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SUBJECT: SUBMITTAL OF REVISION 1 TO INVESTIGATION WORK PLAN FOR
MATERIAL DISPOSAL AREA C (MDA C) LOS ALAMOS NATIONAL
LABORATORY (LANL) ENVIRONMENTAL PROTECTION AGENCY
(EPA) ID#NM0890010515

Dear Ms. Martin:

On October 16, 2003 representatives of the Los Alamos National Laboratory (LANL) Risk
Reduction and Environmental Stewardship Remediation Services (RRES-RS) Project and the
U.S. Department of Energy (DOE) met with staff from the New Mexico Environment Department’s
Hazardous Waste Bureau (NMED-HWB) to discuss the Disapproval of the Investigation Work
Plan for Materia! Disposal Area C (disapproval letter) dated September 4, 2003. A second letter
from NMED-HWB, also dated September 4, 2003, indicated that the Investigation Work Plan for
MDA C was disapproved because it did not follow the format or specific requirements of the
Order issued by NMED to the University of California (UC) and DOE on November 26, 2002. That
letter required LANL and DOE to address the comments attached to the letter and submit a
revised Investigation Work Plan for MDA C within 30 days of receiving the letter.

In response to the above letters, LANL sent a letter to you on September 17, 2003 (ER2003-
0581) requesting a meeting with your staff to review the MDA C work plan to reach agreement on
the content of this work plan vis-a-vis Order requirements. Mr. David Cobrain of your staff sent us
an e-mail agreeing to a meeting on October 16, 2003 and postponing submittal of the revised
work plan until a date agreed upon during the October 16, 2003 meeting.

During the October 16, 2003 meeting, NMED requested that LANL and DOE reformat the MDA C
work plan as instructed by NMED during the meeting and resubmit the revised work plan as a
draft document in November 2003 so that NMED and DOE/LANL could agree on a format for all
Investigation Work Plans required by the Order. NMED then sent a letter dated October 17, 2003,
requiring submittal of a revised work plan by November 7, 2003. In response to that letter,
Revision 1 of the MDA C work plan is enclosed {Enclosure 1).
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During the October 16, 2003 meeting, it was agreed that a final MDA C work plan would be
submitted in the agreed upon format, pending resolution of the technical issues identified in the
attachment to the second letter dated September 4, 2003. To facilitate resolution of these
technical issues, DOE and LANL request continued working meetings with your staff to initiate the
steps leading to approval of the MDA C work plan. in preparation for these discussions, we are
providing responses to each NMED-HWB comment included in Attachment 1 to the second letter
dated Septernber 4, 2003 (Enclosure 2). The comment responses also serve to explain the basis
for changes made to the work plan and to explain why some changes requested by NMED in the
attachment to that letter were not made.

NMED stated in the October 16, 2003 meeting that they would not review and formally comment
on the MDA C work plan until DOE had approved the Authorization Basis (nuclear safety basis})
for characterization of MDA C. It should be noted the location of the proposed boreholes in the
attached work plan are technically based and required in order to finalize characterization of MDA
C. These locations are independent of any Authorization Basis requirements thus the laboratory
believes that the work plan could be reviewed and formally commented on in parallel to the
Authorization Basis development. Will not be affected by authorization basis. LANL anticipates
completing the draft documented safety analysis (DSA) for the characterization of MDA C in late
December 2003, submitting the DSA to the LANL Safety Basis Office (SBO) for peer review the
first week in January 2004, formally submitting the DSA to the DOE senior authorization basis
team on March 1, 2004 and receiving DOE approval by April 1, 2003.

NMED indicated that the date for submittal of the MDA C Investigation Report would be revised
based on the new work plan approval date. According to your staff, the date for submitting the
MDA C Investigation Report will be 10 months from the date NMED approves the work plan.

We appreciate the opportunity to work with your staff and believe that continued discussions will
help expedite review and approval of the final MDA C work plan.

Singerely, Sincerely,

] -— i

<9 Mé e 77
David Mcinroy, Dep ct Director David Gregory, Project Manager
Remediation Services Department of Energy
Los Alamos National Laboratory Los Alamos Site Operations

DM/DG/JH/am
Enclosure: (1) Investigation Work Plan for Material Disposal Area C, Revision 1
{2) LANL RRES-RS Project Responses to NMED Comments on the Work Pian for
MDA C
Cy:(w/enc)
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Disclaimer

This document contains data regarding radioactive wastes, the management of which is regulated
under the Atomic Energy Act and specifically excluded from regulation under the Resource
Conservation and Recovery Act and the New Mexico Hazardous Waste Act. These data are
provided to the New Mexico Environment Department for information purposes anly.

Produced by Risk Reduction and Environmental Stewardship—
Remediation Services

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the
University of California for the United States Departrment 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 Regents of the University of Califomia, the United States Government nor any agency thereof,
nor any of their employees make any warranty, express or impfied, or assume any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
pracess disclosed, or represent thal its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the Regents of
the University of California, the Uniled States Government, or any agency thereof.

Los Alamos National Laboratory strongly 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 1.5, Government
retains a nonexclusive, 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 investigation work plan presents recommendations for investigation activities required to complete
the Resource Conservation and Recovery Act facility investigation (RFI) of Material Disposal Area
(MDA) C, Solid Waste Management Unit (SWMU) 50-009, at Technical Area (TA-} 50 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 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 ! 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.

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 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 sail 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 radicnuclides 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).

¢ VOC surface-flux data indicate airborne releases of trichloroethylene (TCE) and
tetrachloroethene {PCE) 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 | RFI data were evaluated to determine if additional data is 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;
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 1-5, Shaft Groups 1 and 2, and the strontium-80 disposal shaft;
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5. the presence of perchlorate, nitrate, dioxin, and furan contamination in tuff;

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

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

Ten vertical and four angled boreholes are proposed to be drilled adjacent to or under the disposal units,
and samples will be collected to supplement the Phase | RFI data to determine the nature and extent of

contamination, determine whether perched groundwater is present, and collect hydrogeologic property
data.
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1.0 INTRODUCTION
1.1 General Site Information

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 miles northeast of Albuquerque and 20 miles
northwest of Santa Fe. The Laboratory covers 40 square miles 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.

The Laboratory’s Risk Reduction and Environmental Stewardship—Remediation Services {(RRES-RS)
project, formerly the Environmental Restoration (ER) Project, is participating in a nationa! effort by the
DOE to clean up sites and facilities formerly involved in weapons research and production. The goal of
RRES-RS 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, RRES-RS is
currently investigating sites potentially contaminated by past Laboratory operations. The sites under
investigation are either solid waste management units (SWMUs) or areas of concern (AOCs).

The SWMU addressed in this investigation work plan (SWMU 50-009) contains both hazardous and
radioactive components.” Depending on the type of contaminant(s) and the history of a site, the New
Mexico Environment Department (NMED) or the DOE has administrative authority over work performed
by the RRES-RS Program at that site. NMED has authority under the State of New Mexico Hazardous
Waste Act (NMHWA) 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.” DOE is also the administrative
authority for sites not under NMED's NMHWA authority.

NMED enforces the Hazardous and Solid Waste Amendments (HSWA) Module of the Laboratory's
Hazardous Waste Facility Permit, hereafter referred to as Module VIII. Module VIII specifies conditions
and requirements for investigation and cleanup activities at the Laboratory, which are performed by
RRES-RS. The Environmental Protection Agency (EPA) issued Module Viil on May 23, 1990, and revised
it on May 19, 1994 (EPA 1990, 1585; EPA 1994, 44146). NMED is currently revising the Hazardous
Waste Facility Permit,

In accordance with Module VIlI, the nature and extent of releases of hazardous waste or hazardous
constituents are determined through the Resource Conservation and Recovery Act (RCRA) facility
investigation (RF1) process. Under RRES-RS, the Laboratory also implements the RFI process for those
sites under the administrative authority of DOE.

Material Disposal Area (MDA) C (SWMU 50-009} is located in the east-central portion of the Laboratory
on a mesa at the head of Ten Site Canyon (Figure 1). MDA C is an 11.8-acre fenced, radiologically
controlled area containing seven 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

! This document contains data on radioactive wastes, including source, special nuclear, and byproduct material. The
management of these materials is regulated 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. These
data are provided to the New Mexico Environment Department for informational purposes only.
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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 and 2 show the location of MDA C and other TAs on Mesita
del Buey. Figure 3 shows the locations of the pits and shafts as well as other site surface features and
topographical contours.

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, 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 modei 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 wall of Ten Site Canyon.

Historically, MDA C was used for the disposal of solids and liquids including uncontaminated classified
wastes, hazardous chemicals, and radionuclides. Los Alamos Scientific Laboratory 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—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 1-4, 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 4. The depth of the shafts and pits was documented in the approved work plan for
operable unit (OU) 1147 (LANL 1992, 07672) and based on historical documents, but 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 | RF1) of MDA C,
SWMU 50-009, at TA-50 and presents recommendations for additional activities required to complete the
investigation of MDA C. It includes site background, site conditions, scope of activities to complete the
investigation, 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-US 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, on
a CD on the inside back cover of this report, provides the Phase | RFI data. Appendix F describes the
management of investigation-derived wastes. Appendix G contains a copy of NMED’s position paper on
the “Determination of Extent of Contamination.”
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1.2 Investigation Objectives

The objectives of the WP for MDA C are to

s 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 additional data collection and analysis, including justifications for
deviating from the scope of work presented in the November 26, 2002, Order issued by NMED to
DOE and UC; and

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

RRES-RS conducted Phase | RF fieldwork at MDA C from 1993 to 2003. The results of these
investigations are summarized in a Historical Investigation Report (HIR) in Appendix B. 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 and to
evaluate risks to potential human and ecological receptors. These requirements are described in
Section 2 of this work plan.

20 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 included
liquids, solids, and gases generated from a broad range of nuclear energy research and development
activities conducted at the Laboratory, including uncontaminated classified materials, metals, hazardous
materials, and radionuclides. Historical reports (Rogers 1977, 0216) indicate it was common practice for
chemicais 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, p. 2-49 of the approved RF| Work Plan for OU 1147 (LANL 1992,
07672).

AtMDAC, 7 pits and 108 shafts were excavated into the overlying soil and unit 3 of the Tshirege Member
of the Bandelier Tuff (Figure 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 shafts are listed in Table 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 surrounding TAs will change in the 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.
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23 Relationship to Other SWMUs and AOCs

The only SWMU and/or AOC within close proximity that potentially could have affected MDA C is
SWMU 50-006(c). SWMU 50-006(c) refers to surface soil contamination from radioactive contaminants
(primarily isotopes of plutonium and americium) deposited by historical stack emissions from operations
at TA-50. Based on Phase { RFI data for MDA C and adjacent SWMUs at TA-50 and TA-35, the only
areas within close proximity that could potentially have been affected by MDA C is Ten Site Canyon,
which is considered an AOC (Figure 5). Eroded surface soils from MDA C, in addition to soils and
contaminant releases from other SWMUSs and/or AOCs at TA-50 and other TAs, have been deposited in
the canyon bottom and stream banks (Nyhan et al. 1978, 5702).

2.4 Centaminant 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/or container associated with a waste, and the nature of the
transport process. The transport of tritium and 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 via infiltration of water through the interred wastes,
These contaminants can also be associated with a higher likelihood of transport via 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.

* 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.

» 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 fractures have coatings with low conductivity or when sufficient liquid
saturates the matrix adjacent to the fracture where flow is occurring.

»  Biotic perturbation and translocation 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 prevaient
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:
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¢ Operational refeases. 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 1892, 07672) and may have released contamination to surface soils and air.

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

Phase | RFI data collection activities occurred over the past ten years at MDA C. Site conditions have
been relatively constant over this period, such that potential temperal 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 te contaminants via inadvertent soil
ingestion, inhalation of suspended soil (dust), dermal absorption from soil on the skin, and external
irradiation. Inhalation of gas-phase contaminants such as tritium and/or volatile organic compounds
{VOCs} emanating from the site into the atmosphere is also a possible source of exposure. Ecological
receptors may be exposed via these pathways as well as via 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 roots and burrowing animals to penetrate the existing cover and come in contact
with subsurface contamination. Site inspections have revealed that roedent 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 small 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, 58599). 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 borehole R-14 (Figure 6). 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 in the MDA C
Investigation Report for present-day risk.

2.5 MDA C Waste Inventory

Waste disposal records for MDA C are contained in a series of disposal fogbocks (LANL 2003, 76035).
Radioactive waste disposal records provided sufficient detail to determine the location, type, and volume
of waste disposed 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
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work plan for OU 1147 {pp. 2-51 to 2-57, LANL 1992, 07672) and is summarized in Appendix B of this
work plan.

2.6 Historical Releases

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”
(Section 2.3.2.2.1, LANL 1992, 07672). 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 RFI work plan for OU 1147 states,
“‘chemical wastes were responsible for many fires at Areas B and C.” It is possible that fires served as a
vehicle of contaminant transport from open pits and/er 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 between 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 ft with a mean value of 3.4 ft (Figure 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 | RF| resulted in part from windborne deposition of contamination released during waste
disposal activities and from deposition of historical stack emissions from operations at TA-50.

2.7  Summary of Historical Investigations
2741 Pre-RFI Field Investigations

Sampling and analysis activities to ascertain the presence and scale of potential environmental
contamination at MDA C began following the decommissioning of the facility in 1974. Radiation surveys of
site soils and vegetation using field instrumentation were conducted from 1976 through 1984 (p. 2-57,
LANL 1992, 07672). 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 (p. 2-59, LANL 1992, 07672) in 1985 and 1986. 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),

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 60-ft grid and the
collection of 203 0-6-in. surface samples of soil or tuff. 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 | surface RF| 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 back cover of this report.
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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 frem 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
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 holding 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. The inorganic chemical data from these samples is 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 presented 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 ports. 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 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 § 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 detecled 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. Cover
thickness over the site was determined.

In January 2003, ant mounds and animal burrows were field-screened for radicnuclides (gross alpha and
gross beta) to select sample locations. Samples of conifer needles from 16 trees and seil 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. Results of the
February 2003 biota sampling will be presented in the MDA C Investigation Report.

