (W) —
0550-95-0210 | 50-09108 | 54.16-55.58 Qbt 3 — — - 388.8 — —
0550-85-0215 | 50-09108 | 67.53-68.94 Qbt 3 — 0.44 - 974 — —
0550-85-0220 | 50-09108 | 79.20-81.32 Qbt 3 —_ — — 1660 — _
0550-95-0226 | 5009109 [ 12.87-14.28 Qbt 3 — 1.44 — 4.63 — 2.36
0550-85-0231 | 50-09109 | 24.11-25.46 Qbt 3 — — — 10.3 — —
0550-96-0111" | 50-09109 | 32.53-33.23 Qbt 3 — — - - 0.21 —
0550-85-0236 | 50-09109 | 40.87-42.43 Qbt 3 —_ — — 116 — —
0550-96-0112' | 50-09109 | 46.67-47.38 Qbt 3 — - — — 0.21 —
0550-85-0246 | 50-09109 | 54.73-56.36 Qbt 3 — — — 6.1 — —
0550-85-0251 | 50-09109 | 62.65-62.79 Qbt 3 — — — 5220 — —
0550-85-0241 | 50-09109 | 79.90-81.11 Qbt 3 0.056 — — 5.43 — —
0550-95-0259 | 50-09110 [ 15.97-17.85 Qbt 3 —_ — — 210 — —
0550-96-0113 | 50-09110 | 22.65-23.30 Qbt 3 — — — — 0.22 —
0550-95-0264 | 50-09110 [ 35.71-37.59 Qbt 3 - — - 36200 — —
0550-86-0114 | 50-09110 | 45.58-46.51 Qbt 3 — — — — 0.21 —
0550-95-0269 | 50-09110 | 55.44-57.13 Qbt 3 — — — 4750 — —
0550-95-0274 | 50-09110 | 69.54-71.98 Qbt 3 — — — 61.4 —_ —
0550-95-0279 | 50-09110 | 82.69-84.01 Qbt 3 — — — 6.72 — —
{a\lote: Units are pCilg.
Tuff BVs obtained from LANL 1998, 58730.
bn.’a = Not applicable.
©LaNL screening action level for residential soil.
d na = Not available.
°_= The concentration was not above the BY.
f Tuff sample collected from curated core.
s 17,000 pCi/mL based on SAL of 880 pCi/g and assumed moisture content of 5%.
Bold values exceed SALs.
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Table B-24

Frequency of Detected Organic Chemicals in Phase | RFI Subsurface Tuff Samples at MDA C
Number of | Numberof | Concentration Range Frequency of
Analyte Media Analyses Detects {mgikg)* Detects
Acetone Qbt 3 54 8 0.003 to 0.055 8/54
Bis(2-ethylhexylphthalate Qbt3 66 7 0.037 to [0.46) 7166
Dichloroethene[1,1-] Qbt 3 54 4 0.003 to [0.006] 4/54
Methylene Chloride Qbt 3 54 1 [0.004 to 0.016] 1/54
Methylphenol[2-] Qbt 3 66 1 [0.16 to 0.39)] 1/66
Toluene Qbt 3 54 1 0.003 to [0.0086] 1/54

*Values in square brackets indicate nondetects.

Table B-25
Detected Organic Chemicals in Subsurface Tuff Samples at MDA C
g g = 2 -
a a 5E £ 3 £ 5
@ g ey = g & s 8 5 s £
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NMED ssL? nfa’ 350 8.1 nfa nia 180
EPA SSL° 70000 n/a n/a 8.9 3100 nfa
0550-95-0289 | 50-09101 |24.75-25.60 Qbt 3 —° 0.037 (J) — —_ — —
0550-95-0294 | 50-09101 | 38.89-39.39 Qbt 3 — 0.072 (J) — — —_ —
0550-95-0299 | 50-09101 | 53.03-54.45 Qbt 3 — 0.041 (J) — — — —_
0550-95-0109 | 50-09103 | 25.46-27 .44 Qbt 3 — — 0.003 (J) — — —
0550-95-0119 | 50-09103 | 55.15-56.57 Qbt 3 — 0.3(J) [0.004 (N — —_— —
0550-95-0124 | 50-09103 | 66.96-69.30 Qbt 3 | 0.009 (J) — 0.006 —_ — -—_
0550-95-0129 } 50-09103 | 81.18-82.59 Qbt3 | 0.055 — 0.004 (J) — — —_
0550-85-0098 | 50-09104 | 85.00-87.00 Qbt 3 — — — — 0.35 —
0550-95-0145 | 50-09105 }40.31-41.72 Qbt 3 — 0.14 (J} —_ — — 0.003 (J}
0550-95-0046 | 50-09106 | 19.45-21.57 Qbt 3 | 0.013 (J} — — —_ e —
0550-95-0054 | 50-09106 | 39.95-41.37 Qbt 3 | 0.009 (J} _ — - — —_
0550-95-0200 | 50-09108 | 26.16-27.29 Qbt3 | 0.028 —_ — —_ — —
0550-85-0210 | 50-09108 | 54.16-55.58 Qbt 3 - — — 0.0063 - —
0550-95-0215 | 50-09108 |67.53-68.94 Qbt 3 — 0.19 (J} — — _ —
0550-95-0226 | 50-09109 | 12.87-14.28 Qbt3 | 0024 — —— — - —_
0550-95-0231 | 50-09109 | 24.11-25.46 Qbt 3 0.03 — — _ -— —_
0550-95-0264 | 50-09110 | 35.71-37.59 Qbt 3 — 0.047 (J) — - — —_
0550-95-0279 | 50-09110 | 82.69-84.01 Qbt 3 | 0.003 (J) — _ — — —

Note: Units are mg/kg.
a NMED soil screening lavel for residential soils,

EPA Region & soil screening level for residential soils.
: NMED scil screening level for residental solls.
— = The congentraticn was not above the EQL.
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Table B-26
Percent Moisture for the Subsurface Sample Tritium Data at MDA C
Location ID Depth (ft bgs) Media Sample ID Percent Moisture

50-09100 10.6-12.6 Qbt 3 0550-95-0362 6.00
50-09100 26.5-28.5 Qbt 3 0550-95-0365 6.00
50-08100 41,5435 Qbt 3 0550-95-0368 6.00
50-09100 58.2-60 Qbt 3 0550-95-0371 1.00
50-09100 71.5-73.5 Qbt 2 0550-95-0374 5.00
50-09100 115.1-116.9 Qbt 2 0550-95-0383 1.00
50-09100 161.3-163.1 Qbt 1v 0550-95-0392 1.00
50-09100 32.7-33.7 Qbt 3 0550-96-0100 NR*
50-09101 10.6-12 Qbt 3 0550-25-0284 10.80
50-09101 24.7-2586 Qbt 3 0550-95-0289 7.72
50-09101 38.9-394 Qbt 3 0550-95-0294 7.4
50-09101 53-54.4 Qbt 3 0550-95-0299 8.29
50-09101 67.9-69.3 Qbt 3 0550-25-0304 8.13
50-09101 79.2-81 Qbt 3 0550-95-03089 717
50-09101 19-19.7 Qbt 3 0550-96-0101 NR
50-09101 31.1-31.8 Qbt 3 0550-96-0102 NR
50-09101 44.2-447 Qbt 3 0550-96-0103 NR
50-09102 11.3-134 Qbt 3 0550-95-0004 5.50
50-09102 26.2-28.9 Qbt 3 0550-95-0008 6.40
50-09102 40.3-424 Qbt 3 0550-95-0014 717
50-09102 51.8-53.7 Qbt 3 0550-95-0019 NR
50-09102 67.2-68.6 Qbt 3 0550-95-0024 NR
50-09102 76.4-77.8 Qbt 3 0550-95-0028 NR
50-09103 13.1-14.7 Qbt 3 0550-95-0104 3.95
50-08103 25.5-274 Qbt 3 0550-95-0109 447
50-08103 396416 Qbt 3 0550-95-0114 8.00
50-09103 55.2-56.6 Qbt 3 0550-95-0119 6.63
50-09103 67-69.3 Qbt 3 0550-95-0124 6.22
50-09103 81.2-826 Qbt 3 0550-25-0129 5.15
50-09103 32.9-33.8 Qbt 3 0550-96-0104 NR
50-09104 10.9-12.9 Qbt 3 0550-85-0075 7.10
50-09104 26.3-28 Qbt 3 0550-95-0079 8.10
50-09104 36.6-38.6 Qbt 3 0550-95-0083 8.60
50-09104 58-60 Qbt 3 0550-95-0087 6.20
50-09104 79-81 Qbt 3 0550-95-0095 8.50
50-09104 85-87 Qbt 3 0550-95-0099 8.20
50-09104 44 1-451 Qbt 3 0550-96-0105 NR
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Table B-26 (continued)

Location ID Depth (ft bgs) Media Sample ID Percent Moisture
50-09105 11.4-13.1 Qbt 3 0550-95-0135 6.69
50-09105 24.7-26.9 Qbt 3 0550-95-0140 5.84
50-09105 40.3-41.7 Qbt 3 0550-95-0145 5.99
50-09105 54.4-56.4 Qbt 3 0550-95-0150 478
50-09105 68.6-70.6 Qbt 3 0550-95-0155 2.98
50-09105 83.2-84.9 Qbt 3 0550-95-0160 0.00
50-09105 43.9-44.5 Qbt 3 0550-96-0106 NR
50-09106 19.4-216 Qbt 3 0550-95-0046 6.49
50-09108 29-31.1 Qbt 3 0550-95-0050 4.89
50-09106 40-41.4 Qbt 3 0550-95-0054 2.44
50-09106 49.9-51.6 Qbt 3 0550-25-0058 1.39
50-09106 60.8-62.6 Qbt 3 0550-95-0063 0.78
50-09106 721-735 Qbt 3 0550-95-0067 0.74
50-09106 81.7-83.4 Qbt 3 0550-95-0071 0.44
50-09107 9.9-11.2 Qbt 3 0550-95-0166 5.50
50-09107 25.5-276 Qbt 3 0550-95-0171 3.90
50-09107 40.3-41.7 Qbt 3 0550-95-0176 5.00
50-09107 53-55.6 Qbt 3 0550-95-0181 5.80
50-09107 67.2-68.8 Qbt 3 0550-95-0186 6.30
50-09107 76.4-78.5 Qbt 3 0550-95-0191 490
50-09107 33.2-343 Qbt 3 0550-96-0107 NR
50-02107 46.8-47.4 Qbt 3 0550-96-0108 NR
50-08108 10.6-11.9 Qbt 3 0550-95-0195 5.50
50-09108 26.2-27.3 Qbt 3 0550-95-0200 6.70
50-09108 40.3-417 Qbt 3 0550-95-0205 3.80
50-09108 54.2-55.6 Qbt 3 0550-95-0210 470
50-09108 67.5-68.9 Qbt 3 0550-95-0215 5.85
50-09108 79.2-81.3 Qbt 3 0550-95-0220 6.04
50-09108 17.3-18 Qbt 3 0550-96-0109 NR
50-09108 31.7-32.5 Qbt 3 0550-96-0110 NR
50-08109 12.9-143 Qbt 3 0550-95-0226 6.09
50-09109 - 24.1-255 Qbt 3 0550-95-0231 6.23
50-09109 40.942.4 Qbt 3 0550-95-0236 5.34
50-09108 79.9-81.1 Qbt 3 0550-95-0241 6.18
50-09109 54.7-56.4 Qbt 3 0550-95-0246 4,26
50-09109 62.6-62.8 Qbt 3 0550-95-0251 383
50-09109 32.5-33.2 Qbt 3 0550-96-0111 NR
50-09109 4687474 Qbt 3 0550-96-0112 NR
50-09110 16-17.9 Qbt 3 0550-95-0259 5.90
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Table B-26 (continued)

Location ID Depth (ft bgs) Media Sample ID Percent Moisture
50-09110 35.7-37.6 Qbt 3 0550-95-0264 5.50
50-09110 55.4-57 .1 Qbt 3 0550-95-0269 8.00
50-09110 £69.5-72 Qbt 3 0550-95-0274 490
50-09110 82.7-84 Qbt 3 0550-95-0279 5.00
50-08110 22.6-233 Qbt 3 0550-96-0113 NR
50-09110 456-46.5 Qbt 3 0550-96-0114 NR
*NR = Not reported.
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APPENDIXC BOREHOLE LOGS

This appendix presents logs of the boreholes drilled at Material Disposal Area C. Footages on the logs
are the length along each borehole.
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LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: 50-9100 TA/OU: 50/1147 MDA: MDAC Page: - of: 3
Drilling Co.: Tento Enviranmental Core Box #(5) 9 cuttings  Start Date: 7/17/95 End Date:2:5/96
Crilling Inc. 32 core Time: 10:30 Time:13:00
Drilling Eguip./ Method: ingerseii-fand lrack mounteq air Sampling Met hod: Continuous 5.2 core bamel
core with total dust suporession
Driller: tarry Thoten Geologist: Jon Marin. feneEvans  Declination: 30.0° Bearing: NA TD: 316.00
M /Galder
22 =
o = =
SIER | 53| 8 E |=c
z (=3 & g 3 3 ™= = 2 |> |vo
$ |8 (= galxgc a le |28
= S0+ 8« BAs 8 = o B =S
z |EciSB| gD £ 18 155
% |eg|SB|23|eE 5 |5 [EE
o |g8|EE|ZTEISE . S £ i8¢
QO {00 [<Z [ |OWw Lithology G |5 |20 Notes
0= o Ol I TOPSGIL /FILL. orgauc. sift, 1 Borenole 0-
- GAtngs n 58n0. pale brown 5 YR 5/2. 3100 is located
et 0 |9bares [=——s—=m—d FYFF, II. pate rea SR 6/2 approxnat ety
10 =4: o2% w5021 '3 1062 [5:0-21.3  nonweided. noningurated. o - 15.0" north of
. P 1132 (805 | davnrified myoiite asn flow. - e At 5 inthe
20 it JO 1473 [3120- @ 16.5" — Fumce lagilii are 1.0-2.0 cm, |4y p ~ortncentrat
_ 1569 2.90. ................ [15, weathered. indistmet., T S = ceruon of MDA
Tz 21,%3-47.5"}| with sugary texture. : 2 c
30 — 1 100% dicwsicd 2531 TUFF. same as above (SAA), | 2 Surlace casing
- p——= 1595 [3/29.0"  very moist, matnx oxdized = set at 10.0"
Z]rnoox | 96-0700 373 : wanwk. limonite. aiso 20% i @) 2 Borenale 50+
40 oo 1089 L. organc or MnO2:Tke pasches. (@l | E 3100 i czppod
- rrern O T AR TUFF. SAA, It. pate rea 5 R .. = ana maintained
T B EE . 672, dry. oxidizeq. sugntty ® |2 as an open
50— 0% ° weiged. sightly incurateo to & ’ g,’ »crenole for
g ! ‘essindurated @ 42.5". H el = vapor
-y reex 0.56 835 { Pumice tapitti are oistinct. 1t. | B @ = TATOTNg.
g0 =3z 70% o feso ! gray.2.05.0cm. 15%. | (@@ o] o 218.6-19.2
“fTmew |7 g6 : coarsely devitrified, Matrix | - weatrerad
- i phenocrysts are guanz and : . 5 fracture.
70 —jveex 067 lsrms.0- L gandine, each.10%. 1,0.mm. gy . s21.5-22.%
-Fo o |70 TURF. grayish pink 5R &2, AL maist tutf.
Tl argan ] 95-0374 71.5-88.0' | nomndurated. nonweided. an.s-73.5
80 —i' o ¢ ) very soft. dry, ash How. wet tuff,
™ ;g:-" . TUFF. pale yatowish brown, 5
- 10 R 6/ 2. nonindurateq to 2
90 ;% e I se1-1-+4, Slightly indurated. non- g
=f21r68% c.48 88.0"- 108 5 i weided, devitritied ryolite =
it T g 'E;a'g;r." I ash flow, maist to wet. : . £ o 1030
=3 oy : Pumice lapilii are It. gray to | 2 E 103.0°-
1007;«'“ 0 i brown, indistinet . to, 1.0 cm. ¢ %"? 104.0'. fost air
- grnorg "TUFF, SAA. pale rea 10 A 6/ 2, & Fg cuTwation.
110 =g roo% ' O lnoe | slighttindwrated. drY. ... .1 N € 115.0", clift-
E_ ) 0 108.5'-150.0 TUFF. graysn ok SR 8/2, | @ | € & formung tull
TR¥2% b g5 |1OV10S moderalely indurataq. slightly oo zantams weided
100 =F2oo "1200 weidad, pumice poor, myelite tult xenclith,
y 0.1 350 tow, Qry 0. 3.0 bv 5.0 em,
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MDA C Investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: 50-8100 TA/QU:  s0/1147 MDA: MDAC Page: 2 of: 3
Drilling Co.: Tanto Environmental Core Box #(s) ¢ cunings ~ Start Date: 7/17/95  End Date: 2/5/96
Driliing inc. 32 cora Time: 10:30 Time: 15:00

Drilling Bquip. /Method: Ingersoli-Fand track mounted air Sampling Method: Conunuous 5.0' core barrel -

cofe with total dust suppression

Drilter: Larry Thoren  Geologist: JonMarin.ReneEvans  paciination: go.0¢  Bearing: Na TO: 3t6.0 1t

A Goider
2 la
|2s € =
ES|Es 2 =]

— 1)) o ) D = -— o C = Cc
= #*=2 N3 |05 =~ e | o |oo
3 ceB 1= o = =5
e} o | x 9 =)
= 22|85 32 87 2 | 2is5=
= o g @ 2 E = |2 |S%
= oo |= = a. o | &
& |55 |S5|cE|se g 1|85
Qo QO |22 Sk |OLL Lithology @ |3 |=0] Notes

1207 = g0 7 2007108.5'-150 0 TUFF. SAA, moaerately p g 134.5° first
I 12 "~ {{contirued) indurated ta strangly B o appearance of t.

130-—= indurated. pumice tapidi are It % b pink fibrous
T[REee 0 _’f;;“;‘i‘s gray, indistinet. <0.5-1.0 cm. Y E vapor phase
vy <5%. linely devitrified with 2 aiteration clay.

140 = o ' minut e quart z and sanidina, o o8 ,
B i #2375 | @ 140.0'—way Matrix prenocrysts are quartz “. = E @ 140.0-150.0",
- a ana sandine, each up 1o 1.5 52 phenocryst-rich

150 = 35100% T4 1461 fm and 7%. local FeOx. _’ interval is
—J67100% 0-3511559" 1150.0"-180.0{TUFF. SAA. matrix quartz and| @8 @ {150.0 passible surge
- saniding are 20% each, quar relaled deposit.

57188% 0.37 |15 1550 ¢

160 - 1700 up to 3.0 mm, sanidine show:

—flai6% ETHAGE 0 ’ Schiller blue iridescencs. l ] E
ke 0.55 TUFF, SAA. siightly inaurated, e

170=] less phenocrysts, Fe oxide on ‘ 2
—{407100% 0.9 yerrop retict pumice ‘apilli. 10%, up .. 2
= -178.0° to 2.0 cm. sugary texiure on % s
Zl4rnoo% ] . @

180 TITTTET ] conevrmnneneanna, [ 4INE 1UbE StrUctures, dacite | W 1 0 ,
—=1421100% 1.2 |-1es.8°  |180.0'-223.Qfithies up to 3.0 cm, pumice “ H] @180.0° 0.5
it ey 0 ‘tapilli and fithics are rimmed 2 mm biack 6quant

190-= 18/ 185.8° iby It, pink fibrous vapor phase G % crystals attenng
: 44 /100% 0.76 |-198.0' gaﬂera(inn clay, aisa 8'0"9 p to dk. brm
Bt e irefict tube structures, > goethite-tke Fe

200 o e ; TUF. grayish orange pink 5 = oxide. .

N P— 0|58 1@200.0'— YR7/2 to grayish pink 5A 3 @200.0.
- 0.45 (705G 8/2. noninduratea. slightly . purmice lapill are
—lernoon - T ) fined with 40%

210 0.3z |-218.0 weaided, rhyckte ash liow, dry. 5 )
—[i8noo% 0.65 22'1’ :;‘."0 Pumice lapifi are elongate up .. - Fe oxide.
—Jagyioon 0.52 . 10 3.0 cm. @ 3 )
—iso100% 0.27 [z aren TUFF, SAA, pumice kapilli are = ©223.0.

220 Zrrrmre 0.81 | 2232 . gray ang hocolate brown, | laz0.0 Colorinaas
—|p2ncen 18.23 |53;323.9|223.0'-233.0TUFF, grayish orange pink 5 .. = ;“’;’m °:m
~{. 0.51 |.2ar.9° YR 7/2, moaerately induratea [@@ Y. | B = oxton

l:3moon h R

230— o8 nonweided, ash flow, dry. | @ ®1C Raneau (1985,
>]s4nn g;ﬂ 24/231.9'1233.0'-313.0Fumice tapitii are Fe-rich; (> &j233.0° 10322;’;0 v
—55/100% . Ao ithics are pasait and dacite, [@.n{ 5 o -0".Vapar

240 0.32 em C? O~ Phase Notch.
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MDA C Investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE iD: §0-9100 TA/OU: 350/1147 MDA: MDAC Page: 3 of: 3
Drilling Co.:Tonto Environmentat Core Box #(s) 9 cuttings  Start Date: 7717795 End Date: z/5/56
Drilling tne. 32 core Time: 10:30 Time: 15:00
Drilling Equip. /Met hod: {n9ersat-Rand track mounted air Sampling Method: Cantinuous 5.0' cora barrel
cote with total dust suppression -
Driller: Larry Thoren Geologist: JonMarin. Fene Evans  Ceclination: 0.0° Bearing: NA TD: 31goft
ERM /Goider
R %’_ o —_
] —
CIER|Ea| B £
— © 2 = c
< =2 1nd ® 8 ae = glo |®s
o c8|= Soaix,@ ~J o |2 13
- So| 8. CS p— 8 = o | & 128
TrlcBlE i £|8 |SE
= e = = I=&®
T | eel¥E|ZZ |25 g12 |55
@ o Q Ela , g1 £ /o]
Q |oojgZ|SE 0K Lithotogy G |35 |SO| Notes
240 —[Senoow ;-Z; 251200.1/|233.0-313.0TUFF. witnic. paee yellowish | S (D
Ty sa5 |29 {continued)  brown. moderately-indurated. O
250-= 1.09 nonwetded. mafic rich, ash e =
“isanoo 0.82 [26/251.0° flow. Pumice lapilli are i. ao =
ST 119 2608 pinkish tan. <5%, 2.0-5.0em. [ (3] B
260 — 0.65 Dacite rthkes are 0.1-1.0 cm. DO =]
- 69?::,%_:_ 0.09 {27/260%" Matic accessory minaral is up 2
= 0.06 2697 te 2%, 0.5 mm shiny black Q.0 @
2705200 .73 equant magnetite crystals. % -
~1&a/100% 1.30 <R/ ZBS. T D B
- 1.15 [-z80.2' gl €
]
2B — 540 0_52 @241.0'  TUFF. SAA, nonindurated. 2 =
—[85/T00% 0.81 brorzasa- @262.0' TUFF. graysh orange pink 5 8 8,
LTI 061 |lzsor YR 7/Z. viine. nonindural ea. =
290 — 132 nonweiaed. rhyolite ash flow. ﬂo =
[T | 134 |0 o0 s Pumice are oult white 1o 1t. 2. 0|
0.89 [zgp¢ gray vitreous lapilli with intact % =
300— éamo% .08 fully inflated tube structures. [{ =
: §97100% 2.8 31/258.8 local daente lithics, OG =
09 a0z [®271.0°  TUFF SAA, lighter matrix,
310|700 0.83 IS ‘Purnice BED, lapilli ana b 312.0 T sankewi Pumice
——Ire 1.35 ; . : - i awi
- 0.73 :1!2:53;?.2 318.0 318.0h'agmanl‘$1 somge ash, last al EE_:."‘:." Cht t Bed. Qb 1
250N 1 8ir cireuntion. poor recovery. ==
320 _— ™ =316.0
330—
340
350
360 —
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MDA C investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL. LABORATORY
ENVIRONMENTAL RESTORATICN PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: 50-68101 TA/QU: 5071147 MDA: MDAC Page: 1 of; 2
Drilling Co.: Tonto Envirenmentat Core Box #(S} 5 cuttings  Start Date: 9/20/95 End Date: 9/22/85
Drilling {nc. 11 care Time: 08:15 Time: 10:30
Drilling Equip./ Method: ingersoll-Rand track mounted air Sampling Method: Continuous 5.0' cora barrel
core with total dust suopression -
Driller: Larry Thoren Geologist; Jon Marin. RensEvans  Deglination: 45.0° Bearing: §a2.0°w TD: 117.0n
ERM /Calder :
p
e Qo g —
g|E3|58| & £ l=c
= [=2|88]85 (=2 2|5 |55
@ 8 Q | & o Q
O = - S a|xg2 4 o |2F
-— = O 8 [ — 8 (3] o [
s |EZ (€3[4 E1D . £ |8 |25
= oo = é SioE g |8 |E8
§ |55({85|cE|58 . |5 |23
QA 00 |2 |S= 0L Lithology ¢ |3 E___O Notes
0= 1 100% o o0 TORSCIL /FILL, ctay. sit and NA | Borehole 50-
= :jui:;sm sand, red brown. moist. 9101 i5 locatsd
5 =] O 15 pexes approximately
- 10.0' north of
rooe 5.0-81.0' TUFF, palareqd 10R &/ 2. ™ and midway
s 1.8 {164 modarataly indurated, slightly along MDA C
10 1 welded. davitritied. oxidizas, |@
=fr100% 1.45 . ; and angled
- rhyoite ash flow, moist. bensath Pt 8.
- Pumice lapilli are iight gray to Surface casing
15 —ISI_ 100% 2n3y dark brown, 0.2-4.0 cm, 15%. at 10.0°.
- jsoatl or3 |3y Phanocrysts in matrix are : set
:lannma quartz {$%) and sanidine @0 Oxidized tuft
20— — 229 (10%). average 1.0 mm, @ . and mosture
- sanidine with Schiller blue AR content
ot "vrverm iridescence. Lithics are rave. |{pdh ; probably dus to
25 -Enws 045 |azas- .. b= borehole
- [ 95:01018 .9z (3T @ ° location
- o beneath stofm-
30 p 1.01 . T water drainage
[ o . g at northem
35 — 0.95 ‘2_0-‘ . g bouﬂda’y of
Theew RASAL = MDAC.
p 0.42 " o
—-U2A0% 4 ‘ 3’
40—t wers 0.66 @ 40.0' Tuft, same ss above (SAA). | gt £
- oxidized. maderately ﬁ
~[armow 119 [SH20 indurated ash tiow, moist. ﬁ o
45-—psimsw |SEMGEH o oo .'l -
—larran “ 5
50-:H!7!7’8'!- 191 P
- . 6/50.0%
so.0 -
55?1311001 e 11t ’.
: 19/60%
60 &

Cctober 2005 C-6

ER2005-0172



MDA C investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIEED UNIT 5
BOREHOLE LOG
BOREHOLE ID: 50-9101 TA/OU:  sor1147 MDA: mMDAC Page: 2 of: 2
Drilling Co.: Tonto Environmenta: Core Box #(8) s cuttings Start Date: g/20/95 End Date: gr22/98
Drilting tnc. 11 core Time: 08:15 Time: 10:30
Drilling Equip. /Method: ingersoll-Fand track mounted air Sampling Method: Continuous 5.0' core barms! _
carg with total dust Suppression
Oriller: Thoren Geologist: JonManin. ReneEvans  Declination: 45.0° Bearing: $82.0°W TD: 117.0%
Lany g ¢
ERM Coider
o 3]
N a . g, frevy)
>2lEg|E5| ® =
— O 3] ] I = 2 o = =c
= w2 | o 2 SR g Q - (2o
piid e8| S&ix o -~ PREES
- S0 |8 -~ 8 - © D |~ 3
- |[Ex (g8| jg|a s |8 I2%
3 |ge|FE 52 2 £ g | 2155
@ o O 3 =iQ , = 2
o |0 (2= |{SFi{0ow ____ Lithology @ | 5 [S0] Notes
60 =Tt 5.081.0 T & NA
- SEniga] 059 |y 500 |{cONtNURD- TUFF. pale red 5R 6/2 .J
65 — 20/24% (LAY @62.0' slighty induratea to -
- modarately indurated, slightly Y
—-21no% walded, devitriied mhyolite
70 —t2rs1% 1.25 ash flow, moist. Pumice @pill b,
- 1.52 are coarsely devitniied, LA —
—Jzaman medium light gray to whitish L E
75 = gray, 0.2-2.0 cm. 15%. ’ —
—{2e/6™% fos-czee | 2.03 Matri 2
= -03 |amé- trix phenocryst s are quartz s' =
85.0° (5%} and sanidine (10%) 'g
80 —l2sn00% sach up to 1.0 mm. Sanidine ) o
-1y e *++++-1shows Schillar blue H i: tg
0.32 81.0°-117.0%iridescence.  Lithics are rare. ; 2
85 e 1100 0 TUFF, same as above (SAA), E
- nonindurated. nonweidsd. .. g
= o fons: & ls
— 127 /60% o
90— 1.15 .. £
o ‘ 2
-
95 .; 28 71 00% - d
: 05-0304 1.75 @95.00 TURF, light browrish gray § ' —
YR 6/ 1, nonindurated. 5
100 — 9/100% ] nonwelded to slightly weided, .‘
- i davitritied rhyoiite ash flow, |@
1.37 dry. Pumice lapiili are light .
105_—_ 30/90% gray to medium brown, 0.5-
= Ja61 2.0 cm, 10%. Matrix ..
- phenocrysts and lithics are '
-1 75% 111071
110— 4.87 [-117.00 SAA. .
(- @112.0°,
- 95-0309 4.40 ~
1 15 :_. 12/50% .. . 'oa alf‘
- . . a® circuiation.
120 _E. TD= 117.0
ER2005-0172 Cc-7 Qclober 2005