273 Phase | RFI Results

Conclusions regarding the nature and extent of contamination at MDA C based on the resuits of
Phase | RF| activities are as follows.

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 are likely related to releases from MDA C prior to placement of crushed
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tuff on the surface of the site in 1984. The extent of current surface radionuclide contamination is
defined.

2. Lead and silver were the only metals detected at concentrations above their respective BVs in
surface soil and fill. Statistical analyses in Appendix D indicate that the range of values is almost
identical to background. There are sporadic detects of SYOCs and Aroclor-1254 and
Aroclor-1260, but no defined pattern and no evidence for a widespread release of organic
chemicals from MDA C were found. The extent of current surface inorganic and organic chemical
contamination is defined.

3. Concentrations of specific metals (including barium, copper, and lead) and radionuclides
(strontium-90 and americium-241) in tuff beneath disposal pits indicate that contamination has
migrated from disposal pits into underlying rock. The extent of subsurface contamination has not
been defined.

4. Tritium and VOC contamination (primarily trichloroethylene [TCE], tetrachloroethene [PCE], and
1,1,1-trichloroethane [TCA]) exists in subsurface pore gas; however, the vertica! and horizontal
extent of this contamination has not been defined.

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

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 back cover of this report).

2.7.31  Field Screening Results
Screening of Core Samples

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). Field screening results for HE, radionuclides and VOCs indicate that concentrations of
contaminants in the subsurface at MDA C are sufficiently low such that field screening is 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 | RFI, 333 subsurface core samples were screened in the field for alpha and
beta/gamma radicactivity, and 67 of these samples were submitted for laboratory analysis of
radionuclides. 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. As
shown in the Phase | field screening results summarized below, there was no significant difference in field
screening results for samples having radionuclides within and above local BVs.

November 2003 8 ERZ2003-0696




MDA C investigation Work Plan, Revision 1

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

Alpha counts per minute

Range 0-3 02

Median 1 1

Average 0.8 0.7
Beta/Gamma counts per minute

Range 120-220 140-210

Median 180 165

Average 177 170

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. 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. VOCs in the subsurface exist
primarily in the gas phase because of the low absorptive capacity of the tuff and cannot be detected by a
PID in the field. 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 Objectives

Information presented in Sections B-1.0, B-2.0, and B-3.0 of the HIR is summarized and interpreted in
this section to describe the current understanding of the nature and extent of environmentat
contamination at MDA C. Based on this interpretation, data requirements related to the nature and extent
of environmental contamination at MDA C are identified.

Interpretation of Phase | RFI Surface Soif 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). A box plot of the site surface soil and background soil data for lead
{Figure D-15) show that 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 that a release of
metals from MDA C has occurred to the surface.

Radionuclides: Americium-241, plutonium-238, plutonium-239, -240, thorium-232, trittum, 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
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historical airborne emissions from operations at TA-50. Concentrations of americium-241, plutonium-238
and plutonium-239, -240 are comparable to results from surface samples collected near the northeast
corner of MDA C during the 1993 RFI of atmospheric releases [SWMU 50-006(c), pp 24-29, LANL 1995,
49925]. The nature and extent of americium-241 and isotopic plutonium in surface soils in the northeast
corner of MDA C and along the eastern edge of MDA C is 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: There is no consistent spatial pattern among the detected concentrations of organic
chemicals in surface soil and fill at MDA C. 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. Like 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. 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 faboratory) 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 is defined.

Nature and Extent of Surface Soil and Fill Contamination

An evaluation of the metal, radionuclide, and organic chemical Phase | RFI data for surface soil and fill at
MDA C does not reveal any data needs related to the nature and extent of contamination. A release of
radionuclides, including americium-241, plutonium-238, and plutonium-239, -240, was identified in the
northeast region of MDA C. This release is most likely associated with historical site operations and/or
with the deposition of airborne emissions from historic operations at TA-50 rather than more recent
transport of contamination from wastes buried in the disposal units. 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 established
by the Phase | RFI data in accordance with the NMED position paper on the determination of extent
(Appendix G). No additional surface sampling is required.

interpretation of Phase | RFl Subsurface Tuff Data

Metals: A number of metals were detected above their respective BVs in Phase | RFI tuff samples
collected at MDA C. Aluminum, beryllium, calcium, chromium, cobalt, magnesium, and nickel were
detected above BV in only a single 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 that 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 boreholes 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).

Phase | RF1 boreholes from which samples were collected adjacent to Pits 1 through 4 and Shaft Groups
1 through 3 include 50-09103, -09104, -09105 and -09106. Cyanide was detected in the bottom sample
from borehole 50-09104 (sample ID 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). 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 ID 0550-95-0071) at a concentration of 1.2 mg/kg, and 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 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, 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 alf 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 ID
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 50-09109 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
50-09109 (sample 1D 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
occourred; however, the nature and extent of these releases has not been determined {Table 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). Radionuclides were detected in samples collected from the bottom of six of the
eleven Phase | RF| boreholes. Borehole plots of radionuclides in the subsurface are provided in
Appendix D.
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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). 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).
Sodium-22 was detected in the sample collected from the bottom of borehole 50-09109 at a concentration
of 0.056 pCi/g at 81 ft bgs {(sample ID 0550-95-0241). Additional 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 50-08101, 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 determined (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 pCifg, 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. No radionuclides were detected above
BVs in borehole 50-09102 (with the exception of tritium; Table 2).

Phase | RFI boreholes from which samples were collected adjacent to Pits 1 through 4 include Shaft
Groups 1 through 3 inctude 50-09103, -09104, -09105 and -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 0550-95-0128) 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 at a concentration of
0.014 pCi/g at 85 ft bys 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 compared with elements such as
americium, uranium, and plutonium.

Collectively, the data for boreholes 50-09103, 50-09104, 50-091 05, and 50-09106 showed sporadic
detections of radionuclide at low concentrations in tuff adjacent to and beneath several pits and shafts
focated 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, 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 infiltration of water 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, although subsurface tritium data are lacking from the
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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.

QOrganic 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 YVOC 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. VOCs in the subsurface 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 (see section entitied “Interpretation of
Subsurface Pore-Gas Data” below).

Nature and Extent of Subsurface Contamination

Tuff data for metals (including cyanide), and for radionuclides, indicate that 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 borehaoles 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-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 northern portions of the site below Pits 4, 5, and 6. Near-surface tritium pore-gas data
indicate that 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
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 perchlorates will be added
to analytical suite for subsurface tuff samples to be collected in accordance with this wark plan. Dioxins
and furans were not reportedly disposed of at MDA C. Historic records indicate that chemicals were
burned in the Chemical Pit, however, 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 in accordance with this work plan.

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 strike 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. TCE concentrations ranging from 10.0 to 15.0 parts per million by volume (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). PCE concentrations 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).
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
boreholes 50-09100 and 50-10131. Prior to 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 the 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. PCE, followed by TCE, was the most frequently detected VOC, 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
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north of Pit 6 (2600 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 borehole 56-09106 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 {ritium 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 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 barehole 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 ptan.

Phase | RFI data for tritium in subsurface tuff samples indicate a release occurred in the subsurface at
MDA C. The highest tritiumn 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. RRES-RS 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 implementaticn 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

» 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.

31 Surface Conditions

MDA C is located on Mesita del Buey, a 140- to 220-ft-high, finger-shaped mesa that trends southeast
(Figure 5). 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 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 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 infiliration 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.

3141 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.

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. A discussion of the soils in the Los Alamos area can be found in Section
2.5.1.3 of the approved installation work plan (LANL 1998, 62060).

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 are comprised of the Carjo loam, the Hackroy loam, and the Seaby loam. At MDA C, natural or
undisturbed surface soil cover is limited as a resuit of disposal unit and cover construction. The present-
day surface of MDA C is predominantly fill (crushed tuff) and imported topsaoil.

Canyon bottoms near MDA C (Cafiada 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 eroded
soils from MDA C, as well as other SWMUs at TA-50, have been deposited on the canyon bottorm and
stream banks. The canyons are being investigated under separate work plans.

31.2 Surface Water

There are no streams 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 5). 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 NPDES-permitted Outfall 051 in Mortandad Canyon [SWMU 50-006(d), Figure 5]. 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 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.
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RRES-RS 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
3.2.1  Stratigraphy

The former ER Project (now RRES-RS) drilled, cored, and sampled eleven boreholes at MDA C during
the Phase | RF| to characterize potential contaminant releases and transport in the subsurface. Borehole
logs from the site provide detail on 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 6. Figure 6 also shows east-
west cross-sections beneath and in the vicinity of MDA C. The stratigraphy beneath MDA C includes
Bandelier Tuff, Cerros del Rio lavas, Puye Formation, Totavi Lentil Deposits, Santa Fe Group, and

Santa Fe age basalts (Figures 6 and 7). Descriptions of stratigraphic units beneath MDA C follow.

Bandelier Tuff

In regard to Bandelier Tuff, the term welding is used lo 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 7 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 Pajarito Plateau. Its 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 phengcrysts
{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.
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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 are the dominant clay minerals present.
Smectites 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 ingrganic
chemicals in fractures. Opal and calcite can oceur 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 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 criginating in
unit 2 continue into the more welded upper section of unit 1vu but die out 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 1ve, 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).

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 1vc 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.
There is no depositional break 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 cocling 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 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
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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 2-3 ft (0.6—1 m).

Cerro Toledo Interval (Qct)

The Cerro Toledo interval consists of thin beds of tuffaceous sandstones, paleosaols, siltstones, ash, and
pumice falls; the Cerro Toledo interval 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 Busy
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 Basalts (Tb4)

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 basalts were observed to the east
in R-15. In R-14, the dacitic lavas are ~150-ft (46-m) thick, extending from 620 to 768 ft below ground
surface (bgs). Local borehole cores at MDA L show that the basalts 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 heterogeneous 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 7). an
upper fayer 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 beneath MDA C at a depth of 1300 ft.
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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 deposit has been alternatively conceptualized as a series of distinct north-south
trending ribbons and a continuous thin sheet at the base of the Puye Formation. Like the overlying Puye
Formation it has both high permeability and low permeability zones (Nylander et al. 2003, 76059). It was
not penetrated by wells near MDA C but may exist at the base of the Puye Formation predicated on
evidence from PM-5, about 1 mile to the east (Figure 6).

Santa Fe Group (Tsf, Tf, and Ts) and Santa Fe-Age Basalts (Tb1 and Tb2)

The Santa Fe Group is an alluvial-fan deposit comprised 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 6). 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.

3.22 Hydrology

The proposed hydrogeologic conceptual model for the Pajarito Plateau (LANL 1998, 59599) is presented
in Figure 8. The model predicts infiltration of water into the subsurface and subsequent transport of water,
vapaor, 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 mode! 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, 59529),
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 Laboratory 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 Jocal 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 Plateau. Infiltration into
the mesa appears to be very low, possibly only 0.04 infyr ([1 mm/yr] LANL 1997, 63131) and occurs
during snowmelts or intense summer thunderstorms, which iead to slightly higher moisture contents 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-18, perched
aquifers have been detected only 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, 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 increased moisture contents 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 thought
to form mainly at horizons where medium properties change dramatically, such as at paleosol harizons
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 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 6] 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 borehole SHB-1 or in borehole R-14 (Figure 6).

Perched intermediate zones of saturation have been delineated beneath Mortandad Canyon. At borehole
MCORBT-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, aithough possible perched zones were
encountered during borehole advancement (Baltz et al. 1963, 8402).
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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, 6513). The regional aquifer extends throughout the Espafiola Basin (an area
roughly 6000 km?) and reaches its maximum thickness beneath the Pajarito Plateau {over 3800 ft
[3000 m] thick; Cordell 1979, 76049).

Depths to the regional aquifer 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 9 depicts
water table elevations in the regional aquifer across the Pajarito 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 Pajarito Mesa (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 velocity, travel time in the regional aquifer between MDA C and PM-5 or
R-14 would be approximately 100 yr.

Estimates of groundwater transport velocity will be evaluated more accurately using the existing aquifer
model (Nylander et al. 2003, 76059), which takes into account the three-dimensionality of the
groundwater flow paths, spatial distribution of recharge along the canyons, time-variation of PM-5
pumping rates, medium heterogeneity, etc. To date, such small-scale model analysis for PM-5 has not
been performed.

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 weided tuff may include relatively close-spaced cooling joints as well as tectonic
fractures. Although welded tuffs also have fractures, they are generally less abundant than in welded
tuffs.

Several competing effects determine moisture content and fluid flux in welded, devitrified tuff. While water
moves slowly through the unsaturated tuff matrix, it can move relatively rapidiy 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 in the tuff matrix only. Only in
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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).

40 SCOPE OF ACTIVITIES

This section identifies the specific activities that will be performed during the field investigation of MDA C.
These proposed activities differ from those identified in Section (V.C.3.c of the Order issued by NMED to
DOE and UC on November 26, 2002, because this work plan considers the requirements of the Order as
well as information developed during the Phase | RF| Investigation. Because the proposed scope of work
differs from that in the Order, this section also provides a justification for the alternate approach.

Although the scope of activities proposed in this work plan differs from that in the Order, the data obtained
from this investigation, combined with the data previously collected in the Phase | RFI, satisfy the
investigation objectives identified in the Order, namely determining the nature and extent of contamination
and migration pathways to receptors.

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.

» Ten angled and four vertical boreholes will be installed at the locations shown in Figure 10.
Boreholes will be advanced at the angles and to the depths and lengths specified in Table 3.

* Continuous core samples will be collected from each borehole. Core will be visually inspected,
field screened for alpha and beta/lgamma radioactivity, and geologically logged. Borehole logs will
be prepared for each borehole.

* Tuff samples will be collected at approximately 20-ft intervals for laboratory analysis for the
parameters shown in Table 3. Collection of samples for laboratory analysis will begin once the
borehole is advanced beneath the associated disposal unit. Preliminary sample locations are
shown on the cross sections presented in Figures 12 though 24.

» Subsurface vapor samples will be collected from boreholes A through L and N at the approximate
depths of 40 to 50 ft bgs and 140 to 150 ft bgs and at 30, 60, 90, 120 and 150 ft bgs in
borehole K.

* Subsurface vapor samples will be collected from borehole M at the approximate depths of 100 ft,
200 ft, 300 ft, abandonment of auger drilling (approximately 400 ft), and total depth (800 ft).

¢ Subsurface vapor samples will be analyzed for VOCs and tritium.

* Groundwater samples will be collected if perched water is encountered.

4.2 Justification for Alternative Scope of Work

The proposed alternate work scopes are summarized in Table 4, along with a brief justification for the
alternate approach. The following subsections provide additiona! details related to the justifications for
alternate approaches referenced in Table 4.
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4.21 Number, Locations, and Depth of Boreholes

The NMED Order prescribes borehole locations that apply to each pit and shaft group at MDA C. This
prescriptive approach does not consider the data that were collected during the Phase [ RFI. In addition,
this prescriptive approach does not consider access limitations and other constraints, such as nuclear
safety basis requirements specified in DOE Order 830, associated with drilling activities at MDA C. The
borehole locations proposed in this work plan are based on an evaluation of the Phase | RFI data and
other relevant information. This evaluation was directed toward identifying specific data requirements that
need to be met to satisfy the objectives of the investigation. These objectives are to determine the nature
and extent of contamination as identified in NMED's position paper on the determination of extent of
contamination (Appendix G) and to characterize migration pathways to receptors to assess the potential
present-day and future risk posed by the site. This evaluation of data is presented in Section 2 and
yielded the following three data requirements:

1. the nature and extent of contamination in subsurface tuff, including
» extent of metal and radionuclide contamination in tuff beneath Pit 6,
* concentrations and spatial extent of VOCs in the vapor phase in subsurface tuff,
* concentrations and spatial extent of tritium in the vapor phase in subsurface tuff,

* nature and extent of releases of metals, cyanide, and radionuclides to tuff beneath Pits 1-5,
Shaft Groups 1 and 2, and the strontium-90 disposal shaft, and

+ extent of perchlorate, nitrate, dioxin, and furan contamination in tuff beneath MDA C;
2. the potential presence of perched groundwater beneath MDA C: and

3. information on hydrogeologic properties and fracture characteristics of the vadose zone to
support contaminant transpert medeling in the vadose zone.

These data requirements were considered, along with access constraints and other limitations, to identify
the borehole locations and specifications shown in Figure 10 and Table 3, respectively. A comparison of

the borehole specifications contained in the NMED Order for each pit and shaft group with the boreholes

installed during the Phase | RF! and proposed in this work plan is presented in Table 5. The rationale for

installation of each borehole is presented below.

Boreholes A and B: Two angled boreholes (boreholes A and B: Figures 11 and 12) will be advanced
beneath Pit 6. Borehole A also will be advanced beneath the Chemical Pit. The boreholes will be
advanced from the south side of Pit 6 with a northward strike. Drilling from the south side of Pit 6 is
proposed because a review of engineering drawings for Pit 6 and the results of geophysical surveys
indicate that its northern boundary is only 10 ft from the fence line. There are numerous subsurface
utilities near the fence line and beneath the pavement at TA-50 across the fence, which would
compromise the safety of drilling a borehole from the north side of Pit 6.

Boreholes A and B will be advanced at a 45-degree angle from a position 40 ft from the southern
boundary of the Chemical Pit {(borehole A) and Pit 6 (borehole B). This distance from the disposal units
will afford a margin of safety to avoid drilling into the waste, as it is expected that the maximum depth of
the disposal units is 25 to 30 ft bgs, and the boreholes should pass below the southern edge of the pits at
a depth of 40 ft bgs.

The Tocation and strike of borehole A wilt allow for collecting tuff samples in the vicinity of (and beneath)
Phase | RFI boreholes 50-09109 and 50-09110, where previous tuff samples have indicated metals and
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radionuclide contamination (other than tritium) at a depth of 57 and 81 ft, respectively. Additional tuff
samples in this area will support an evaluation of the extent of contamination beneath the western end of
Pit 6. Additionally, borehole logs from 50-09109 and 50-09110 describe the presence of fractures at
several depths (Appendix C). The presence of both fractures and contamination in previous tuff samples
makes this an ideal location for evaluating whether contamination in tuff is associated predominantly with
fractures, the tuff matrix, or both.

Borehole B is situated for completion beneath the area of surface subsidence where water may have
infiltrated Pit 6. Measurements of the moisture content in tuff in this borehole, and analytical data for

contamination in tuff will support an evaluation of whether the subsidence of Pit 6 has resulted in the
migration of contaminants.

Borehole C: Tuff samples obtained from this angled borehole will provide information on the presence of
contaminants beneath the western portion of Pit 5 (Figure 10). No boreholes are presently located in this
area to provide information on potential releases.

Borehole D: To date, VOC pore-gas samples have been collected only from boreholes 50-09100 and
50-10131, although EMFLUX® VOC flux data (Figure B-8) indicate that VOCs in the vapor phase may be
present in subsurface tuff at other locations at MDA C. The largest VOC flux in an area other than the
Chemical Pit occurs on the south edge of Pit 5. Borehole D (Figures 10 and 14) is located such that it will
be completed below Pit 5 in the area where the high VOC flux was measured previously. The location of
borehole A also serves the purpose of evaluating VOC concentrations beneath the Chemical Pit (where
EMFLUX® VOC flux was greatest) to supplement VOC data available from Borehole 50-10131.

Borehole E: The angled borehole extending beneath Shaft Group 1 will provide information on the
presence of contaminants beneath this disposal unit (Figure 10). No boreholes are presently located to
provide information on potential releases in this area. The orientation of the borehole along the axis of the
shafts will maximize the probability of encountering contamination associated with these shafts

(Figure 15).

Borehole F: The angled borehole beneath the central areas of Pits 2 and 4 will provide information on the
presence of contaminants beneath these disposal units (Figure 10). No boreholes are presently located to
provide information on potential releases in this area (Figure 16).

Borehole G: The angled borehole extending beneath the northeast portions of Pits 2 and 4 will provide
information on the contaminants beneath these disposal units (Figure 10). With the exception of some
samples beneath Pit 2 from the base of borehole 50-09103, no boreholes are presently located in this
area to provide information on potential releases. In the event that the floors of Pits 2 and 4 have a slope
consistent with surface topography, these boreholes will be sited on the downgradient side of the pits
(Figure 17).

Borehole H: The angled borehole that extends beneath the strontium-90 shaft is intended primarily to
establish whether a release of strontium-90 has occurred at this location (Figure 10). Strontium-90 is
relatively water-soluble and thus is potentially mobilized with infiltrating water. The location of the
borehole was sited to the northwest of the strontium-90 shaft to evaluate potential releases of
contaminants beneath the southern portion of Shaft Group 3 (Figure 18). Advancing an angled borehole
from a position south of the strontium-90 shaft was not feasible because Pajarito Road and its associated
utility corridor are located in this area.

Borehole I: The angled borehole extending beneath the eastern portions of Pits 1 and 3 was sited to
provide information on the presence of contaminants beneath these disposal units (Figure 10). No
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boreholes are presently located in this area to provide information on potential releases (Figure 19).
Angled boreholes cannot be advanced from the south at this location because Pajarito Road and utilities
are located in this area.

Borehole J: The angled borehole extending beneath the eastern portion of Shaft Group 2 was sited to
provide information on the presence of contaminants beneath this disposal unit (Figure 10). No boreholes
are presently located to provide information on potential releases in this area. The location of Shaft Group
3 prohibits situating a borehole that extends beneath the western region of Shaft Group 2 (Figure 20).
Angled boreholes cannot be advanced from the area south of Shaft Group 2 because Pajarito Road and
utilities are located in this area.

Borehole K: The vertical borehole located immediately west of the northern end of Shaft Group 3 was
sited to determine whether tritium pore-gas concentrations indicate a release near this location and to
provide information on the presence of contaminants adjacent to these disposal units (Figure 10). No
vertical boreholes are presently located in this area to provide information on potential releases. Borehole
K will be drilled to a depth of 150 ft bgs (Figure 21).

Borehole L: Borehole L is a vertical borehole located to provide information on the presence of
contaminants potentially released from Pit 1 (Figure 10). Although an angled borehole extending beneath
Pit 1 is preferable to evaluate potential releases of these contaminants from a disposal unit, angled
boreholes can be advanced only from the east of Pit 1 because of the presence of other disposal units to
the north and west of Pajarito Road and utilities to the south (Figure 22).

Borehole M: A single, vertical borehole will be drilled to a depth of approximately 800 ft in the area north
of Pit 5 near the head of Ten Site Canyon (Figures 10 and 23) to determine whether perched
groundwater is present below 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 should be much higher in this area than in other locations near MDA C.

Borehole M provides an opportunity to collect geotechnical data to support transport modeling by
characterizing site-specific hydrogeologic properties at MDA C. These properties include 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 probe for moisture logging. Collecting a profile of matrix potential in combination with
the moisture content will provide data on the likely direction of moisture movement in the subsurface.
Estimates of saturated and unsaturated hydrautic conductivity also support modeling of liquid migration in
the vadose zone. Tuff samples for chloride-ion concentration support evaluation of the rates of water
infiltration and evaporation.

Borehole N: Vertical borehole N will be drilled to a depth of 150 ft bgs adjacent to the southwest corner of
Pit 1, immediately southeast of the strontium-80 shaft (Figure 10). Data from this borehole is intended to
establish whether a release of strontium-90 has occurred from the strontium-90 shaft. Strontium-90 is
relatively water-soluble and thus is potentially mobilized with infiltrating water. Data from borehole N will
also help establish the spatial extent of metals, cyanide, and radionuclide contamination in tuff beneath
Pit 1, and from Shaft Group 3. No vertical boreholes are presently located in this area to provide
information on potential releases (Figure 24).

Tuff samples will be collected at least every 20 ft in the ten angled boreholes beginning beneath the
target disposal unit. Vertical boreholes K, L, and N will be sampled at least every 20 ft beginning at the
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same depth as the nearest disposal unit. The frequency of sample collection along the boreholes for
submittal to an analytical laboratory is one sample per 20 ft, whereas Section IV.C.3.a.iv of the November
26, 2002, NMED Order states, "A minimum of two samples per 100 feet of drilling depth shall be selected
from each boring for laboratory analysis.”

Samples will be collected from intervals where visual inspection indicates contamination and/or fractures
are present. The maximum depth at which Phase | radionuclides were detected beneath Pit 6 was 80 ft
bgs. The proposed borehole depths of 140 to 150 ft (approximately twice the vertical depth of the Phase |
RF! boreholes) will be sufficient to establish the vertical extent of contamination beneath Pit 6 with respect
to concentrations relative to background or a decreasing concentration gradient (Appendix G). This
approach exceeds the requirements in Section I1V.C.3.c.iii, item 6, of the NMED Order for boreholes to
extend 25 ft below the depth of contamination detected in previous investigations.

Establishing the “extent” of a liquid-borne release of metals or radionuclides from a disposal unit is difficult
because contaminants can migrate with water infilirating below a pit or shaft via fractures in the tuff rather
than in the tuff matrix. Under fracture flow conditions, detection of residual contamination in tuff 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, criteria noted in NMED's June 17, 1999, position paper "Determinination of Extent of
Contamination.” The sample locations, depths, and sampling design (paired samples of fracture fill and
surrounding intact tuff) of proposed Boreholes A and B were specified to supplement existing tuff data
beneath Pit 6 and determine whether contamination may have migrated via fractures. The depths for
collection of samples beneath the other disposal units is consistent with this approach.

Field documentation of samples collected from fractures will include a detailed physical description of the
fracture fill material and rock matrix sampfed. 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.

4.22 Subsurface Vapor Sampling

To establish the extent of VOC contamination in tuff, VOC pore-gas data will be collected immediately
after drilling activities are completed for each new borehole at MDA C. For boreholes A through L and N,
the first sample will be collected at a depth of approximately 40 to 50 ft bgs, corresponding to a depth of
10 to 30 ft beneath a disposal unit, depending upon the depth of the pit or shafts, where VOC
concentrations associated with release from a disposal unit should be evident. The second VOC pore-gas
sample will be collected from the bottom (total depth [TD]) of each borehole at 140 to 150 ft bgs to
measure VOC concentrations at depth.

Five VOC pore-gas samples will be collected at borehole M immediately after drilling activities are
completed to establish the VOC concentration profile with depth at this location. Three samples will be
collected at 100, 200, and 300 ft bgs; a fourth sample will be collected at the depth where auger drilling is
abandoned in favor of air-rotary drilling methods at an anticipated depth of 400 ft bys; and a fifth sample
will be collected at TD of the borehole following extensive purging of borehole air. Previous experience in
drilling boreholes has shown that auger drilling is of limited use in the geoclogically unstable materials
below this approximate depth; thus, the remaining depth of the borehole will be drilled by air-rotary
methods (see Section 5).

A second round of VOC pore-gas sampling at the same depths will be conducted approximately one
month after drilling activities are completed. The purpose of the second round of sampling is to confirm
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the VOC pore-gas data findings for samples collected immediately after drilling. It is possible that the
initial VOC pore-gas measurements may be affected by drilling activities; therefore, VOC measurements
collected after subsurface pore-gas cenditions have stabilized may be more representative of actual
conditions. The schedule for VOC pore-gas sampling is discussed in Section 7 of this work plan.

All ten ports in boreholes 50-08100 and 50-10131 were sampled for VOCs in January 2003. The VOC
concentrations measured in this sampling were consistent with results from sampling performed in 2000
through 2002, indicating minimal variability in VOC pore-gas concentrations over time. Therefore, no
additional VOC sampling in these boreholes is proposed for this investigation. Pore-gas data for VOCs
from the first and second phase of VOC sampling in the new boreholes and existing VOC pore-gas data
in boreholes 50-09100 and 50-10131 will be used to determine the extent of VOC pore-gas contamination
and the need for additional boreholes instrumented for monitoring of VOCs in pore gas. These data will
be used to define an interim vapor-monitoring plan for VOCs in the MDA C Investigation Report. Existing
monitoring activities are discussed in Section 6 of this work plan. A general diagram for constructing a
vapor-monitoring borehole is shown on Figure 25.