MDA C Investigation Work Plan, Revision 2

{OS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PRQJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: s50-9102 TA/OU:  50/1147 MDA: MDAC Page: of: 2
Drilling Co.: Tonto Environmental Core Box #(8) 7 cumings  Start Date: a/2/95 End Date:8/8/95
Drilling Inc. § core Time: 08:30 Time:14:30
Drilling Equip./ Method: ngersot-Fend track mountea air Sampling Method: Continuous 5.0° core parrel
core with total dust suppression
Driller: Larry Tharen Geologist : Jon Marin. ReneEvans  Declination: 45.0° Bearing: S10.0°W TD: 11001t
EFM /Golder
< le '
gl E.0 % |
— @ n 52 2 o |E |= gt
= ® = cg D | D |Dot
] ol S0 s sl
§ |s8lz_lgeise J e |33
L 152185823 s |8 3
ce | o E ' = o (X
= s é o £ - =%l
a |21 FE = S 12 |Ec;
@ go|jesS|Es|c8 . B 1£ |2ai
g 100 |€aZ |2~ (O Lithology G |3 |20} Notes
. %% o35 TORSOIL/ALL. organc cay. % NA | 3orenole 50-
- cntings siit, sand. dark brown. maoist. /,; 3102 is located
5 — 12.241500mes 1y g5 07 TURE, weeatnersg, morst, 1 acoroxmately
- 32.99 5.00-31.00 TUFF pale red 10R 6/2 25.0° north of
- slightly indurated, stightly anq angied
10 s 5% weided. rhyolite ash llow, dry. Seneath Pi!_s.
- Pumica (apilli ara light gray, Surface casing
g . coarsely devitnified, sugary set 31 9.0
15 anes 1.13 .:,fa?' taxtura. 0.3-2.5 cm, 10%.
o Matnx phenocrysts are quanz 7 )
- 95-0004 0.55 and sanidine. each 5% and up
20 ! to 1.5 mm.
i 0.48 @22.00 TUFF. same as abova {SAA), E
25 = ) pumuce lapili are 15% ana up 5
to 3.0 em. S
—ferars 0.38 15 neo- 3
= LLX 5
0— 1 |1 . torrererersasereat e e e e nese e nnn S A o
ojre - 31.0-62.0° TUFF. paie rec brown 10 R 3
35-= . 5/4, sightly indurated to 5 i '
%74 maderateiy induratad ash = 9 36.0'-33.0',
e i . {low, most. Pumice tapili sre 2 Light orange
40 = 1413 n6.0 gray to white, coarsaly e brown clay
—]1oues s devitrified. 0.5-3.5 cm, 5- z fracture
- 10%, with quanz - coatngs
45— i phenocrysts to 0.03 mm. ] {samptea) ard
— 1.97 fine-gramed moasrate-red = black glassy
= iton crystals (goethite). and b=} iragments. tn
=}12:100% 4/47.0' mirute anhodrat black soait ion.
a— 4.83 3
50-- 2:5_35 853 magnetite crystals. Matrix moderats Fe
- phenocrysts are sanidine pxde (llmnm'u)
55" showing Schiller blue st in matrix.
- iridescence and bipyrammdal
: T&IT00% | 95-0014 14,02 :;50'5-3 quantz, each 5-10% ana up to
60 ; 1.0 mm. ..
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MDA C Investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE iD: 50-8102 TA/JOU: 5071147 MDA: wMmDAC Page: 2 of: 2
Driiling Co.: Tonto Environmental Core Box #(s) 7 cuttings Start Date: as2/95 End Date: grssas
Drilling inc. 9 core Time: 08:30 Time: 14:30
Drilling Equip./Method; Ingersoilfand track mountea ar Sampling Met hod: Continuous 5.0° cora barrsl
core with total dust suppression
Driller: Larry Thoren ~ Geologist: Jon Marin.Rene Evars  Declination: 45.0° Bearng: $10.0°W TD: 11001t
E¥Golder
s | @
> g g, =
T EQ|Em D =
—_ Q| o ﬂ © £ o C = c
© ®2 NS |05 (=3 5|2 |20
- = o
i c 3 3alxg° 4 o |25
£ |58 |5,182| 5" o (5|52
= e - R = |2 8¢
= po |2 g<SjoE a | g |c
& |as|285icE|5¢ 5 |£ |83
N [ N R —
o VO |2 [E= |Ow Lithology ¢ |3 [=0] Notes
60 =[iwrco: 31.0°-62.0' , TWE..SAA. maish.asn flow... | @8 NA | @80.0. 2.0 mm
- 15/40% SH9B[, 0 .. (continued) : : TUFF. pinkish gray 5 YR B/1, El‘ thick waak Fo
65 e aon o 3307110 o' norunduratea. slightly weided. " -l oxidization halo
' ash fiow, dry. or around devit ritiod
225187 pumice lapiil.
20 —{teo% o
~lieroon g0932}5/680" z" -
- et LAY @730 TUFF, SAA. nohindurated local |_=_
75 —j1weox | 95-0010 | 33976 waak Fe oxide (imonite) in [ -
- matrix, ;’ %
&1
—fzor 100% » ]
80 — Pel &
= 87.45{r181.0- e
85 —{2V 7™ o7 @ 'g
= 48,35 oeso  |PHENOCRYSTS 100% wei | @ 2
- 46.11 tiininziann e SOMted, loose, subhearal ._!._,mg...‘ o @ 838.0'-88.5',
90 —Jzz30% 24.37 @88.5' | quartz (65%) and samgine : - phenocryst.fich
= LM, 0%0mm (B 2 interval is
- TUFF, SAA. pinkish gray 5 YA ° e possible surgo
95 = 11.30 871, nonindurated. slightly |8 | 5 related deposd.
24100% josoz | 1268 ctencieneneenee JENORD, BSh How, dry, ek
—j{ast 100% wore. |@97.0° PHENCCAYS TS 50%, £ ©97.00-97.2,
100 —{2er100% 040" 1997.1...... LITHICS 80%. dacite. angular: phenocryat- and
: 27 100% E..‘!R.‘.?.Q:Q.G{{‘.- .................... lithic-rich interval
—pmee |- 1436 @ 97.2' TUFF, SAA, pinkish gray 5 ¥R s possibie surge
105 _._.W 8/ 1, nonincturated, dry. related deposit.
18.24 BI040 Berrnorercacronssnsasssmsnrssunasnsasnnannncrossassrsranas £1yvyese ,
~Jaor 100% oo [@107.0° PHENOCRYSTS. 40%, SAA. In €107.0'-110.0",
110 - 95-00281 47pq aonindurateq ash flow (it bi.@: phenocryst-fich
- TD = 110.0° . interval is
- possible surge
115 ol raiated deposit.
= € 110.0', driling
- tools stuck and
120— recovared.
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MDA C investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNITS
BOREMHOLE LOG
BOREHQLE ID: 50-9103 TA/OU: 5071147 MDA: MDAC t of:. 2
Drilling Co.: Tonto Environmental Core Box #(s) & cunings Start Date: g/10/95 End Date: s/22/95
Drilling inc. 10 core Time: 12:00 Time:12:30
Orilling Equip. /Method: !ngersolifiand track mounted air Sampling Method: Continuous 5.0' core barvet
core with total dust subprassicn -
Driller: Larry Thoren  Geologist : Jon Masin, RenaEvans  Declination: 45.0° Bearing: N32.0°W TD: 12001t
£ /Goldar
o | @
S, |2 =
o o | aB ]| 2 o |[E |=¢
] 2NDG |90 (=3 o |0 229
— (o] s
O c 8 5alx o a4 lo |25
= So (8. |- 8 o & | 3
c |Ec|23| E|D; £ 18 |85
= o= F5|e€ a (o |E2
& |SEIGFE|Z2{56 s [£ |§S
c = (=4 ; = | =
Q 00|z |=F (Ou Lithology oG |5 |=ZO| Notes
[0 I 0-8' 0-0.5' TORSAL, organic. NA | Borehole 50-
pot A e w[0-57.0°  FRL medium brown. 103 is located
o o |6 boses raworked tulf, maoist. approximately
5 ind 45.0" onst of
- . . At 1inthe
- - 7.00-52.0 TUFF, graysh orange Pmk 5 P. southeastem
10 —¥5 15.0° YR 7/2 1o pais yeliowish - comer of MOA
- prere 0 brown 10 YR 6/ 2. moderatety | @ G and andied
e oxigizad, weathared thyoite .. benaa::?h.
15 — ash flow. -
= M e12.0 TUFF. grayish pink 5 YR 871, ,. ramp 10 Pit 3.
—jsrioos ) 2150 N ) \ 4 Surface casng
= 1 272" slightly indurated. non- set at 9.0"
D) e 7 100P% 95-0104 0.21 weided, rhyaiite asn flow, dry. % e11 3-:1{ 9
—lareo Purnice lapiiti are coarsely -» i cla —l-iils:i -
-] &% o aevitritied with sugary texture Y48 = lra:t ure
o5 — along relict tube structures. | g} O @ 187", weak
Zliomox 0.5-2.0 cm. 5-10%. o 3 oxidation on
- ] @240 TUFR, same as abova {SAA), s open hairline
= /272 i
30_...' 11/75% 39.0° nonindurated. ? n:_ tractuma.
Q
- 0.15 Qa2 TUFF, SAA. pinkish gray 5 R £
—Hznoo% . E
35 B/, o
- gs-0108 5.34 @36.0' TUFF, SAA, slightly indurated. — E
Z|sancox o
403 o8 £
- 0{4s9.0- . . " G
- phiys @420 TUFF, SAA. pumice lapilii up ta i [uid
—|ramex 2.0 cm, coarsely devitritied o
45— 0.33 (with sugary texture, | = ©45.1-45.5,
Tlismen (2E202 0T : TURF, grayssh orange pink 5 5 modarately
50-= { YR 7/2, slightly oxigized oxidized tuff.
—_ R ; mantrix, moderately indurated, © 56.0":59.0",
—|eree* C.8Msas [C3 g aa g Moderately weided thyalite strongty
55 —[7mex ’ . ash flow, dry to localty moist. | ¢ | oxidized rmoist
] Pumica iapili are elongate 0.2 | GER tuff and Fe-rich
=[1amax [95-0014 2.17 by 1.0 cm, 5-10%. Matrix clay in open
S RE irv phenocrysts are subnadral fracture
60— " quartz (5%) up to 2.0 mm. sampled).
ER2005-0172
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MDA C Investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL, LABORATORY
ENVIRONMENTAL RESTORATION PRQJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: 50-8103 TA/QU.  s0/1147 MDA: MDAC Page: =2 of: 2
Drilling Co.: Tento Environmental Core Box #{s) g cutings  Start Date: g/10/95 End Date: g/ 22795
Drilling Inc. 10 core Time: 12:00 Time: 12:30
Dritlling Bquip. /Met hod: ingersoll-Fand tracx mounted air Sampiing Method: Continuous 5.0' core barret .
core with total dust suppression
Driller: Larry Thoren Gaologist: JonMarin. ReneEvans  Declination: 45.0° Bearing: N 32.0°W TD: 120.0'%t
g
ERMW Golder
S le
@ [~y g —
e |ERIED 0 =
. o g |acD| 2 o | El=c
- * 2 /7] o 48] 6 e ~— o s} [}
u’ 8 — [ o 3 ——
@ o (3 alxg | o G
- So | 8w e 8 o 5 |< =
oo (89 E ' = oo =
£ >813d5loc 3|2
oL |= =218 Q| O 'S
= 22|55 (82|88 g 1283
— . =
c |00 (&= |SF Ok ___Lithology @ | T |20 Notes
60_—'_: 19 /Cant. 52.0-83.0' TUFF. grayish orange pink. | @_! NA | 2 59.0-64.0,
- gmg5. |(continuen)  slightty oxidized. slightly ‘: locat oxida tion
65—t rommam 0.54170.2' indurated, slightly weided, e J patches on
= rhyoiite ash flow. dry. Pumice .: fracture fill.
—~j21i85% lapiiii are coarsely devitrified |agh @ 67.0'-88.0,
70— with sugary texture on relict |48l oxidizad pumice
- 2N0% 0.87 tube structures, 0.5-2.0 cm, '..ﬂ - lapdii remnants.
§5-10%. Matrix phenocrysts |4y 3 @ 69.0°-73.0",
75 =123m0% ar.g are quanz {10%) and sanidind offi# - Fe oxidation in
bt (10%), eachup to 1.0 mm, [d8 @| S matrix.
z . sanidine with Schiller bive |4 | §
80 —f241100% [ 95-0119 0 ;;’ "{-2' @78.0 irdescence. Pumice lapilli .‘ ]
-125/50% 067|"™ have faint yeliowish brown P @
Sy cevvconsn [ 10YR 2/2 stain and lignt |13 W8] 3
85 —lzzs00m 83.0'-120.04| gray sugary texture. Local | [ c
- = 1.03 il imonite as irreguiar solution: e 2 € 86.0°-91.0",
- [28/100% : . : =
- 1! banas in matrix. L2 Fe oxidation
90— gggg&" 8951 ISTURF. SAA, paie yellowish .‘ 2> throughout
- 082 94.3° brown, slightlyindurated. ‘ E mathx.
~{32/20% ) 1 nonweided, : ' 2 @ 88.5', Fe oxide)
95 —Iisroax P=TUFF. SAA, pinkish gray 5 (@i | stain is possible
= 85-0124 6.85 ! YR&/1. nonindurated, non- : gy @ - relict water mark|
= fweked gl E
100 —34100% TUFF, SAA, very light gray, |g
- | 1.89 — neninduratad. nonweided .
B £ 1080 rhyolite ash flow, dry. Pumice,
el lapiti are coarsely devitrified
105 = ryrem 0.82 with sugary texture on relict ..
- tube structures, 0.5-2.0 cm,
110_"_'_ 5-10%. Matrix phenocrysts
—lar/e3% 0.43h10/ 1060 are quantz (10%) and sanidin .‘
- -120.0° {10%), each up 10 1.0 mm, .
1 15-——larmex sanidine with Schiller blue b 4
- 95-0129 0.53 iridescence. . ddh @119.0°-120.0°,
- @105.00  TUFF.5AA, very soft {(non- |Gl fracture with
120-= 39/100% 0 indurated). » soms clay and Fel
D =1200 oxida,

ER2005-0172 C-11 Ociober 2005




MDA C Investigation Work Plan, Revision 2

LCS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROQJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: 50-9104 TA/CU: 5011147 MDA: MDAC 1 of: 2
Drilling Co.: Tonto Environmental Core Box #(s) 7 cuttings tart Date:g/1s/95  End Date:s/17/95
Drilling Inc. 8 core Time: 16:15 Time:09:00
Drilling Equip. /Method: {ngersoliRena track mounted air Sampling Method: Coninuous 5.0° core barrel
core with total dust SUDDresSon -
Driller: Larry Thoren Geologist: JonMann.Rene€vans  Daclination: 20.0° Bearing: NA TD: 90.0 1t
M /Goider
o | @
“la,|& =
SIEQ | E— Q -
— 2 |adfBleT| £ o |E |=¢
© = B |25 1¥7 o |2 |@g
@ c8l3 38&|x 2 4 |o {2%
= S0 | 8w ~ 8 0 & |= =
= o -§g E : c |8 i28=
5 |pe | 2E 23 |0€E a |g |22
S So|ES|xE|Q? : 8 1E €8
2 |00 4=z (23— (OW Lithotogy G {5 120! Notes
0— 010" §0-2.5 TORSOIL. organic. brown, .{// NA | Borehole 50-
e ::Tn:;sm 2540 RALL reworkea wuff. most. 7 3104 is located
5 i 0.ga|7 boves 4 approximately
= 4.0-10.1  TUFF pulvenzea. | E 18.0' south of
- : TUFF. pale brown 5 YR 5/2 At 1and 5.0°
0= 0.08 oo L slightty indurated. sghtly inside of and
10 Jarmex 10.1°-35.0°  weided. mowst. rhyoiite asn midway along
- 95.607% 0.52}119.0- : h
- 19.2° flow. Pumice 1aodli are very the southam
- light gray to pinkish gray 5 YR boundary of
15 ——jareox 0.13 8/ 1, coarssly gevitritied with MDA C.
- sugary frosty texture, Surtace casing
20 =[a4r100% elongate 0.3 by 1.5¢cm 10 1.0 set at 10.0°.
- @21.0: by 4.0 cm. 3.0-5.0%. =
= 7.592/19.2- “--TUFF. SAA. grasual celor s
-~16/100% 280 change to paie yetiowish 5
25 — brown 10 YR 6/2. =
- #5-0078 2646 229y TUFF, SAA, grayish pink 5R g
30 = 6/86% 3280 8/2 with weax iron oxde stain @y &
- sy throughout matnx. Pumice & -
= 4629 lapitti are aiso partially 2
35 =70 U IR P oxcized. .. ... 1@ |E ,
=lsro0% - 35.0-60.0' TUFF SAA, palered 5R6/2 [@ s € 36.6'-38.6",
= 95-0083] 2076 to local moderate red 5 YR o fracture cogted
40 =J3o% agsy |@39.0° - s5/8, locally strongly oxidized. & g with amorpheus
05 “* TUFF, SAA. pumnice lapdii are | 4P| = ight brown 5
—{j1on20% altared to light gray to dull s £ W 5/6 ctay in
- - 943.0' ... white pawdery masses o 1.0 mm thick
45 —jzuom. 180 i surrounded by Fe oxide ®w| . concoidal blocks
Zliamax i stained matrix. s {sampled).
50— 5466 ‘- TUFF. SAA graysh orangs pink .‘ ©39.0"-44.0"
“Tiienoomm 6.39)7° 5 YR 7/ 2, non-weidad, locai Fel moist ash flow
- oxide stain in matrix. Pumice |® ™ tuft,
55 =} 15/55% 1apilli are light gray with soma ... @52.2". 3.5 by
= @57.0° " chocolate brown. 1.0-5.0 cm. 5.0cm
~Femooc] ] - TUFF. SAA, graysh pink &R - devitnfied
g0 =|177 os-p0s7| 231 :5’;” - 8/ 2, siighily weided, med. q weided purmice
gry purnice faoigi 0.5:1.0 ¢m L tapiiki,

COctober 2005 C-12
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MDA C Investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
B8OREHOLE LOG
BOREHOLE ID:50-8104 TA/QU:  50/1147 MDA: MDAC Page: 2 of: 2
Drilling Co.: Tonto Environmental Core Box #(s) 7 cutungs Start Date: a/1s5/95 End Date: ar17/9s
Driling Inc. 8 core Time: 16:15 Time: 09:00
Drifling Equip. /Method: (ngersoil-Rand track mounted air Sampiing Method: Continuous 5.0° core barrel
core with total dust supprassion h
Driller: Lany Thoren Gaoiogist: JonMarn. RenaEvans  Declination: 50.0° Bearing: NA TD: 900t
ERMI/Golder
[} Q
- = =
e |EQIE =) Q =
4 % = 2 o C =C
:.'6" % 2 (3 ol G E o b I DU TIN=
b3 c B balx.e a2 |lo |28
= = O TN ¥ Bt ‘8 - I3 ™ | = 3
Z |ee |SE|ZZ (2§ /255
] o] S{ETE|e8 . f1£les
o {co |z |SE oL Lithology G | 5 |=0| Notes
16} =l emoos ] 60.0'-90.0° TUFF. grayish pif‘lk SYR 8/2 £ [NA
- 52fc/57.5. [(contnued) rgnweiged to slightly werded. o P
= 59.8 -
65 Cont. = %
. @63.0 TUFF. SAA. matrix @l :
70—z ro0m 2 phenccrysts are subhedral V) &
= sarugine, 0.1-0.5 mm. 2%, | .r W
Tlpznooe 0-3217169.0- Schiller blue iridescence. |2
75 =jamx B35 @73.00 TUFF. cale yellowish brown 10 ‘ g
b i YR 6/ 2. nonindurated, non- 5. =
] il 1.57 ...weided. dry, rhyolite ash flow. =
—leem |osows| 52 I FHENGCRYSTS, 50%. quanz. | ﬂ o
e il e It S IR E .9:?.:1..-.5.93@.@!!!.@!3.me.tmr.--.._j._’ 5 @83.0-83.4
CE ] ) @83.0° | TUFF. nonindurated, non- w1 < and 87.0°-68.5",
g5 —jzaneen (G834 weidea, ory, yolie ssn tow (W | & phanccryst-fich
—lzsroow | 950099 | 2.99lasmas. [@E7 G FHENCCRYSTS, 50%. quanz.; = intervais aro
o — A N 9.5-1.5 mmin tuft mawix. LEEE O passible surge
80— GAEE TUFF ronndurated, Ron- reiated depostts.
- —1 weided. rhvolite ash tlow. drv
- TD = 90.0"
95 —
100—
105-—
110~
115-7
120—
ER2005-0172 C-13 October 2005




MDA C Investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATCRY
ENVIRONMENTAL RESTORATION PROJECT
FIEELDUNITS .
BOREHOLE LOG;
BOREHOLE ID: 50-9105 TA/QL: 5071147 MiDA:: WOAC.- . . ‘“Page: 1- of: 2
Drilling Co.: Tonto Environmental Core Box #(s) 4 cuttings Starn Date:py23/95 End Date: 8/2a/95
' Drilling inc. 11 core " Time: 10:45 Time:11:25
' Drilling Equip. /Method: 'ngersoliRand track mounted air Sampling. Method: Continuous 5.0' core barrel
core with tolal dust subpression
| Driller: Larry Thoren Geologist: JonMann. ReneEvans  Declination: 45.0° Bearing: S88.0°E TD: 12001
M /Golger ’
i
| o | C
cER|ET| 3 T |=¢
T = 213 Blog (== g |0 @8
Pt c8l|= 8 a|x lg -l 25
| = =3 Q 8 [ — 8 Q h |= 2
c [Ec{Z8|  g|B: z |8 |S&
R ? |2 (53
* (== . —
o |86 |&z|3~|ou Lithology G |5 |20]| Notes
—————— —— — ———e—t
I I o7 [0.0.a°  ASPHALT. NA | Borenols 50-
- atirgs o|0-4-6.5"  FILL. meawm brown. rewarked 9105 Is located
= = o ¢ voues tull, sit, ciay some sana and approximately
> Thaw pebbles moist 90.0'east of PR
- two. |6.5-7 0 TURF, puivenzea. 3in the
- 0931140 |7.00-50.0' TURF. graysh orange pink 5 YR noncontroked
10 7 712, siightly tndurateq. non- » portion of MDA
—J3/100% 027 welded, rhyoute asn tow. .. Cand angled
Pumice laptii are sparse (< 5%) bensath verticel
15 —aroon 2nag. |@14.4° % 0.1-1.0 cm. smaller are dark ﬁ disposal shatts
= 95-0115 0.391° o ! brown ana iran nch, larger are '. near the east
- i coarssly devitrified. pae % end of At 3.
20 —ysr100w i yellowish brown 10 YRS/ 2. - Surface casing
= or8 ** TUFF, sama as above 1SAA), :‘ ] sat at 7.0°.
5 = 8 100% grayish pink SR 8/2 !o pale @ & 011.7 . Fe
25— yeliowish brown 10 YRer2, | @EB] =2 oxide on
= 3740~ 1@27.6': slightly incurated. nonweided, |@ b fracture.
- o323 i phenocryst sich. Pumice lapili | @ = ©28.2-29.1°,
30 — 5 100% are 1.5-2.0 cm tight yellow P - tracture with
= brown from Fe oxide, coarsaly 2 Fo oxide, cay
35 = 0.08]4s323 devitrifieg with a sugary - E and rocts,
—fwtoon | ssore0]  o0.75[*® texture. Phanocrysis are .‘ = samplad for
- quartz (15%) and sandine ®. | 3 Chemvan VOC
40 = {10%, each average 0.5 mm @ and PC8
=[1os100% ! andupto 1.5 mm. o8| = analysis.
= '+ TURF, SAA, light browrsh gray 5 - @ 35.0°-38.0°
ot LLK.2 ] 424 5 YR &/ 1, slightly indurated. ) sampled
45 =] 22 168 slightly weided. rhyoite ash .: = maroon red
i Py i flow. Pumice apiiare 0.3-1.5 fou 5 stain for
- 530 cm, coarsely devitritied and .h contract
50— 5.00 50.0°-94.0° ;rimmad by light pinkish gray ".". analyte suite.
i PPy ’ tvaporphase alteration clay. .; Ly 0 44.5', mod.
55 = TUFF, pals yellowish brown 10 j ® FeOx stain. 2.
] YR 8/2. slightly induratea. non- .. brown SYR 5/&
. weided rhycits asn Pumice in matrix; core
= 1§100% | 35-0145 32.01 £/530 lapili zre 5-10%. Sanidine with ioss lixely dus
60 — 838 Sehillsr blue iridescence. ..' to fracture.
QOctober 2005 C-14 ER2005-0172



MDA C Investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
U S BOREHOLE LOG :
BOREHOLE . 50:9105- . - TA/OLL : "50/ 1147 MDA: " MDAC:." Page: -2 of 2
' Drilting ‘Co.: Tonto Environmental Core Box #(5) 4 cut tings Stan Date:gra3/os End Date: g/28/95
' Drilling tnc. ) 11 core Time: 10:45 Time:11:25
Drilling Equip. /Method: ngersail-Rana track mountea air Sampling Method: Continuous 5.0' cors barret
cona with total dust syppression )
Driller: Larry Thoran Geologist; JenMarin. ReneEvars  Declination: 45.0° Bearing: S86.0°E TD: 120,01
EW Golder
) o
~es || 3
— T s o 2 2 o | El=c
D 3= 8 RS 2Q|* S o | = é’ L
o = C‘%‘ | x I Y 5

-— J @ S e — ‘B b [3) D | = =

c |EZ || JE (D £ |25

= OQC |{= E.J Jlo E a | ©|c2

§ |55|85|zE |59 g|£185

(=] QO fzIS=]0L Lithology @ | 5 20 Notes

60 =S con. 55;5' S50.0°-94.0°  TUFF. SAA, pumtce 1apski are & NA 261.2'-62.0,
- BEMEE] 1904 {contmueds sight gray, coarsely devi rified :: fracture with

65 ~—i't/100% taz2 . @60.0'---:  and sugary, 1.5-2.0 cm. oxidized clay.

- 4132050 -+ " TUFF pale yetowish brown 10 '.:I
- YR 6/2 slightly indurateq, )

2 —'Tox nonwalded, phenocryst nch (S0 I @81.8, 10.0em
= 2084 rhyolite ash flow. Pumice '.. - welded tuff
={t8s75% lapilli contain some ncaiFe  [q@y | S xenolith

75 = p— oxide. Phenocrysts ara quartz| ¢ - centaining an
= err2.0- {5-10% up to 20 mmyand |0 | 2 equant 1.5 cm
“leonoon [ 829" |@77.0'---. sanidina (5% up to 1.0 mm) | -§ dacite lithic with

80 — 9501541  o0.20 ; with Schiller blus iridescenca. -:1 ] 1.0-2.0 mm
- “TUFF. SAA. variably @ quartz
. T— 0.28 noningurated to skghtty in- ae g phenocrysts

85 — durateg. slightly weded. ‘ [ surrounded by
= Pumica fapilli are SAA. Dacite [ ﬁ" feldspar
- 0.03) a9 fithics are <2%. up to 2.0 cm, © {plagioctase-tike)

90 —. 22/50% to2.c |@89.5 TUFF. SAA, shightly-induratad .‘ 2 ahering to clay
= 041 ash flow. Pumice lapilii are ) = (kaolnite?).

o sy : SAA except unique 4.0.5.0 | @] & @ 100.0', locsl

g5 —| Trermaramasecss “cm coarsaly devit rified purmice|oiis"* "] o Fe oxide yialds

- 94.0'-120.0" \bomb with sugary texturea pt yallow st roaked

= 95-0155 2.41 ialter relict tube stouctures. = tuff.
100—=1""* TUFF, grayish orange pink 5 :3 = @ 102.0' fost

= 0.47 YR 7/2 nonindurated to circulation air

Ty : 8.102.8....., slightly induraied. nonweided '“!fv.‘:‘,':l dus to plugged
1054 ‘01020 Q.193.5..... i rhyolte ash fiow. Pumica ] @ bit.