To establish the extent of tritium vapor contamination in tuff, tritium pore-gas data will be collected
immediately upon completion of drilling activities for each new borehole at MDA C. For boreholes A
through J, L and N, two samples will be collected. The first sample will be collected at a depth of
approximately 40 to 50 ft bgs. This corresponds to a depth of 10 to 30 ft beneath a disposal unit,
depending on the depth of the pit or shafts, where tritium concentrations associated with release from a
disposal unit should be evident. The second tritium pore-gas sample will be collected from the bottorn 140
to 150 ft bgs (TD) of each borehole to measure tritiurn concentrations at depth. For borehole K, five tritium
samples will be collected every 30 ft bgs.

Five tritium pore-gas samples will be collected immediately drilling activities are completed at borehole M
(the 800-ft vertical borehole) to establish the profile of tritium concentrations with depth at this location. A
second round of tritium pore-gas samples will be collected approximately one month following the
completion of drilling activities for all boreholes. Tritium pore-gas samples will be collected in silica gel
samplers for analysis by an off-site contract laboratory.

With respect to boreholes A through L and N, based on the Phase | RFI results, sampling VOCs and
tritium at both the sampled depths (40 to 50 ft bgs and 140 to 150 ft bgs} should produce a decreasing
trend as required by NMED’s position paper on determination of extent (Appendix G).

4.2.3 Field Screening

Section IV.C.3.c.iv, Paragraph 2, of the NMED Order specifies that core samples collected at MDA C be
screened using the methods described in Section 1X.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) metals screening using x-ray fluorescence (XRF). Additional screening for release-specific
characteristics, such as pH and HE, shall be conducted where appropriate. Section IV.C.3.c.iv of the
Order indicates that screening results for the samples collected at MDA C shall be used to identify
samples to be submitted for laboratory analysis.

Results of Phase | RFI at MDA C indicate that the screening methods specified in the Order, other than
visual examination, would be ineffective and would 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 are discussed below.
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VOCs

The headspace vapor screening procedure given in Section [X.B.2.d of the 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 the core samples to be
collected at MDA C.

The above procedure is designed to identify samples having 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 was
applied to samples from 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 ppmy, with several VOCs having maximum concentrations
in the low ppmv range. The concentration after dilution into the headspace should be less than 1 ppmy,
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,

XRF

During Phase | RF{, 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 detectable using XRF, maximum concentrations were generally less than half the respective
XRF detection limit.

HE

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.

Radioactivity

The MDA C work plan specifies radiation screening of all samples. This screening 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 6 summarizes the results of the field screening for the samples having radionuclide activities within
the background range and above background. As shown in Table 8, there was no significant difference in
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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.

4.24  Analytical Suites

Subsurface tuff samples will not be submitted for analysis of all analytes specified in the NMED Order.
Specific analyses that will not be performed on any VOC, SVOC, pH, HE, and PCB samples. VOCs will
not be analyzed in tuff samples because such analyses are not appropriate. As explained in Section 2.7.3
of this work plan, VOCs are primarily present in the subsurface as vapors and are not associated with the
solid matrix. As a result, the most accurate method of sampling for VOCs is pore-gas sampling. Pore-gas
sampling will be used to determine the extent of subsurface VOC contamination at MDA C.

Subsurface core samples collected during the Phase | RFI were submitted for analysis of SVOCs and
PCBs. The results of this sampling indicate that the nature and extent of SVOC and PCB contamination is
established at MDA C (Section 2.7.3) and no additional sampling for SVOCs or PCBs is required.

Analysis of tuff samples for pH is not appropriate considering the low moisture content of the tuff and will
not be performed.

Subsurface tuff samples will not be analyzed for HE based on the low potential for HE to be present at
MDA C. Descriptions of waste sent to MDA C (Appendix B) indicate that the only potential sources of
HE-containing wastes were wastes associated with the demolition of Bayo Canyon, which was the
location of historic firing sites, and trinitrotoluene (TNT) element samples identified in the waste inventory
for Shaft Group 3. Additional details on the wastes associated with Bayo Canyon demolition are
contained in the associated RF1 work plan and reports and historical reference documents that indicate
HE is not present in the wastes sent to MDA C from Bayo Canyon.

When the firing sites in Bayo Canyon were active, residuals and debris from the firing sites were disposed
of to a disposal pit, SWMU 10-005. During decontamination and decommissioning of this disposal site in
1957, the wastes in SWMU 10-005 were excavated and burned, and the ash was subsequently disposed
of at MDA C (p. 3-63, LANL 1992, 07668). Any HE present in the residuals would have been destroyed
by burning. Subsurface samples were collected at the site of SWMU 10-005 during the RFI of this site
and were analyzed for HE. No HE was detected in these samples (p. 102, LANL 1996, 54332). The only
other wastes from Bayo Canyon identified as potentially having been sent to MDA C was ash from a burn
pit used to burn combustible wastes (SWMU 10-006; pp. 4-1—4-3, LANL 1992, 07668.). As at SWMU
10-005, the ash is unlikely to have contained appreciable amounts of HE. The final cleanup of the Bayo
Canyon firing sites in 1963 is described in an historical report (LASL 1963, 04771). Ali remaining firing
site debris was removed at this time and no HE was found in this debris (p. 6, LASL 1963, 04771).

TNT is listed in three disposal logbook entries for Shaft Group 3. The origin of this waste is Wing 9 of the
Chemical and Metallurgy Building, where significant guantities of HE would not be present for safety
reasons. The waste description for some of the TNT refers to “TNT SS center elements,” “TNT element
samples,” or "TNT mounts.” There is also accompanying fission product or U with the TNT. The units of
disposal are gallon cans, so only a small quantity was disposed of. The results of Phase | RFI SVOC
analyses did not identify detectable amounts of 2,4-dinitrotoluene or 2,6-dinitrotoluene, which are
associated with TNT, in any tuff samples. Additionally, 233 phase | RF| borehole samples were screened
for HE and there were no detects, including those core samples in boreholes 50-09105 and 50-09106 that
passed beneath Shaft Group 3.
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A review of waste inventory records (see Appendix B) does not indicate the presence 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. Therefore, tuff samples collected directly beneath the
Chemical Pit will be analyzed for dioxins and furans because of the reported practice of burning
chemicals disposed in the Chemical Pit {Rogers 1977, 0216). Tuff samples from cther locations will not
be analyzed for dioxins or furans.

5.0 INVESTIGATION METHODS

The foliowing RRES-RS standard operating procedures (SOPs), available at
http.//erproject.lanl.gov/idocuments/procedures.html, are applicable to the investigation metheds proposed
in this plan:

e [ANL-ER-SOP-1.01, Rev. 1 General Instructions for Field Investigations

» LANL-ER-SOP-1.02, Rev. 1 Sample Containers and Preservation

s LANL-ER-SCP-1.03, Rev. 2 Handling, Packaging, and Shipping of Samples

¢ LANL-ER-SOP-1.04, Rev. 5

+ [ANL-ER-SOP-1.05, Rev. 1

s LANL-ER-SOP-1.06, Rev 2 Management of ER Project Wastes

o [LANL-ER-SCP-1.08, Rev. 1 Field Documentation of Drilling and Sampling Equipment
s LANL-ER-SOP-1.10, Rev. 1 Waste Characterization

e LANL-ER-SOP-3.11, Rev. 1 Coordination and Evaluating Geodetic Surveys

¢+ LANL-ER-SOP-4.01, Rev.
+« LANL-ER-SOP-5.03, Rev.
+ LANL-ER-S0OP-507, Rev.
e LANL-ER-SCP-6.26, Rev.
+ LANL-ER-SOP-6.31, Rev.
s LANL-ER-SOP-7.05, Rev.

+ LANL-ER-SOP-12.01, Rev. 4  Field Logging, Handling and Documentation of Borehole
Materials

Sample Control and Field Documentation

Field Quality Control Samples

-

Drifling Methods and Drill-Site Management
Monitoring Well and RFi Borehole Abandonment
Operation of LANL Owned Borehole Logging Traifer
Core Barrel Sampling for Subsurface Earth Materials

Sampling of Sub-Atmospheric Air

- = A ON

Subsurface Moisture Measurements Using a Neutron Probe

Additional procedures may be added as necessary to describe and document quality-affecting activities.

51 Methods for Drilling and Sampling Boreholes A through L and N
511 Drilling Protocol

Vertical boreholes will be drilled using the hollow-stem auger method and angled boreholes will be drilled
using either the hollow-stem auger or air-rotary method depending on nuclear safety requirements. A
description of these methods is provided below.
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Hellow-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 also acts to case the borehole 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 drill 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 cuitings from the borehele but also helps to cocl the drill bit. The
use of air rotary drilling is best suited for hard rock fermations. In soft unconsolidated formations, casing is
driven to keep the formation from caving. When using air rotary, the air compressor shall 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 systemn is functioning properly. In addition, a cyclone-velocity
dissipator or similar air containment/dust-suppression system shall 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 (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.

Boreholes A through L and N will be drilled in the approximate locations shown in Figure 10. The
subsurface borehole configurations are projected relative to disposal units in Figures 11 through 24. The
depth, angle, and sampling protocal for each borehole are described in Table 3. Each borehole will be
continuously cored using a split barrel sampler following LANL-ER-SOP-4.01, Rev 1, to TD. Core will be
screened for radiclogical contamination, visually inspected, and geologically logged. If radiological
contamination is detected using field screening methods at the proposed TD, the boring will be advanced
until contamination is no longer detected.

The exact location of each borehole will be determined after extensive and careful review of the potential
risks and access limitations. Pit and shaft boundaries will be mapped via a differential global positioning
system survey (+/- 2 cm X, Y, Z) following LANL-ER-SOP-3.11, Rev 1, to further refine borehole
locations. A GPR survey will also be conducted in order to define potentially hazardous utility lines in the
work area. Each site will be thoroughly examined to identify potential hazards for subsurface drilling.

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 LANL-ER-SOP-6.26, Rev 1. The analytical suites for
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each borehole are listed in Table 3. The frequency of sampling and orientation relative to disposal units
are shown in Figures 11 through 24.

Tuff samples will be collected at least every 20 ft in the ten angled boreholes (A through J) beginning
beneath the target disposal unit. Vertical boreholes K, L, and N will be sampled at least every 20 ft
beginning at the same depth as the nearest disposal unit. Samples will be collected from intervals where
contamination is suspected because 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 LANL-ER-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 analytical comparison. The fractures and matrix samples will be assigned unique identifiers.

Tuff samples from boreholes A through L and N will be analyzed for TAL metals, cyanide, nitrates,
perchlorate, and radionuclides {americium-241, strontium-90, isotopic uranium, isotopic plutonium, and
gamma spectroscopy isotopes). Additionally, tuff samples collected during the first sampling interval
below the Chemical Pit from borehole A will be analyzed for dioxins and furans. Analysis of all tuff
samples will be conducted using analytical methods specified by contract requirements of the statement
of work.

Quality assurance/quality control (QA/QC) samples will include field duplicate samples to evaluate the
reproducibility of the sampling technique and rinsate blanks to evaluate decontamination procedures.
These samples will be collected following LANL-ER-SOP-1.05, Rev 1, and will be collected at the
frequency specified in Section IX.B.2.e of the November 26, 2002, NMED Crder.

5.1.3 Collection of Pore-Gas Samples

Subsurface pore-gas samples will be collected from boreholes A through K and N following
LANL-ER-SOP-6.31, Rev 1. In each borehole, one sample will be collected at the depth in which the
borehole is nearest the targeted disposal unit, and the second sample will be collected at TD. Pore-gas
samples will be collected using a straddle packer to isolate discrete depths within the borehole. Each
interval will be purged prior to sampling untif 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 T(O-14 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 collected by
pulling zero gas (99.9% ultrahigh-purity nitrogen) through the packer sampling apparatus. This sample
will be used to evaluate decontamination procedures. The field duplicate sample will be used to evaiuate
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 LANL-ER-SOP-1.05, Rev 1, and will be collected at
the frequency specified in Section IX.B.2.e of the November 26, 2002, NMED Order.
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5.2 Methods for Drilling and Sampling Borehole M
5.21 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 400 ft) because it has proven to be
capable 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 borehgle 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 objectives of the sampling for this borehole to be met. The
vertical borehole will be cored continucusly with a split-barrel sampler to 800 ft following LANL-ER-

SOP 4.01, Rev 1. Core will be screened for radiological contamination, visually inspected, and
geologically logged. The exact location of this borehole will be determined in the manner and with the
same scrutiny described in Section 5.1.1 for boreholes A through L and N.

5.2.2 Collection of Pore-Gas Samples

The sampling depth and analytical suites for borehole M are described in Table 3 and depicted at depth in
Figure 24. 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 LANL-ER-SOP-6.31, Rev 1 using a straddle packer to isolate discrete depths of
the borehole. Each interval will be purged prior to sampling until 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-14, and
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 drill 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
LANL-ER-SOP-6.31 are met.

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 collected by
pulling zero gas (99.9% ultrahigh-purity nitrogen) through the packer sampling apparatus. This sample
will be used to evaluate 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 LANL-ER-SOP-1.05, Rev 1.

523 Collection of Geotechnical Data

Borehole M will be cored continuously and geologically logged to TD following LANL-ER-SOP-4.01,

Rev 1, and LANL-ER-S8OP-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 visual inspection. Brass sleeves
will then be used in the relatively unconsoclidated Cerro Toledo interval, the Otowi Member, and the Puye
Formation to improve recovery and maintain structural integrity in the hole for hydrogeologic
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characterization. Samples collected from the split-barrel sampler will be preserved in sealed sleeves or
core-protect bags to preserve core moisture following LANL-ER-SOP-6.26, Rev 1.

Moisture content and matrix potential samples will be collected every 5 ft from borehole M. Samples for
chloride analysis will be collected every 20 ft from this borehole. 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 to evaluate the reproducibility of the
sampling technique.

5.2.4  Collection of Perched Water Samples

During drilling operations there is the potential for encountering zones of elevated moisture content,
localized saturation, and groundwater. These zones may not be assignable to either an alluvial or the
regional groundwater system and represent a localized phenomenon. The Laboratory’s decision process
for characterizing these zones is presented in the attached flowchart shown in Figure 26 and described in
the following text.

If saturation is encountered as a borehole advances, drilling would 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 one liter. 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 would be continued to the planned TD or until saturation is
encountered again and the process is repeated. A porous cup lysimeter or absorbent membrane would
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 discreet depths would 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 Los Alamos. Typically, results of
groundwater screening samples are available in the R-well drilling program within 48 hr. During this time,
the borehole will be advanced to the base of saturation, or the perching horizon, and halted. If possible,
the perching horizon would be identified and not penetrated. This activity will determine the thickness of
the zone of saturation and the characteristics of the perching horizon. Borehole drilling will cease, and a
monitoring well will be designed, and the design will be submitted to NMED for approval. Following
approval of the design, the well will be installed. A borehole will be drilied 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.

6.0 MONITORING AND SAMPLING PROGRAM

Pore-gas monitoring of two boreholes at MDA C has occurred on a quarterly basis from 2000 through the
third quarter of 2003 to collect data to determine the nature and extent of contamination in the vapor

ER2003-0696 35 November 2003




MDA C Investigation Work Plan, Revision 1

phase beneath MDA C. In addition, biweekiy tritium samples in the breathing zone are being collected
over a 52-week period outside the northeast fence line of MDA C.

6.1 Pore-Gas Sampling

Two boreholes at MDA C, equipped with positive pressure membranes for sampling, were monitored at
multiple depths on a quarterly basis for 11 quarters. Boreholes 50-9100 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.

Extensive vapor sampling at TA-54, MDA L, has identified that VOCs disposed 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 excludes, sorption of VOCs to the matrix. Therefore, traditional 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, RRES-RS initiated a pore-gas investigation utilizing technologies
successful at MDA L.

In 2002, RFI borehole 50-09100 was completed as a vapor monitoring wel! using a positive-pressure
membrane in 2000. 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 25 is a simplified schematic of the
membrane in borehofe 50-09100 showing port depths and construction.

Monitoring of subsurface VOCs has been completed at MDA C for a total of eleven quarters beginning in
the fourth quarter of 2000, until the third quarter of 2003. Every available port at boreholes 50-0910¢ and
50-10131 was screened with a Brilel and Kjaer (B&K) multigas analyzer during every quarter of the
monitoring period following LANL-ER SOP 06.31. SUMMA canister samples were also collected from cne
port, of one borehole each quarter. SUMMASs were collected from borehole 50-09100 for 10 quarters, and
borehele 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 is completed per LANL-ER SOP-
6.31, Rev. 1, "Sampling of Subatmospheric Air.”

The SUMMA canister sampling method is currently being used with analysis by EPA Method TO-14 (gas
chromatography/mass spectrometry; EPA 1999, 70063). SUMMA canister samples are drawn from
several sampling ports available at each borehole.

Before the required sampling is performed, boreholes 50-09100 and 50-10131 are screened with the B&K
multigas monitor. Each port is purged and monitored with field instruments until carbon dioxide levels
have stabilized at values representative of subsurface pore-gas conditions and is then screened for four
VOCs (TCE, TCA, perchloroethene, and Frean-11).

Three types of field QA samples are collected in addition to the analytical samples. These three samples
include a duplicate sample, an equipment blank of zero grade air (zero-grade air is a common term for air
that is certified to be free from VOC contamination) or nitrogen drawn through the sampling apparatus in
the working area, and a performance evaluation sample/calibration gas sample taken from a tank of a
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certified gas mixture. Laboratory QA for EPA Method TO-14 includes internal standards, surrogates,
replicates, blanks, laboratory control samples, and reference standards,

6.2  Tritium in Air Sampling

A RRES-Meteorology and Air Quality (MAQ) air-sampling station was set up outside the northeastern
boundary (the predominant wind direction) of MDA C in March 2003 at an elevation of four ft above
ground level to monitor tritium in the breathing zone. Continuous air sampling for tritium is being
conducted over a one-year duration by RRES-MAQ, the Laboratory Air Quality Group in accordance with
Standard Operating Procedure RRES-MAQ-204, R10, “Sampling of Ambient Airborne Tritium.”
Composite samples are being collected over two-week periods (biweekly) and submitted to an off-site
laboratory for tritium analysis. The subsequent interpretation and analysis of these data will be performed
by the RRES-MAQ Group in support of worker health and safety following their protocols, and its results
will be reported in the MDA C Investigation Report.

7.0 SCHEDULE

Revision 1 of the MDA C work plan will be submitted to NMED on November 7, 2003. Assuming a 60-day
NMED review period and 30 days to resolve comments between NMED and the Laboratory, the work
plan will be approved in mid-February 2003.

Authorization basis (AB) documentation (a documented safety analysis) is being prepared for DOE review
to document that drilling beneath the MDA C inventory can be conducted in a safe manner in accordance
with nuclear safety requirements in 10CFR 830. AB approval is expected by April 1, 2004. Fieldwork will
not be allowed to start until AB approval is received from DOE, but permitting and readiness review
activities will proceed in paralle! with the AB process.

Field activities, including drilling and subsurface sampling, will take approximately four to six weeks to
complete {barring any 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 during week 10. Assuming a 6-week turnaround time to receive and analyze data
on the pore-gas sampling results, Laboratory and NMED representatives will meet to review the pore-gas
data during week 16 and decide whether to instrument any additional boreholes for pore-gas monitoring.
If required, pore-gas monitoring boreholes will be instrumented during week 22 and samples collected in
week 24,

Deep vertical borehole M will be instrumented between weeks 8 and 10, and pore-gas samples collected
between weeks 10 and 12.

The Investigation Report will be finalized 10 months after the work plan is approved.

8.0 REFERENCES

The following list includes all references cited in this document. Parenthetical information following each
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Figure 17. Profile of borehole G at MDA C with planned sample locations
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spectroscopy, metals, cyanide,
nitrates, perchlorate

S VOC SUMMA sample location

T Tritium silica gel sample location
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F20 /! MDA C WP/ 071803 / pim_Rev. for MDA C resubmittal, 110503, cf
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Figure 20. Profile of borehole J at MDA C with planned sample locations
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¥ Core sample location; analytes:
iso-U, iso-P, Am-241, Sr-90, gamma
spectroscopy, metals, cyanide,
nitrates, perchlorate

S VOC SUMMA sample location

T Tritium silica gel sample location

F21 /MDA C IWP / 072203 / ptm_Rev. for MDA C resubmittal, 110403, cf

Figure 21. Profile of borehole K at MDA C with planned sample locations
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BH-L
Borehole
elevation a90° ]
= 7260 ft
20 = Pit No.1 Pit No.3
404 ST Disposal
shaft 23
60 = —*—
20
80 = 10
* 0 0 10 20
100 = Scale in feet
—*— Core sample location; analytes:

120 _*_ iso-U, iso-P, Am-241, 5r-90, gamma
spectroscopy, metals, cyanide,
nitrates, perchlorate

S VOC SUMMA sample location
140 = T Tritium silica gel sample location
150 *_ ST F22 [ MDA C IWP / 071803 / ptm_Rev. for MDA C resubmittal, 110403, cf

Figure 22. Profile of borehole L at MDA C with planned sample locations
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MDA C Investigation Work Plan, Revision 1

BH-M 7240
90° -
/ PitNo. 5 [|
Elzzear:%ﬁ — Disposal PitNo.4,2,and 3
- 7240 f shaft 62
100—| ST = 7140
200 — ST = 7040
300 — ST =6940
400 ST - 6840
80
500 == 40 = 6740
I |
0
0 40 80
Scale in fest

600 = = 6640

S VOC SUMMA sample location

T Tritium silica gel sample location

- Note: Samples for geotechnical parameters -

700 will be taken in the intervals specified in 6540

Section 5.2.3.

F23 /MDA C IWP { 072203 / ptm_Rev. for MDA C resubmittal, 110403, cf
800 - ST = 6440
Figure 23. Profile of borehole M at MDA C with planned sample locations
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nitrates, perchlorate
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T Tritium silica gel sample location
F24 / MDA C IWP / for MDA C resubmittal, 140503 150
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Figure 24. Profile of borehole N at MDA C with planned sample locations
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MDA C investigation Work Plan, Revision 1

2-ft PVC
Ground stickup
surface 130 ft bgs
Port 6
150 ft
Port 1
25ft
Port 7
175 ft
Port 2 [ig
50 -
Port 8 |
200 ft
POI’t 3 W
756t B B
Port 9 [
225 ft
Port 4 poa=
100 ft .
Port 10
Port & 250 #
0] [
125 ﬂ ::..::
TD
130-ftbgs L~ 260-ft bgs

1/4-in. nylon
sample tube

Filter material ——9 g
Formation

Detail of sample port

Drawing not to scale
F25 /MDA C IWP/ MDA C resubmittal, 110503

Figure 25. General diagram for construction of a vapor-monitoring borehole
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MDA C Investigation Work Plan, Revision 1

Borehole drilling

v

GW encountered

Is there
sufficient water to
sample —at least
0.5L7?

GW  Groundwater

NMED New Mexico
Environment Department

TD  Total depth

Collect GW
screening sample

v

Analyze on rapid
turnaround and
monitor water level

v

Continue drilling to
find perching horizon,
DO NOT PENETRATE

v

Standby borehole
pending GW
screening results

Install monitaring well
according to NMED |«

TD

requirements

v

Report results
in MDA C
Investigative Report

Y

Continue drilling
horehole

Is more GW
detected?

Figure 26. MDA C perched groundwater flowchart
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investigation plan

F26, MDA C Rev.1, 110603, of
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MDA C Investigation Work Plan, Revision 1

ER2003-0696

Table 1
Dimensions of the Disposal Units at MDA C
Dimensions® Period of

Disposal Unit {ft) Operations
Pit 1 610 x 40 x 25 1948-1951
Pit2 610 x40 x 25 1950-1951
Pit3 610 x40 x 25 1951-1953
Pit 4 610 x40 x 25 1951-1955
Pit 5 705 x110x18 1953-1959
Pit 6 505 x100x 25 1956-1959
Chemical Pit 180 x25x12 1960-1964
Shaft Group 1 (12 [Shafls 56-67]) 2x10 1959
Shaft Group 2 (55 [Shafis 1-55]) 2x15 1959-1967
Shaft Group 3 (40 [Shafts 68—107]) 1-2 x 20-25 19621966
Shaft 108 (Strontium-90 Disposal Shaft) | Unknown 1950s or 1960s

aAs 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.
Shafts 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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MDA C Investigation Work Plan, Revision 1

Table 2

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

Inorganic Chemicals

Borehole Maximum | Maximum Depth of Inorganic Chemicals > BV
Depth Sample Depth | Inorganic > BY at Maximum Depth
Borehole ] (ft) (ft) of Inorganic > BY
50-09100 316.0 163.1 43.5 CN @ 0.533 mg/kg
50-09101 827 81.0 69.3 Se@1.2xBvV
50-09102 778 77.8 0.0 None > BV
50-09103 84.9 82.6 43.8 Pb@14x8BV
50-09104 90.0 87.0 87.0
50-09105 84.9 84.8 446 CN @ 0.26 mg/kg
50-09108 849 834 834 TI@1.1xBY
50-09107 834 785 34.3 Se@ 3.7 xBY
50-09108 84.9 81.3 68.9 CN @ 1.0 mg/kg
Al@11xBV,Ba@1.6xBV,Ca@34xBV,Cr
@18xBV,Co@1.2xBV,Cu@6.6xBV,Pb
@ 1.01 xBY, Mg @ 1.6 x BV, Ni @ 2.0 x BV, Se
50-09109 849 81.1 47.4 @43xBV, TI@1.3xBV
50-09110 85.5 84.0 57.1 Pb @ 6.7 x BV
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 318.0 163.1 43.5 Pu-239 @ 0.014 pCi/g (0.3 x FV)
50-08101 82.7 81.0 81.0 Am-241 @ 0.011 pCi/g (0.8 x FV)
50-08102 77.8 77.8 0.0 None detected
50-09103 84.9 82.6 82.6 Sr-90 @ 0.599 pCifg (0.5 x FV)
50-09104 90.0 87.0 451 U-235@ 2.6 xBYV
50-09105 84.9 84.8 84.8 Pu-239 @ 0.080 pCilg (1.5 x FV)
50-09106 849 834 834 Sr-90 @ 0.767 pCi/g (0.6 x FV)
50-09107 83.4 78.5 78.5 Am-241 @ 0.032 pCilg (2.5 x FV)
50-09108 84.9 81.3 68.9 Pu-238 @ 0.014 pCifg (0.6 x FV)
50-09109 84.9 81.1 81.1 Am-241 @ 0.056 pCi/g (4.3 x FV)
50-09110 855 84.0 46.5 U-235@ 23 xBvV
November 2003 68 ERZ2003-0696
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Table 3
Summary of Proposed Borehole Sampling
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A 45 140 | 200 9 Iso-U, iso-Pu, Am-241, Sr-80, gamma 2 SUMMA VOCs, | Establish nature and extent of contamination
spectroscopy, metals, cyanide, nitrates, tritium vapor on | beneath Chemical Pit. Support exient of
perchlorate in tuff. silica gel contamination at western end of Pit 6,
Dioxins, furans especially 50-09109.

B 45 | 140 | 200 Iso-U, iso-Pu, Am-241, Sr-80, gamma 2 SUMMA VOCs, [ Establish nature and extent of contamination
spectroscopy, metals, cyanide, nitrates, trittum vapor on | beneath eastern end of Pit 6 {downgradient),
perchlorate in tuff. silica gel especially beneath area of subsidence.