~farom 013|120 i llapili are two types (1) @ © 102.8'-103.5",

—jansx i icoarsely devitrilied, 0.5-2.0 | phenocryst-rich
110—22 1 i iem, (2) brown, fine-graned | interval is

- gwilh iapdli cores aitered to . possibla surge

—Jionoe% 0.84 | H :Milﬁﬁhv.ihminitﬂ?lu........‘: ﬂ related deposit.
115 At :  PHENOCRYSTS 50%. 0.5-1.5[ @ €103.5',

- L..mm guartz in tuft mar, i@ dl oxidizad fractur

=P Nesmee|  ga7 TUFF, SAA, grayish orange | @ with same dark
120-= : pink 5YR 7/2. noninaurated. ud brown clay,

1D = 120.0¢
ER2005-0172 C-15 October 2005




MDA C Investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT

FIELD UNIT 5
BOREMOLE LOG
BOREHOQOLE ID: s0-9108 TA/OU:. 5071147 MDA: MDAC 1 of: 2
Drilling Co.: Tonto Environmental Core Box #(S) 3 cuntings Start Oate: aro9/95 End Date:e/15/95
Drilling ine. 10 core Time: 16:45 Time:14:00

Drilling Equip./ Method: ingersoil-Fand tracx mounted air
core with total dust suppresson

Sampling Method: Cantirvous 5.0 core basel

Driller: Larry Thoren Gaeologist: JonMann.ReneEvans  Declination: 45.0° Bearing: $75.0°E  TD: 120.0 ft

EM/Golder
o | @
“les|E_| =
g— ot
= * 2 S{og|== o |2 |28
s [s8ls_188(xz8 <4 jg 123
- SO | B ~i8 O | D is2
= |[Ex S8 E|D. £ |2 ISE
2 (e |2E |23 & |5 |ET
© |go|S2=S|EE|S8 . 8 |£ 88
O |00 |aZ == O Lithology G |3 |20| Notes
0 = o7 0-0.7' SOML. organic. sity, sand, clay. N Borenote 50
it Bt e m|-7-50°  ALL medium brown, reworked 9106 is located
5 ad o3 poxes tutt, most, appraximataty
59.70 lverized, moist, 50.0'east of PRt
Tlarsow 6.05 TUFF, paie rea 5 R 6/ 2, rhyalite 4 in tha central
= 7.0°-51.5 ash flow, nonnauratad. dry to porticn of MDA
10 06t siightly moist. Pumice lapili are| & Cand angied
=l v2en V6O refict pits in core. 15%. 1.0-2.0 bemaeth vartical
- 205 cm. Core moisture impacts dispasal shafts
15— recovery by clogging the and-the former
= aox circutation hose. ramp at the east
20 -} 5r0% end of Pit 4.
- prpey - Surface casiw
= 1.25 @22.0 TUFF. same as above {SAA), e sst a1 8.0°.
B a1 iran oxide on racture with = 911.0-41.0°,
25 h— 1 some clay. % poor and
1 ZAL L = inconsistent
90 —=[1noex 95-0048 6.39 S28.0 AENDRYST AQGAEGATE, 50% tg recovary due to
- €29.0° in tufl matrix, ight brownish - fractured tuf!
—jremsox 1797 2285 gray S YR &/ 1 elongate pieces & and poor air
35 = ‘ {1.0-4.0 cm) of cemented E circuiation.
- 13787% 42853 quartz and sanidine crystala = 028.0'-28.0",
- {0.5-1.5 mm}, @ enocryst-rich
40 = t4r% TUFF. SAA, 30% phanocrysts. 'd ? z:grognta a
Y W . #0| = possipie surge-
=[ 187%™ | us-0050] 1688.41]3200°" 5 i related daposit.
™
45 —on00% 048.0'  TUFF. SAA, tight brownish gray | @Y% _ 048.4'49.0"
=TV 5 YR &/ 1, nonindurated, non- & 5 strongly oxidized
50_—1zmeE] 139636 ,woidea rhyolite asn fiow. dry. [WB@ tracture with
- ==33“m AAD0 [oeieszearseans _. TUH:' pmk:sh gray 5 W 6/1, . clay. sampled for
|zero% 28021(56% 51.5°-91.5" stightly induratea. sightly MRAL.
55 | zsroos wddad. rhyotite asn flow. dry.
“|zer00% Pumice tapilli are elongate up to
“lazmax | 95-0054) 2729[5/565" 1.0 by 5.0 cm, ught brown o
- 65.% very light gray, coarsely
60 —rrmre] devitritied, with some Fe oxide.
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MDA C Investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: 50-9106 TA/OU:  50/1147 MDA: MDAC Page: 2 of: 2
Drilling Co.: Tonto Environmenta Core Box #(s) 3 cuttings Start Date: s/9/95 End Date: 8/15/85
Drilling ine. 10 cora Time: 16:45 Time: 14:00
Drilling Eguip./Met hod: ngersoftfiand track mounted air Sampiling Method: Continuous 5.0' core barrel _
core with total dust subprassion
Driller: Larry Thoren Geologist: JonMarin. feneEvans  Declination: 45.0° Bearing: S75.0°E TD: 120.01t
ERWGolder
39'- % 4 g —
a" (=] e -Es ot
o gg §S| o o | S5(F5
%‘ T 2 NG E 6 B~ o 2 Q0
b c8 |= = ] % ,2 -4 o 25
= (2285|228 o |22
s | (=28 [2E1S . £ 18125
§ |ez|5E|E2)ss 52|52
c = = . =L
O 00 |€2 |S-jou Litholog G | 5 |=ZO| Notes
60 —jemcm. VEES- (515915 TUFF. SAA, phenocrysts am | @ NA |9 55.970.0.
— 2w 100% Cant (continued) cuartz, 15%. up to 2.0 mm. |49 fractures ara
65 — -37 @62.5 TUFF, SAA. moderataly promment but
o indurated. moderately weided .: tresn with no
- 159 shyolite ash flow, ary. Pumice |ege clay ar Fe oxida.
——Jatre0% 5650 ‘apdli are elongate avermging [P
70 8.0 ; &
= 95-0058 - 36 1.0 em long, light gray to - | =
e D~ dark chocolate brown, - E
75 =1 coarsaly davit ritiad, aw T
= 158 @75.0 TUFF, SAA, pinkish gray 5 W {#s w| 2
- , B2, hyolte ash low. ary. |4 o) 3
80— e { TUFF. pintusn gray 5 YR 8/1. 1@ §
= <38 ; nonndurated to slightly a a
Spve ! indurated. nonweided 1o o 2
85 =] i slightly weided, rhyoite ash E
—j35/100% i tiow, dry. Pumice fapuii are 1t %
Z §85-0083| - 53 i gray to med. brown. coarsely .. pe
g0 — w91 arges- { devitrified. <1.0em , 15%. 3 r 18
= L X2 : Tult matrix contains yeliow 187 =
—paR .88 91.5'-120.0' iron oxide surrounding cark | I
95 = brown pumice lapil, | . - o
Py | HENOCRYSTS, loose. 40% in; .g -
= er v R T s P : tutf matrix, subroundeg pitnd IS . .
100 19.98.0....... . quartz, Schiller blue irid [ €98.0-119.0',
— a0/ 100% 1.02 @085 5 _saniding, 0.5-2.0 mm. E" muitiple
=t w980 o— | . storich
Z{*VToeR [ 9s-00e? PUPT-1 LRI PP A .-.ﬁM. ................. s .- phenaocry
105 =l @.104.0....... SHENOCRASYS. AQQH .52 f 2 e intervais are
= o.r7 @ 1087 TUFF, SAA, 20% phenocrysts, possthie surge
g rET @110.0°  TUR, very light gray. non- | @ retated deposita.
jo—pox | [ .odurated, ash flow. dry........ =.
uf XTI Q113.5....... HEOGNETS. 564 %. .
— {467 100% 147 f.112.0.......] i
= @.115.8 2
115_41”&7‘! 107111 5 . ..... i‘ -
e roon 95-007 t - 33 -120.00 g.s.:..;:;g. ..................................... L
g Prerre—s g S R
120 1D =320 0
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MDA C Investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: 50-9107 TA/OU:; sosti47 MDA: MDAC Page: 1 of 2
Drilling Co.:Tento Environmentat Core Box #(s) 4 cutungs  Start Date: 8/28/95 End Date: 8/30/95
Drilfing inc. 10 care Time: 13:00 Time: 12:30
Drilling Equip./Method; 'ngersoll-Rand track mounted air Sampling Method: Continuous 5.0' tore barvel
core with total dust suppression
Driller: Lary Tharen Geologist: Jon Manin, Rene Evans  Declination: 45.0° Bearing: N4.0°W TD: 1180#
ERM/Golder
12 |2 —
a Ol T e— -G-J. —
| §|EB|5B| $ E |=c
<= =2 \» D | D135 o6
QL Q Q =0 o Q =
> co |5 sa|x%x.2 3 lo |25
S [Se|8-|0T|8 o |'® |23
Toril=9 1 E o — & o =
= >0 S |ls 29
= oo = <S|pE a |g |E
& |55({SE|zE|5¢ g |£ |65
0 |0 l<Z |3+ [OW Lithology G {3 |=O| Notes
= e e —
0°C o7 0-1.0" SOIL, ctay, siit and sand, red Borehole 50-
ut R e brown, moist. 9107 is located
5= WMavoxes 11.0°-11.0'  FILL, mocerate brown 5 YR in the
ot 3/4, organic, moist. noncontrotied
- 22 centrai portion
10 = 160" MDA C
112 196 approximately
=1 3/100% 11.0'-62.2' TUFF, grayisn orange pink 5 30.0" south of
- YR 7/2 nonindurated, slightty [ @ and angied
- 95-0166 "
152 4190% 1.47) welded rhiyoilte ash flow, dry. L beneath Pit 6.
- Pumice lapilii are 10-15%, [ ] Surface casing
20 = 0.6 0.5-2.0 cm, elongate, contain | iy set at 7.0°.
-1 5/20% minute guartz and sanigine P = @ 36.0'-36.5",
- %g 109_-5'- crystals in coarsely devitrified 1 i ) = some weak FeOx
05 oo 115 il sugary texture along reiict - 5 and some clay ond
- ) tube structures. Phenocrysts | S few fractures.
=1 rom are jocal broyramidal quartz in | @ =
- pumice lapiili and tuff matrix 3
30 2.42 up to 1.0 mm. .‘ o
~lanoon I leasy TUFF, same s above (5aa), @) | 2
35 - pinkish gray 5 YR 8/1 slightly e E
- indurated, nonwelded rhyolite =
—-{ g% | 30T} 405 4 ash flow, ary. .‘ o
40 — 4 & @ 43.0'43.5",
-~ 1o/74% F l ] E strongiymcized
= & - fracture with
- 4/41.3'- i 5 surrounded by
45 — 8840.7 P ;
- 5354_7; g @ 43.0' TUFF, paiered 5 YR 6/2. >w = red-stained
= 560107 | 1789.44 slightly indurated, sightty | ¢/@¥ 5 (moderately
5021 ivoom weided rhyolite ash flow, dry. .. oxidized) tuff
- Pumice iapiili are slightly matrx.
= elongate ana contain minute :
—{ 15/80% 5/43.8% quartz and sanidine crystais in @ 46.0'-46.5",
55— 49964.1¢60.0 coarsely devitrfied sugary - red stained
il B texture aiong relict tube {mooerately
- 950178
= 16/ 100% 32565.53 s ures, oxidized) dry
60 et ® tutt.
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MDA C Investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROQJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: s06-2107 TAIOU:  :or11a7 MDA: MpAC Page: 2 of: 2
Oriling Co.: Tonto Environmentai Core Box #(s) 4 cutngs  Start Date: g/28/95 End Date: g;30/85
Orilling inc. 10 core Time: 13:00 Time: 12:30
Driling Equip. /Met hod: ‘ngarsoll-Rand rack mounteo arr Sampling Method: Contmuous 5.0' care barrel
cone with total dust sunoression N
Driller: Larry Thoren  Geologist; JonMann FeneEvars  Dgelination: 45.0° Bearing: N4.0°W TD: 118.0 R
ERW Golder
) [«4]
LN 'E. ‘ g, —
S ER|E= D 2=
- o a1 a8 @ o El=g
ey ® 2 [¥)] b 1) G 3 - e pou} DO
= 3 (2 p L
a c 3 B x - |25
£ |58 |85|B2|3" s | 8128
Er |0 £ - = | &|sE
£ O © }.ﬂ é SleE Q °|E2
[» g = [+ E -— =0 [v] = cc
[ 60 S|EE|e8 . v = |28
a |oo |&=2i3F o Litholo S | 5 |S0| Notes
60 “jirmox iy
= t1594.9g8mo00~ Mcommoeay o
65 1870% 1599 06684 £6.2°-90.0 TUR, SAA. mocerately -
—jienoon 'EEEEE 31116 induratad, slightly weidod. ®
—j2onoox pnenccryst ncn myacute asn
70 =21 75% tiow, dry. Pumice iapdii are o
- b 6306.58 elongate, 0.2-1.5 cm, 5%. |9 @} _
I YT 1m0 coarsely dewi ntied. minute & E
75 quarnz and sanging along L I
“lrames, | 950181 hro190.59 relict tube structures. Matrix a. 2
. crviTa phenpcrysts are auan z and '§
Bo;m sarcding with Schiller bhus o
e U widascanca. 10% each. up to 8 : u'.:
- ame.0+ t.0 mm. Rare gacite ithic 4.0 8
g5 —J7TmET ] oot i by 6.0 cm. | 85.5-86.8'
T . o, $ tracture with Fo
i m— { TUFE. grayen o rangapmxs pe onde and some
go—Ema— | 0 I YA7/2, nonindurateg, aon- ? 18 clay.
=|onas 90.0°-118.0' waeided. soft ryoite nsh flow. J =
w=i31/93% 885.54 dry. Pumice iapifli ara dull i
95 — whitish gray to dark brown, ]
Tlazmsw | 2591881 653.81 ° o’:“ﬂ-?" 0970 coarsely devitritied. 5%, 0.5- P
= ’ muziiniingiy 4.0 em. Phenocrysts ar 5 g @07.0°-98.4",
100 33 72% @98.4° :iquanzand sandine with  : phenocryst-rich
= :: Schiller biue irdascence, 10%]® intervel ba
= 112 54——] iieechupto1Omm. 3 .‘ possible surgo-
105 : RYSTS, 50%. wetl relatod deposit.
bt Cadiaied 26.93 i sorted. up to .0 mm, ..
“hor102s : bipyromidal quartz and
110—Jsmex |so z2gq-nao : subhodral saredine, m tutt
= (R O rossmnans
- TUFF, SAA. graysn orange .
1154 pink 5YR 7/2. norwndurates. |@ 74
= nonweided. soft rhvolite asn | 8
flow dry, | @
120— [TD = 118.0
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MDA C Investigation Work Plan, Revision 2

October 2005

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LCG
BOREHOLE ID; 50-5108 TA/QU:  so71147 MDA: MDAC Page: 1 of: 2
Drifling Co.: Tonto Environmental Core Box #(s) 4 cuntings Start Date: 8/30.95 End Date:g/6/08
Drilting inc. 11 core Time: 15:00 Time:3:00
Drilling Equip. /Method: IngersollRana track moynted air Sampling Method: Continuous 5.0' core barrel
corg with torat dust suppression -
Driller: Larry Thoren Geologist: FeneEvans, JonMarin - Daclination: 45.0° Beaning: N40.0°6 TD: 120.0ft
84/ CGalder
|2
° [~ g, -
=lE3 (3| B H
_ @ @ 2 =c
Q g Q Q) o o =
@ = - g & ix2 - Q D
= =] 8 - St 8 o o _
o (=0 £ : = o (8=
5 oo |2 ERE N c |2 IEg
g |55|8E|xcE{5¢ s £ |S§5
— F E—
Q (OO0 |<Z |2 |0u Lithology O |35 |[2O]| Notes
———
0= 075 jO-1.0° SOIL. zrown, organec, si, clay. Borehole 50-
=}r100% el 1-077.5  FILL. reworked fine to coarse 9108 is located
- o4 vees tutf. mogarate srown 1o pale approximately
5= gray oranga pmk 5YR7/2. 25.0'south ot
“lareow 160, pP——_moist, tha Chemicat Pit
- V25 |7.5-41.0' TUFF. graysh pinx orange 5 YR in the westem
10 — 7/2. nonindurated to slightly @ controtied
| arasx indurateq, sightty welded to portion of MDA
- 0 moderataly weided rhyolite ash C and angied
15 ... 950195 0.68 tiow. ary. Pumice tapilli are beneath the
—|eem devitnfied, gray. <1-5%. 0.3- Chomicai Pit
- 248 1.0 cm. Phenocrysts are and Pit 8.
20 28.0 .
—lsr75% quartz and samaing, 10-20%., = Surtace casing
- 1.0 mm. E set at 7.5°.
- 2145 TURF. sama as apova (SAA), = @8.1'-8.8" gnd
25 Tz 2.14 very hight gray N8 to light to 2 14.0'-14.5", red
- moderate brown 5 YRS5/E lo § e staineg
a0 = I I F— YR 4/4. slightly weided, weakly | @ | S {moderately
- 1.98)305 oxidized with iron (Fe} oxide - oxidized) tuft
- spiotches in matnx. g matrix.
35 = o/ 40% @31.0'  TUFF. SAA, pala light brown E
gray SYRG/1. 2
- tormex 250200 0.52 @35.00 TURF. SAA, pale to moderate @ @ 36.0",
40— brown S YR 5/2 to 5YR 4/4 g’ possible weak
— #.39.5....... TURF. SAA, pale gray to light ..[..... = oxidation stain.
5% 4795 H ; =
= ey [41.0-95.5 brownshgray SR 61, i - 9 40.0-40.5".
i [P 0.48 TUFF. light brownish gray 5 W 7 brown FeOx
45— e SRS 8/1. moderately incurated. - stain,
moderat ely weided, rhyotite 5
50" 13/88% flow. ary. Pumice Iapilli are 2-
] .01 5%. write to pate gray,
I LYY devitritiad with remnant tube
“lranoe% 59.0° structures. Matrix phenocryst
55 — 152 are quartz ang sarsdine, 20-
- . 30% total. Local rubbly, lass-
T|rsmen |58 3.96 i indurated intervais, 0.5-1.0 ft
60 — arar thick.
C-20 ER2005-0172



MDA C Investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PRQJECT
FIEED UNIT 5
BOREHOLE LOG
BOREHOLE ID: s0-9108 TA/OLE  so/1147 MDA: MDAC Page: 2 oft 2
Drilling Ca.: Tonta Environmental Core Box #(S) 4 cutings  Start Date: gs30/95 End Date:gss/95
Orifting inc. 11 core Time: 16:0¢ Time:9:00
Orilling Equip. /Method: ngersoli-Rand track mounted air Sampling Method: Continuous 5.0' core barmot
cora with total dust suooression
Driller: Larry Thoren Ceologist: Fene Evans. onMarin  Daciination: 45.0° Bearing: N400°E TD: 120.01t
EM/Colder
o | @
a\ -6- 1 _E’ —
c1ER|Es @ 2=
—_ ela@gn|es| & o | SITE
= = Ny (== S
@ c8 |= Gol|x 2 J |e|3%
= |32 1851978 o | &|e3
rw |2 = ! = o |le=
£ >C|d5|eE a [ I8
=4 oo |=E 21® g ilsc
@ oG |25|EE |8 . El£i8g
a _|oc gz |=F- Ok Lithology G | 5 IS0 Notes
60" —{isicm. ff;ﬂ'- 41.0'-95.5 TUF. SAA. NA | 2 68-5. raro
S F— 0.B7{cem. {contmueq) r- oxwlized clay
65 = @62.5 TURF, SAA, nonindurated to accurmuiation in
= stightly inquratea intervais. !c tutt matrix (5 YR
—[i7oox 1.0 @67.3 TUF. SAA. mogeratety - 5/6).
70— — indurated. mogarately welded{@®
—]i80% 78.2° rhyolite asn flow, dry. ".ﬂ -
- 495 e | S
75— - - 0 75.0, frecturs)
~hame @ 76.0¢ TUFF,SAA. 3.0by 4.0cm |60 o] S at 30 degreas to
- 9502101 1203 xenolith of intermediate - ~§ coro axig with
= . voicaric composiion (dacita). @ oxidized clay and
- ame2-
80 —tz0ncox . r: a black coating
- - ] such as
- - £ manganesa oxidal
85 1 10x - (Mn0,}.
" < 2
- 2258 .. p
90 77 9/88.6" “ ?
- 100.0r - '-:o;
={23/100% s
a5 ":zm 28.38 hbstenesenrareressorenrasnas Cretiderra e rerurannna . ? q o
- s 950215 | 4483 95.5'-120.0' TURF, gray orangish pink 5 YR| @ | =
o 1 7/2 1o very light gray N8, L IB=]
100— 6043 nonindurated (powdery), non-"‘
—|sr30% walded rhyolite ash flow. dry. | &
h 1O/ 100.0° Pumice lapiti are rare. < 1%, | 4
105— saagf-12o devitrified and averngs 1.0 %
—jrasx cm. Phenocrysts are quarntz
= |z mon and saredine, 20-25% totas, | S8
110 —jBRs 95.34 up to 1.0 mm. Matrix ..
P 17107 containg 5% oxidized golden
Tpti00% | 950220 g8 brown {10YR 6/6 to SYR" -«
115— 15120 4/4) stainad areas up 10 2.0 “
Tl -120.0 mm irof possible oxmation of &
- 57.8 farvic mneral (i.e.. hematite). »
120 -
D = 120.0°
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MDA C Investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: 50-9108 TA/QU:  s50/1147 MDA. MDAC Page: 1 of: 2
Drilling Co.: Tonto Environmental Core Box #(s) 5 cunings Start Date: gr11/95 End Date:s/14/95
Drifling fnc. 12 corp Time: 14:45 Time:17:30
Drilling Equip./ Method: ingersoi-Fana track mounted air Sampling Method: Continucus 5.0° cars barme!
corg with total dust subpresson
Driller: Larry Thoren Gaologist: Fene Evans, JonMarin  Declination: 45.0° Bearing: N84.0°E  TD: 12001t
ERM/Golder
2le
; [~ E, —
51ER|58) 3 f |=c
T {*3 881 S|== P |S {@o
bl cB|= 3 a|x2 4 |le |8
= S8 -~ 8 o D = 3
= c | =9 E ! = o |2=
= >£ ‘—1' S|oE a |l |2@
a |22 |GTE|xEl586 & 2|5 5
C O c = - (=4 . o~ =]
QO o0 |<Z |2+ {0w Lithology 8 |3 [20}] Notes
. A o o — ————s ——
{3 R 0-8.0° 0-0.5' SQIL. gark brown. arganc. sat. Bomnote 50-
= e e of0-5-17.5 cay. NA 9109 is located
- 5 boxes ALL. rewarked tuff. clay, siit. approamately
S Tl sana, fina 1o coarse, dark 35.0° within the
e PSS brown 10 red brown, maist. most westerm
10 === 0041155 comer of MDAC
P 0.83 and angled
= : beneath Pit 6.
Ll Surlace casing
15 —lvrs set a1 8.0
: il .
- 950226 :2:5 - {17.5-42.0' TUFF. light brown gray 5 YR
20 ~ors @ &6/ % to grayish orange pink 5
- YA 7/ 2. slightly indurated.
=|roem o slightly weided 10 mocerately &
25 = oo 45t welded, rhyclite ash flow, dry. .‘.
-1 Pumice iapilll are 10%, white, =
e . devit ntied. and pawdery. ® ]
30 — of 38 Frenocrysts are quanz and 8 5 @ 34.1°-38.0°,
-1 W 100% saniding. 20-25% total, Lithics 5 modarately
8 7y absent. Local areas (splotches 2 oxidized tutf.
35 — B8-6231 g.21 and streaks) of weak iron axide (il 3 @ 46.8', local Fe
—|avoon .64 in matrix, o oxidation in tuff
40-= 488~ | et seeecsreseaenas 2 matrix possibly
-] 16/ 100% “e TUFF graysh arange pink § YRE g from ce-
pnf At SRR S T FOOURR 7/2, sightly indurated, slightly:{---.-- = composed Lithice
ot il 008 42.0'-102.5weldad to modarately welded. P 051.0-51.2,
45— 18 70% . ' rhyakte ash flow. dry. & phenocryst-rich
LI g'gz S1a4.9% intermediate composition lava = intarval is
i sar (dacite) lithics are 2%, 2.0 by - possibie surge
— B.4%.9....., 2.0 cm and modarats iron oxj ) relzind doposit.
=larer @51.2 : : splotchesmmatmx. = 051.2'51.5,
- of : TPFENDORETE 4045%, quan 5 vertical fracture
55 —fez e sz :...2nd sanicine in cuft matree, with FeOx s
b= TUFF, SAA. . clay. o
i FITET 0 ©57.8°-58.0".
525
60 2 & red chy.
Qctober 2005 C-22 ER2005-0172



MDA C Investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT

FIELD UNIT 5
.BOREHOLE L.OG
BOREHOLEID: 50-8109 TA/QU. so/1147 MDA: wmDAC 2 of: 2
Drilling Co.: Tonto Environmentai Core Box #(s) 5 cuttings Start Date: g/11785 nd Date: gr14/95
Drilling nec. 12 core Time: 14:45 ﬁme_ 17:30

Drilling Equip. /Met hod: Ingersoli-Fand track mounted air
core with total dust suppression

Sampling Method: Continuous 5.0 core barrat

Driller: Larry Thoren Gaologist: Rene Evans, JonMarin -~ Declination: 45.0° Bearing: N84.0°€ TD: 120.0%

ER2005-0172 C-23

ERM /Golger
] o}
>la. |2 =
SIEZ|Em ] =
= =232 {852 o 5|55
D o |20 | #* [} =
O c8 |= a|x,© - Lo =g

w= =) 8 - (3 - 8 - Q = 3

c |EC (<SR 2 = ' c 1 218¢

g [ee|dE|Z2|2E §|2|5¢g

D S 06 S|ZE Q8 . L =80

a (0o lfz|=E=]|0O Lithology G | 5 |206| Notes

60 “lzs s 2;5;-"' 42.0'-102.5' TUFF. grayish orange pink 5 | @t N
—Fanoon 088 (contmued) YA 7/2, slightly indurated, ‘= ‘

65 ——2zroox | 0.88 slightly weided to modarately - @ 65.5', installed
) ELTITON YT EICT 1 welded, rhyolite ash tiow. dry. (S o casing dus to
=feonr 127|707 SAA, pumice lapi, L fost air

70 phenocrysts, lithics, and Fe '= circulation.
= 30/100% Qxida in matrix. P
- @700 TUFF, SAA. moderatety [ )

75 = 152f, o indurat ed. modaratety welded,| WH®
- 215 ae = @755, open
T e w | fracture. no clay,

80 - 50248 0.77 d B weak FaOx in
oy P g 1,0-2.0 mm
=|a2r100% | £ spiotches.

- 0.71 - 3

85 —dliR0k _
= gmis- l@01.00 TUFF. SAA, pink gray sAa/2, P gl
g EVFITC ya.77{827 skghtly indurated. nonweldeo ( 2= £ 086.0°-86.4",

90— to glightly weided. Pumice :‘ k- clay with FeOx
- 158.96 lapilli are two typas (1) pale - o smeared On core
—[35100% red 5R §/2 with Fe oxidation 2

a5 — P and (2} white and rare. each .- E
“[pemex ] r60erfrors brown owgiod hecies. ||

100— Matrix phenocrysts are quartzw. ‘m‘ 9 98.0', clay
e | | s and sanidine. 10-15% o, | W) E contert
- 10257 726.0'TUFE, pink gray SR 8/ 5. non- I.‘ > increasing to

105 —p3ic0x 22 171015 indurat ed. nonwelded. thick cay
: 39 0% J1.0 @ 106.0° TUFF, SAA, pale brown Fe .. accumulation. .
—lsoman 0 oxide stainin tuft matrixis | g 9;:5-5"; d‘:."

= typical. q. solid, moders
110—s1mon 0.ar @109.0'  TUFF.5AA. with banded .‘ brown to gray
= _ oxidized clay, 0.5 by 1.0 cm, brown (5 YR4/4

115 =]z T ] 0.2 _‘12'2;_3”' moderate orange pink 5 YA | W le5YR3/2).

e FEYITS 8/4 tolight brown 5 YR 5/6, (Bd
- 0 possibly after vapor-phase >
120_=fers aftered retict pumice woiti. __|f#®
D= 700
October 2005




MDA C investigation Work Plan, Revision 2

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG

BOREHOLE ID: 50-931¢

MDA: MDAC

1 of: 2

Drilling Co.: Tonto Environmentat Core Box #(s) & cuttings

End Date: 9r1as9s
Time: 15:00

Starnt Date: 9/15/95
7 care Time: 12:30

Drilling Equip. /Method: ingersoll-Rand track mountsad air
core with total dust suppression

Sampting Method: Continuous 5.0" core barret

Driiler: Larry Thoren

Geologist: FeneEvars. JonMarin - Declination: 70.0°

Bearing: s67.0°e TD: o100

o { @
= = =
SIER| S| 3 £ |-
= (%= [BR]| 8= {e= 2|35 |38
o e 8 1= Cls (Q)_ Q —ol o |28
2 SO 8 [ (B - - o T |= 3
= ow (=0 e ! = e |2 =
£ o | 22|25 £ S 15|58
=N - o = S g |2 |§&
@ 6o |3 = = : L = S
a OO0 |cZ | =- 0L Lithotogy O |3 I=Z0O| Notes
[0 T T -8.0° o SOli.. medm brown. organic, Borehcte 50-
—{trroo% silt, clay, moist, 9110 is located
- FILL. rewarxed fuff. clay, sit, approxmately
5 = sand, tuft fragments. medum 25.0° within the
= 1 northwestem
i L TUFF. weathered pirvash gray corner of MDAC
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APPENDIX D STATISTICAL ANALYSIS OF CHEMICAL ANALYTICAL DATA FROM MATERIAL
DISPOSAL AREA C

D-1.0 INTRODUCTION

This appendix presents detailed statistical evaluations that support Section B-2 by providing summary
statistics, exploratory data analysis, and background comparisons. The statistical methods are described
in Section D-2. The plots and evaluation results are presented in Section D-3. Separate subsections in
D-3 present different environmental media, including surface soil and fill {D-3.1), subsurface tuff (D-3.2),
and pore gas (D-3.2). Sail, fill, and tuff samples were analyzed for constituents including inorganic
chemicals (metals and cyanide), radionuclides, and organic chemicals (volatile organic compounds
[VOCs], semivolatile organic compounds [SVOCs], palychlorinated biphenyls [PCBs], and pesticides).

D-2.0 OVERVIEW OF STATISTICAL METHODS

A variety of statistical methods may be applied to each of the data sets. The method used depends on
how appropriate it is for the available data.

D-2.1 Exploratory Data Analysis

Graphical analyses include bubble plots, box plots, and borehole profile plots. These analyses provide a
visual representation of the data and determine the presence of outliers or other anomalous data that
might affect statistical results and interpretations. The plots allow a visual comparison among
concentration distributions. The differences of interest may include an overall shift in concentration (shift
of central location) or, when the centers are nearly equal, a difference between the upper tails of the two
distributions (elevated concentrations in a small fraction of one distribution). The plots may be used in
conjunction with the statistical tests (distributional comparisons) described below. Unless otherwise
noted, the nondetects are included in the plots at their reported detection limit (DL) or estimated
quantitation limit (EQL).

Bubble plots. Bubble plots provide a spatial representation of the surface scil and fill data at MDA C. The
circles, or bubbles, are different sizes based on concentrations, and these bubbles are ploited on a map
of the site. The size of the bubble is directly proportional to the relative concentrations in the data set; in
other wards, relatively smaller concentrations are assigned smaller bubbles and the relatively larger
concentrations are represented by larger bubbles. The legend of each figure gives the interpretation of
the bubble size. Unless otherwise specified, the legend provides the minimum, median, and maximum for
all of the data (both detected and nondetected concentrations). If the background value (BV) is between
the minimum and maximum ccencentrations of the site data, the BV and a bubble proportional to the
background value are also presented in the legend. For every location where a sample concentration for
an inorganic chemical or radionuclide was reported, a bubble is plotted that is proportional to that
concentration. For organic chemicals, only the detected concentrations are shown in the figure. The
bubble plots are useful for identifying patterns of increased surface concentrations for a particular analyte
across the site. The pit boundaries have been revised based on review of as-built drawings, geophysical
surveys, and other sources of information. Therefore, the pit boundaries on the bubble plot figures may
not be exactly the same as other figures in this document. However, the pit boundaries are similar
enough to allow for general conclusions.