C 45 | 140 | 200 8 Iso-U, iso-Pu, Am-241, Sr-80, gamma 2 SUMMA VOCs, | Establish nature and extent of contamination
spectroscopy, metals, cyanide, nitrates, tritium vapor on | beneath western end of Pit 5.
perchlorate in tuff. silica gel

D 45 140 | 200 8 Iso-U, iso-Pu, Am-241, Sr-90, gamma 2 SUMMA V(Q(Cs, | Establish nature and extent of contamination
spectroscopy, metals, cyanide, nitrates, tritium vapor on | beneath east-central area of Pit 5
perchlorate in tuff. silica gel {downgradient). Evaluate VOC tuff pore gas

concentralions beneath area of high EMFLUX®
surface flux,

E 45 | 140 | 200 8 Iso-U, iso-Pu, Am-241, Sr-90, gamma 2 SUMMA VOCs, | Establish nature and extent of contamination
spectroscopy, metals, cyanide, nitrates, tritium vapor on | beneath Shaft Group 2.
perchlorate in tuff. silica gel

F 45 1 140 | 200 8 Iso-U, iso-Pu, Am-241, Sr-80, gamma 2 SUMMA VOCs, | Establish nature and extent of contamination
speclroscopy, metals, cyanide, nitrates, tritium vapor on | beneath central area of Pits 2 and 4.
perchlorate in tuff. silica gel

G 45 140 | 200 8 Iso-U, iso-Pu, Am-241, 5r-90, gamma 2 SUMMA VQOCs, | Establish nature and extent of contamination
spectroscopy, metals, cyanide, nitrates, tritium vapor on | beneath eastern area of Pits 2 and 4
perchlorate in tuff. silica gef (downgradient).

H 45 140 | 200 8 lso-U, iso-Pu, Am-241, Sr-90, gamma 2 SUMMA VOCs, | Establish nature and extent of cortamination
spectroscopy, metals, cyanide, nitrates, tritium vapor on | beneath central area of shaft group 3, and
perchlorate in tuff. silica gel beneath western end of Pit 2.
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Table 3 {continued)

o g3 g 2 3 _

] E‘ i—:" 8 " g g' "O- _g 7] § g- 2 =

S| e | E T |58 » & S wd o = @5

= =™ = £ °c=a " 0 2 om = ]

S| 2|85 | 2 |5¢E Lo EEE 28 88

< s 3 |5° 59 224 £S5 5

= < 2 & <35

| 45 140 | 200 8 Iso-U, iso-Pu, Am-241, Sr-90, gamma 2 SUMMA VOCs, | Establish nature and extent of contamination
spectroscapy, metals, cyanide, nilrates, tritium vapor on | beneath eastern area of Pits 1 and 3
perchlorate in tuff. silica gel (downgradient).

J 45 140 | 200 8 Iso-U, iso-Pu, Am-241, Sr-90, gamma 2 SUMMA VOC, | Establish nature and extent of contamination
spectroscopy, metals, cyanide, nitrates, tritium vapor on | beneath eastern end of Shaft Group 1. No
perchlorate in tuff. silica gel access to other portions of Shaft Group 1

because of Shaft Group 3 positicn and utilities
along Pajarito Road.

K a0 150 150 5 Iso-U, iso-Pu, Am-241, Sr-90, gamma 5 SUMMA VOCs, | Northern portion of Shaft Group 3 is potenfial
spectroscopy, metals, cyanide, nitrates, tritium vapor on | source of near-surface tritiated water vapor
perchlorate in tuff. silica gel measured at 50-03-21467; establish nature and

extent of contamination at the north end of
Shaft Group 3.

L a0 150 150 5 Iso-U, iso-Pu, Am-241, Sr-90, tritium, 2 SUMMA VOCs, | Establish nature and extent of contamination
gamma spectroscopy, metals, cyanide, tritium vapor on | beneath central area of Pit 1. Angled drilling
nitrates, perchlorate. silica gel from near Pajarito Road prohibited by utilities.

M 90 | 800 | 800 — | Geotechnical parameters: 5 SUMMA VOCs, | Evaluate possible presence of perched water in

+ Moisture and matric potential every 5 ft trlit.ium vapor on | an area near Ten Site Canyorjn.- Evgluate
. . silica gel vertical extent of VOCs and tritium in pore gas
» Chloride analysis every 20 ft near borehole 50-09100. Obtain geotechnical
s Hydraulic conductivity, porosity, and data for modeling vadose-zone transport at
bulk density—2 in Cerro Toledo MDA C.
interval, 5 in the Otowi Member, and 5§
in Puye Formation

N 90 150 150 5 Iso-l, iso-Pu, Am-241, Sr-90, gamma 2 SUMMA VOCs, | Establish nature and extent of contamination
spectroscopy, metals, cyanide, nitrates, tritium vapor on | beneath western end of Pit 1 and beneath Sr-
perchlorate in tuff. silica gel 90 disposal shaft.
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Table 4

Summary of Proposed Alternatives to NMED Order Specifications and Justifications for Alternative

ltem

NMED Order Specification

LANL Proposed Alternative

Justification for Alternative

A minimum of one bering shall be advanced at
the following locations: 1) directly adjacent to the
down-slope end of each pit; 2) at the lowest base
elevation point of each disposal pit; 3) at the
corners of each disposal pit, at 100-ft intervals
along the sides of disposal pits 1 through 6; 4) at
70 ftintervals along the sides of the chemical pit;
5} at the ends of each shaft row; 6) at 50-ft
intervals along each shaft row; and 7} adjacent to
the location of the strontium-30 disposal shaft.
Where practical, boring locaticns may be
combined to address more than one of the
requirements listed above. (Order Section
IV.C.3.c.iii, Paragraph 1)

10 angled boreholes and 4 vertical boreholes at
locations shown in Figure 10 to augment 9
angled and 3 vertical boreholes installed in
Phase | RFI.

Proposed and Phase 1 boreholes are sufficient to
meet objectives of investigation and drilling at
many localicns specified in Order is not possible.
See Section 4.2.1 for detailed discussion of
proposed boreholes.

The borings shall be advanced a minimum of 25
ft below the deepest detected vapor-phase, soil,
rock, or groundwater contamination as detected
by field screening or previous investigations,
whichever is deeper. {Order Section IV.C.3.c.iii,
Paragraph 6)

Proposed borehole depths are based on
evaluation of Phase | data (Section 2.7.3) and
are sufficient to define nature and extent of
contamination per the requirements of the NMED
Position Paper (Appendix G).

The specification in the Order is inconsistent with
the NMED Pesition Paper and is not necessary to
establish nature and extent. See Section 4.2.1 for
additional details.

Each borehole shall be characterized using
geophysical logging techniques approved by the
Department. (Order Section IV.C_3_c.iii,
Paragraph 7}

Proposed boreholes will not be logged.

Two boreholes installed during Phase | RFI were
geophysically logged. Examination and geologic
logging of continuous core from proposed
boreholes will provide geologic information
needed to meet objectives of investigation and
geophysical logging is not necessary.

Each boring shall be completed as a vapor
monitoring well. The screened intervals or
sample port locations and methods and materials
used to construct each vapor monitoring well
shall be based upon information obtained during
driliing activities and open-hole vapor sampling
field screening results, and shall be approved by
the Department prior to well construction. (Order
Section IV.C.3.c.iii, Paragraph 9)

Subsurface vapor samples will be collected from
each borehole immediately after drilling activities
are completed, and approximately one month
later. Based on analysis of these results, specific
boreholes will be identified for completion as
vapor monitoring boreholes.

Design of a vapor monitoring program should be
based on evaluation of subsurface vapor data.
Completion of all boreholes as vapor monitoring
wells is not necessary to implement an effective
monitoring program. See Section 4.2.2 for
additional details.
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Table 4 (continued)

ltem

NMED Crder Specification

LANL Proposed Alternative

Justification for Alternative

At a minimum, two borings shall be advanced at
MDA C to evaluate the presence of intermediate
perched groundwater and vapor-phase
contamination at depth beneath the site. The
boring locations, depth of the boring, the drilling
and sampling program and the well design shall
be approved by the Department prior to the start
of drilling activities. (Order Section IV.C.3.c.iii,
Paragraph 10)

One 800-ft vertical borehole will be installed to
verify absence of perched aquifer. This borehole,
and existing Phase | borehole 50-09100, which
was installed to a depth of approximately 315 ft,
will be used to evaluate vapor phase
contamination at depth.

Previous investigations on Mesita del Buey have
not encounter perched aquifers and none is
expected below MDA C (see Section 3.3.2.3.1).
Based on the size of MDA C, one 800-ft boring is
sufficient to determine that a perched aquifer is
not present below MDA C. Based on evaluation
of the Phase | subsurface vapor data (Section
2.7.3), one deep borehole is sufficient to
characterize vapor contamination at depth. See
Section 4.2.1 for additional details.

At a minimum, one TA-50-specific well shall be
installed that intersects the regional aquifer at a
location approved by the Department. The well
shaill be located generally east or southeast of
MDA C. (Order Section IV.C.3.c.iii, Paragraph
11)

No regional well will be installed as part of the
MDA C investigation. Existing regional well R-14
will be used.

Well R-14 was installed downgradient of MDA C
(Figure 5) as parl of the Hydrogeologic Work
Plan for LANL and no additional wells are needed
to evaluate poltential impacts to the regional
aquifer from MDA C.

Soil and rock samples shall, at a minimum, be
oblained from each boring at ten-ft intervals, from
the bedrock directly below the base elevation of
each pit or shafl, and from the maximum depth of
each boring. (Order Section IV.C.3.c.iv,
Paragraph 1)

Continuous core samples will be collected from
each borehole.

Collection of continuous core provides better
stratigraphic data than collection of samples at
discrete intervals.

The samples shall be collected and screened in
accordance with the metheds described in
Section |X.B of this Order. (Order Section
IV.C.3.c.iv, Paragraph 2)

Samples will be screened by visual inspection
and radioactivity.

Based on the low levels of contaminants detected
during the Phase | RFI, the screening methods
specified in Section IX.B {head space VOC
analysis, X-ray fluorescence)} wouid not be
effective. See Section 4.2.3 for additional details.
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Table 4 (continued)

Wem

NMED Order Specification

LANL Proposed Alternative

Justification for Alternative

A minimum of two samples per 100 ft of drilling
depth shall be selected from each boring for
laboratory analysis. The samples submitted for
laboratory analyses shall be analyzed for VOCs,
SVOCs, pH, HE compounds, PCBs, dioxins,
furans, nitrates, perchlorate, TAL metals, total
uranium, cyanide, and radionuclides. The
selection of the samples shall include those
locations cutlined in Paragraphs 5 through 9
below. (Order Section IV.C.3.c.iv, Paragraph 4)

Samples will be collected at approximate 20-fi
intervals for laboralory analysis as indicated in
Table 3. Core samples will not be analyzed for
VOCs, SVOCs, pH, HE, and PCBs and limited
sampies will be analyzed for dioxins and furans.

Based on the Phase | RFI data, the nature and
extent of subsurface SVOC and PCB
contamination has been established per the
requirements of the NMED Position Paper
(Section 2.7.3). Pare gas menitoring will be used
to determine the nature and extent of subsurface
VOC contamination in lieu of VOC analysis of
core samples because il produces more
representative results (Section 2.7.3). Based on
results of Phase | RFI screening results for HE
and the operational hislory analysis for HE is not
necessary (see Section 4.2.4 for additionat
details). Samples collected beneath the Chemical
Pit will be analyzed for dioxins and furans as fires
at the Chemical Pit are the most likely source of
dioxins and furans at MDA C.

10

The samples displaying the greatest field
screening evidence of contamination shall be
selected for submittal to the analytical laboratory
for analysis of the analytes listed in Paragraph 4
above. (Crder Section [V.C.3.c.iv, Paragraph 5)

Samples wil! be collected at approximate 20-ft
intervals for laboratery analysis as indicated in
Table 3.

As described in Item 8, samples will be screened
for radioactivity, but this screening is being
performed for health and safety and sample
transportation reasons. Based on the results of
the Phase | RF|, field screening methods are not
sufficiently sensitive to identify samples to be
submitted for laboratory analysis. See Section
4.2.3 for additional details. See Item 9 for
discussion of analytical suites.

11

If field-screening evidence of contamination is not
observed in a boring, the sample obtained from
the bedrock directly below the base elevation of
each pit or shaft shall be submitted for chemical
analysis of the analytes listed in Paragraph 4
above. (Order Section IV.C.3.c.iv, Paragraph 6)

Samples will be collected at approximate 20-ft
intervals for laboratory analysis as indicated in
Table 3.

The use of 20-ft sample intervals, combined with
the existing Phase | RF! data, will be sufficient to
establish nature and extent of contamination, as
specified by the NMED Position Paper (Appendix
G). See Item 9 for discussion of analytical suites.

12

The sample obtained from the maximum depth of
each boring also shall be submitted to an
analytical laboratory for analysis of the analytes
listed in Paragraph 4 above. (Order Section
IV.C.3.c.iv, Paragraph 7)

Samples will be collected at approximate 20-ft
intervals for laboratory analysis as indicated in
Table 3.

See Item 9 for discussion of analyticat suites.

L uOISINgY ‘Ueld YoM UojeBlSanu] O YaW




£00Z 19qUISAON

172

9690-£00243

Table 4 (continued)

ltem

NMED Order Specification

LANL Proposed Alternative

Justification for Alternative

13

The sample obtained from the maximum depth in
each boring that displays field screening
evidence of contamination shall be submitted to
an analytical laboratory for analysis of the
analytes listed in Paragraph 4 above. (Order
Section IV.C.3.c.iv, Paragraph 8)

Samples will be collected at approximate 20-ft
intervals for laboratory analysis as indicated in
Table 3.

See Item 8 for discussion of applicability of field
screening for identification of samples for
analysis. See ltem 9 for discussion of analytical
suites.

14

Samples obtained from high permeability units
such as surge beds, fracture zones, and pumice
beds shall be submitted to an analytical
laboratory for analysis of the analytes listed in
Paragraph 4 above. (Order Section IV.C.3.c.iv,
Paragraph 8)

Samples will be collected at approximate 20-ft
intervals for laboratory analysis as indicated in
Table 3. This frequency should be sufficient to
assure that samples are collected in all geologic
units. Fracture zones will be sampled as
described in Section 5.

See Item 9 for discussion of analytical suites.

15

An investigation vapor monitoring and sampling
work plan shall be prepared in accordance with
the format described in Section X1.B of this Order
and submitted by the Respondents to the
Department for approval. (Order Section
IV.C.3.c.v, Paragraph 2)

See response to item 4.

See response to item 4.

16

Vapor sampling shall be conducted at MDA C in
each existing and newly constructed vapor well
and bering. (Order Section IV.C.3.c.v, Paragraph
3)

Vapor sampling will be conducted at each newly
constructed boring. Existing vapor wells will not
be sampled.

Previous sampling of the two existing vapor wells
at MDA C has shown that results do not change
appreciably over time {see Appendix B).
Therefore, resampling of the existing wells is not
necessary.

17

The Respondents shall construct a minimum of
one intermediate depth groundwater monitoring
well at MDA C if evidence of perched
groundwater is observed during the drilling of the
two borings drilled to evaluate for the presence of
intermediate perched groundwater or during
drilling of the regional groundwater monitoring
well. {Order Section IV.C.3.c.vi)

One 800-ft borehaole will be advanced to
investigate the presence/absence of a perched
aquifer. If a perched aquifer is determined to be
present, this borehole will be completed as a
monitoring well,

See ltem 5.

18

The Respondents shall, at a minimum, construct
one monitoring well associated with MDA C and
TA-50 intersecting the regional aquifer in
accordance with Secticn X of this Order. (Order
Section IV.C.3.c.vii)

No regional well will be installed as part of the
MDA C investigation. Existing regional well R-14
will be used.

See ltem 6.
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Table 5

Comparison of Borehole Locations Specified in November 26, 2002 NMED Order and Existing and Proposed Boreholes

Piv/Shaft
Field

Borehole Locations
Specified in Order

Number of Boreholes to
Mest Order Specifications

Phase | RFl and
Proposed WP Boreholes

Deviations from Order

Pit 1

Downslope end, lowest base
elevation, corners, and 100-ft
interval along sides.

5 vertical — south side of Pit 1,
4 vertical — each corner of Pit 1.

{Length of E and W ends is less
than 100 ft.

Downslope ends and lowest
elevations included with corners.

N side included with 5G2.)

3 vertical — S side of Pit 1
{boreholes 50-09104 and L) and
SW comer (borehole N).

2 angled — SE and NE corners
{boreholes | and J,
respectively).

2 boreholes vs. 5 on S side based on
Phase | RFI results.

Angled boreholes vs. vertical boreholes
atl NE and SE corners to extend sample
coverage.

No borehole at NW corner due to
insufficient drilling space.

5G2

Each end of shaft row and
50-ft interval along shaft row.

2 vertical — each end of shaft row.
10 vertical — at 50-ft intervals.

1- angled borehole beneath E
end of shaft rows extending 200
ft (borehole J).

1 angled borehole at E end vs. 1 vertical
borehole at E end and 4 vertical
boreholes at 50 ft intervals along E end
due to insufficient drilling space for
vertical boreholes along shaft row.

No vertical borehole at W end or along W
and central shaft field due to insufficient
drilling space.

Pit 3

Downslope end, lowest base
elevation, corners, and 100-ft
interval along sides.

5 vertical — N side of Pit 3.

2 vertical - NE and NW comers of
Pit 3.

(Length of E and W ends is less
than 100 ft.

SE and SW comers included with
Pit 1.

Downslope ends and [owest
elevations included with comners.

S side included with SG2.)

3 angled — NW and NE corners
and E end (boreholes 50-03105,
50-02103, and |, respectively).

1 angled borehole beneath E end vs. 5
boreholes along N side due to insufficient
drilling space along N side and W end.

Angled boreholes vs. vertical boreholes
at NE and NW comers to increase
sample coverage beneath Pit 3.

L UISIAGY ‘UBJd MIOM uonebusanty 0 G




£002 18quanopn

9

9690-£00243

Table 5 {continued)

Pit/Shaft Borehole Locations Number of Boreholes to Phase | RFl and
Field Specified in Order Meet Order Specifications Proposed WP Boreholes Deviations from Order

Pit 2 Downslope end, lowest base | 5 vertical — N side of Pit 2. 2 angled — N side of Pit 2 2 angled boreholes vs. 5 vertical
glevation. corners, and 100t | 5 ,arical — NE and NW comers of {boreholes F and G). bqr_eholes on N side due to insufficient
interval along sides. Rit 2 drilling space and to extend sample

' coverage beneath Pit 2.
(Length of E and W ends is less .
than 100 ft. No vertical borehole at NW comer due to
. insufficient drilling space.
SE and SW comers included with .
Pit 3. No vertical borehole at NE comer due to
angled borehcle under east end {G).
Downslope ends and lowest
elevations included with comers.}

Pit4 Downsiope end, lowest base | 5 vertical — N side of Pit 4. 3 angled - N side of Pit 4 1 angled borehole vs. 5 vertical
fe!evation, comers, and 100-ft 2 vertical - NE and NW corners of {borehole F), NE corner boreholes on N side based on Phase |
interval along sides. Pit 4. {borehole G}, and NW comer RFI results.

(Length of E and W ends less than (borehole 50-09106). 1 angled borehole vs. 1 vertical borehole

100 ft at NE comer lo extent sample coverage

' _ beneath E ends of Pits 4 and 2.

SE and SW comers include with .

Pit 2. 1 angled borehole vs. 1 vertical borehole
at NW corner to extend sample coverage

Downslope ends and lowest beneath SG3 and W end of Pit 4 and

elevations included with comers.) insufficient drilling space adjacent io W
end of Pit 4.

SG1 Each end of shaft row and 2 vertical — each end of shaft row. | 1- angled {borehole E} 1 angled borehole under entire length of

50-ft intervals along shaft row.

2 vertical — at 50-ft intervals.

shaft row vs. 4 vertical boreholes to
improve sampling coverage.
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Table 5 (continued)

Pit/Shaft
Field

Borehole Locations
Specified in Order

Number of Boreholes to
Meet Order Specifications

Phase | RFi and
Proposed WP Boreholes

Deviations from Order

Pit5

Downslope end, lowest base
elevation, corners, and 100-ft
interval along sides.

6 vertical — N side of Pit 5

1 vertical - E end of Pit 5.

1 vertical - W end of Pit 5.

2 vertical — NE and NW comers of
Pit 5

(S side included with SG2 and Pit
4,

SE corner included with Pit 4.

SW corner included with N end of
SG3.

Downslope ends and lowest
elevations included with corners
and ends.)

3 angled - N side of Pit 5
{boreholes D and 50-09102)
and west end of Pit 5 (C).

2 vertical — N side of Pit 5

{borehcles M and 50-09100).

2 angled and 2 vertical boreholes vs. 6
vertical boreholes on N side based on
Phase I RFI results and to extend sample
coverage under Pit 5.

No vertical borehole at E end due to
angled borehole beneath E end from N
side (50-09102).

1 angled borehole vs. 1 vertical borehole

beneath W end to extend sample
coverage beneath Pit 5.

No vertical boreholes at NE and NW
comers due to angled boreholes beneath
E and W ends of Pit 5.

SG3

At ends of each shaft row and
at 50-ft intervals along each
shaft row.

2 vertical — ends of western shaft
rows.

1 vertical — Middle of western shaft
row.

1 vertical —~ N end of eastern shaft
row.

{Eastern shaft row except N end
included with west comers of Pits
1-4.)

1 vertical — N end of eastern
shaft row (borehole K).

1 angled — Beneath western
shaft row (borehole H).

1 angled borehole beneath western shaft
row vs. 3 vertical boreholes at ends and
middle of western shaft row to increase
sample coverage beneath western shaft
row, S end of eastern shaft row, SW
corner of Pit 1 and Sr-90 Shafi.
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Table 5 {continued)

Pit/Shaft Borehole Locaticns Number of Boreholes to Phase | RFl and
Field Specified in Order Meet Order Specifications Proposed WP Boreholes Deviations from Order
Pit6 Downslope end, lowest base | 4 vertical — N side of Pit 6 6 angled — NE comer (borehole | No vertical bereholes on N side vs.
elevation, corners, and 100-ft 4 vertical — S side of Pit 6 50-09101), NW comer (borehole | angled boreholes at NE and NW corners
interval along sides. ) 50-09110), SW corner (borehole | that extend under N side and two angled
3 vertical — NE, NW, and SW 50-09109), and S side boreholes exiending under Pit 6 to N side
corners of Pit 6 {boreholes 50-09107, A, and B). | from S. Insufficient drilling space to drill
{Length of E and W ends less than on N side other than at corners.
100 ft. 3 angled boreholes vs. 4 vertical
SE comer of Pit 6 included with boreholes on S side to extend sampling
Pit 5. coverage beneath Pit 6.
Downslope ends and lowest Angled boreholes vs. vertical boreholes
elevations included with corners.) at NE, NW,_ and SW comers to extend
sampling coverage beneath Pit 6.
Chemical Pit | Downslope end, lowest base | 2 vertical — S side of Chemical Pit. | 2 angled — S side boreholes 2 angled and 1 vertical vs. 2 vertical
9Ievation, corners, and 70-ft 2 vertical - SE and SW corners of | 20-09108 and A). boreholes on S side to e>.<tend _s.ample
interval along sides. Chernicat Pit. 1 vertical — S side (borehole coverage beneath Chemical Pit.
(Length of E and W ends less than 50-10131) No vertical borehofes at SE and SW
70 ft. corners because of use of angled
. boreholes beneath Chemical Pit.
NE and NW corners of Chemical
Pit included with Pit 6.
Downslope ends and lowest
slevations included with corners.)
Sr-90 Shaft | Adjacent to Sr-20 shaft None - Sr-80 Shaft included with | Addressed with Pit 1 (borehole | None.
SW comer of Pit 1 {borehole N). N).
TOTAL 75 vertical. 19 angled and 7 vertical
{9 angled and 3 vertical in
Phase | RFI, 10 angled and 4
vertical in IWP).
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Table 6

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

Samples Within Radionuclides Other Than

Samples With Radionuclides Other Than

Radiological Field Screening Results Tritium Within Background Range 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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APPENDIX A
ACRONYMS

AB
ALLH
AOC
ARS
B&K
bgs
BV

cl
CMS
COPC
DL
DOT
dpm
DU
EM
EPA
ER
EQL
FV
GPR
GPS
HE
HIR
HSWA
ICPMS
ICPES
IDW
LANL
LASL

LIR
mb
MDA
MDA

ER2003-0696

ACRONYMS, GLOSSARY, AND METRIC CONVERSION TABLE

authorization basis

all-soil horizon

area of concern

American Radiation Services of New Mexico
Briiel and Krajer

below ground surface

background value

confidence interval

corrective measure study

chemical of potential concern

detection limit

(US) Department of Transportation
disintegrations per minute

depleted uranium

electromagnetic

(US) Environmental Protection Agency
Environmental Restoration (Project)

estimated quantitation fimit

fallout value

ground-penetrating radar

global-positioning system

high explosive

historical investigation report

Hazardous and Sclid Waste Amendments of 1984
inductively coupled plasma/mass spectroscopy
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
millibar
material disposal area

minimum detectable activity
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MTADS
NMED
NMHWA
ou
PCB
PCE
PID
PPE
ppm
pPpmv
QA

Qc
RCRA
RFI
RLWTF
RRES-MAQ
RRES-RS
SAP
scfm
SOP
SVOC
TA

TAL
TCA
TCE
TLD
TNT
uc
usGs
uTL
vOoC
WCSF
XRF

November 2003

multisensor towed array detection system
New Mexico Environmental Department
New Mexico Hazardous Waste Act
operable unit

polychlorinated biphenyl
tetrachloroethene

photoicnization detector

personal protective equipment

parts per million

parts per million by volume

quality assurance

quality control

Resource Conservation and Recovery Act
RCRA facility investigation

Radiocactive Liquid Waste Treatment Facility
Risk Reduction and Environmental Stewardship-Meteorology and Air Quality
Risk Reduction and Environmental Stewardship—-Remediation Services
sampling and analysis plan

standard cubic feet per minute

standard operating procedure
semivolatile organic compound

technical area

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

trichloroethene

thermoluminescent dosimeters
trinitrotoluene

University of California

United States Geological Survey

upper tolerance limit

volatile organic compound

Water Characterization Strategy Form

x-ray fluorescence

A-2
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GLOSSARY

Background value (BV). The upper tolerance limits (UTLs) of background sample results, calculated as
the upper 95% confidence limit for the 95th percentile. When a UTL cannot be calculated, either the
detection limit or the maximum reported value is used as a BV; BVs are used as simple threshold
numbers to identify potentially contaminated site sample results that are greater than background
levels in that geological sample medium (or group of media). Most inorganic chemicals and
radionuclides have BVs.

Baseline risk assessment (also known as risk assessment). A site-specific analysis of the potential
adverse effects of hazardous substances that are released from a site in the absence of any control or
mitigation actions. A baseline risk assessment consists of four steps: data collection and analysis,
exposure assessment, toxicity assessment, and risk characterization.

Calibration. Process used to identify the relationship between the true (reference) analyte concentration
or other variable and the response of a measurement instrument, chemical analysis method, or other
measurement systems.

Chemical of potential concern {COPC). A chemical detected at a site that has the potential to adversely
affect human receptors because of its concentration, distribution, and mechanism of toxicity. A COPC
remains a concern until exposure pathways and receptors are evaluated in a site-specific human
health risk assessment.

Chemical of potential ecological concern (COPEC). A chemical detected at a site that has the
potential to adversely affect ecological receptors because of its concentration, distribution, and
mechanism of toxicity.

Data validation. Systematic process that applies a defined set of performance-based criteria to a body of
data and may result in qualification of the data. The data validation process is performed
independently of the analytical laboratory that generates the data set and occurs before conclusions
are drawn from the data. The process may comprise a standardized data review (routine data
validation} and/or a problem-specific data review {focused data validation).

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

Detection limit {DL}. Minimum concentration that can be determined by a single measurement by an
instrument; it implies a specified statistical confidence that the analytical concentration is greater than
Zero.

Dose. Quantity of radiation that is absorbed, per unit of mass, by the body or by any portion of the body.

Ecological screening level (ESL). An organism’s exposure-response threshold for a given chemical
constituent. The concentration of a substance in a particular medium corresponds to a hazard quotient
(HQ) of 1.0 for a given organism below which no risk is indicated.

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

Groundwater. Water in a subsurface saturated zone; water beneath the regional water table.

Hazard index (HI). The sum of hazard quotients for multiple contaminants to which a receptor (j) is
determined to be exposed, i.e., Hlj = &l HQij.
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Hazard quotient (HQ). The ratio of a calculated exposure (E) to or dose (D) from a given contaminant (1)
to a given recepior (j) over a reference value (TRV) for contaminant (1) determined to be protective of
receptor (j), i.e., HQij = Eij [or Dij} TRVij.