Box plots. A box plot consists of a box, a line across the box, whiskers (lines extended beyond the box
and terminated with a short perpendicular line), and points outside the whiskers. The box area of the plot
is the region between the 25th percentile and the 75th percentile of the data, the interquartile range or
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middie half of the data. The horizontal line within the box represents the median (50th percentile) of the
data. The whiskers give an interval of 1.5 times the interquartiie range, outside of which data may be
evaluated for their potential as outliers. Often, the concentrations are plotted as points overlaying the box
plot. When a data set contains both detected concentrations and nondetected results reported as DLs,
the detected concentrations are plotted as x’s, and the nondetected resulis are plotted as o’s.

Borehole Profile Plots. Borehole profile plots depict the concentration results by depth in boreholes. They
are used to evaluate evidence of release from the disposal structure associated with a given borehole
and to determine if the extent of any contamination has been bounded (decreasing trend). The filled
shapes (i.e., circles) represent detects and the open shapes represent nondetects. A dotted line in the
figure represents the BV. The solid lines on the right side of the plot labeled with shafts or pit numbers
indicate which samples were collected beneath a shaft or a pit. These solid lines represent the
approximate location of the pit or shaft above each borehole. Because pit boundaries were revised
according to as-built drawings, geophysical surveys, and cther sources of information, these
representations are as accurate as possible.

D-2.2 Distributional Comparisons

Comparisons between data sets that might represent different concentration distributions, such as
site-specific data and Los Alamos National Laboratory {(LANL or the Laboratory) background data, are
performed using a variety of statistical methods. For background comparisons, the first step is to compare
the site data with a BV. A BV may be an estimated value for the background data set {upper tolerance
limit [95, 95] or the 95% upper confidence bound on the 95th quartile), a detection limit, a fallout value, a
minimum detectable activity (MDA), or it may be calculated based on secular equilibrium or a total
analysis. The term “background value” will be used in the text to represent any of these values. The upper
tolerance limit (UTL) comparisons are followed, when appropriate, by statistical tests that evaluate
potential differences between the distributions. These tests are used for testing hypotheses about data
from two potentially different distributions, for example, a test of the hypothesis that site concentrations
are elevated above background levels. Nonparametric tests that are most commonly performed include
the two-sample Wilcoxon Rank Sum test (Wilcoxon test), the Gehan test (modification of the Wilcoxon
test), and the quantile test (Gehan 1965, 55611; Gilbert and Simpson 1990, 55612). The Gehan test is
best suited for assessing complete shifts in distributions. This test accounts for nondetects at multiple DLs
in a statistically robust manner. If nondetects are absent in the data, the Gehan test is equivalent to the
Wilcoxon test. The quantile test is better suited for assessing shifts of a subset of the data’. Between the
two tests (Gehan and quantile), most differences between distributions can be identified.

Qccasionally, if the differences between two distributions appear to occur far into the tails, the slippage
test might be performed to evaluate the potential for some of the site data to be greater than the
maximum BV if, in fact, the site data and background data came from the same distribution. If the data
reasonably satisfy normality assumptions, as demonstrated with the exploratory data analysisz, and there
are relatively few nondetects, then a parametric t-test can be used to compare two distributions.
Observed significance levels (p-values) are obtained from the Gehan, quantile, slippage, and/or t-tests. If
a p-value is much less than a specified probability, that is, 0.05 (a nominal significance level), then there

"The quantile test is performed at a specified quantile level, usually 80%. This threshold is established to determine if
the relative proportion of the two populations being tested is different in the top 20% of the data than it is in the
remainder of the data. If this difference is recognized, then there is reason to believe that the distributions are
partially shifted because of different tail effects. However, this shift implies that the test cannot be performed if more
than 80% (or the threshold percentage) of the combined data are nondetects.

2 Formal tests for normality might also be performed, such as the Kolmogorov-Smirnov test (Gilbert 1987, 56173).
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is some reason to suspect that differences exist between the distributions. If the p-value is much greater
than 0.05, no difference is indicated. If the p-value is close to 0.05, then the need for further evaluation is
indicated. In particular, when many tests are performed on the same set of data, there is an increased
possibility of observing a p-value of less than 0.05 by random chance alone. Adjustments to the nominal
significance level can be considered using methods described in Box et al. (1978, 56653, pp. 203-207)
and Keppel {1982, 56652, pp. 145-165).

The standard set of tests is run whenever the detection rate for both material disposal area (MDA) C and
Laboratory background is greater than 50%; if there are fewer than 50% in either set, then the Gehan test
is not applicable.

D-3.0 STATISTICAL RESULTS

Resource Conservation and Recovery Act (RCRA) facility investigation (RFI) data from MDA C include
surface soil or fill samples from 190 locations, subsurface tuff samples from 11 borehole locations,
surface-flux samples from 101 locations, and pore-gas samples from 2 boreholes. The locations of the
disposal shafts and the sampling locations are shown in Figures B-3 and B-9.

D-3.1 Surface Soil and Fill Sample Results

Surface soil and filt samples at MDA C were collected from a 60- by 60-ft grid laid out across and beyond
MDA C. A total of 203 soil samples were collected from the 0-6 in. interval at nodes of the 60- by 60-ft
grid. As shown on Figure B-3, sampling density was highest in the northeast comer of MDA C. Samples
were screened for gross alpha, beta, and gamma radiation; tritium; and soil moisture. The samples were
analyzed as follows: 81 samples were analyzed for radionuclides (gamma-emitting radionuclides by
gamma spectroscopy, tritium, uranium isotopes, plutonium isotopes, strontium-90, and americium-241);
68 samples were analyzed for SYOCs and inorganic chemicals; 193 samples were analyzed for
pesticides/PCBs (59 samples were analyzed at a fixed laboratory and 134 samples were analyzed only in
a mobile laboratory); and 9 samples were analyzed for VOCs.

D-3.1.1 Inorganic Chemicals

The surface soil and fill samples were analyzed for a limited list of target analyte list (TAL) metals.
Although samples were identified as either soil or fill, they are grouped together for purposes of
comparing the site data to BVs. Inorganic chemical concentrations were compared with Laboratory-wide
BVs for all-soil horizon (ALLH) (LANL 1998, 59730). The frequency of detects greater than the BV of the
inorganic chemicals in surface seil and fill is summarized in Table B-10.

Because these samples were analyzed only for a limited list of inorganic chemicals, the distribution of
concentrations of the MDA C data (and DLs for nondetects) and the distribution of concentrations from
the ALLH background data set for all analytes are presented in Figure D-1.

The figure shows that the distributions of concentrations for most inorganic chemicals are no larger than
the distribution of background concentrations. For most analytes, there are no results above the
Laboratory-wide soil BVs, and the distributions appear to be shifted lower than the Laboratory
background distribution. The only exception, lead, is discussed below. Table D-1 shows the results of the
statistical tests for all analytes.

The Gehan and quantile tests show a significant difference for mercury; however, the size of the sample
set was much smaller for mercury. In addition, the results for all of the site data for mercury were
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nondetects with a detection limit of 0.1 mg/kg, which is equal to the maximum of the mercury background
data set of 0.1 mg/kg. Silver was reported with two detected values (the maximum was 6 mg/kg), but no
data set is available for any further background tests. The distribution of lead concentrations in surface
soil and fill at MDA C is elevated compared to the distribution of lead in the background data. This finding
is further supported by the results of the Gehan and quantile tests where the p-values are less than 0.05
in both cases, indicating that a difference in the distributions exists. Figure D-2 shows the distribution of
lead in the surface soil.

The highest concentrations of lead on the surface are in the surface soil along the southwest side of
MDA C. The maximum concentration was detected in a sample that is not near any pits or shafis. In
addition, the maximum concentration of lead is 30 mg/kg, which is only slightly elevated relative to a BY
of 22.3 mg/kg. The box plot of the surface soil and fill data for lead compared to the background data for
lead shows that the two distributions are almost identical. The higher concentrations in the scil samples
along the southwest margin of MDA-C may reflect lead contamination associated with disposal activities
that was covered over when fill was applied in the 1984 interim action.

D-3.1.2 Radionuclides

The surface soil and fill samples were analyzed for radionuclides. Although samples were identified as
either soil or fill, they are grouped together for purposes of comparing the site data to BVs. The term
“background values” will be used in the text to refer to any background values, whether or not they are for
fallout radionuclides. The detected radioactivity concentrations were compared with Laboratory
background values (LANL 1998, 59730). Fallout radionuclides include americium-241, cesium-137,
plutonium-238, plutonium-239, strontium-90, and tritium. Tritium data from surface soil and fill samples
are not presented in this appendix since they are not used to support the evaluation of nature and extent
of contamination. The frequency of detects greater than BV of the radionuclides in surface soil and fill is
summarized in Table B-12.

Americium-241, plutonium-238, plutonium-239, thorium-232, and uranium-238 were detected above the
all soil horizon BV in at least one sample. The BVs for thorium-232 and uranium-238 are surrogates from
sediment data. The concentrations of these radionuclides in the Laboratory’s background canyon
sediment data set were measured using different analytical methods than the site soil samples at MDA C.
Mesa-top soil and canyon sediment also may have different concentrations of these radionuclides
resulting from differences in the parent material from which the soils and sediments are formed.
Therefore, further statistical tests were not performed for thorium-232 and uranium-238. Background data
sets were available for americium-241, plutonium-238, and plutonium-239 to perform further statistical
tests. The results of the statistical tests are presented in Table D-2.

The distributions of americium-241, plutenium-238, and plutenium-239 are shown in Figures D-3 to D-5.
The highest concentrations of americium-241, plutonium-238, and plutonium-239 are in the northeast
corner of MDA C and along the eastern edge of MDA C. These are areas where the least amount, if any,
fill material was applied and where run cff into Ten Site Canyon occurs.

D-3.1.3 Organic Chemicals

The surface soil and fill samples were analyzed for pesticides, PCBs, and SVOCs. Nine samples were
also analyzed for VOCs. Five organic chemicals were detected in these samples. The frequency of
detects of the organic chemicals in surface soil and fill are summarized in Table B-14. Acenaphthene and
pentachlorophenol were each detected in only one sample (fill and soil, respectively) on the south side of
MDA C. Aroclor-1254, Aroclor-1260, and bis(2-ethythexyl)phthalate were detected in fill samples.
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As shown in Figure D-6, the highest detected concentration of Aroclor-1254 was 1 mg/kg on the northern
boundary of Pit 2. The other two detected concentrations of 0.17 and 0.07 mg/kg were in the southeast
corner of MDA C. By contrast, the four detected concentrations of Aroclor-1260 were all above Pit 6 in the
northwest corner of MDA C. Figure D-7 shows the detected concentrations of Aroclor-1260 in the surface
soil and fill samples. Bis(2-ethylhexyl)phthalate was detected twice in fill samples in the northwest portion
of MDA C in the area of Pit 6 (see Figure D-8).

D-3.2 Subsurface Tuff

Two vertical boreholes and nine angled boreholes were drilled in the immediate vicinity of the inactive
disposal shafts and seven pits (Figure B-9). From these boreholes, 82 core tuff samples were collected
for fixed laboratory analyses, 79 from unit 3 Tshirege Member (Qbt 3), 2 from unit 2 Tshirege Member
(Qbt 2) and 1 from the unit 1v Tshirege Member (Qbt 1v). The samples were analyzed for a full suite of
TAL metals and cyanide, pesticides/PCBs, SVOCs, VOCs, americium-241, isotopic plutonium, isctopic
thorium, isotopic uranium, strontium-80, tritium, and gamma-emitting radionuclides.

D-3.2.1 Inorganic Chemicals

Inorganic chemical results for samples collected from the Qbt 3 and Qbt 2 units were compared with the
BVs for upper Qbt units (Qbt 2, Qbt 3, Qbt 4). Samples collected from the Qbt 1v unit were compared with
Qbt tv BVs (LANL 1998, 59730). The frequency of detects greater than BV of the inorganic chemicals in
subsurface tuff is presented in Table B-20.

Statistical analysis (box plots and distribution shift tests) to determine whether a release may have
occurred in tuff must be used in addition to other information because of the way these samples were
collected and what they represent. Any individual tuff sample from beneath a pit or shaft field may
potentially contain residual contamination related to localized infiltration of contaminants from the disposal
unit. Therefore, while statistical analyses may be a useful part of data evaluation, it is also necessary to
examine the data for evidence of one or more outliers in contaminant concentrations that may not be
statistically significant but nevertheless could be indicative of a release.

All incrganic chemicals are presented in Figure D-9. These box plots show that the distribution of
concentrations for most inorganic chemicals is similar to the distribution of background concentrations.
The exceptions are antimony, lead, and selenium.

The sample data from all subsurface tuff samples collected in Qbt 3 and Qbt 2 were treated as a whole
group, and statistical tests were run to identify whether or not any inorganic chemicals were elevated
above background in the tuff. Table D-3 shows the results of the statistical tests for inorganic chemicals in
Qbt 2 and Qbt 3.

As shown in the box plots, cyanide and mercury do not have a background data set for Qbt 2 and Qbt 3.
Therefore, further statistical tests couid not be performed for these two analytes. Although the DL for
mercury in eleven tuff samples was slightly above the BV of 0.1 mg/kg, further evaluation of the results
found that three samples collected from Qbt2 and Qbt1v had DLs of 0.05 mg/kg, which is less than the
BV of 0.1 mg/kg. The eleven samples that were detected above the BV were reported with a DL of 0.11
mg/kg, which is equivalent to the BV of 0.1 mg/kg. The lack of detectable mercury slightly above or below
the BV does not indicate a release from MDA C. Additional mercury data will be collected in proposed
boreholes.
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Cyanide was detected in eleven samples collected from Qbt3. There is no BV for cyanide in tuff, so
detection status was used as a guide for further evaluation. The detected concentrations of cyanide
ranged between 0.22 and 10.2 mg/kg (see Table B-21). Figure D-14 provides additional review of the
cyanide data in the form of borehole concentration profiles. Cyanide was detected three times in borehale
50-09101 and five times in borehole 50-09104, Cyanide was also detected once in three additional
boreholes: 50-09100, 50-09108, and 50-09110. As discussed in Section B-2.3, cyanide results were also
rejected for sixteen samples {a maximum of two samples from nine different boreholes). Fifteen of these
samples were collected from curated core; the cyanide data were rejected because holding times had
been exceeded. Collection of additional cyanide data is specified in the proposed boreholes.

Four inorganic chemicals (antimony, selenium, silver, and thallium}) were analyzed by twe different
analytical methods. The éntimony background data was analyzed by inductively coupled plasma mass
spectroscopy ({CPMS); however, the MDA C site data was analyzed by at least one other method
inductively coupled plasma emission spectroscopy (ICPES). Many of the higher detection limits are the
elevated values. Selenium site and background data were analyzed by graphite furnace atomic
absorption. A subset of the site data was analyzed by flame atomic absorption and ICPES. Silver site and
background data were also analyzed by ICPES, but a subset of the site data was also analyzed by other
methods. Thallium, which is supposed to be analyzed by ICPMS to be comparable to the background
data, was analyzed by at least two additional methods. Antimony and selenium were significantly above
the BV based on the box plots. These two analytes have elevated DLs that make reviewing the data in
this manner inappropriate. The DL problems resulted from differences in the methods used to analyze the
samples. Because of the differences in analytical methods, statistical tests were not run for these
analytes. Silver and thallium samples were also run by more than one methed. The maximum detect of
thallium was above the BV but not above the maximum of the background data set, so the statistical test
supports the conclusion that thallium is similar to background. Silver was not above the BV in any
subsurface tuff sample.

Figures D-10 to D-17 show the borehole profile or pattern of analytical concentrations by depth {below
ground surface [bgs]) within individual boreholes for inorganic chemicals detected above the BV at least
twice. Detected concentrations (filled circles) and DLs for nondetects (open circles) identify patterns that
might be associated with a release. The BV for each tuff unit is shown for comparison to the analytical
concentrations. The related pits and shafts are also shown for each borehole to show when higher
concentrations of an analyte were detected directly beneath a pit or shaft.

D-3.2.2 Radionuclides

Borehole samples were analyzed for americium-241, isotopic plutonium, isotopic thorium, isotopic
uranium, strontium-90, tritium, and radionuclides by gamma spectroscopy. Not all the radionuclides in the
gamma spectroscopy suite were analyzed. The full-suite analyte list, which is given in the Laboratory’s
analytical services statement of work (LANL 1995, 49738), includes the decay series of the naturally
occurring radionuclides, uranium-235, uranium-238, and thorium-232, as well as fission and activation
products and their progeny. Measurements of naturally occurring radionuclides known to be present in
Laboratory soils provide an indication of the quality of the gamma spectroscopy analysis.

Actinium-228, barium-140, bismuth-212, neptunium-237, protactinium-231, protactinium-234, lead-210,
lead-211, radium-223, radium-224, radium-226, and radon-219 are not reliably measured by gamma
spectroscopy and are not evaluated. Of the radionuclides that are analyzed reliably by gamma
spectroscopy, ten have half-lives of less than 365 days and are not considered further. Data for many of
these short-lived radionuclides may be useful when evaluating parent radionuclide data because the
relative activity of parent and daughter isotopes is a known quantity. These data are used by the
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analytical laboratory as well as by ENV-ERS during baseline validation. The naturally occurring
radionuclide potassium-40 is present in Laboratory soils at concentrations ranging between 25 pCi/g and
40 pCi/g and is always present in the gamma spectrum of Laboratory soil samples. The potassium-40
gamma emission peak provides a qualitative indicator of the accuracy of the gamma spectroscopy
measurement. Potassium-40 is not considered to be a potential historical contaminant at MDA C and is
not evaluated further.

The gamma spectroscopy radionuclides that are evaluated in this report are those considered to be
potential historical contaminants at Laboratory sites. They include naturally occurring uranium-235 and
seven figsion and activation products (americium-241, cesium-134, cesium-137, cobalt-60, europium-152,
ruthenium-106, and sodium-22). Uranium-235 is compared with Laboratory-wide BVs for the appropriate
tuff group (LANL 1998, 59730), and the cther radionuclides are evaluated on the basis of detection
status. The frequency of detects of the radionuclides in subsurface tuff is summarized in Table B-22.

Americium-241, plutonium-238, plutonium-239, sodium-22, strontium-90, and tritium were all detected in
the subsurface tuff in more than two samples. Uranium-235 was detected above the appropriate BV in
more than two subsurface samples. Cesium-134, cesium-137, cobalt-60, europium-152, and uranium-238
were detected once or twice in the subsurface tuff samples.

Tritium was detected in every borehole and in almost every sample. Figure D-18 shows the borehole
profile for tritium in all of the bareholes at MDA C.

Because of the variability involved with calculating uncertainties and MDAs on a sample-specific basis,
the radionuclide data must be considered carefully. In particular, uncertainty in the detect status of
americium-241 in some samples may affect interpretation of the extent of americium-241 in tuff. Data
were qualified as nondetects according to one of three reason codes. The result was considered to be a
nondetect if the result was less than 3 multiplied by the uncertainty, if the result was less than the MDA,
or if the blank showed evidence of contamination. In the case of americium-241 results being reported at
concentrations less than the MDA, focused validation revealed that the MDA reported electronically in the
database could not be verified by the hard-copy data package. This disparity raised the question of
whether the result should be considered a detect because the result was greater than 3 multiplied by the
uncertainty, but less than the MDA (where the MDA could not be verified). This uncertainty affected three
results in borehole 50-09101. Because americium-241 may be present in these samples, the
americium-241 profile plots in Figure D-19 reflect these three results as detects.

Plutonium-238 was detected in one borehole, and plutonium-239 was detected in two boreholes.
Americium-241 was detected in both boreholes where plutonium-239 was detected although not at the
same depths. Figure D-20 shows the borehole profiles for plutonium-239 data.

The only detects of uranium-235 above the BV were from the samples submitted for analysis in 1996.
These samples were analyzed by ICPMS instead of alpha spectroscopy. ICPMS usually results in higher
concentrations, so these concentrations probably do not indicate a release of uranium but rather a
difference in analytical methods. Figure D-21 illustrates that all samples analyzed by ICPMS in 1996 not
only have the higher results but also were from the same analytical laboratory.

D-3.2.3 Organic Chemicals

Tuff samples were analyzed for PCBs, pesticides, SVOCs, and VOCs. Only six organic chemicals were
detected in one or more of the 54 core samples. Of these six organic chemicals, methylene chloride,
2-methylphenol, and toluene were detected only once at concentrations below the EQL. Acetone,
bis(2-ethylhexyl)phthalate, and 1,1-dichioroethene were each detected in a maximum of eight samples.
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Only acetone was detected above the EQL. The frequency of detects of the organic chemicals in
subsurface tuff is summarized in Table B-24.

Figure D-22 illustrates where the detected concentrations of acetone where located at MDA C.

Bis(2-ethylhexyl)phthalate was detected once in boreholes 50-09103, 50-09105, 50-09108, and 50-09110
{see Figure D-23). Figure D-24 shows that 1,1-dichloroethene was detected only in borehole 50-09103 at
four different depths below Pits 3 and 2.

D-3.3 VOCs in Pore-Gas Samples

Pore-gas data are available for borehole 50-09100 for five quarters between August 2000 and November
2001 and one additional quarter in January 2003. Pore-gas data are available from borehole 50-10131
from November 2001 and January 2003. Twenty-four VOCs were detected in these samples. A summary
of the detected VOCs from all sampling in both boreholes is presented in Table D-4.

The sampling events that occurred between August 2000 and November 2001 resulted in two SUMMA
canister samples collected at each sampling event with one exception. The sampling that took place for
borehole 50-09100 on August 8, 2001, resulted in four SUMMA samples being sent to the analytical
laboratory. So, in some cases, multiple results exist for the same depth although the samples were
collected at different times and by different people. For some depths, no samples were collected. This
sample collection pattern makes it difficut to look for trends.

Tetrachloroethene (PCE) and trichloroethylene (TCE) were detected most frequently and at the highest
concentrations in the pore gas. These two analytes were also detected in at least half of the soil-gas
survey samples. Figures D-25 and D-26 show all of the reported concentrations for PCE and TCE in
borehole 50-10131. PCE appears to be decreasing with depth in this borehcle, and the overall maximum
from all sampling events is near the top of the borehole. TCE results have generally been constant over
all depths. The concentrations range between 1.1 and 2.3 ppmv in all samples.

Figures D-27 and D-28 show all of the reported concentraticns for PCE and TCE in borehole 50-09100.
Except for a few anomalous results in 2001, all the SUMMA analysis appears to show consistent
concentrations of PCE in borehole 50-09100. TCE shows a pattern of increasing concentrations with
increasing depth in this borehole. Although there is some variability between the results, the maximum
concentrations are below 200 ft in this borehole.

Samples were collected at both boreholes in January 2003. To discern any patterns, SUMMA samples
were collected, screened, and analyzed at every port in both boreholes. Figures D-29 and D-30 show
plots with the Briel and Krajer {B&K) versus the SUMMA data from borehole 50-09100 for both TCE and
PCE. As the plots show, the correlation between the B&K and SUMMA data is not strong.

34 Tritium in Pore-Gas Samples

Fifteen samples were collected from tritium probes at MDA C. All fifteen tritium results were reported as
detected values. The individual results are presented in Table D-5. Two of the tritium results were a factor
of ten higher than the rest of the results. Figure D-31 shows a bubble plot of these tritium resuits. As the
figure illustrates, the two highest results were found north of Pit 6 and south of Pit 6.
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Figure D-2. Bubble plot of lead concentrations from surface soil and fill material at MDA C
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Figure D-3. Bubble plot of americium-241 concentrations from surface soil and fill material at
MDA C
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Figure D4. Bubble plot of plutonium-238 concentrations from surface soil and fill material at
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Figure D-5. Bubbie plot of plutonium-239 concentrations from surface soil and fill material at
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Figure D-6 Bubble plot of Aroclor-1254 detected concentrations from surface soil and fill
material at MDA C
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Figure D-7 Bubble plot of Aroclor-1260 detected concentrations from surface soil and fill
matertal at MDA C
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Figure D-8 Bubble plot of bis{2-ethylhexyl)phthalate detected concentrations from surface soil
and fill material at MDA C
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Figure D-10. Borehole profile plot for antimony at MDA C
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Figure D-12. Borehole profite plot for barium at MDA C
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Figure D-29. Correlation plot for B&K and SUMMA data for trichloroethene in borehole 50-09100
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Figure D-31. Bubble plot of tritium from tritium probes at MDA C
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Table D-1
Results of Statistical Tests for MDA C Inorganic Chemicals in Surface Soil and Fill
No. Above
Gehan Quantile No. Site | Background Max Max BV?
Analyte p-value p-Value Data Data Site Background (YIN)
Antimony 0.94 n/a* 68 135 0.25 1 N
Arsenic 0.99 1 68 150 8 9.3 N
Barium 0.99 0.998908 68 173 250 410 N
Beryllium 0.75 0.987015 68 174 14 3.85 N
Cadmium 0.94 n/a 68 39 -0.4 26 N
Chromium 0.74 0.144962 68 173 18 36.5 N
Lead <0.05 <0.05 68 173 30 28 Y
Mercury <0.05 <0.05 10 39 0.1 01 N
Nickel 0.60 0.35 68 174 14 29 N
Potassium 0.62 1 2 174 1800 6850 N
Selenium 0.98 0.99 68 39 1 1.7 N
Sitver nfa n/a 68 n/a 6 nfa nfa
Thallium 1 1 68 173 0.21 N
*nfa = Not applicable.
Table D-2
Results of Statistical Tests for MDA C Radionuclides in Surface Soil and Fill
Gehan Quantile No. Site | No. Background Max Site Max Background
Analyte p-value p-value Data Data {pCilg) (pCifg}

Americium-241 <0.05 <(.05 68 27 1.017 0.013
Plutonium-238 <0.05 <0.05 68 56 0.219 0.037
Plutonium-239 <0.05 <0.05 68 56 10.687 0.055
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Table D-3
Results of Statistical Tests for MDA C Inorganic Chemicals in Subsurface Tuff
No. Max Above
Gehan Quantile No. Site | Background | Max Site .| Background Bv?
Analyte | p-Value p-Value |  Data Data (mglkg) {mg/kg) (YIN)
Aluminum 1 0.99 81 63 7900 8370 Y
Antimony NR? NR 75 64 11 0.4 Y
Arseric 0.66 0.17 81 64 9.8 5 Y
Barium 1 0.99 81 63 100 51.6 Y
Beryllium 1 0.99 81 64 1.3 1.8 N
Cadmium 1 1 81 15 0.82 1.5 N
Calcium 1 1 81 64 7390 2230 Y
Chromium 0.99 0.97 81 64 12.7 13 Y
Cobalt 0.92 0.86 81 11 3.8 3.14 Y
Copper 0.83 0.99 81 64 30.7 6.2 Y
Cyanide nfa® nfa 60 n/a 10.2 nfa nfa
Iron 0.99 1 81 64 8670 19500 N
Lead 0.99 0.88 81 63 75.2 15.5
Magnesium 0.99 0.99 81 64 2690 2820 N
Manganese 0.99 0.29 81 64 319 752
Mercury n/a n/a 81 n/a 0.11(U) n/a n/a
Nickel 0.54 0.88 81 63 13.2 7 Y
Potassium 1 1 81 75 1000 41360 N
Selenium NR NR 81 15 10.5 0.2 Y
Silver 0.55 NR 81 64 0.6 1.9 N
Sodium 1 1 81 64 387 7700 N
Thallium 0.23 0.29 81 64 14 1.7 Y
Vanadium 1 0.99 81 64 10.5 21 N
Zinc 0.99 1 81 64 54 65.6 N
“NR = Not run.

n/a = Not applicable.

ER2005-0172 D-37 October 2005




MDA C Investigation Work Plan, Revision 2

Table D4
Summary Table for Detected VOCs in Pore Gas
Location Sample Depth Result Collection
D ID (ft) Analyte (ppbv) |FU4_QUAL Date

50-09100 MD50-01-0022 20  |Acetone 18 Neone 08/08/01
50-09100 MD50-01-0022 20  |Carbon tetrachloride 18 None 08/08/01
50-09100 MD50-03-49738 20 [Carbon tetrachloride 18 None 01/09/03
50-09100 MD50-01-0027 20 |Carbon tetrachloride 22 None 11/26/01
50-09100 MD50-01-0001 20 |Carbon tetrachloride 23 None 03/26/01
50-09100 MD50-01-0001 20  |Chlcrodiflucromethane 49 None 03/26/01
50-09100 MD50-03-49738 20  |Chloroform 77 None 01/09/03
50-09100 MD50-01-0027 20 |Chloroform 110 None 11/26/01
50-09100 MD50-01-0001 20  |Chloroform 130 None 03/26/01
50-09100 MD50-01-0022 20 [Chloroform 170 None 08/08/01
50-03100 MD50-03-49738 20 Dichlorodiflucromethane 62 None 01/09/03
50-09100 MD50-01-0027 20 |Dichlorodifluoromethane 86 None 11/26/01
50-09100 MD50-01-0022 20 |Dichloroethane[1,2-] 85 None 08/08/01
50-09100 MD50-01-0022 20 |Dichioroethenefcis-1,2-] 6.3 None 08/08/01
50-08100 MD50-03-49738 20 |Dichloroethenefcis-1,2-] 93 None 01/09/03
50-09100 MD50-01-0027 20 [Dichloroethene[cis-1,2-] 14 None 11/26/01
50-09100 MD50-01-0001 20 |Dichioroethene[cis-1,2-] 18 None 03/26/01
50-09100 MD50-03-49738 20 |Dichloropropane[1,2-] 28 None 01/09/03
50-09100 MD50-01-0027 20 |Dichloropropane(1,2-] 6.4 None 11/26/01
50-09100 MD50-01-0022 20 |Dichloropropane(i,2-] 29 None 08/08/01
50-09100 MD50-03-49738 20  |Methylene chloride 29 None 01/09/03
50-03100 MD50-01-0022 20  [Methylene chloride 11 None 08/08/01
50-08100 MD50-01-0027 20 |Methylene chloride 69 None 11/26/01
50-03100 MD50-01-0022 20  Propanol[2-] 16 None 08/08/01
50-09100 MD50-03-49738 20 [Tetrachloroethene 33 None 01/09/03
50-03100 MD50-01-0027 20  |Tetrachloroethene 51 None 11/26/01
50-09100 MD50-01-0001 20 |Tetrachloroethene 70 None 03/26/01
50-09100 MD50-01-0022 20 |Tetrachloroethene 1200 None 08/08/01
50-08100 MD50-01-0022 20 |Toluene 24 None 08/08/01
50-09100 MD50-01-0022 20  |Trichloro-1,2,2-trifluoroethane(1,1,2-] 26 None 08/08/01
50-09100 MD50-03-49738 20 |Trichloro-1,2,2-trifluoroethane[1,1,2-] | 130 Nene 01/09/03
50-09100 MD50-01-0027 20 |Trichloro-1,2,2-trifluoroethane[1,1,2-] | 230 None 11/26/01
50-09100 MDS50-01-0001 20  |[Trichloro-1,2,2-triflucroethane[1,1,2-] | 260 None 03/26/01
50-09100 MD50-01-0022 20 |Trichloroethane(1,1,1-] 22 None 08/08/01
50-09100 MD50-03-49738 20  (Trichloroethane[1,1,1-] 32 None 01/09/03
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Table D-4 (continued)

Location Sample Depth Result Collection
ID ID {ft) Analyte (ppbv) |FU4_QUAL Date
50-09100 MD50-01-0001 20  |Trichloroethane[1,1,1-] 52 None 03/26/01
50-09100 MD50-01-0027 20  |Trichloroethane[1,1,1-] 54 None 11/26/01
50-09100 MD50-03-49738 20  |Trichloroethene 760 None 01/09/03
50-09100 IMDSO-O1-0027 20  (Trichloroethene 1100 None 11/26/01
50-09100 IMDSO—O1 -0022 20 [Trichloroethene 1400 None 08/08/01
50-08100 |MD$O—O1 -0001 20 (Trichloroethene 1600 Nene 03/26/01
50-08100 |MD50—03-49738 20  [Trichlorofluoromethane 37 None 01/08/03
50-08100 MD50-01-0027 20 [Trichlorofluoromethane 6 Naone 11/26/01
50-09100 MD50-01-0022 20 |Xylene (Total) 89 None 08/08/01
50-09100 MD50-01-0022 20 |Xylene[1,2-] 38 None 08/08/01
50-09100 MD50-03-49739 50 |Carbon tetrachloride 49 None 01/09/03
50-09100 MD50-01-0023 50 |Carbon tetrachloride 52 None 08/08/01
50-09100 MD50-01-0028 50 |Carbon tetrachloride 67 None 11/26/01
50-09100 MD50-03-49739 50 [Chloroform 220 None 01/09/03
50-09100 MD50-01-0023 50 [Chloroform 270 None 08/08/01
50-09100 MD50-01-0028 50 (Chloroform 360 None 11/26/01
50-09100 MD50-03-4973¢% 50 |Dichlorodifluoromethane 160 Naone 01/09/03
50-09100 MD50-01-0028 50 iDichlorodiflucromethane 150 None 11/26/01
50-08100 MD50-03-49739 50 ([Dichloroethane(1,2-] 8.3 J 01/09/03
50-09100 MD50-03-49739 50 |Dichloroethene[1,1-] 9.7 None 01/09/03
50-09100 MD50-03-49739 50 |Dichloroethene[cis-1,2-] 40 None 01/09/03
50-09100 MD50-01-0023 50 |Dichloroethene(cis-1,2-] 52 None 08/08/01
50-09100 MD50-01-0028 50 |Dichioroethene[cis-1,2-] 63 None 11/26/01
50-09100 MD50-03-49739 50 |Dichloropropane[1,2-] 12 None 01/09/03
50-09100 MD50-01-0023 50 [Dichloropropane([1,2-] 21 None 08r08/01
50-02100 MD50-01-0028 50 [Dichloropropane[i,2-} 28 None 11/26/01
50-09100 MD50-03-49739 50 [Methylene chloride 11 None 01/09/03
50-09100 MD50-01-0028 50  Methylene chloride 30 None 11/26/01
50-09100 MD50-03-49739 50 |Tetrachloroethene 100 None 01/09/03
50-09100 MD50-01-0023 50 |Tetrachloroethene 130 None 08/08/01
S50-08100 MD50-01-0028 50 [Tetrachloroethene 180 None 11/26/01
50-09100 MD50-03-49739 50  |Trichlore-1,2,2-trifluoroethane[1,1,2-] | 200 None 01/09/03
50-09100 MD50-01-0023 50  |Trichloro-1,2,2-trifluoroethane(1,1,2-] | 350 None 08/08/01
50-09100 MD50-01-0028 50 (Trichlore-1,2,2-trifluoroethanef1,1,2-] | 410 None 11/26/01
50-09100 MD50-03-49739 50 ([Trichloroethane[t,1,1-] 62 None 01/09/03
50-09100 MD50-01-0023 50 |Trichloroethane[1,1,1-] 86 None 08/08/01
50-09100 MD50-01-0028 50 [Trichloroethane[1,1,1-] 110 None 11/26/01
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Table D-4 {continued)

Location Sample Depth Result Collection
ID D {ft) Analyte {(ppbv) (FU4_QUAL Date

50-09100 MD50-03-49739 50 |Trichloroethene 2700 None 01/09/03
50-09100 MD50-01-0023 50 |[Trichloroethene 4000 None 08/08/01
50-09100 MD50-01-0028 50 [Trichloroethene 4400 None 11/26/01
50-09100 MD50-03-48740 90 |Carbon tetrachloride 80 None 01/09/03
50-09100 MD50-00-0124 90 |Carbon tetrachloride 80 None 12/18/00
50-09100 MD50-00-0099 90 {Carbon tetrachloride 140 J 08/02/00
50-09100 MD50-03-49740 90 [Chloroform 230 None 01/09/03
50-09100 MD50-00-0124 90 |Chloroform 370 None 12/18/00
50-09100 MD50-03-49740 90 [Dichloredifluoromethane 110 None 01/08/03
50-09100 MD50-00-0099 90 [Dichloredifluoromethane 230 J 08/02/00
50-09100 MD50-03-49740 90  [Dichloroethene[cis-1,2-] 52 None 01/09/03
50-09100 MD50-00-0124 90 [Dichloroethene[cis-1,2-] 72 None 12/18/00
50-09100 MD50-00-0099 90 [Dichlorcethene[cis-1,2-] 110 4 08/02/00
50-09100 MD50-00-0124 90 [Dichloropropane(1,2-] 31 None 12/18/00
50-08100 MD50-03-49740 90 [Methylene chloride 28 None 01/09/03
50-09100 MD50-00-0124 90  [Methylene chloride 54 None 12/18/00
50-09100 MD50-03-49740 90 |Tetrachloroethene 130 None 01/09/03
50-09100 MD50-00-0099 90 |Tetrachloroethene 240 J 08/02/00
50-09100 MD50-00-0124 90 |Tetrachloroethene 240 None 12/18/00
50-09100 MD50-03-49740 90 (Trichloro-1,2,2-trifluoroethanef1,1,2-] | 200 None 01/02/03
50-09100 MD50-00-0124 90 [Trichloro-1,2,2-trifluorcethanef1,1,2-] 350 None 12/18/00
50-09100 MD50-00-0099 90 |Trichlore-1,2 2-triflucroethanef1,1,2-] | 520 J 08/02/00
50-09100 MD50-03-48740 90 |Trichloroethane(1,1,1-] 60 None 01/02/03
50-09100 MD50-00-0124 90 [Trichloroethane[1,1,1-] 110 None 12/18/00
50-09100 |MD50—00-0099 90 (Trichloroethane[1,1,1-] 140 J 08/02/00
50-09100 |M D50-03-49740 90 (Trichloroethene 3300 None 01/09/03
50-09100 ‘M D50-00-0124 90  (Trichloroethene 6100 None 12/18/00
50-09100 IMD50-00-0099 90 (Trichloroethene 9400 None 08/02/00
50-09100 MD50-03-49741 103 |Carbon tetrachloride 66 None 01/09/03
50-09100 MD50-01-0021 103 |Carbon tetrachloride 89 None 08/08/01
50-09100 MD50-03-48741 103 |Chioroform 250 None 01/09/03
50-09100 MD50-01-0021 103 |Chioroform 380 None 08/08/01
50-09100 MD50-03-49741 103 |Dichlorgdiflucromethane 120 None 01/09/03
50-09100 MD50-03-49741 103 |Dichloroethenelcis-1,2-] 58 None 01/09/03
50-09100 MD50-01-0021 103 Dichtoroethene[cis-1,2-] 84 Nane 08/08/01
50-08100 MD50-03-49741 103 [Dichicropropane(1,2-] 18 None 01/09/03
50-09100 MD50-01-0021 103 |Dichloropropane[1,2-] 32 None 08/08/0
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Table D-4 {continued)

Location Sample Depth Result Collection
ID D {ft) Analyte (ppbv) [FU4_QUAL Date

50-09100 MD50-03-49741 103 [Methylene chloride 38 None 01/09/03
50-09100 MD50-01-0021 103  |Methylene chloride 57 None 08/08/01
50-09100 MD50-03-49741 103 |Tetrachloroethene 140 None 01/02/03
50-09100 MD50-01-0021 103 ([Tetrachloroethene 230 None 08/08/01
50-09100 MD50-03-49741 103 [Trichloro-1,2,2-triflucroethane(1,1,2-] | 200 None 01/08/03
50-09100 MD50-01-0021 103 |Trichloro-1,2,2-triflucroethane[1,1,2-] | 350 None 08/08/01
50-09100 MD50-03-49741 103 (Trichlorosthane]1,1,1-] 53 None 01/08/03
50-09100 MD50-01-0021 103 |Trichloroethane[1,1,1-} 98 None 08/08/01
50-09100 MD50-03-49741 103  ([Trichloroethene 3800 None 01/09/03
50-09100 MD50-01-0021 103 (Trichloroethene 5600 Nene 08/08/01
50-09100 MD50-03-49742 120 |Carbon tetrachloride 68 None 01/09/03
50-09100 MDS50-03-49742 120 |Chloroform 260 None 01/09/03
50-09100 MD50-03-49742 120 [Dichlorodiflucromethane 120 None 01/09/03
50-09100 MD50-03-49742 120 |Dichloroethene[cis-1,2-] 70 Naone 01/09/03
50-09100 MD50-03-49742 120 |Dichloropropane(1,2-] 22 None 01/02/03
50-09100 MD50-03-49742 120 |Methylene chloride 62 None 01/09/03
50-09100 MD50-03-49742 120 [Tetrachloroethene 160 None 01/09/03
50-09100 MD50-03-49742 120 |Trichloro-1,2,2-trifluoroethane[1,1,2-} | 170 None 01/09/03
50-09100 MD50-03-49742 120 (Trichloroethanel1,1,1-] 42 None 01/09/03
50-09100 MD50-03-49742 120 (Trichloroethene 4800 None 01/09/03
50-09100 MD50-03-49743 160 |Carbon tetrachloride 77 None 01/08/03
50-09100 MD50-03-49743 160 |Dichlorodifluoromethane 120 None 01/09/03
50-09100 MD50-03-49743 160 |Dichloroethene[cis-1,2-] 74 None 01/09/03
50-09100 MD50-03-49743 160 |Methylene chloride 120 None 01/09/03
50-09100 MD50-03-49743 160 |Tetrachloroethene 160 None 01/09/03
50-09100 MD50-03-49743 160 (Trichloro-1,2,2-triflucroethane[1,1,2-] | 130 None 01/09/03
50-09100 MD50-03-49743 180 |Trichloroethane[1,1,1-] 33 None 01/09/03
50-09100 MD50-03-49743 160 [Trichloroethene 5600 None 01/08/03
50-09100 MD50-01-0002 200 [Carbon tetrachloride 100 None 03/26/01
50-09100 MD50-03-49744 200 |Carbon tetrachloride 110 None 01/09/03
50-09100 MD50-00-0123 200 |Carbon tetrachloride 120 None 12/18/00
50-08100 MD50-01-0002 200 |Chloroform 300 None 03/26/01
50-09100 MD50-03-49744 200 |Chloroform 300 None 01/09/03
50-09100 MD50-00-0123 200 [Chloroform 380 None 12/18/00
50-09100 MD50-03-49744 200 |Dichlorodifluoromethane 170 Neone 01/08/03
50-09100 MD50-00-0123 200 |Dichloroethene{1,1-] 48 None 12/18/00
50-08100 MD50-01-0002 200 |Dichlorcethene[cis-1,2-] 100 None 03/26/01
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Table D-4 {continued)

Location Sample Depth Result Collection
ID ID {ft) Analyte {ppbv} |FU4_QUAL Date

50-02100 MD50-03-49744 200 |Dichloroethenefcis-1,2-] 100 None 01/08/03
50-09100 MD50-00-0123 200 |Dichloroethene(cis-1,2-] 110 None 12/18/00
50-09100 MD50-00-0123 200 |Dichloropropane(1,2-] 59 None 12/18/00
50-09100 MD50-03-49744 200 |Methylene chioride 240 None 01/09/03
50-08100 MD50-01-0002 200 |Methylene chloride 270 None 03/26/01
50-09100 MD50-00-0123 200 (Methylene chloride 410 None 12/18/00
50-09100 MD50-03-49744 200 ([Tetrachloroethene 230 None 01/09/03
50-09100 MD50-01-0002 200 |Tetrachloroethene 270 None 03/26/01
50-09100 MD50-00-0123 200 |(Tetrachloroethene 320 None 12/18/00
50-09100 MD50-03-49744 200 |[Trichloro-1,2,2-triflucroethane(1,1,2-] | 180 None 01/09/03
50-09100 MD50-01-0002 200 (Trichloro-1,2,2-triftuoroethane[1,1,2-] ;| 190 None 03/26/01
50-09100 MD50-00-0123 200 ([Trichloro-1,2,2-triflucroethane[1,1,2-] | 310 None 12/18/00
50-09100 MD50-03-49744 200 (Trichloroethane[1,1,1-] 44 None 01/09/03
50-09100 MD50-01-0002 200 (Trichloroethane[1,1,1-] 62 None 03/26/01
50-09100 MD50-00-0123 200 |Trichloroethane[1,1,1-] 840 None 12/18/00
50-09100 MD50-03-49744 200 [Trichloroethene 8800 None 01/09/03
50-09100 MD50-01-0002 200 |(Trichloroethene 9100 None 03/26/01
50-09100 MD50-00-0123 200 |Trichlorosthene 12000 None 12/18/00
50-09100 MD50-03-49745 233 |Carbon tetrachloride 97 None 01/09/03
50-09100 MD50-03-49745 233 [Chloroform 270 None 01/09/03
50-09100 MD50-03-49745 233 |Dichlorodiflucromethane 140 None 01/09/03
50-09100 MD50-03-49745 233 |Dichloroethene[cis-1,2-} 100 None 01/09/03
50-09100 MD50-03-49745 233 [Methylene chloride 230 None 01/09/03
50-09100 MD50-03-49745 233 |Tetrachloroethene 220 None 01/09/03
50-02100 MD50-03-49745 233 [Trichioro-1,2 2-triflucroethane(1,1,2-] ;. 140 None 01/09/03
50-09100 MD50-03-49745 233 |Trichloroethene 8700 None 01/09/03
50-09100 MD50-01-0024 260 |Acetone 68 None 08/08/01
50-08100 MD50-01-0024 260 |Benzene 43 None 08/08/01
50-09100 MD50-01-0024 260 |Butanone[2-] 3z None 08/08/01
50-09100 MD50-01-0024 260 [Carbon tetrachloride 12 None 08/08/01
50-09100 MD50-03-49746 260 |Carbon tetrachloride 86 None 01/09/03
50-09100 MD50-01-0024 280 |Chloroform 67 None 08/08/01
50-09100 MD50-03-48746 260 |Chloroform 180 None 01/09/03
50-09100 MD50-03-49746 260 |Dichlorodiflucromethane 130 None 01/09/03
50-09100 MD50-01-0024 260 [Dichloroethane{1,2-] 38 None 08/08/01
50-09100 MD50-01-0024 260 [Dichloroethenelcis-1,2-] 37 None 08/08/01
50-09100 MD50-03-49746 260 |Dichloroethenelcis-1,2-] 73 None 01/09/03
October 2005 D-42 ER2005-0172




MDA C Investigation Work Plan, Revision 2

Table D-4 (continued)

Location Sample Depth Result Collection
ID D {ft) Analyte {ppbv) |FU4_QUAL Date
50-09100 MD50-01-0024 260 [Dichloropropane[1,2-] 14 None 08/08/01
50-09100 MD50-01-0024 260 |Ethanol 42 Nane 08/08/01
50-09100 MD50-01-0024 260 |Ethylbenzene 3.3 None 08/08/01
50-09100 MD50-01-0024 260 [Methanol 210 None 08/08/01
50-09100 MDS50-01-0024 260 |Methylene chioride 8.8 None 0s/08/01
50-09100 MD50-03-49746 260 |Methylene chloride 150 None 01/09/03
50-09100 MD50-01-0024 260 |Propanol{2-] 35 None 08/08/01
50-09100 MD50-03-49746 260 ({Tetrachloroethene 170 None 01/09/03
50-09100 MD50-01-0024 260 ([Tetrachloroethene 510 None 08/08/01
50-09100 MD50-01-0024 260 ([Toluene 43 None 08/08/01
50-09100 MD50-01-0024 260 |Trichloro-1,2,2-trifluoroethanef1,1,2-] 11 None 08/08/01
50-09100 MD50-03-49746 260 (Trichloro-1,2,2-triflucroethane[1,1,2-] 83 None 01/09/03
50-09100 MD50-01-0024 260 (Trichtoroethane[1,1,1-] 17 None 08/08/01
50-09100 MD50-01-0024 260 (Trichloroethene 680 None 08/08/01
50-09100 MD50-03-49746 280 |Trichloroethene 7000 None 01/09/03
50-02100 MD50-01-0024 260 [Xylene (Total) 13 None 08/08/01
50-09100 MD50-01-0024 260 [Xylene[1,2-] 5 None 08/08/01
50-09100 MD50-03-49747 315 |Carbon tetrachloride 74 None 01/09/03
50-09100 MDS50-00-0100 315 |Carbon tetrachleride 140 J 08/02/00
50-09100 MD50-03-49747 315 [Chloroform 190 None 01/09/03
50-08100 MD50-03-49747 315 |Dichloroethene[cis-1,2-] 77 None 01/09/03
50-09100 MD50-00-0100 315 |Dichloroethene[cis-1,2-] 100 J 08/02/00
50-08100 MD50-03-49747 315  |Methylene chloride 160 None (1/09/03
50-09100 MD50-00-0100 315 [Methylene chloride 560 J 08/02/00
50-09100 MD50-03-49747 315 |Tetrachloroethene 170 None 01/09/03
50-09100 MD50-00-0100 315 |Tetrachloroethene 210 J 08/02/00
50-09100 MD50-03-49747 315 |Trichloro-1,2, 2-trifluoroethane[1,1,2-] 34 None 01/09/03
50-09100 MD50-03-49747 315 [Trichloroethene 7600 None 01/09/03
50-09100 MD50-00-0100 315 |[Trichloroethene 13000 None 08/02/00
50-10131 MD50-01-0025 25 |Acetone 28 None 11/26/01
50-10131 MD50-01-0025 25 |[Butanone[2-] 69 None 11/26/01
50-10131 MD50-03-42728 25  |Carbon tetrachioride 12 None 01/08/03
50-10131 ‘M D50-01-0025 25 |Carboen tetrachloride 25 None 11/26/01
50-10131 lM050—03-49728 25 |Chloroform 180 None 01/08/03
50-10131 MD50-01-0025 25  |Chloroform 220 None 11/26/01
50-10131 MD50-01-0025 25 |Dichlorodifluoromethane 34 None 11/26/01
150-10131 MD50-03-49728 25 |Dichloroethane(1,2-] 6 None 01/08/03
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Table D-4 {continued)

Location Sample Depth Result Collection
ID ID {ft) Analyte {ppbv) |FU4_QUAL Date

50-10131 MD50-01-0025 25 |Dichloroethane[1,2-] 99 None 11/26/01
50-10131 MD50-01-0025 25 |Dichloroethene[cis-1,2-] 69 None 11/26/01
50-10131 MD50-03-49728 25 |Dichloropropane[1,2-] 16 None 01/08/03
50-10131 MD50-01-0025 25 |Dichloropropane[1,2-] 37 None 11/26/01
50-10131 MD50-01-0025 25 |Methylene chloride 1 None 11/26/01
50-10131 MD50-01-0025 25 |Tetrachloroethene 1400 None 11/26/01
50-10131 MD50-03-49728 25 |Tetrachloroethene 1600 None 01/08/03
50-10131 MD50-01-0025 25 (Toluene 98 None 11/26/01
50-10131 MD50-03-49728 25  |[Trichloro-1,2,2-trifluoroethane(1,1,2-] 16 None 01/08/03
50-10131 MD50-01-0025 25 (Trichipro-1,2,2-tifluoroethane[1,1,2-] 27 Nene 11/26/01
50-10131 MD50-03-49728 25  [Trichloroethane[1,1,1-] 23 None 01/08/03
50-10131 MD50-01-0025 25 [Trichloroethane[1,1,1-] 62 None 11/26/01
50-10131 MD50-03-49728 25 [Trichloroethene 1400 None 01/08/03
50-10131 MD50-01-0025 25 [Trichloroethene 1800 None 11/26/01
50-10131 MD50-03-49728 25  [Trichlorofluoromethane 6.2 None 01/08/03
50-10131 MD50-01-0025 25 (Trichlorofluoromethane 9.2 None 11/28/01
50-10131 MD50-03-49729 50 |Carbon tetrachloride 24 None 01/08/03
50-10131 MD50-03-49729 50 |Chloroform 340 None 01/08/03
50-10131 MD50-03-49729 50 |Dichloroethane[1,2-] 20 Nene 01/08/03
50-10131 MD50-03-49729 50 |Dichlorcethene[cis-1,2-] 94 None 01/08/03
50-10131 MD50-03-49728 50 |Dichloropropanef1,2-] 652 None 01/08/03
50-10131 MD50-03-49729 50 |Ethanol 5700 J- 01/08/03
50-10131 MD50-03-49729 50 [Methylene chloride 12 None 01/08/03
50-10131 MD50-03-49729 50 [Propanol[2-] 220 None 01/08/03
50-10131 MD50-03-49729 50 |Tetrachloroethene 2100 None 01/08/03
50-10131 MD50-03-49729 50 |[Trichloro-1,2,2-trifluoroethane(1,1,2-] 31 None 01/08/03
50-10131 MD50-03-49729 50 |(Trichloroethane[1,1,1-] 28 None 01/08/03
50-10131 MD50-03-49729 50 |Trichlorosthene 2300 None 01/08/03
50-10131 MD50-03-49730 75 |Carbon tetrachloride 30 None 01/08/03
50-10131 |M D50-03-49730 75  |Chloroform 300 None 01/08/03
50-10131 lMD50—03—49730 75 |Dichloroethane[1,2-] 19 None 01/08/03
50-10131 ‘MDSO—03—49730 75 |Dichloroethene[cis-1,2-] 9.1 None 01/08/03
50-10131 ‘MD50—03—49730 75 |Dichloropropane[1,2-] 59 None 01/08/03
50-10131 ]MD50—03-49730 75 |Methylene chloride 16 None 01/08/03
50-10131 ‘MD50—03—49730 75 |Tetrachlorgethene 1600 None 01/08/03
50-10131 ‘MD50-03-49730 75 [Trichloro-1,2 2-triflucroethane(1,1,2-] 35 None 01/08/03
50-10131 ’MD50-03-49730 75  |Trichloroethane[1,1,1-} 28 None 01/08/03
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Table D-4 {continued)

Location Sample Depth Result Collection
ID D (ft} Analyte (ppbv) |FU4_QUAL Date
50-10131 MD50-03-49730 75  [Trichloroethene 1900 Nene 01/08/03
50-10131 MD50-03-49730 75  ([Trichlorofluoromethane 8.2 None 01/08/03
50-10131 MD50-03-49731 100 [Carbon tetrachloride 42 None 01/08/03
50-10131 MD50-03-49731 100 |Chloroform 260 None 01/08/03
50-10131 MD50-03-497 31 100 |Dichloroethane[1,2-] 18 Nane 01/08/03
50-10131 MD50-03-49731 100 |Dichloroethene[cis-1,2-] 12 None 01/08/03
50-10131 MD50-03-49731 100 |Dichloropropane[1,2-] 71 None 01/08/03
50-10131 MD50-03-49731 100 |Methylene chloride 18 None 01/08/03
50-10131 MD50-03-49731 100 |Tetrachloroethene 1400 None 01/08/03
50-10131 MD50-03-49731 100 (Trichlore-1,2,2-trifluoroethane(1,1,2-] 48 None 01/08/03
50-10131 MD50-03-49731 100 (Trichloroethane[t,1,1-] 34 None 01/08/03
50-10131 MD50-03-49731 100 ([Trichloroethene 2000 None 01/08/03
50-10131 MD50-03-49731 100 [Trichlorofluoromethane 94 None 01/08/03
50-10131 MD50-03-49732 125 |Carbon tetrachloride 29 None 01/08/03
50-10131 MD50-01-0026 125 |Carbon tetrachloride 36 None 11/26/01
50-10131 MD50-03-49732 125 [Chloroform 120 None 01/08/03
50-10131 MD50-01-0026 125 [Chloroform 180 None 11/26/01
50-10131 MD50-01-0026 125 |Dichlorodiflucromethane 50 None 11/26/01
50-10131 MD50-03-49732 125 Dichloroethane[1,2-] 98 None 01/08/03
50-10131 MD50-01-0026 125 |Dichloroethane[1,2-] 12 None 11/26/01
50-10131 MD50-03-49732 125 |Dichloroethene[cis-1,2-] 8.4 None 01/08/03
50-10131 MD50-01-0026 125 |Dichloroethene[cis-1,2-] 10 None 11/26/01
50-10131 MD50-03-49732 125 |Dichloropropane([1,2-] 43 None 01/08/03
50-10131 MD50-01-0026 125 |Dichloropropane[1,2-] 59 None 11/26/01
50-10131 MD50-01-0028 125 |Ethanol 35 None 11/26/01
50-10131 MD50-03-49732 125 |Methylene chloride 18 None 01/08/03
50-10131 MD50-01-0026 125 |Methylene chloride 19 None 11/26/01
50-10131 MD50-03-49732 125 |Tetrachloroethene 600 None 01/08/03
50-10131 MD50-01-0026 125 |Tetrachloroethene 1000 None 11/26/01
50-10131 MD50-01-0026 125 |Toluene 42 None 11/26/01
50-10131 MD50-03-49732 125 (Trichloro-1,2,2-triflucroethane(1,1,2-] 32 None 01/08/03
50-10131 MD50-01-0026 125 (Trichloro-1,2,2-trifluorcethane[t,1,2-] 52 None 11/26/01
50-10131 MD50-03-49732 125 (Trichloroethane(1,1,1-] 21 None 01/08/03
50-10131 MD50-01-00286 125 |Trichloroethane[1,1,1-] 49 None 11/26/01
50-10131 MD50-03-49732 125 |Trichloroethene 1100 Nane 01/08/03
50-10131 MD50-01-0026 125 |Trichloroethene 1600 None 11/26/01
50-10131 MD50-03-49732 125 [Trichloroflucromethane 54 None 01/08/03
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Table D-4 (continued)

Location Sample Depth Result Collection
D ID {ft) Analyte (ppbv) |FU4_QUAL Date

50-10131 MD50-01-0026 125 |Trichlorofluoromethane 97 None 11/26/01
50-10131 MD50-03-49733 150 |Carbon tetrachloride 61 None 01/08/03
50-10131 MD50-03-49733 150 |Chioroform 160 None 01/08/03
50-10131 MD50-03-49733 150 |Dichloroethane[1,2-] 13 None 01/08/03
50-10131 MD50-03-48733 160 iDichloroethene|cis-1,2-] 14 None 01/08/03
50-10131 MD50-03-49733 150 |Dichloropropane(1,2-] 64 None 01/08/03
50-10131 MD50-03-49733 150 |Methylene chloride 28 None 01/08/03
50-10131 MD50-03-49733 150 |Tetrachloroethene 990 None 01/08/03
50-10131 MD50-03-48733 150 |Trichloro-1,2,2-trifluoroethane(1,1,2-] 51 None 01/08/03
50-10131 MD50-0349733 150 |Trichloroethane[1,1,1-] 34 None 01/08/03
50-10131 MD50-03-49733 150 (Trichloroethene 1900 None 01/08/03
50-10131 MD50-03-49733 150 (Trichlorofluoromethane 87 None 01/08/03
50-10131 MD50-03-49734 175 [Carbon tetrachloride 75 None 01/08/03
50-10131 MD50-03-49734 175 |Chioroform 120 None 01/08/03
50-10131 MD50-03-49734 175 |Dichloroethane[1,2-] 9.4 None 01/08/03
50-10131 MD50-03-49734 175 |Dichloroethenelcis-1,2-] 15 None 01/08/03
50-10131 MD50-03-49734 175 [Dichloropropane([1,2-] 59 None 01/08/03
50-10131 MD50-03-49734 175 |Methylene chloride 25 None 01/08/03
50-10131 MD50-03-49734 175 |Tetrachloroethene 920 None 01/08/03
50-10131 MD50-03-49734 175 [Trichloro-1,2,2-trifluoroethane(1,1,2-] 41 None 01/08/03
50-10131 MD50-03-49734 175 |Trichloroethane[1,1,1-] 31 None 01/08/03
50-10131 MD50-03-49734 175 {Trichloroethene 1900 None 01/08/03
50-10131 MD50-03-49734 175 [Trichlorofluoromethane 8.1 None 01/08/03
50-10131 MDS50-03-49735 200 Carbon tetrachloride 85 None 01/08/03
50-10131 MD50-03-49735 200 [Chloroform 87 None 01/08/03
50-10131 MD50-03-49735 200 |Dichloroethene[cis-1,2-] 13 None 01/08/03
50-10131 MD50-03-49735 200 |Dichloropropane[1,2-] 47 None 01/08/03
50-10131 MD50-03-49735 200 |Methylene chloride 26 None 01/08/03
50-10131 MD50-03-49735 200 |Tetrachloroethene 800 None 01/08/03
50-10131 MD50-03-49735 200 |Trichloro-1,2,2-triflucroethane[1,1,2-] 32 None 01/08/03
50-10131 MD50-03-49735 200 |Trichloroethane(1,1,1-] 27 None 01/08/03
50-10131 MD50-03-49735 200 (Trichloroethene 1800 None 01/08/03
50-10131 MD50-03-49735 200 |Trichlorofluoromethane 8.3 None 01/08/03
50-10131 MD50-03-49736 225 |Carbon tetrachloride 99 None 01/08/03
50-10131 MDS50-03-49736 225 |Dichlorodifluoromethane 76 None 01/08/03
50-10131 MD50-03-49736 225 |Dichloroethene|cis-1,2-] 13 None 01/08/03
50-10131 MD50-03-49736 225 [Dichloropropane[1,2-] 43 None 01/08/03
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Table D-4 {continued)

Location Sample Depth Result Collection
D ID {ft) Analyte (ppbv) |FU4_QUAL Date
50-10131 MD50-03-49736 225 |Methylene chloride 26 None 01/08/03
50-10131 MD50-03-49736 225 |Tetrachloroethene 800 None 01/08/03
50-10131 MD50-03-49736 225 |Trichloro-1,2,2-trifluoroethane(1,1,2-] 28 None 01/08/03
50-10131 MD50-03-49736 225 |Trichloroethane[1,1,1-] 26 None 01/08/03
50-10131 MD50-03-49736 225 |Trichloroethene 1900 None 01/08/03
50-10131 MD50-03-49736 225 (Trichicrofluoromethane 8.6 None 01/08/03
50-10131 MD50-03-49737 250 |Carbaon tetrachloride 67 None 01/08/03
50-10131 MD50-03-49737 250 |Dichloredifluoromethane 51 None 01/08/03
50-10131 MD50-03-49737 250 |Dichloroethene[cis-1,2-] 7.2 None 01/08/03
50-10131 MD50-03-49737 250 |Dichloropropane[1,2-] 22 None 01/08/03
50-10131 MD50-03-49737 250  |Methylene chloride 14 None 01/08/03
50-10131 MD50-03-48737 250 |Tetrachloroethene 450 None 01/08/03
50-10131 MD50-03-49737 250 |[Trichloro-1,2,2-trifluoroethane(1,1,2-] 14 None 01/08/03
50-10131 MD50-03-49737 250 |Trichloroethane{1,1,1-] 15 None 01/08/03
50-10131 MD50-03-49737 250 (Trichloroethene 1100 None 01/08/03
50-10131 MD50-03-49737 250 (Trichlorofluoromethane 56 None 01/08/03
Table D-5
Tritium Probe Data at MDA C
Sample Depth Result
Location ID {ft) Sample [D Analyte {pCifmL)
50-03-21464 2.5 MD50-03-49958 Tritium 111
50-03-21465 25 MD50-03-49959 Tritium 8.87
50-03-21466 2.5 MD50-03-49960 Tritium 128
50-03-21467 25 MD50-03-49961 Tritium 2500
50-03-21468 25 MD50-03-49962 Tritium 36.2
50-03-21469 25 MD50-03-49963 Tritium 90.5
50-03-21470 25 MD50-03-49964 Tritium 84,2
50-03-21471 25 MD50-03-49965 Tritium 246
50-03-21472 25 MD50-03-49966 Tritium 1400
50-03-21473 25 MD50-03-49987 Tritium 202
50-03-21474 25 MD50-03-49968 Tritium 12.7
50-03-21475 25 MD50-03-49969 Tritium 41
50-03-21476 25 MD50-03-49970 Tritium 176
50-03-21477 25 MD50-03-49971 Tritium 9.93
50-03-21478 25 MD50-03-49972 Tritium 239
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APPENDIX F INVESTIGATION-DERIVED WASTE MANAGEMENT

This appendix to the work plan describes how investigation-derived waste (IDW) generated during the
investigation of Material Disposal Area (MDA) C at Los Alamos National Laboratory (the Laboratory) will
be managed. IDW is solid waste generated as a result of field-investigation activities and may include, but
is not limited to, drill cuttings; purge water; contaminated personal protective equipment (PPE), sampling
supplies, and plastic; fluids from the decontamination of PPE and sampling equipment; and all other
wastes potentially contacting contaminants. IDW generated during the investigation of MDA C will be
managed to protect human health and the environment, comply with applicable regulatory requirements,
and adhere to Laboratory waste-minimization goals.

All IDW generated during field-investigation activities will be managed in accordance with applicable
Environmental Stewardship—Environmental Characterization and Remediation (ENV-ECR) Group
standard operating procedures (SOPs). These SOPs incorporate the requirements of all applicable
Environmental Protection Agency (EPA) and New Mexico Environment Department (NMED) regulations,
Department of Energy (DOE) orders, and Laboratory implementation Requirements {LIRs). The
ENV-ECR SOPs applicable to the characterization and management of IDW are

s SOP-1.06, Management of En\}ironmental Restoration Project Waste and

¢ SOP-1.10, Waste Characterization.

These SOPs are among those applicable to the investigation at MDA C and are available at the following
URL: hitp://erproject.lanl. gov/documents/procedures.htmi. Before the start of field investigation activities,
a Waste Characterization Strategy Form (WCSF) will be prepared and approved per the requirements of
SOP-01.10. The WCSF will provide detailed information on IDW characterization, management,
containerization, and possible volumes. IDW characterization will be completed by reviewing existing data
and/or documentation, by direct sampling of the IDW, and/or by sampling the media being investigated
(i.e., surface soil, subsurface soil, etc.). if direct waste characterization sampling is necessary, it will be
described in the WCSF.

The Laboratory’s 2004 Pollution Prevention Roadmap will be implemented during field investigations at
MDA C to minimize waste generation. This plan is updated annually as a requirement of Module VIII of
the Laboratory's Hazardous Waste Facility Permit.

The |DW waste streams associated with the investigation of MDA C are identified in Table F-1 and are
summarized below. Table F-1 also summarizes the waste type, estimated volume, methed of on-site
management, and expected disposition for each of these waste streams.

Drill cuttings. The drill cuttings waste stream will consist of cuttings from all boreholes drilled during field
activities. Drill cuttings will be collected and containerized at the point of generation (i.e., at the drill rig).
The drill cutting waste stream will be characterized with analytical results by direct sampling of the
containerized waste. The maximum detected concentrations of radionuclides will be compared with
background/fallout values. If the maximum concentrations are above background/fallout values, the waste
cuttings will be designated as low-level radioactive waste (LLW). The total concentrations of toxicity
characteristic leaching procedure (TCLP) constituents will be compared with 20 times the TCLP
regulatory level. If the total concentrations are less than 20 times the TCLP regulatory level, the waste
cuttings will be designated nonhazardous by characteristic. If total concentrations exceed 20 times the
TCLP regulatory level, the waste cuttings will be sampled and analyzed using the TCLP to determine if it
is hazardous by characteristic. If potential EPA-listed hazardous waste constituents are detected, the
Laboratory will conduct a review of historical records and data in an effort to determine whether the
source of each constituent was a listed hazardous waste at its point of generation. !f the source is
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determined to be a listed hazardous waste, the cuttings will be managed as hazardous or mixed waste
(depending on the levels of radioactivity). Otherwise, the cuttings will be managed as nonhazardous solid
waste or LLW {depending on the levels of radioactivity). Based on the results of previous investigations at
MDA C, the Laboratory expects these wastes to be designated as LLW that will be disposed of at
Technical Area (TA) 54 or at an off-site disposal facility.

Spent PPE. The spent PPE waste stream will consist of PPE that has potentially contacted contaminated
environmental media (i.e., core and/or drill cuttings) and that cannot be decontaminated. The bulk of this
waste stream will consist of protective clothing such as coveralls, gloves, and shoe covers. Spent PPE
will be collected in containers at personnel decontamination stations. Characterization of this waste
stream will be performed through acceptable knowledge of the waste materials, the methods of
generation, and the analytical results from the sampling of the environmental media with which the
materials were in contact. The Laboratory expects these wastes to be designated as LLW that will be
disposed of at TA-54 or at an off-site disposal facility.

Disposable sampling supplies. The disposable sampling supplies waste stream will consist of all
equipment and materials necessary for collecting samples that come into direct contact with
contaminated environmental media and that cannot be decontaminated. This waste stream will consist
primarily of paper and plastic items collected in bags at the sampling location and transferred to
accumulation drums. This waste stream also includes wastes associated with dry decontamination
activities. Characterization of this waste stream will be performed through acceptable knowledge of the
waste materials, the methods of generation, and the analytical results from the sampling of the
environmental media with which the materials were in contact. The Laboratory expects these wastes to
be designated as LLW that will be disposed of at TA-54 or at an off-site disposal facility.

Decontamination fluids. The decontamination fluids waste stream will consist of liquid wastes from
decontamination activities (i.e., decontamination solutions and rinse waters). Consistent with waste
minimization practices, the Laboratory employs dry decontamination methods to the extent possible. If dry
decontamination cannot be performed, liquid decontamination wastes will be collected in containers at the
point of generation and characterized with analytical results from direct sampling of the containerized
waste. The Laboratory expects these wastes to be designated as liquid LLW that will be sent to the
Radioactive Liquid Waste Treatment Facility at TA-50 for disposal.

Spent HEPA Filters. This waste stream consists of spent HEPA filters generated during dust suppression
activities while air coring borehole BH09. The spent HEPA filter characteristics will be determined using
the data collected during the characterization of the borehole cuttings. The spent HEPA filters will be
managed as LLW until data from the borehole cuttings are obtained. The spent HEPA filters will be stored
on-site within a 55-gal. drum until finat characterization. The spent HEPA filters will be disposed of at
TA-54 or at an off-site Laboratory-approved disposal facility.

Emply containers from_high explosive fHE) test kits. This waste stream includes plastic containers, glass

tubes, or eye droppers containing a sodium azide buffer solution or acetone solutions from HE spot test
kits, called DTECH test kits, which use acetone as a solvent and a separate buffer solution containing
sodium azide. Any remaining spent acetone or residual sodium azide buffer solution will be managed as
described below. All test kit component containers will be fully emptied of their contents as part of the
process and will meet the definition of “Resource Conservation and Recovery Act (RCRA) empty,” per
40 CFR 261.7, before being declared as waste. Less than 4 L of waste will be generated for the entire
investigation. The empty containers will be managed as empty product containers and disposed of as
nonhazardous, nonradioactive solid waste. As a best management practice, the containers that held
acetone will be stored separately from those that held sodium azide buffer solution and will be disposed
of at a Laboratory-approved industrial waste facility.
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Spent acetone with soil from HE test kits. This waste stream consists of spent solvent mixed with soil. Soil
screening for HE with DTECH test kits requires using acetone as a solvent to extract the HE compounds
from soil. Approximately 20 mL of waste are generated per test. This waste will be characterized using
acceptable knowledge of the process that generates the waste and the material used in this process. This
waste will be managed as RCRA mixed waste. Acetone, as a spent solvent, is a listed hazardous waste
(EPA Hazardous Waste Number FO03) and exhibits the characteristic of ignitability (D001); the scil to be
tested from boreholes at MDA C is expected to be LLW. This waste will be packaged in a sealed inner
container and stored inside a hazardous waste drum within a registered Satellite Accumulation Area
(SAA), in accordance with all Laboratory and ENV-ECR Group requirements. The SAA will be located
within the fence at MDA C. Disposal of the waste will be at a Laboratory-approved off-site treatment,
storage, and disposal facility (TSDF).

Residual sodium azide buffer solution. Approximately 1 mL of residual sodium azide buffer solution may
be left over per sample analysis and will be transferred into a 1 L polyethylene bottle. The residual buffer
solution will be managed in accordance with 40 CFR Part 261.33(c), whereby the residue in the container
carries the hazardous waste listing unless the container is deemed RCRA-empty. The residual sodium
azide buffer solution is listed as acutely hazardous waste and will be segregated and stored in a sealed
container within a registered SAA in a secure area within the fence at MDA C, pending transportation to
and disposal at a Laboratory-approved off-site TSDF.

The selection of waste containers will be based on the appropriate U.S. Department of Transportation
reguirements, waste types, and estimated volumes of IDW to be generated. Immediately following
containerization, each waste container will be individually labeled with a unique identification number and
with information regarding waste classification, item(s), radioactivity (if applicable), and date generated. If
wastes are pending analytical results to make a final characterization determination, the containers will be
labeled as such until analytical results are available. The wastes will be contained in clearly marked and
appropriately constructed waste accumulation areas. Waste accumulation area postings, regulated
storage duration, and inspection requirements will be based on the type of IDW and its classification.
Container and storage requirements will be detailed in the WCSF and approved before the waste is
generated.
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Table F-1
Summary of Estimated IDW Generation and Management
Waste Stream Expected Waste Type | Estimated Volume | On-Site Management | Expected Disposition
Drill cuttings® LEW 2060 ft* B-25 boxes Disposal at TA-54 or
22 x B-25 boxes Laboratory-approved
off-site disposal facility
Spent PPE LLW 2x55 gal.b Accumulation in Disposal at TA-54 or
55-gal. drums Laboratory-approved
off-site disposal facility
Disposable LLW 3x55 gal.b Accumulation in Disposal at TA-54 or
sampling supplies 55-gal. drums Laboratory-approved
off-site disposal facility
Decontamination LLW <55-ga||.b Accumulation in Treatment at the
fluids 55-gal. drums. Radioactive Liquid
Waste Treatment Facility
at TA-50
Spent HEPA filters | LLW <55-gal. Accumulation in Disposal at TA-54, or
55-gal. drum Laboratory-approved
off-site disposal facility
Empty containers RCRA-empty 4L Accumulation in Laboratory-approved
from HE spot test 5-gal. container industrial waste facility
Spent acetone with | RCRA mixed waste | 20 mL per test SS8A Laboratory-approved
soil . off-site TSDF
Residual sodium EPA Hazardous 1 mL per test SS8A Laboratory-approved
azide buffer P105 off-site TSDF
solution

a_ . . . . .
This waste includes only those cuttings that cannot be returnad to the point of origin.

Dry decontamination metheds will be used to the maximum extent possible and only minimal amounts of decontamination fluids
are expected o be generated.
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Disclaimer
This document contains data on radioactive materals, including source, special nuclear, and by-product

material. The management of these materials is requlated under the Atomic Energy Act and is
specifically excluded from regulation under the Resource Conservation and Recovery Act and the New
Mexico Hazardous Waste Act. Information on radioactive materials and radionuclides, including the

results of sampling and analysis of radioactive constituents, is voluntarily provided te the Mexico

Environment Department in accordance with U.S. Department of Energy policy.

Prepared by
Environmental Stewardship Division—
Environmental Remediation and Surveillance Program
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Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the
University of California for the United States Department of Energy under contract W-7405-ENG-36.

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nar any of their employees make any
warranty, express or implied, or assume any legal liability or responsibility for the use of any apparatus,
product, or process disclosed, or represent that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or setvice by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government, or any agency thereof or its contractors or subcontractors.

Los Alamos Naticnal Laboratory strengly supports academic freedom and a researcher's right to publish; as
an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its
technical correctness. By acceptance of this article, the publisher recognizes that the U.S. Government
retains a honexclusive, royalty-free license to publish or reproduce the published form of this contribution,
or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests that
the publisher identify this article as work performed under the auspices of the U.S. Department of Energy.
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EXECUTIVE SUMMARY

This lnvestlgahon work plan presents an approach for charactenzmq Dotenhal contammatlon at

Reeove%\si—fasmty-wwesi@aaen-{RH-)-ef-Materlal Dlsposal Area (MDA) C, Solid Waste Management
Unit 50-009, which is located at Technical Area 50 at Los Alamos National Labaratory (the Laboratory).
The work plan also includes a description of sampling activities and analytical results for historical
investigations at MDA C._The investigation activities proposed herein are required under the Compliance
Order on Consent and are currently being conducted by the Laboratory's Environmental Stewardship
Division—Environmental Remediation and Surveillance Program (formerly the Environmental Restoration

Project).

The objectives of the investigation activities are designed tc complete the determination of the nature and
extent of contamination identified during past investigations, including the Phase | Resource Conservation
and Recovery Act (RCRA) facility investigation (RFI) fieldwork conducted at MDA C, and to collect
additional information cn the hydrogeologic properties and other physical characteristics of the vadose
zone beneath MDA C. In addition, the objectives of the work plan are to determine the nature and extent
of hazardous waste constituent and/or radionuclide releases to the environment identified during the
Phase | RFI. The nature and extent of contamination will be determined to be sufficient to support
corrective action decisions for MDA C.

Evaluation of environmental data generated during the Phase | RF| consisted of comparisons of site data
with background values (BVs) and/or fallout values (FVs) in environmental media, evaluation of
correlations among environmental measurements, and spatial plots of contaminant concentrations in
surface and subsurface environmental media. The following contaminant releases were identified at
MDA C.

»  Americium-241, plutonium-238, and plutonium-239, -240 were elevated with respect to FVs in
surface scil on the northeastern and eastern edges of MDA C.

» Limited evidence indicates that Aroclor-1260 and bis{2-ethylhexyl)phthalate may be elevated
locally in the surface soil and the fill above Pit 6.

s Numerous metals were detected above BVs in subsurface tuff in one or more samples, primarily
in borehole 50-09109 beneath Pit 6.

* Numerous radionuclides were detected in the subsurface tuff. With the exception of strontium-80
and tritium, these detections occurred primarily below Pit 6.

s Volatile organic compounds {VOCs) were detected in pore-gas samples collected from two
monitoring boreholes (50-09100 and 50-10131).

* VOC surface-flux data indicate airborne releases of trichloroethylene and tetrachloroethene near
the former Chemical Pit, in a location on the southern edge of Pit 5, and in the western regions of
Pits 1 through 4.

» Near-surface tritium pore-gas concentrations indicate releases to the atmosphere from locations
north of Pit 6 and in the vicinity of the northern portion of Shaft Group 3.

The Phase | RF| data were evaluated to determine whether additional data are required to complete the
characterization of the nature and extent of contamination. Additional data are required to determine the
following:

1. the extent of metais, cyanide, and radionuclide contamination in tuff beneath Pit 6;

ER2005-0172 v October 2005




MDA C Investigation Work Plan, Revision 2

2. the concentrations and spatial extent of VOCs in the vapor phase in subsurface tuff;
the concentrations and spatial extent of tritium in the vapor phase in subsurface tuff;

4. the nature and extent of potential releases of metals, cyanide and radionuclides to tuff beneath
Pits 1 through 5, Shaft Groups 1 and 2, and the strontium-90 disposal shaft;

5. the extent of radionuclide contamination in surface soil on the eastern boundary of MDA C;
6. the presence of perchlorate, nitrate, dioxin, and furan contamination in tuff;

7. the presence of perched groundwater beneath MDA C; and

8. information on hydrogeologic properties and fracture characteristics to support contaminant
transport modeling of the vadose zone at MDA C.

The data requirements, as determined from the historical data review and outlined in this plan, include
surface and subsurface sampling to define the lateral and vertical extent of contamination at MDA C. The

investigation_activities presented in this plan have been designed to address these data requirements.
Fen-vertical-and-fourangledA total of 42 boreholes will be drilled adjacent to er-under-the 7 pits and 108
disposal shafts at MDA C. Tuff and subsurface vapor samples will be collected to supplement the Phase |
RFI| data to define the nature and extent of contamination, determine whether perched groundwater is
present, and collect hydrogeologic property data.
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1.0 INTRODUCTION

Los Alamos National Laboratory (LANL or the Laboratory) is a multidisciplinary research facility owned by
the Department of Energy (DOE) and managed by the University of California (UC). The Laboratory is
located in north-central New Mexico approximately 60 mi northeast of Albuguerque and 20 mi northwest
of Santa Fe. The Laboratory covers 40 mi° of the Pajarito Plateau, which consists of a series of finger-like
mesas separated by deep canyons containing perennial and intermittent streams running from west to
east. Mesa tops range in elevation between 6200 ft and 7800 ft above sea level.

The Laboratory's Risk-Redustion-and-Environmental Stewardship—Environmental Remediation Services
(RRESENV-ERS) prajeetProgram, formerly the Environmental Restoration (ER) Project, is participating in
a national effort by the DOE to clean up sites and facilities formerly involved in weapons research and
production. The goal of the RRESENV-ERS Program is to ensure that past operations under the DOE do
not threaten human or environmental health and safety in and around Los Alamos County, New Mexico,
To achieve this goal, the RRESENV-ERS Program is currently investigating sites potentially contaminated
by past Laboratory operations. The sites under investigation are designated as either solid waste
management units (SWMUs) or areas of concern (AOCs).

The SWMU addressed in this investigation work plan, SWMU 50-009, also referred to as Material
Disposal Area (MDA) C, contains both hazardous and radioactive components. Depending on the type(s)
of contaminant{s) present and the history of a site, either the New Mexico Environment Department
(NMED) or the DOE has administrative authority over work performed by the the-RRESENV-ERS
Program Rregrarm-at the site. Under the New Mexico Hazardous Waste Act, NMED has authority over
cleanup of sites with hazardous waste or certain hazardous constituents, including the hazardous waste
portion of mixed waste (i.e., waste contaminated with both radioactive and hazardous constituents). The
DOE has autharity over cleanup of sites with radioactive contamination. Radionuclides are regulated
under DOE Order 5400.5, "Radiation Protection of the Public and the Environment,” and DOE Order
435.1, “Radioactive Waste Management.”

Corrective actions al the Laboratory are subject to the Compliance Order on Consent {hereafler, the
Consent Order) entered into on March 1, 2005, by NMED, DOE, the Regents of the University of
California, and the State of New Mexico Attorney General, The Consent Order was drafted pursuant to
the New Mexico Hazardous Waste Act, New Mexico Statutes Annotated (NMSA)_ 1978, Section 74-4-10,
and the New Maxico Solid Waste Act, NMSA 1978, Section 74-9-36{D). This investigation work plan
(hereafter, the work plan) describes proposed activities to_be executed and completed to meet the
requirements of the Consent Order for investigation of MDA C.

ENV-ERS Program submitted the MDA C work plan to NMED on July 31, 2003, for review and written

approval. The work plan was disapproved by NMED in a letter dated September 4, 2003.
A revised work plan {Revision 1) was submitted to the NMED on November 7, 2003, and a second notice
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of deficiency was issued by the NMED on December 16, 2003. The ENV-ERS Program submitted a
response to the second notice of deficiency on January 23, 2004, which included updated pages to the
revision. The work plan was approved with modifications by NMED on April 6, 2005, This second revisicn
of the work plan incorporates the modifications required in the April 6, 2005, letter and is being reissued in
its entirety.

1.1 General Site Information

Material Disposal Area (MDA) C is located in the east-central portion of the Laboratory on a mesa at the
head of Ten Site Canyon (Figure 1.1-1). MDA C is an 11.8-acre fenced, radiologically controlled area
containing 7 subsurface disposal pits and 108 shafts of various dimensions. It is located near the west
end of Mesita del Buey, a mesa located primarily between Mortandad and Pajarito Canyons. Technical
Area (TA-) 55 (the plutonium-processing facility); TA-42 (former incinerator site within the boundaries of
TA-55); TA-50 (the Radioactive Liquid Waste Treatment Facility [RLWTF]), TA-52 (office and laboratory
facilities); TA-62 {maintenance shop and office trailers); and TA-35 (formerly used for radionuclide
research, currently the center for laser technology, optics, and nuclear safeguards) are also located on
Mesita del Buey. Figures 1.1-1 and 1.1-2 show the location of MDA C and other TAs on Mesita del Buey.
Figure 1.1-3 shows the locations of the pits and shafts as well as other site surface features and
topographical contours.

The depths of 7 pits at MDA C range from 12 to 25 ft below the original ground surface, and the depths of
108 shafts range from 10 to 25 ft below the original ground surface, i.e., before a cover was placed over
the site in 1984. The pits and shafts are constructed in the Tshirege Member of the Bandelier Tuff, a
consolidated tuff unit with relatively numerous fractures. The regional aquifer is estimated to be
approximately 1300 ft deep based on data from other wells at the Laboratory and the predictions of the
hydrogeologic conceptual model for the Pajarito Plateau (LANL 1998, 59599). The topography of MDA C
is relatively flat, although the slope steepens to the north and where the northeast corner of MDA C abuts
the south wali of Ten Site Canyon.

Historically, MDA C was used for disposing of solids and liquids including uncontaminated classified
wastes, hazardous chemicals, and radionuclides. Los Alamos Scientific Laboratory (LASL) engineering
drawings ENG-R-1264 (LASL 1970, 76047) and ENG-R-4459 (LASL 1974, 38446) were used to locate
the pits and shafts. Two geophysical surveys verified the general location and horizontal dimensions of
the disposal pits (AGS 2001, 73710; AGS 2002, 73711) and the depth of cover thickness, aithough the pit
boundaries inferred from the geophysical investigation did not exactly match those shown on the
engineering drawings. The depth of cover materials across MDA C was investigated using ground-
penetrating radar {(GPR) in 2001 (AGS 2001, 73710). The cover thickness over Pits 1 through 6 ranges
from approximately 2.5 ft to about 8 ft. However, the cover thickness over Shaft Groups 2 and 3, the
western ends of Pits 1 through 4, and the Chemical Pit was estimated to be less than 1 ft. The current
thickness of cover materials at MDA C is illustrated in Figure 1.1-4. The depths of the shafts and pits were
documented in the approved work plan for operable unit (OU} 1147 (LANL 1992, 07672) and were based
on historical documents, but the elevation data were not documented. Subsequent additions of cover
material have increased the elevation across the site. The elevation of the shafts and pits at the time of
excavation was estimated from the tuff/soil interface logged in the 1995 Phase | RFI borghole logs.

This work plan presents the results of historical investigations {including the Phase | Resource
Conservation and Recovery Act {RCRA) facility investigation (RF1} of MDA C and presents
recommendations for additional activities required to complete the investigation of MDA C. It includes
information on the site background, the site conditions, the scope of activities to complete the
investigation, the investigation methods, and the anticipated schedule for completing the field activities.
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Appendix A includes a list of acronyms, defines terms used in this report, and presents a table with
metric-to-U.S. customary conversions. Appendix B describes the historical investigations, including
Phase | RF| activities and analytical results for MDA C. Appendix C contains the borehole logs from
Phase | RF| drilling activities. Appendix D describes statistical analyses to support data interpretation.
Appendix E provides the Phase | RFI data. Appendix F describes the management of investigation-
derived wastes. The entire contents of this work plan is included on a CD on the inside front cover of this
report.

1.2 Investigation Objectives

The objectives of the MDA C investigation work plan are to

» present the current knowledge of the nature and extent of hazardous waste constituents and/or
radionuclide releases to the environment based on existing data, including those collected during
the Phase | RFi;

» establish the rationale for collecting and analyzing additional data-inclidingjustifisationsfor

Orde ad-by NM

« identify appropriate methods and protocols for collecting, analyzing, and evaluating data to
finalize the characterization of MDA C. -

The former ER Project and the RRESENV-ERS Program conducted Phase | RFI fieldwork at MDA C from |
1993 to 2003. The results of these investigations are summarized in an historical investigation report

(HIR) in Appendix B of this work plan. Based on an evaluation of existing environmental data collected at
MDA C, several data requirements were identified that must be addressed to define the nature and extent
of contamination in the environment to support corrective action decisions and to evaluate risks to

potential human and ecological receptors. These additional data requirements are described in Section 2

of this work plan.

2.0 MPA-G-BACKGROUND
21 Operational History

MDA C is a decommissioned material disposal area established to replace MDA B at TA-21 as a disposal
area for Laboratory-derived waste. MDA C operated from May 1948 to April 1974 but received waste only
intermittently from 1968 until it was decommissioned in 1974. Wastes disposed of at MDA C consisted of
liquids, solids, and containerized gases generated from a broad range of nuclear energy research and
development activities conducted at the Laboratory. These wastes include uncontaminated classified
materials, metals, hazardous materials, and radioactively contaminated materials. Historical reports
{Rogers 1977, 05707) indicate it was common practice for chemicals to be burned in the chemical
disposal pit at MDA C. A chronology of the major events pertinent to MDA C is presented in Table 2-9 of
the approved RFI| work plan for OU 1147 (LANL 1992, 07672, p. 2-49).

At MDA C, 7 pits and 108 shafts were excavated into the overlying soil and unit 3 of the Tshirege Member
of the Bandslier Tuff (Figure 1.1-3). The pits and shafts were unlined except for 10 shafts in Shaft

Group 3 that were lined with concrete. After each pit or shaft was filled with waste, it was backfilled to
ground level with crushed tuff. Once the disposal shafts were filled, they were sealed with concrete. The
dimensions and operational dates of the piis and shafts are listed in Table 2.1-1.
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2.2 Land Use

MDA C is located in an industrial area currently used for Laboratory waste management. The Laboratory
does not anticipate that the land use at TA-50 and the surrounding TAs will change in the foreseeable
future. Public access to the site is restricted by fencing, locked gates, and restricted access to Pajarito
Road. Under present-day conditions, only Laboratory employees or contractors may enter the site for
management operations (such as emplacing erosion controls) or collecting environmental samples.

2.3 Relationship to Other $WMUs and AOCs

SWMU 50-006(a) is located directly north of Pit 5 at the head of Ten Site Canyon (Figure 2.3-1).

SWMU 50-006(a) includes the area affected by two accidental operaticnal releases of untreated
radioactive wastes and unknown chemicals in 1974. The outfall area was partially remediated in 1981 by
the removal of 70 m® of contaminated soil. Although SWMU 50-006(a) has impacted Ten Site Canvon,
the release did not affect MDA C since the SWMU is located downgradient from MDA C.

Emissions from exhaust stacks at a number of the buildings at TA-50 were designated as

SWMU 50-006(c} {Figure 2.3-1). Radioactive emissions from these stacks may potentially have been
deposited on surface soils within TA-50, including MDA C. Any surface contamination that may have
deposited on MDA C related to stack emissions would be accounted for in the surface soil samples
collected during the Phase | RFL.

The other SWMUs within TA-50 include two areas of active underaround tanks [SWMUs 50-002(a) and

50-002(c) and Consolidated Unit 53-004(a}-00], a decommissioned aboveground tank [50-002(d}], a
decommissioned septic system [SWMU 50-011(a)], a number of storage areas [SWMUs 50-003(a), (b},
{c), {d) and (e)], an active underground drainage system [SWMU 50-001(b)], and decommissioned waste

lines and tanks [Consolidated Unit 50-004(a)-00] (Figure 2.3-1). These SWMUs lie 4 to 25 ft below grade
and no viable transport pathways for releases related to these SWMUSs exist that can affect MDA C.

atTA-50-Based on the Phase | RF| data for MDA C and adjacent SWMUs at TA-50 and TA-35, the only
areas within close proximity that may have been affected by MDA C is Ten Site Canyon, which is
considered an AOC. Eroded surface soils from MDA C, in addition to soils and contaminant releases from
other SWMUs and/or AOCs at TA-50 and other TAs, have been deposited in the canyon bottom and
stream banks (Nyhan et al. 1978, 05702).

2.4  Contaminant Transport Mechanisms and Potential Receptors

The inventory of wastes disposed of at MDA C includes radionuclides, metals, and organic chemicals.
The relevant release and transport processes associated with these wastes are a function of chemical-
specific properties, the physical form and/cr container associated with a waste, and the nature of the
transport process. The transport of tritium and volatile organic chemicals (VOCs), for example, occurs
primarily in the gas phase and by diffusion or advection in air. Relatively water-soluble contaminants,
primarily certain metals and radionuclides, are susceptible to release and transport by infiltration of water
through the interred wastes. These contaminants can also be associated with a higher likelihood of
transport by root uptake of grasses, shrubs, and trees. Strontium-90 is a good example of such a
contaminant. Contaminants with refatively low water solubility, including organic chemicals such as
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Aroclors, are likely to be released from subsurface wastes only by some physical disturbance, sﬁch as
excavation by burrowing animals. The primary potential release and transport mechanisms for
contaminants in subsurface wastes at MDA C include the following.

s Volatilization, diffusion, and dispersion in air. Gas or vapor-phase contaminants diffuse from
waste and mix with air in the shafts or pits, then diffuse through the air-filled peres in the
subsurface rock. Migration of gas- or vapor-phase contaminants from tuff into ambient air may
occur by diffusion or by advection driven by barometric pressure changes.

s Dissolution and advective transport in water. Rain or melting snow on the surface moves down
through the shafts and pits, dissolves contaminants, and slowly transports dissolved
contaminants through the subsurface rock. Transport in tuff may be facilitated by the presence of
fractures, particularly when the fractures have coatings with low conductivity or when sufficient
liquid saturates the matrix adjacent to the fracture where flow occurs.

» Biotic perturbation and transiocation of contaminants in subsurface wastes. Plants grow into the
waste and incorporate contaminants into their surface biomass; contaminants are deposited onto
the soil surface as biomass decays. Burrowing animals excavate contaminated wastes and
release them onto the soil surface as burrow spoils. Surface contamination may then be
transported back into the subsurface by burrow collapse or dissolution in surface water infiltrating
the soil or be transported away from the site by suspension in air or surface water runoff.

in addition to the processes described above, which were discussed in the context of buried wastes,
contaminants may also have impacted environmental media at MDA C from releases that occurred during
its operation. Dissolution of contaminants in infiltrating water, for example, may have been more pravatent
during site operations when pits and shafts were open for disposals. Currently, two release mechanisms
are inactive at MDA C but may have contributed to existing contamination in environmental media:

s Operational releases. Contaminants may have been released to surface soil during the period
when wastes were actively disposed at MDA C. Fires in the disposal pits at MDA C have been
recorded (LANL 1992, 07672) and may have released contamination to surface soils and air.

»  Erosion before installation of the existing cover. The emplacement of a cover over MDA C in 1984
may have been instigated by erosion of the native cover before that time. Waste materials were
reportedly exposed on the groeund surface in the area of Pit 5 before the crushed tuff and fill cover
were emplaced in 1984 (LANL 1992, 07672).

Phase | RFI data collection activities occurred over the past 10 yr at MDA C. Site conditions have been
relatively constant over this period, such that potential temporal changes in the concentrations of
contaminants in environmental media are expected to be negligible. One exception may be the presence
of locally elevated rates of water infiltration caused by surface depressions related to subsidence within
MDA C. Subsidence has been observed above Pit 6 in a location coincident with a surface runoff
channel. The subsidence has been repaired.

Receptors potentially exposed to contamination from MDA C include site workers at MDA C and TA-50
and biota at the site. Potentially, site workers may be exposed to contaminants by inadvertent soil
ingestion, inhalation of suspended saoil (dust), dermal absorption from soil on the skin, and external
irradiation. Inhalation of gas-phase contaminants such as tritium and/or VOCs emanating from the site
into the atmosphere is also a possible source of exposure. Ecological receptors may be exposed by these
pathways as well as by root uptake and the food web; in addition, these receptors may be exposed to
higher concentrations of vapor-phase contaminants in subsurface burrows.
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Itis possible for plant roots and burrowing animals to penetrate the existing cover and come in contact
with subsurface contamination. Site inspections have revealed that rodent and ant burrow spoils contain
crushed tuff material that differs from surface soils. Grasses, trees, and shrubs are also present or have
historically been present across MDA C. Results of recent sampling of burrow spoils and smal! ponderosa
pines within MDA C (Appendix B) will be reported in the MDA C investigation report.

A perched aquifer was not encountered nor is suspected beneath Mesita del Buey at MDA C (LANL
1998, 59599). No perched water was observed in 316 ft of drilling in the deepest borehole (borehole
50-09100, Appendix C). No perched water was observed in 700 ft of drilling in the nearby borehole SHB-1
or in regional well R-14 (Figure 2.4-1). Therefore, the potential for exposure of receptors through a water-
mediated pathway is unlikely. Data from other wells at the Laboratory and predictions of the
hydrogeologic conceptual model for the Pajarito Plateau place the regional aquifer at a depth of 1300 ft
below MDA C {LANL 1998, 59599). Because of the depth to the aquifer and the low moisture content
{1%-10% gravimetric moisture content) of the vadose zone, it is unlikely that contamination at MDA C
could reach the regional aquifer in the near future. However, contaminants from MDA C have the
potential to reach groundwater, and this pathway will be investigated and evaluated for present-day risk in
the MDA C investigation report.

2.5 MDA C Waste Inventory

The waste disposal records for MDA C are contained in a series of disposal logbooks (LASL 1948-1969,
76035). The radioactive waste disposal records provide sufficient detail to determine the location, type,
and volume of the waste disposed of and to estimate the number of curies present in specific pits and
shafts (Appendix B). However, little data exist on the volume of hazardous constituents disposed of at
MDA C. The description of waste items disposed of at MDA C is based on information provided in
Section 2.3 of the approved RFI work plan for QU 1147 {LANL 1992, 07672, pp. 2-51 t0 2-57) and is
summarized in Appendix B of this work plan.

2.6 Historical Releases

The resulis of historical investigations indicate contaminants have been released to environmental media
as a direct consequence of disposal activities. Between 1976 and 1983, analysis of soil and vegetation
samples from MDA C “confirmed the presence of pCi/g levels of radionuclides in locailized areas” (LANL
1992, 07672, Section 2.3.2.2.1). Wastes in some pits (especially in Pit 5 on the north side of MDA C)
were axposed at the ground surface as a result of natural degradation or erosion of the shallow soil
covers. Additionally, anecdotal information related in the approved RF| work plan for OU 1147 states,
“chemical wastes were responsible for many fires at Areas B and C" (LANL 19982, 07672, p. 2-54). It is
possible that fires served as a vehicle of contaminant transport from open pits and/or shafts to the
surrounding surface soil.

In 1984, additional crushed tuff was placed over contaminated soil on the surface of MDA C. Historical
documents report that approximately 1.5 ft of crushed tuff, followed by 0.5 to 3 ft of topsoil, was placed
over existing cover material (LANL 1992, 07672). The 2001 geophysical survey of MDA C (Appendix B)
indicates the existing cover thickness across the site ranges from a minimum of 0.0 ft to 8.8 fi, with a
mean value of 3.4 it (Figure 1.1-4). The only portion of MDA C where additional cover was not placed was
the northeast corner of the site where no pits or shafts are located. The isotopic plutonium and
americium-241 concentrations detected in surface soils in the northeast portion of the site measured
during Phase | RFI resulted in part from windborne deposition of contamination released during waste
disposal activities and from the deposition of historical stack emissions from operations at TA-50.
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2.7 Summary of Historical InQestigations
2.71  Pre-RFI Field Investigations

Sampling and analysis activities to ascertain the presence and scale of potential environmental
contamination at MDA C began after the facility was decommissioned in 1974. Radiation surveys of site
solls and vegetation using field instrumentation were conducted from 1976 through 1984 (LANL 1992,
07672, p. 2-57). Following the placement of crushed tuff and cover material over MDA C in 1984,
additional field surveys were conducted and supplemented with off-site contract laboratory analyses of
radionuclides in soils and vegetation in 1985 and 1986 (LANL 1992, 07672, p. 2-53). These investigations
and the associated findings are described in the HIR (Section B-1 of Appendix B) and in the approved
RFI work plan for OU 1147 (LANL 1892, 07672).

2.7.2 Phase | RFl Field Investigations

Phase | RF| activities included sampling of surface soil, subsurface tuff, and pore-gas. Surface sampling
activities conducted in 1993 included a radiation survey conducted on a 60- by 60-ft grid and 203 0-6-in.
surface samples of soil or tuff collected across the grid. All surface samples were field-screened for
radioactivity. One hundred twenty-two samples were submitted to a mobile analytical laboratory for
analysis of polychlorinated biphenyls (PCBs). Sixty-eight surface samples were analyzed at an off-site
contract laboratary for target analyte list (TAL) metals, radionuclides, and semivolatile organic compounds
(SVOCs). Fifty-nine of these samples were also analyzed for PCBs and nine surface samples were
analyzed for VOCs. Phase | RFI surface sample results are reviewed and interpreted in Section 2.7.3 of
this work plan; the data are summarized in Appendix B and included on a data CD (Appendix E) attached
to the inside front cover of this report.

A total of 390 subsurface samples were collected in 1995 and 1996 from two vertical and nine angled
boreholes drilled to depths ranging from 77 to 316 & below ground surface (bgs). The subsurface samples
were field-screened at approximately 5-ft intervals for radioactivity, high explosives (HE) and VOCs and
submitted to a mobile radiological analysis laboratory. Samples were collected at approximately 20-t
intervals and submitted for off-site contract laboratory analysis for TAL metals and cyanide, radionuclides,
and SVOCs. With the exception of samples from boreholes 50-09100 and 50-09102, 24 subsurface
samples were also analyzed for VOCs and PCBs/pesticides.

In 1996, 15 additional samples were collected from curated borehole cores, in response to a request from
the U.S. Environmental Protection Agency (EPA) (Neleigh 1995, 55112). These samples were submitted
to an off-site contract laboratory for analysis of inorganic chemicals (excluding cyanide and mercury since
the helding times had lapsed) and radionuclides {except tritium). However, based on the core collection
dates and the actual dates the samples were analyzed, more than half of the curated core samples
missed the 180-day holding time for inorganic chemicals. Therefore, these results are provided only for
the purpose of comparison. Because the holding times for PCBs, VOCs, SVOCs, and tritium had been
exceeded, curated core samples were not analyzed for these analytes. Phase | RFI subsurface results
are reviewed in Section 2.7.3 and summarized in Appendix B {Section B-2.0).

Ten of the 11 boreholes were backfilled and abandoned after the 1995 fieldwork. One vertical borehole
(50-09100) was capped after the 1995 fieldwork and subsequently completed in 2000 as a vapor
monitoring well with ten sampling ports. A second vertical borehole (50-10131) was drilled as a vapor
manitoring well in 2001. Pore-gas samples of VOCs were collected quarterly from selected ports in these
boreholes in 2000, 2001, 2002, and 2003. Surface-flux measurements of VOCs were conducted in 2000
at 101 locations. Near-surface tritium soil gas concentrations were measured at 15 locations at MDA C in
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February 2003. Phase | RF| pore-gas and surface-flux results are reviewed in Section 2.7.3 and in
Appendix B.

Terrain conductivity (EM31), high-sensitivity metal detector (EM61), and GPR data were gathered during
two geophysical surveys at MDA C conducted in 2001 and 2002 (Appendix B, Section B-2.1.1) to confirm
the general location of the disposal units, confirm that Pits 1 through 5 do not extend east or south past
the MDA C fence line and to map the thickness of cover materials across the site. Sufficient anomalies
were detected in the area of Pits 1 through 5 to infer general pit boundaries: however, the anomalies
extend over the reported width of the pits, making it difficult to distinguish the boundaries between the
pits. No clear anomalies were observed to indicate the boundaries of Pit 6 or the Chemical Pit.

In January 2003, ant mounds and animal burrows were field-screened for radionuclides (gross alpha and
gross beta) to select sampling locations. Samples of conifer needles from 16 trees and soil from small-
mammal burrow spoils and ant mounds (29) were collected in February 2003 and submitted for analysis
of gross alpha, beta and gamma radiation. The purpose of this sampling was to determine if plants or
animals were transporting contaminants from buried wastes to the ground surface. The results of the
February 2003 biota sampling will be presented in the MDA C investigation report.

2.7.3 Phase | RFl Results

Based on the results of Phase | RF! activities, the following conclusions can be made regarding the
nature and extent of contamination at MDA C.

1. Releases of radionuclides to historical surface soils were largely covered with crushed tuff in
1984. Elevated concentrations of americium-241 and isotopic plutonium in surface soils in the
northeast area of MDA C were probably related to releases from MDA C before crushed tuff was
emplaced on the surface of the site in 1984, The extent of current surface radionuclide
contamination has been sufficiently defined to support corrective-action decisions.

2. Lead and silver were the only metals detected at concentrations above their respective BVs in
surface soil and fill. Statistical analyses presented in Appendix D indicate that the range of values
is almost identical to background. Sporadic detects of SVOCs and Aroclor-1254 and Aroclor-1260
were found, but no defined pattern and no evidence for a widespread release of organic
chemicals from MDA C were determined. The extent of current surface inorganic and organic
chemical contamination has been sufficiently defined to support corrective-action decisions.

3. Concentrations of specific metals (including barium, copper, and lead) and radionuclides
{strontium-90 and americium-241) in tuff beneath disposal pits indicated that contamination
migrated from disposal pits into underlying rock. The extent of subsurface contamination has not
been defined and cannot support corrective-action decisions.

4. Tritium and VOC contamination {primarily trichloroethylene [TCE], tetrachloroethene [PCE], and
1,1, 1-trichloroethane [TCA]) exists in subsurface pore gas; however, the vertical and horizontal
extent of this contamination has not been sufficiently defined and cannot support corrective-action
decisions.

5. Surface flux of VOCs and near-surface tritium scil-gas concentrations indicated localized areas
where releases to the atmosphere occurred.

A detailed review of the Phase | RFI data is presented in Section B-3 of Appendix B. Phase | RF| data are
presented in Appendix E {on a CD attached to the inside front cover of this report).
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2.7.31 Field Screening Results
Screening of Core Samples

The information presented in Section B-2 of the HIR is summarized and interpreted in this section to
describe the effectiveness of field-screening during the Phase | RFI and its applicability during future
investigation activities.

Subsurface samples collected during the Phase | RF| were screened in the field for HE using a spot-test
kit, alpha and beta/gamma radioactivity using field-survey meters, and VOCs using a photoionization
detector (PID). The field-screening results for HE, radionuclides, and VOCs indicated that the
concentrations of contaminants in the subsurface at MDA C were sufficiently low such that field-screening
was ineffective for the purpose of identifying samples for laboratory analysis.

During the Phase | RFI, 332 subsurface core samples were screened in the field for HE using a spot test
procedure. No HE was detected in any of these samples.

During the Phase | RF|, 333 subsurface core samples were screened in the field for alpha and
beta/gamma radioactivity, and 67 of these samples were submitted for laboratory analysis of
radionuclides. The results of the screening analyses are summarized in Table B-18. Forty-three of these
67 samples had detected activities of radionuclides other than tritium within the range of local BVs. The
remaining 24 samples had detected activities of radionuclides other than tritium above local BVs. The
Phase | field-screening results summarized in Table 2.7-1 indicate that there was no significant difference
in field-screening results for radionuclide samples within and above local BVs.

During the Phase | RFI, 333 subsurface core samples were screened in the field for VOCs by surveying
the surface of each core sample with a PID having an 11.7 eV lamp. No VOCs were detected by the PID
in any of the samples. Although VOC data were reported for tuff samples, these data are of little value
because tuff does not effectively adsorb VOCs and is, therefore, a poor sample matrix for VOCs. In the
subsurface, VOCs exist primarily in the gas phase because of the low absorptive capacity of the tuff, and
they cannot be detected in the field by a PID. The results of RFls conducted at other MDAs since 1995
have shown that it is necessary to sample pore gas instead of tuff to determine the nature and extent of
VOCs in subsurface tuff.

2.7.3.2 Data interpretation and Identification of Investigation Scope

Information presented in Sections B-1, B-2, and B-3 of the HIR is summarized and interpreted in this
section to describe the current understanding of the nature and extent of environmental contamination at
MDA C.

Interpretation of Phase | RFI Surface Soil and Fill Data

Metals: Lead and silver were the only metals detected at concentrations above their respective BVs in the
surface soil and fill. Silver was detected above the BV of 1.0 mg/kg in two of the 68 samples. Lead,
detected above its BV at a frequency of about 13%, has the highest concentrations along the southeast
portion of the site. The maximum lead concentration (30 mg/kg) was detected in a sample collected from
a location west of Shaft Group 3 and Pits 1 and 2 and south of Pit 6 and the Chemical Pit and is only
slightly above the BV (22.3 mg/kg). The box plot of the site surface soil and background soil data for lead
(Figure D-15) shows the range of concentrations in the two data sets is almost identical. These findings
indicate that the slightly higher site concentrations of lead are most likely related to characteristics of the
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fill material, natural variability, and the proximity of MDA C to roadways and parking areas. Present-day
concentrations of metals in surface soil at MDA C do not indicate a release of metals from MDA C has
occurred to the surface.

Radionuclides: Americium-241, plutonium-238, plutonium-239, -240, thorium-232, tritium, and
uranium-238 were detected above their respective BVs in at least one surface sample. The highest
concentrations of americium-241, plutonium-238, and plutonium-239, -240 were detected in surface
samples collected in the northeast corner of MDA C and along the eastern edge of MDA C. Cover
materials placed over the surface of MDA C in 1984 did not extend to this area of the site (Figure B-6).
These findings indicate that the elevated concentrations of americium-241 and isotopic plutonium in
surface soils are related to releases during historical MDA C site operations and/or from the deposition of
historical airborne emissions from operations at TA-50. Concentrations of americium-241, plutonium-238
and plutonium-239, -240 are comparable to the results from surface samples collected near the northeast
corner of MDA C during the 1993 RF| of atmospheric releases [SWMU 50-006(c), LANL 1985, 49925,
pp. 24-289,]. The nature and extent of americium-241 and isotopic plutonium contamination in surface
soils in the northeast cormer of MDA C and along the eastern edge of MDA C has not been defined.
Uranium-238 was detected above the BV in only one of 68 surface samples (2.45 pCi/g), which is slightly
higher than its BV (2.29 pCifg). Thorium-232 was detected above its BV (2.33 pCi/g) in 15 of 68 samples,
with the maximum concentrations approximately twice the BY. Spatial patterns do not indicate any
release of these isotopes to surface soils at MDA C.

Organic Chemicals: No consistent spatial pattern among the detected concentrations of organic
chemicals in surface soil and fill at MDA C was determined. Acenaphthene and pentachlorophenol were
detected only once in two different samples collected on the south side of MDA C.
Bis(2-ethylhexyl)phthalate was detected in two fill samples in the northwest part of MDA C. As with
bis{2-ethylhexyl)phthalate, Aroclor-1260 was detected in four of the 43 samples collected in the northwest
portion of MDA C, while Aroclor-1254 was detected in two samples from the southeastern portion of the
site and in a single sample at the highest concentration collected from a central location adjacent to Pit 2.
The results of mobile laboratory analysis for PCBs showed four detections of Aroclor-1260, all above Pit 6
in the northwest corner of the site and no detections of Aroclor-1254. The detection of Aroclor-1260 in
eight samples (four fixed laboratory and four mobile laboratory) and bis(2-ethylhexyl)phthatate in two
samples in the same general location may indicate a localized release from Pit 6 to surface soil during
historic site operations. The nature and extent of organic chemicals present in surface soils at MDA C has
been sufficiently defined to support corrective-action decisions.

Nature and Extent of Surface Soil and Fill Contamination

An evaluation of the metals, radionuclide, and organic chemical Phase | RF| data for surface soil and fill
at MDA C does not reveal any data needs to define the nature and extent of contamination within the
MDA C boundary. A release of radionuclides, including americium-241, plutonium-238, and
plutonium-239, -240, was identified in the northeast region of MDA C. This release was probably
associated with historical site operations and/or with the deposition of air-borne emissions from historic
operations at TA-50 rather than from the more recent transport of contamination from wastes buried in the
disposal units. Additional surface sampling is proposed along the eastern boundary of MDA C to define
the extent of radionuclide contamination. A release of Aroclor-1260 and bis(2-ethylhexyl)phthalate may
have occurred in the area of Pit 6 during operation of the site. The detected concentrations of these
chemicals are bounded by other soil and fill samples where they were not detected; therefore, the spatial
extent of potential surface releases from MDA C has been sufficiently defined by the Phase | RFI data to
support corrective-action decisions.
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Interpretation of Phase | RFI Subsurface Tuff Data

Metals: A number of metals were detected above their respective BVs in Phase | RF| tuff samples
collected at MDA C. Aluminum, beryllium, calcium, chromium, cobalt, magnesium, and nicke! were
detected above BV in only one sample. Antimony, arsenic, barium, copper, cyanide, lead, selenium, and
thallium were detected in two or more samples above their BVs. Of these metals, cyanide and lead were
detected above BVs with the greatest frequency. The greatest depth at which metals were detected in the
subsurface at MDA C was 83.4 ft bgs in the bottom sample from borehole 50-08106. Metals were
detected above BVs in the samples collected from the bottom of two boreholes, vertical borehole
50-09104 adjacent to the southern boundary of Pit 1 and borehole 50-09106, which was angled beneath
the north end of Shaft Group 3 and the west end of Pit 4. Plots of the analytical results for metals
detected in two or more samples above their BVs are presented in Figures D-10 to D-17.

Phase | RF| boreholes from which samples were collected adjacent to or beneath Pit 5 include 50-08100
and 50-09102, both located north of the pit. Cyanide was detected at a concentration of 0.53 mg/kg in a
sample collected from a depth of 43.5 ft bgs in borehcle 50-09100; however, there is no BV for cyanide.
Cyanide was not detected in any subsequent samples from borehole 50-09100. No other metals were
detected above BVs in either borehole (Table 2.7-2).

Phase | RF! boreholes from which samples were collected adjacent to Pits 1 through 4 and Shaft Groups
1 through 3 include 50-09103, 50-09104, 50-09105 and 50-09106. Cyanide was detected in the bottom
sample from borehole 50-09104 (sample D 0550-95-0099) at a concentration of 0.26 mg/kg and in
samples collected from four of the five previous depth intervals (Table 2.7-2). In addition, arsenic,
beryllium, copper, and thallium were detected in single samples from borehole 50-09104, and lead was
detected above background in two consecutive samples from the sample borehole. Thallium was
detected in the bottom sample from borehole 50-09106 (sample 1D 550-95-0071) at a concentration of
1.2 mg/kg: lead was the only other metal detected in this borehole at a concentration of 51.1 mg/kg (BV of
11.2 mg/kg). Lead was also the only metal detected in borehole 50-09103, and arsenic was the only
metal detected in borehole 50-09105; no metals were detected in subsequent samples collected from
either borehole. Collectively, the data for boreholes 50-09103, 50-09104, 50-09105, and 50-09106
indicate releases of metals to tuff have occurred from several of the pits and shafts located in the eastern
portion of MDA C; however, the nature and extent of these releases have not been determined, except for
the area adjacent to and beneath the northeast area of Pit 5 (Table 2.7-2, Table B-16, and Appendix D).

Phase | RFI boreholes from which samples were collected beneath or adjacent to Pit 6 include 50-09101,
50-09107, 50-09108, 50-09109, and 50-09110. With the exception of beryllium, the seven inorganic
chemicals listed above detected above BVs were all detected in the same sample, (sample D
0550-96-0112) collected at a depth of 47 ft bgs in borehole 50-09109 beneath Pit 6. Concentrations of
barium, copper, lead, selenium, and thallium were also elevated above BVs in this particular sample. The
subsurface sample with the next greatest number of metals detected above BVs (sample ID
0550-85-0231) was also collected from borehole 50-09109 at a depth of 25 ft bgs. Antimony, barium,
copper, and lead were detected above BVs in this shallower sample. Of the inorganic chemicals detected
above BVs in two or more samples, the highest concentrations of antimony, copper, and thallium were
detected in borehole 50-09108 beneath the southwest portion of Pit 6 and the northwest corner of the
Chemical Pit.

The highest concentrations of barium, cyanide, and lead were detected in boreholes 50-09107, 50-09101,
and 50-09110 adjacent to and beneath Pit 6, respectively. None of these concentrations were detected in
the deepest sample from a borehole, and all of the maximum concentrations detected (with the exception
of calcium and selenium) were within a factor of 10 of the BV. Detected concentrations of calcium and
selenium exceeded BVs by more than a factor of 30 in the sample collected at 47 ft bgs in borehole
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50-09109 (sample |D 0550-96-0112). Collectively, the data for boreholes 50-09101, 50-09107, 50-09108,
50-09109, and 50-09110 indicate that releases of metals to tuff below Pit 6 and the Chemical Pit have
occurred; however, the nature and extent of these releases has not been determined (Table 2.7-2,

Table B-16, and Appendix D).

Radionuclides: Radionuclides detected at concentrations above BV, or detected in tuff when there is no
tuff BV, include tritium, americium-241, plutonium-238, plutonium-239, uranium-235 and uranium-238,
and various figsion or activation products including strontium-90, cobalt-60, cesium-134 and cesium-137,
europium-152, and sodium-22. The maximum depth of detected radionuclides (other than tritium) was
84.8 ft bgs (Table 2.7-2). Radionuclides were detected in samples collected from the bottom of six of the
eleven Phase | RFI boreholes. Borehole profile plots of radionuclides in the subsurface are provided in
Appendix D.

Phase | RF| boreholes from which samples were collected beneath or adjacent to Pit 6 include 50-09101,
50-09107, 50-09108, 50-09109, and 50-09110. Americium-241 was detected in the sample collected from
the bottom of borehole 50-09101 at a concentration of 0.011 pCi/g at 81 ft bgs (sample ID 0550-95-0309)
and in samples from two previous nonconsecutive depth intervals (Table 2.7-2). Amercium-241 was also
detected in the sample collected from the bottom of borehole 50-09107 at a concentration of 0.032 pCifg
at 78.5 ft bgs (sample ID 0550-95-0191) and in samples from three previous depth intervals (Table 2.7-2).
Sodium-22 was detected in the sample collected from the bottom of borehole 50-09109 at a congentration
of 0.086 pCi/g at 81 ft bgs (sample ID 0550-95-0241). Additionat radionuclides detected below Pit 6
include cesium-134, strontium-90, and plutonium-238 in borehole 50-09108; strontium-90, uranium-235,
and uranium-238 in borehole 50-09109; and strontium-90 in borehole 50-09109. Collectively, the data for
boreholes 50-09101, 50-09107, 50-09108, 50-09109, and 50-09110 indicate that releases of
radionuclides to tuff below Pit 6 have occurred; however, the nature and extent of these releases has not
been defined (Table 2, Table B-18, and Appendix D).

Phase | RFI boreholes from which samples were collected adjacent to or beneath Pit 5 include 50-09100
and 50-09102, both located north of the pit. Amercium-241 was detected at 0.027 pCi/g, uranium-235
was detected at a concentration of 0.21 pCi/g at a depth of 33.7 ft bgs, and plutonium-239 was detected
at a concentration of 0.014 pCi/g at a depth of 43.5 ft bgs in borehole 50-09100. No radionuclides were
detected in any subsequent samples from borehole 50-09100 and above BVs in borehole 50-09102 (with
the exception of tritium) (Table 2.7-2).

Phase | RFI boreholes from which samples were collected adjacent to Pits 1 through 4 include

Shaft Groups 1 through 3 include 50-09103,50 -09104, 50-09105 and 50-09106. Strontium-90 was
detected in the sample collected from the bottom of borehole 50-09103 at a concentration of 0.599 pCifg
at 82.6 ft bgs beneath the southeast corners of Pits 2 and 3 (sample ID 0550-95-0129) and in the sample
collected from the bottom of borehole 50-09106 at a concentration of 0.767 pCi/g at 83 ft bgs beneath
Pit 4 and the north end of Shaft Group 3 (sample ID 0550-95-0071). Plutonium-238 was detected at a
concentration of 0.014 pCi/g at 85 ft bgs in borehole 50-09105 beneath Shaft Group 3 and the west end
of Pit 3. Plutonium-239 was detected at a concentration of 0.080 pCi/g in the sample collected from the
bottom of borehcle 50-09105 at 84.5 ft bgs. Americium-241, uranium-235, and various fission or
activation products were detected sporadically and at low concentrations in boreholes 50-08103,
50-09104, and 50-09105. The frequent rate of detection of strontium-20 at depth (it was present in four
boreholes and below 65 ftin three of the boreholes) may be associated with its greater solubility as
compared to elements such as americium, uranium, and plutonium.

Collectively, the data for boreholes 50-09103, 50-09104, 50-09105, and 50-09106 showed sporadic
detections of radionuclide at low concentrations in tuff adjacent to and beneath several pits and shafts
located in the eastern portion of MDA C; however, the nature and extent has not been determined, except
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for the area adjacent to and beneath the northeast area of Pit 5 (Table 2.7-2, Table B-18, and Appendix
D). Additional sampling is required to determine whether a decreasing trend exists.

Tritium migrates in tuff in the form of water vapor; therefore, its occurrence in the tuff is not necessarily
correlated with water infiltration but is related to diffusion and advection in a gaseous state. Tritium was
detected in almost every tuff sample collected at MDA C; borehole profiles for tritium concentrations in tuff
are provided in Figure D-18 in Appendix D. Some of the highest tritium concentrations in tuff pore
moisture were measured in borehole 50-09107, the same borehole where americium-241 was detected in
the bottom borehole sample and three previous sample intervals. However, tritium concentrations were
also relatively high in samples collected beneath Pits 4 (borehole 50-09106) and 5 {(borehole 50-08102).
The tritium tuff data indicate a release of tritium in the subsurface, with concentrations higher in the
northern portions of the site below Pits 4, 5, and 6, althcugh subsurface tritium data are lacking from the
central portions of Pits 1 through 5. By contrast, near-surface tritium pore-gas concentrations indicate
relatively low concentrations directly above Pits 5 and 6.

Organic Chemicals: The tuff data for SVOCs do not show evidence of a release from the disposal units
and are not consistent with the metals and radionuclide data. Bis(2-ethylhexyl)phthalate was the only
SVOC detected in tuff samples, and the range of detection limits encompassed the detected
concentrations. Thus, the detected concentrations were very close to the limits of detection. PCBs and
pesticides were not detected in any tuff samples. Although VOC data were reported for tuff samples,
these data are of little value because tuff does not effectively adsorb VOCs and is, therefore, a poor
sample matrix for VOCs. In the subsurface, VOCs exist primarily in the gas phase because of the low
absorptive capacity of the tuff. Alsg, the low moisture content of the tuff, coupled with the low solubilities
of chlorinated hydrocarbons such as PCE and TCE, results in only negligible quantities of VOCs in pore

moisture. The distribution of VOCs in pore gas is discussed below (“Interpretation of Subsurface Pore-
Gas Data”).

Nature and Extent of Subsurface Contamination

Tuff data for metals (including cyanide) and radionuclides indicate releases to subsurface tuff have
occurred below Pit 6 because these contaminants are present at concentrations exceeding BVs and/or
fallout values (FVs).

Available data from angled borehcles beneath Pits 3, 4, and 5, and Shaft Group 3 do not provide
evidence of infiltration-related releases of metals or radionuclides. However, relatively few tuff samples
were collected from beneath these disposal units. No tuff samples were collected from beneath Pits 1 and
3, beneath Shaft Groups 1 and 2, or beneath the strontium-80 disposal shaft. The number and locations
of tuff samples are nct adequate to support any conclusions regarding the nature and extent of
contamination beneath Pits 1 through 5, Shaft Groups 1 and 2, and the strontium-90 disposal shaft.

Tritium pore-gas data in tuff indicate a release of tritium in the subsurface, with higher concentrations
measured in the northern portions of the site below Pits 4, 5, and 6. Near-surface tritium pore-gas data
indicate a release of tritium to the atmosphere is occurring in the western regions of Pits 1 through 4, in
an area west of Shaft Group 3 and north of Pit 6. One or more shafts on the northern end of Shaft

Group 3 may be the source of the high concentration of tritium in pore gas measured in a location west of
these shafts, but the Phase | RFI samples are inadequate to confirm this hypothesis.

In addition to the analytical suites applied to the Phase | RF| tuff samples, additional suites may be
appropriate given the nature of the wastes disposed at MDA C. Nitrates and perchlorate, which are very
solubie and susceptible to migration with infiltrating surface water, were not analyzed in Phase | RF| tuff
samples. Nitrates are associated with fertilizers and are also a common breakdown product of most
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nitrogen-containing organic materials. Perchlorate-containing chemicals have been widely used as
oxidizers in a variety of chemical processes, and perchloric acid is a common strong acid used in
laboratories. Because of their mobility and potential occurrence in disposed waste at MDA C, analysis of
nitrates and perchlorate in tuff samples is appropriate. Therefore, nitrates and perchlorates will be added
to anaiytical suite for subsurface tuff samples to be collected in accordance with this work plan. Dioxins
and furans were not reportediy disposed of at MDA C. However, historic records indicate that chemicals
were burned in the Chemica! Pit and may have formed dioxins and furans. Therefore, dicxins and furans
will be added to the analytical suite for subsurface tuff samples to be collected beneath Pit 6 and the
Chemical Pit.

Information on the hydrogeologic properties and other physical characteristics of the vadose zone at
MDA C is generally lacking and is, therefore, needed for evaluating potential future migration of
contaminants from MDA C. Information on the moisture content of tuff was collected from the Phase t RFI
samples but only to a depth of approximately 316 ft bgs. Other relevant hydrogeologic information, as well
as information on the water content of tuff at greater depths in the vadose zone, must be inferred from
data obtained elsewhere at the Laboratory. Hydrogeologic properties such as saturated and unsaturated
hydraulic conductivity, porosity, bulk density, chloride-ion concentration, and matric potential are also
important parameters for evaluating the migration of liquid- and vapor-phase contaminants in the vadose
zone. Such evaluations usually performed using numerical models to simulate field conditions provide
support for conclusions regarding the nature and extent of contamination. It also helps in estimating
possible future migration of contaminants from the waste disposal units.

The hydrogeologic properties described above pertain primarily to the rock matrices of the geologic strata
at MDA C. Some strata, specifically units of the Tshirege Member of the Bandelier Tuff, also contain
fractures that can act as conduits for the migration of liquid- and vapor-phase contaminants in the vadose
zone. Information from fractured rock that can be used to evaluate the potential role of fractures in
contaminant migration includes fracture density, fracture apertures, the strike and dip of fractures, and the
presence and characteristics of fracture coating and fill. Where fractures are encountered during coring of
horeholes, a comparison of chemical concentration data from tuff immediately adjacent to a fracture and
tuff further from the fracture can also provide valuable information an the role of fractures in contaminant
transport at MDA C.

Evaluation of Subsurface Pore-Gas and VOC Surface-Flux Data

TCE, PCE, and TCA were the most frequently detected VOCs in pore-gas samples collected in 2000 and
2001 from borehole 50-09100 (north of Pit 5) and borehole 50-10131 (adjacent to the Chemical Pit). Data
analysis has focused on TCE and PCE because these VOCs were detected at higher concentrations than
TCA. The concentrations of TCE ranging from 10.0 to 15.0 ppmv were measured between 10 to 250 ft
bgs in borehole 50-09100, and the concentrations do not decline in samples collected at the bottom of
this borehole at 316 ft bgs (Figure D-29). The concentrations of PCE decreased with depth in borehole
50-09100 (Figure D-28). In borehole 50-10131, maximum TCE concentrations were approximately 5 to 10
times lower (between 1.0 and 2.0 ppmv) than at borehole 50-09100 (Figure D-26). The PCE
concentrations ranged from 1.0 to 2.0 ppmv at depths above 100 ft bgs in borehole 50-10131 and
declined to 0.5 ppmv at the bottom of the borehole at 250 ft bgs (Figure D-25).

In January 2003, pore-gas samples were simultaneously collected in each of the 10 sampling ports in
bareholes 50-09100 and 50-10131. Before January 2003, sampling of individual ports was sporadic, and
the effect of temporal variability on VOC pore-gas concentrations was not known. However, the results
from the 2003 sampling were consistent with previous TCE and PCE data. The highest pore-gas
concentrations of TCE in borehole 50-09100 are at 200 to 250 ft bgs, and concentrations of TCE
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decreased slightly in the two deeper sample intervals. By contrast, the highest concentrations of TCE and
PCE in borehole 50-10131 are at 50 ft bgs.

In June and July 2000, 105 EMFLUX samplers were placed across the surface of MDA C to estimate the
surface flux of VOCs. The most frequently detected VOC was PCE, followed by TCE, with measured
fluxes ranging up to approximately 200 and 60 ng/m?~min, respectively. PCE flux was highest in the area
of the Chemical Pit and at a location on the southern edge of Pit 5 (Figure B-8). There were also frequent
measurements of PCE at fluxes of approximately 10 to 30 ng/m°—min between Pits 1 and 3 and in the
western regions of Pits 2 and 4.

In February 2003, near-surface pore-gas tritium samples, collected at a depth of 2.5 ft bgs in silica gel
columns, were obtained at 15 locations across MDA C. The highest measured tritium concentrations were
north of Pit 6 (2500 pCi/fmL) and in an area west of the northern portion of Shaft Group 3 where no
subsurface disposal units exist. Tritium pore-gas samples from directly above Pit 6, including a location
just south of the high concentraticn north of Pit 6, do not show such high concentrations. The elevated
concentration of tritium west of Shaft Group 3 may be refated to a release from these shafts; moreover,
concentrations of tritium in pore-gas from borehole 50-09106 near this location are also relatively high.
Relatively high tritium pore-gas concentrations were measured on the westem areas of Pits 2 and 3 as
well. A tritium source at the northern portion of Shaft Group 3 could possibly explain these
measurements. Near-surface pore-gas tritium concentrations are shown in Figure D-31.

Nature and Extent of Subsurface Pore Gas Contamination and VOC Surface Flux

With only two vertical boreholes, data are inadequate to define the lateral extent of vapor phase VOCs in
subsurface tuff. Based on VOC surface-flux measurements and the pore-gas data from boreholes
50-09100 and 50-10131, TCE and PCE are the most prevalent VOCs in the subsurface at MDA C.
Surface flux measurements indicate the highest near-surface VOC measurements are in the vicinity of
the chemical disposal pit. In fact, VOC concentrations were greatest at shallower intervals at this location
(borehole 50-10131) than in borehole 50-09100. The nature and extent of VOCs in the vapor phase has
not been determined and will be addressed during the implementation of this work plan.

Phase | RFI data for tritium in subsurface tuff samples indicate a release occurred in the subsurface at
MDA C. The highest tritium concentrations were observed in tuff samples from angled boreholes beneath
Pit 6, the same area where elevated metals concentrations in tuff were measured. Only a limited number
of tritium samples have been collected in tuff samples beneath disposal units, other than beneath Pit 6.
A comparison of tritium data from subsurface tuff samples and near-surface pore-gas samples shows a
poor correlation of these data. The ENV-ERS Program now collects pore-gas samples for tritiumn, rather
than tuff samples, because the pore-gas samples provide a more accurate indication of tritium
concentrations in the subsurface. For these reasons, the spatial extent of tritium in the subsurface will be
determined during the implementation of this work plan.

3.0 SITE CONDITIONS

This section discusses aspects of the environmental setting at MDA C that are important in assessing the
potential impacts posed by contaminated surface and subsurface media, including the

* semiarid climate with low precipitation and a high evapotranspiration rate, which limits the amount
of moisture percolating into the disposal units and thus limits the amount of moisture available to
leach radionuclides or hazardous waste constituents;
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e thick, relatively dry unsaturated zone, which greatly restricts or prevents downward migration of
contaminants in the liquid phase through the vadose zone to the regional aquifer; and

» canyon-mesa terrain, which affects atmospheric conditions and ecological habitats.

3.1 Surface Conditions

MDA C is located on Mesita del Buey, a 140- to 220-ft-high, finger-shaped mesa that trends southeast
(Figure 2.4-1). The elevation of Mesita del Buey ranges from 7210 to 7280 ft. The topography at MDA C
slopes gently from west to northeast, gradually getting steeper across the northeastern quadrant of the
site toward Ten Site Canyon. At MDA C, Mesita del Buey is approximately 2600 ft wide and is bounded
by Mortandad Canyon {800 ft to the north) and Twe Mile Canyon (750 ft to the south [Figure 1.1-2]).

The surface vegetation at MDA C consists of a native grama grass mixture. The vegetation was initially
established after the 1984 addition of fill and topsoil. This cover was placed over the tops of the pits and
shafts used for disposal at MDA C.

Localized surface subsidence on the north boundary of Pit 6 was observed in 2002. The subsidence may
have promoted infiltration of storm water into Pit 6 since it resulted in a hole along an asphalt drainage
that carries runcff into Ten Site Canyon. The subsidence has since been mitigated.

311 Soils

The soils of Mesita del Buey are derived from the weathering of the Tshirege Member tuffs (phenocrysts
and phenocryst fragments, devitrified glass, and minor lithic fragments) and from wind-blown sources.
Soils on the flanks of the mesa are developed on Tshirege Member tuffs and colluvium with additions
from wind-blown and water-transported sources. Native soils have been disturbed by waste management
operations over much of the surface of Mesita del Buey, but when present, native soils are generally
thickest near the center of the mesa and thinner toward the edges.

'n general, soils can be considered thin and poorly developed on the mesa surface; they tend to be sandy
in texture near the surface and more clay-like beneath the surface. More highly developed sail profiles
exist on the north-facing slopes; they tend to be richer in organic matter. Sail profiles on the south-facing
slopes tend to be poorly developed. Scil-forming processes have been identified along fractures in the
upper part of the mesa, and the translocation of clay minerals from surface soils into fractures has been
described at Mesita del Buey. Section 2.5.1.3 of the approved installation work plan (LANL 1998, 62060)
discusses the scils in the Los Alamos area.

The original soils in the vicinity of MDA C were poorly developed, as is typical of soils derived from
Bandelier Tuff and formed under semiarid climate conditions. In general, undisturbed soils on the mesa
tops consist of the Carjo loam, the Hackroy loam, and the Seaby loam. At MDA C, natural or undisturbed
surface soil cover is limited as a result of disposal unit and cover construction. The present-day surface of
MDA C is predominantly fill (crushed tuff) and imported topsoil.

Canyon bottoms near MDA C {Caiiada del Buey, Two Mile Canyon, Pajarito Canyon, Mortandad Canyon,
and Ten Site Canyon) are covered with colluvium and alluvium that has eroded from the tuff and soils on
the mesa top and canyon walls. The canyon rims and slopes are composed of soils from the Hackroy-
Rock outcrop complex; canyon bottoms are composed of the Tocal, a very fine, sandy loam. Since
disposal activities began at MDA C, Ten Site Canyon has experienced a period of accretion, and ercded
soils from MDA C, as well as other SWMUs at TA-50, have been deposited on the canyon bottom and
stream banks. The canyons are being investigated under separate work plans.
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3.1.2 Surface Water

No streams exist on Mesita del Buey; water flows only as storm water and snowmelt runoff on the mesa
and in small drainages off the mesa to the northwest and the south. Runoff consists primarily of sheet
flow from MDA C intc Ten Site Canyon (Figure 2.4-1). Sheet erosion appears to be occurring around the
east and northeast portions of the site. The RLWTF at TA-50 (SWMU 50-0186) discharges treated effluent
to the Nationa! Pollutant Discharge Elimination System-permitted Qutfall 051 in Mortandad Canyon
[SWMU 50-006(d), Figure 2.3-1]. At the Laboratory, surface water runcff and sediment transport are
among the potential migration pathways by which contaminants might be transported to off-site receptors.
Surface water may also transport subsurface contaminants exposed by soil erosion. Soil erosion is
dependent on several factors, including soil properties, the amount of vegetative cover, the slope of the
contaminated area, exposure, the intensity and frequency of precipitation, and seismic activity.

The ENVRRES-ERS Program conducted a surface water assessment at MDA C in 2002 following the
mitigation of the surface subsidence, which occurred along the northern boundary of MDA C. MDA C
received an erosion matrix score of 8.8, indicating low erosion potential. The calculated score includes
8.8 for site setting, an erosion matrix runoff score of 0.0, and a run-on score of 0.0.

3.2 Subsurface Conditions
3.21  Stratigraphy

The former ER Project (now RRESENV-ERS) drilled, cored, and sampled eleven boreholes at MDA C |
during the Phase | RFI to characterize potential contaminant releases and transport in the subsurface.
Borehole logs from the site provide details of the stratigraphy below the ground surface to a depth of
approximately 316 ft (borehole 50-09100) and are included in Appendix C. The locations and depths of
regional boreholes used to infer the stratigraphy beneath MDA C are shown in Figure 3.2-1, which also
shows east-west cross-sections beneath and in the vicinity of MDA C. The stratigraphy beneath MDA C
includes the Bandelier Tuff, Cerros del Rio lavas, Puye Formation, Totavi Lentii deposits, Santa Fe

Group, and Santa Fe-age basalts {Figures 3.2-1 and 3.2-1). Descriptions of stratigraphic units beneath

MDA C follow.

In regard to Bandelier Tuff, the term welding is used to distinguish between tuffs that are uncompacted
and porous (nonwelded} from tuffs that are more compacted and dense (welded). In the field, the degree
of welding in tuff is quantified by the degree of flattening of pumice fragments (a higher degree of
flattening and elongation equals a higher degree of welding). Petrographically, welded tuffs show
adhesion (welding) of grains, while nonwelded tuffs do not. The term devitrified is applied to tuffs whose
volcanic glass has crystallized. Figure 3.2-2 shows the generalized stratigraphy of the Bandglier Tuff.

Tshirege Member

The Tshirege Member of the Bandelier Tuff is a compound cooling unit that resulted from several
successive ash-flow deposits separated by periods of inactivity, which allowed for partial cooling of each
unit. Properties related to water flow and contaminant migration (e.g., density, porosity, degree of
welding, fracture content, and mineralogy) vary both vertically and laterally as a result of localized
emplacement temperature, thickness, gas content, and composition.
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Tshirege Member Unit 3 (Qbt 3)

Unit 3 of the Tshirege Member of the Bandelier Tuff is poorly welded and nonindurated to slightly
indurated. It forms the cliffs of the Pajarito Plateau. Its thickness, as intersected by borehole 50-03100 in
the region of MDA C, is 66.5 ft (20 m).

Tshirege Member Unit 2 (Qbt 2)

Unit 2 of the Tshirege Member of the Bandelier Tuff is a competent, resistant unit that forms cliffs where it
is exposed on the sides of the mesa. The rock is described as a moderately welded ash-flow tuff
composed of crystal-rich, devitrified pumice fragments in @ matrix of ash, shards, and phenocrysts
(primarily potassium feldspar and quartz). Its thickness in borehole 50-09100 is 78 ft (24 m); the unit thins
to the east across Mesita del Buey.

Unit 2 is extensively fractured as a consequence of contraction during post-depositional cooling. The
cooling-joint fractures are visible on the mesa edges and on the walls of the pits. In general, the fractures
dissipate at the bottom of unit 2. On average, fractures in unit 2 are nearly vertical. Mean spacing
between fractures ranges between 1.9 ft and 2.6 ft (0.6 m and 0.8 m), and fracture width ranges between
less than 0.03 in. and 0.51 in. {1 mm and 13 mm), with a median width of 0.12 in. (3 mm). The fractures
are typically filled with clays to a depth of about 9.9 ft (3 m}; smectites, the dominant clay minerals
present, are known for their tendency to swell when water is present and for their ability to strongly bind
certain elements, both of which have implications for the transport of radionuclides and inorganic
chemicals in fractures. Opal and calcite can occur throughout the fractured length, usually in the presence
of tree and plant roots (live and decomposed); the presence of both the minerals and the roots indicates
some moisture at depth in fractures.

At the base of unit 2 is a series of thin (less than 3.9-in.-thick [10-cm-thick]), discontinuous, crystal-rich,
fine- to coarse-grained surge deposits. Bedding structures are often observed in these deposits.
The surge beds mark the base of unit 2.

Tshirege Member Unit 1v (Qbt 1v)

Tshirege Member unit 1v is a vapor-phase-altered cooling unit underlying unit 2. This unit forms sloping
outcrops, which contrast with the near-vertical cliffs of unit 2. Unit 1v is further subdivided into units 1vu

and 1ve.

Unit Tvu. Unit 1vu is the uppermost portion of unit 1v where u signifies upper. It is devitrified and consists
of vapor-phase-altered ash-fall and ash-flow tuff. Unit 1vu is unconsolidated at its base and becomes
maderately welded nearer the overlying unit 2. Only the more prominent cooling fractures originating in
unit 2 continue into the more welded upper section of unit 1vu but not in the tess-consolidated lower
section. More typically, fractures in unit 2 do not extend into unit 1vu. The measured unit thickness in
borehole 50-09100 is 73 ft (23 m).

Unit 1vc. Beneath unit 1vu is unit 1vc, where ¢ stands for colonnade, named for the columnar jointing
visible in cliffs formed from this unit. Unit 1vc is a poorly welded, devitrified ash-flow tuff at its base and
top, becoming more welded in its interior. The measured unit thickness in borehole 50-09100 is 10 ft
(3 m).
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Tshirege Member Unit 1g (Qbt 1g)

The basal contact of unit 1vc is marked by a rapid change {within 0.7 ft [0.2 m] vertical) from devitrified
(crystallized) matrix in unit 1ve to vitric {glassy) matrix in the underlying unit 1g. Vitric pumices in unit 1g
stand out in relief on weathered outcrops, while devitrified pumices above this interval are weathered out.
In outcrop, this devitrification interval forms a prominent erosional recess termed the vapor-phase notch.
No depositional break is associated with the vapor-phase noich; the abrupt transition indicates that this
feature is the base of the devitrification that occurred in the hot interior of the cooling ash-flow sheet after
emplacement.

Unit 1g is a vitric, pumiceous, nonwelded ash-flow tuff underlying the devitrified unit 1vc. Few fractures
are observed in the visible outcrops of this unit, and the weathered cliff faces have a distinctive Swiss-
cheese appearance because of the softness of the tuff. The uppermost 5 ft to 20 ft (1.5 m to 6.1 m) of unit
1g are iron-stained and slightly welded. This portion of unit 1g is resistant to erosion, helping to preserve
the vapor-phase notch in outcrop. A distinctive pumice-poor surge deposit forms the base of unit 1g. Its
thickness measured at borehole 50-09100 is 80 ft (24 m); it thins to 49 ft (15 m) to the east beneath

MDA C.

Tsankawi Pumice Bed

The Tsankawi Pumice Bed is the basal air-fall deposit of the Tshirege Member of the Bandelier Tuff. It is
a thin bed of gravel-sized vitric pumice. The unit thickness in borehole 50-09100 is about 2 to 3 #t
(0.6-1m).

Cerro Toledo Interval {Qct)

The Cerro Toledo interval consists of thin beds of tuffaceous sandstones, paleosols, siltstones, ash, and
pumice falls, which separates the Tshirege and Otowi Members of the Bandelier Tuff. The Cerro Toledo
interval also includes localized gravel- and cobble-rich fluvial deposits predominantly derived from
intermediate composition lavas eroded from the Jemez Mountains west of the Pajarito Plateau. The
interval is about 20 ft (6.1 m) thick.

Otowi Member (Qbo)

The Otowi Member tuffs are about 100 ft (30 m) thick in the northwestern portion of Mesita de! Buey and
become thinner towards the east. The tuffs are a massive, nonwelded, pumice-rich, and mostly vitric ash
flow. The pumices are fully inflated, supporting tubular structures that have not collapsed as a result of
welding. The matrix is an unsorted mix of glass shards, phenocrysts, perlite clasts, and minute broken
pumice fragments.

The Guaje Pumice Bed is the basal air-fall deposit of the Otowi Member of the Bandelier Tuff. The
thickness of the unit has been measured as 10 ft (3 m) in the northwestern reaches of Mesita del Buey
and as 12 ft (3.7 m) in Pajarito Canyon south of MDA G. The pumice bed is nonwelded and brittle.
Pumice tubes are partially filled with silica cement.

Cerros del Rio Lavas (Tb 4)

Few data exist to describe the Cerros del Rio lavas directly beneath MDA C; however, dacitic lavas were
penetrated to the west (SHB-1) and to the east (R-14). Cerros del Rio lavas were observed to the east in
R-15. In R-14, the dacitic lavas are approximately 150 ft {46 m) thick, extending from 620 to 768 ft below
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bgs. Local borehole cores at MDA L show that the lavas consist of both angular rubble and dense,
fractured masses, with zones of moderately to very porous lavas.

Puye Formation (Tpf, Tpp) and Older Fanglomerate

The Puye Formation is a conglomerate deposit derived primarily from volcanic rocks to the west, with
varying lithologies including stream channel and overbank deposits, ash and pumice beds, debris flows
and lahar deposits. Well tests on the Pajarito Plateau confirm the unit is very heterogenecus with both
high and low permeability zones present (Nylander et al. 2003, 76059). The formation is poorly lithified
and as such is unlikely to sustain open fractures.

The Puye Formation was encountered to the west {SHB-1) above the Cerros de! Rio lavas and to the
east (R-14) both above and below the lavas. Two types of Puye rocks were noted at R-14 (Figure 3.2-2):
an upper layer of fanglomerate rock (Tpf), which may be relatively low in permeability, and a lower layer
of pumicious sands and gravels (Tpp), higher in permeability. The water table is found near the bottom of
the fanglomerate member at a depth of 1300 ft beneath MDA C.

Totavi Lentil Deposits (Tpt)

The Totavi Lentil is an ancestral Rio Grande deposit composed of coarse gravels and sands with
abundant quartzite. The deposits have been alternatively conceptualized as a series of distinct north-
south trending ribbons and a continuous thin sheet at the base of the Puye Formation. As with the
overlying Puye Formation, they have both high and low permeability zones (Nylander et al. 2003, 76059).
The deposits were not penetrated by wells near MDA C but evidence from PM-5, about 1 mile to the east,
indicates they may exist at the base of the Puye Formaticn (Figure 3.2-1).

Santa Fe Group (Tsf, Tf, and Ts) and Santa Fe-Age Basalts (Tb 1 and Tb 2)

The Santa Fe Group is an alluvial-fan deposit consisting of medium to fine sands and clays. Numerous
north-south trending faults are present in the Santa Fe Group. Santa Fe Group rocks are deep below
MDA C (1500 ft bgs at PM-5, which is approximately 1 mile east of MDA C) and were not peneirated by
R-14 (Figure 3.2-1}). Most water supply wells on the eastern edge of the Pajarito Plateau and elsewhere in
the basin are completed in these rocks. The Santa Fe Group units are characterized with the lowest
permeability compared to the other units in the regional aquifer (Nylander et al. 2003, 76059).

Basaltic lava flows occurred during the time the Santa Fe Group was deposited; these basalts are of
substantial thickness at PM-5 and may exist within the Santa Fe Group rocks beneath MDA C.

3.2.2 Hydrology

The proposed hydrogeologic conceptual model for the Pajarito Plateau (LANL 1998, 58599) is presented
in Figure 3.2-3. The model predicts infiltration of water into the subsurface and subsequent transport of
water, vapor, and solutes through the upper regions of the vadose zone are heavily influenced by suiface
conditions such as topography, surface water flow, and microclimate. According to model predictions,
movement through deeper layers, including the regional aquifer, is influenced only weakly by surface
conditions and is influenced more by hydraulic characteristics of aquifer rocks, regional groundwater flow
patterns, and stresses induced by water supply production. The following sections provide an overview of
infiltration rates and groundwater occurrence in the vicinity of MDA C.
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Infiltration

Surface and near-surface conditions (topography, precipitation, surface runoff) control the infiltration of
water into the subsurface and the transport of contaminants in the shallow subsurface. In this respect, the
climate behavior of mesas and canyons forming the plateau differ from one another (LANL 1998, 59599).
Mesas are generally dry, both on the surface and within the rock that forms the mesa. Canyons range
from wet to relatively dry; the wettest canyons contain continuous streams and perennial groundwater in
the canyon-bottom alluvium. Dry canyons have only occasional stream flow and may lack alluvial
groundwater.

The amount of mesa top recharge along the western portion of the Labaratory where MDA C is located is
uncertain. Higher rainfall, increased vegetative cover, and increased welding and jointing of the tuff might
lead to different recharge rates than those observed in better-studied portions of the Laboratory such as
TA-54 (LANL 1997, 63131). Mesa-top recharge can be locally significant under disturbed surface
conditions. Such local differences occur when the soil is disturbed, when the vegetation is removed, or
when more water is artificially added to the hydrologic system by features such as blacktop, lagoons, or
effluent disposal. Fractures within mesas do not enhance the movement of dissolved contaminants
unless saturated conditions develop. Contaminants in the vapoer phase generally migrate in a diffusive
manner through mesas (Stauffer et al. 2002, 69794; LANL 1997, 63131).

Mesita del Buey is one of the drier mesas found at the Laboratory on the Pajarito Plateau. infiltration into
the mesa appears to be very low, possibly only 0.04 in./yr ({1 mm/yr] LANL 1997, 63131) and occurs
during snowmelts or intense summer thunderstorms, which lead to slightly higher moisture content within
the uppermost few meters of the mesa surface. During dry periods, evapotranspiration removes moisture
from the surface of the mesa; permeable zones such as fractures and surge beds act as conduits for air
and aid in the drying of the mesa.

Groundwater

Groundwater beneath the Laboratory occurs in the regional aquifer (at depths ranging from 1200 to 600 ft
bgs) and in perched aquifers (Nylander et al. 2003, 76059). With the exception of TA-16, perched
aquifers have been detected cnly in wells beneath the relatively wet canyons (i.e., Los Alamos Canyon).
They exist as two types: (1) shallow alluvial aquifers that occur in some wet canyons (generally at depths
less than 100 ft) and (2) deeper “intermediate” perched aquifers that occur in zones separated from both
alluvial and regional aquifers by unsaturated rock. To date, the data obtained indicate that dry mesas
such as Mesita del Buey show no evidence of perched aquifers (Nylander et al. 2003, 76059). However,
alluvial and intermediate perched aquifers in adjacent canyons may cause an increased moisture content
within the vadose zone at the margins of the mesa.

Perched Intermediate Waters

Observations of perched intermediate water are rare on the Pajarito Plateau. Perched waters are
assumed to form mainly at horizens where medium properties change dramatically, such as at paleosol
horizons containing clay or caliche. It is not known whether perched water bodies are isolated or
connected and to what degree they may influence travel times and pathways for contaminants in the
vadose zone. Although perched intermediate waters have been cbhserved in some locations elsewhere on
the plateau, none have been observed in the regional wells (R-22, R-21, R-20, and R-16) or in R-14, the
well closest to MDA C (Figure 3.2-1) {(LANL 1998, 59599).
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Perched intermediate groundwater was not encountered nor is suspected beneath Mesita del Buey at
MDA C (LANL 1998, 59599). No perched water was observed in 316 ft of drilling in the deepest borehole
drilled to date {borehole 50-09108, Appendix C), although core collected at the depth interval from 71.5 ft
to 73.5 ft was described in the borehole log as “wet” (Appendix C). No perched water was observed in
700 ft of drilling in the nearby borehole SHB-1 or in borehole R-14 (Figure 3.2-1).

Perched intermediate zones of saturation have been delineated beneath Mortandad Canyon. At borehole
MCOBT-4.4, a perched zone was identified in the Puye Formation above Cerros del Rio basalts. The
spatial location of perched zones (disconnected, associated with different units) potentially indicates a
lack of a continuous perched zone beneath the canyon. However, geochemical data indicate that
continuity must have existed at some time in the past and might persist in Mortandad Canyon at present
{Longmire 2003, 76050). In addition, when regional aquifer Test Well (TW) 8 was drilled in 1960, the units
between the alluvium and the regional aquifer were unsaturated, although possible perched zones were
encountered during barehole advancement (Baltz et al. 1963, 08402).

Regional Aquifer

The regional aquifer of the Pajarito Plateau is the only aquifer capable of large-scate municipal water
supply (Purtymun 1984, 06513). The regional aquifer extends throughout the Esp