Migration. The movement of inorganic and organic species through unsaturated or saturated materials.
Model. A mathematical approximation of a physical, biological, or social system.

National Pollutant Discharge Elimination System (NPDES). The national program for both issuing,
madifying, revoking and reissuing, terminating, monitoring, and enforcing permits and imposing
requirements under Sectiocns 307, 318, 402, and 405 of the Clean Water Act.

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

Quality assurance {QA). All those planned and systematic actions necessary 1o provide adequate
confidence that a facility, structure, system, or component will perform satisfactorily in service.

Quality control (QC). (1) All those actions necessary to control and verify the features and
characteristics of a material, process, product, or service to specified requirements. QC is the process
through which actual quality performance is measured and compared with standards. (2) All methods
and procedures used to obtain accurate and reliable results from environmental sampling and
analysis. Includes rules for when, where, and how samples are taken; sample storage, preservation
and transport; and the use of blanks, duplicates, and split samples during the analysis.

Radionuclide. A nuclide (species of atom) that exhibits radicactivity.

RCRA facility investigation (RFI). The investigation that determines if a release has occurred and the
nature and extent of the contamination from such a release at a hazardous waste facility. The RF] is
generally equivalent to the remedial investigation portion of the Comprehensive Environment
Response, Compensation, and Liability Act (CERCLA) process.

Receptor. A person, plant, animal, or gecgraphical location that is exposed to a chemical or physical
agent released to the environment by human activities.

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
(including the abandonment or discarding of barrels, containers, and other closed receptacles that
contain any hazardous wastes or hazardous constituents).

Resource Conservation and Recovery Act {(RCRA). The Solid Waste Disposal Act as amended by the
Resource Conservation and Recovery Act of 1976. (40 CFR 270.2)

Sample, A portion of a material (e.g., rock, scil, water, air), which, alone or in combination with other
samples, is expected to be representative of the material or area from which it is taken. Samples are
typically 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.

Screening action level (SAL). Medium-specific concentration level for a chemical derived using
conservative criteria below which it is generally assumed that there is no potential for unacceptable
risk to human health. The derivation of a SAL is based on conservative exposure and land-use
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assumptions. However, if an applicable regulatory standard exists that is less than the value derived
by risk-based computations, it will be used for the SAL.

Screening assessment. A process designed to determine whether contamination detected in a particular
medium at a site may present a potentially unacceptable human-health and /or ecological risk. The
assessment utilizes screening levels that are either human-health or ecologically based concentrations
derived by using chemical-specific toxicity information and standardized exposure assumptions below
which no additional actions are generally warranted.

Sediment. (1) A mass of fragmented inorganic solid that comes from the weathering of rock and is
carried or cropped by air, water, gravity, or ice; or a mass that is accumulated by any other natural
agent and that forms in layers on the earth’s surface such as sand, gravel, silt, mud, fill, or loess. (2) A
solid material that is not in solution and either is distributed through the liquid or has settled out of the
liquid.

Site conceptual model. A qualitative or quantitative description of sources of contamination,
environmental transport pathways for contamination, and biota that may be impacted by contamination
(called receptors) 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 contaminant by the receptors.

Standard operating procedure (SOP). A document that details the method for an operation, analysis, or
action with thoroughly prescribed techniques and steps, and is officially approved as the method for
performing certain routine or repetitive tasks.

Target analyte. An element, chemical, or parameter, the concentration, mass, or magnitude of which is
designed to be quantified by use of a particular test method.

Technical area (TA). The Laboratory established technical areas as administrative units for all its
operations

Topography. The physical configuration of the land surface in an area.

Tuff. A compacted deposit of volcanic ash and dust that contains rock and mineral fragments
accumulated during an eruption.

US Department of Energy {(DOE). Federal agency that sponsors energy research and regulates nuclear
materials for weapons production. [Already listed under DOE]

US Environmental Protection Agency (EPA). Federal agency respansible for enforcing environmental
laws. While state regulatory agencies may be authorized to administer some of this responsibility, the
EPA retains oversight authority to ensure protection of human health and the environment.[Already
listed above]

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

Metric to English Conversions

Multiply SI (Metric) Unit by To Obtain US Customnary Unit

kilometers (km) 0.622 miles (mi)

kilometers (km} 3281 feet (ft)

meters {m) 3.281 feet (ft)

meters (m) 39.37 inches (in.)

centimeters {cm} 0.03281 feet (ft)

centimeters (cm) 0.394 inches {in.)

millimeters (mm) 0.0394 inches (in.)

micrometers or microns {pm) 0.0000394 inches {in.)

square kilometers (km?) 0.3861 square miles (mi°)

hectares (ha) 25 acres

square meters (mz) 10.764 square feet (ft)

cubic meters (m®) 35.31 cubic feet (ﬂs)

kilograms (kg) 2.2046 pounds (Ib)

grams (g} 0.0353 ounces (0z)

grams per cubic centimeter (glcma) 62.422 pounds per cubic foot (Ib!fta)

milfigrams per kilogram (mg/kg) 1 parts per million (ppm)

micrograms per gram (ug/g) 1 parts per million {ppm)

liters (1) 0.26 galions (gal.)

milligrams per liter {(mg/1) 1 parts per million {ppm)

degrees Celsius (°C) 9/5 + 32 degrees Fahrenheit (°F)
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APPENDIXB 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 National 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 in 1959. The shafts were sealed by filling them with crushed tuff, followed by concrete (p. C-3,
Rogers 1977, 0216). 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 (p. C-3, Rogers 1977, 0216). 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

Waste disposal records for MDA C from 1948 to 1974 are found in LASL logbooks 2587, 3478, 4644,
6030, 7277, 8453, 9293, 9593, and 12422 (LANL 2003, 76035). These logbooks were used to record
information 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, 0216) 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 {(p. C-3, Rogers 1977, 0216). Waste inventory information gleaned
from the logbooks is summarized in the approved Resource Conservation and Recovery Act (RCRA)
facility investigation (RF1} work plan for Operable Unit (OU} 1147 (pp. 2-52—2-56, LANL 1992, 07672).
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.
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B-1.1.1 MDA C Disposal 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 logbooks 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 logbooks 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-226, 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, biological
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, biological 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, beryliium chips, tritium-
contaminated boxes and urine samples, contaminated materials and trash, TCE, boron,
americium-241, uranium, sulfuric acid, biological waste, graphite, classified material, and plutonium.

Pit 6 (Oct 1956-Sept 1959)

From LASL logbooks 9593, 11363, and 9293: radionuclide-contaminated oil, 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, biological
waste, classified material, mercury, actinium-227, radium-228, acids, and lead.
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Chemical 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 RFI Work Plan for OU 1147 (p. 2-54, LANL 1992,
07672). 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
radicactive 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 Ci 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 drilled at MDA C solely for disposing of a single strontium-90 source in the
1950s or 1960s. Three groups of shafts were used sequentially over time. The Shaft Group 1 consists of
12 shafts numbered 56—87. 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 1959-Oct 1959])

From LASL logbook 9593: Barium, tritium, radium, lanthanum-140, strontium-89 and -90, tantalum,
cerium waste, two cerium sources, fission products, one lanthanum-140 static source, phosphoric
acid, depleted uranium (DU), a charcoal trap, and polonium-beryllium-flucrine 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-2286,
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 logbooks 11363 and 12442: plutonium-contaminated trash, fission products, aluminum
sheets and tubes, acids, cesium-137, sodium, ¢obalt-60, antimony, lanthanum-140, cobalt-60
sources, polonium, beryllium, vacuum pump oil, empty glass bottles, graphite, plutenium, boron, fuel
element end caps, thermocouples, acetone, uranium, zirconium carbide, zinc and aluminum residues,
barium, irradiated tantalum, tuballoy (a uranium alloy), shell waste, yttrium-91, radioactive chemicals
and organic solutions, hydrochloric acid waste, plutonium in ether solution, zinc and mercury
solutions, DU chips, miscellaneous sources, oralloy solution, iridium-192, tantalum, indium-114,
animal tissues, solvents, a LAMPRE rod assembly, waste oil, detonator 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-226, lead, silver, strontium-90, and “induced activity.”

B-1.2 Previous Field Investigations

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

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

From 1956 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 concluded 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 (p. 2-57, LANL 1992, 07672).

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 (p. 2-57LANL 1992, 07672). 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 no 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 ali 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
agrid 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-238,
-239, -240, and uranium. Tritium samples from the eastern half of MDA C were below the ioca!
background concentration of 4.0 pCi/mL (LANL 1998, 59730). Isotopic plutonium (up to 10 pCifg of
plutonium-239 and -240 and 30 pCi/g of plutonium-238) was detected on the north and east sides of
MDA C. Concentrations of uranium were all less than background value within the MDA C boundary. The
areas with elevated radionuclides correspend 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 1988, 15364). TCE was detected in four of the eighteen samples at 0.2 to 0.3 mg/m?®, carbon
disulfide vavas detected in one sample at 0.4 mglms, 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 pg/kg. Inorganic chemicals
including barium (28 to 110 mg/kg}, chromium (7.0 to 19 mg/kg), nickel (58 mg/kg), and zinc (22 to

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 pCikg), 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 1 RFIFIELD 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 RF| work plan for
QU 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, SVQOCs, pesticides, and
PCBs), and radionuclides (p. 5-35, LANL 1992, 07672). The objectives of the Phase | RF) 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 seil and fill samples,
» drilling two vertical boreholes and 9 angled borehcles,
» collecting and analyzing 82 core samples,

» collecting and analyzing 34 subsurface pore-gas samples for VOCs,

ER2003-0696 B-5 November 2003




MDA C Investigation Work Plan, Revision 1

» 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 | RFI 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; Figures B-3, B-6, and B-7 show the sample locations. All data used quantitatively to identify
chemicals of potential concern (COPCs) at MDA C were subjected to Risk Reduction and Environmenta!
Stewardship—Remediation Services (RRES-RS) quality assurance/quality control (QA/QC) procedures. -
The data review process for identifying COPCs begins with a comparison of site data with |

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

» analytical estimated quantitation levels (EQLs) 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 1998, 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 quartile), a detection limit
(DL), a fallout value {FV), a 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 evaluation of the datum may be performed by
comparing the range of values in the site data set for that chemical to the range of values for that
chemical in the background data set. Graphical analyses (e.g., 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-2.1.1 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 Robertson 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 Geophysical 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. Te achieve these objectives, an integrated geophysical investigation was performed using terrain
conductivity (EM31), high-sensitivity metal detector (EM61}, and digital ground-penetrating radar (GPR)
technigues. fn 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
methodolegy and instrumentation used during this survey were consistent with the previous survey to
allow integrated data processing and interpretation,

B-2.1.2 Geophysical Survey Results
Magnetometry Demonstration {1994)

Results of the August 1994 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 28-107 (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 obvicus (McDonald and Robertson 1995,
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 & to the north perimeter fence {p. C-9, Rogers 1877, 0216).
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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 shafts 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 EM&1 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-4 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
EMB61 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 obsarved outside 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 engineering drawing. When the pit boundaries are overlaid on the 2001
geophysical survey (Figure B-5), 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 comer of
the area where no materials had been buried.

On February 12, 2003, 14 ant mounds and 63 animal burrows across the site were field screened for
gross alpha, beta and gamma activity in the field according to LANL-ER 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-S50P-10.14, including ensuring that the meter was source-checked prior to use and taking
background readings periodically during the meter's use. Local background was determined to be
300-400 disintegrations per minute (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-6 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-6). 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 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-6. 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-2.1.4 Biota Sampling

The 2003 radiological field-screening results from ant mounds and burrow spoil material located across
the surface of MDA C are presented in Table B-7 and Table B-8. For both ant mound and burrow
material, alpha counts were not detected during field screening. Plant material was not screened. Biota
sampling data from ARS will be reported in the MDA C Investigation Report.

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, 1993. 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-3) 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 were submitted to an off-site contract
laboratory for analysis of the following: 59 samples were analyzed for PCBs, and 68 samples were
analyzed for inorganic chemicals (limited list of antimony, arsenic, barium, beryllium, cadmium, chromium,
lead, mercury, nickel, potassium, selenium, silver, and thallium} and radicnuclides (gamma-emitting
radionuclides by gamma spectroscopy, strontium-90, americium-241, total and isotopic uranium, and
isotopic pfutonium). A summary of surface samples collected and requested analyses is presented in
Table B-S.
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B-2.2.2 Phase | RFI Surface Soil and Fill Samples

Surface samples were collected from both soil and fill material. Table B-@ 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 sample. 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.

Inorganic Chemical Comparison with BV

Surface soil and fill samples were analyzed for limited TAL metals (antimony, arsenic, barium, beryllium,
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 scil 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
lead 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, 53730). Table B-11 presents the concentrations of lead and silver above
background in surface soil and fill material 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-80, 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, strontium-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 BV 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.
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During the Phase | RFI, 59 surface soil/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 soilffill samples. This correlation results from the greater uncertainty in tritium
values when a sample available for analysis contains little moisture. Because this correlation may
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 iocations 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 organic 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 pentachlorophenol are identified as COPCs in
the surface soil and fill at MDA C.

Although the approved RFI work plan for OU 1147 did not call for collecting and analyzing surface soil
samples for VOC, ten surface sailffill 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
exient 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 adsorbent 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 techniques following a modified US Environmental Protection
Agency (EPA) method TC-1 procedure, Additional information on surface-flux sampling and analysis
protocols is provided in the EMFLUX® soil gas survey report for MDA C (BES 2000, 76046).

ER2003-0696 B-11 November 2003




MDA C Investigation Work Plan, Revision 1

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-7. 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 collected during the first survey,
and laboratory method blanks were analyzed daily by the analytical laboratory.

B-2.2.4 VOCs in Soil-Gas Survey Samples

Eighty-four surface flux samples were analyzed for VOCs (Figure B-7). 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-8 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-2.3.1 Subsurface Sampling
Phase | RFI 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 29 to February 5, 1996, the borehote 50-09100 cap was
removed and borehole 50-09100 was extended from 210 to 316 ft bgs to collect stratigraphic and
geohydrologic data. Detailed borehole logs, including litholegies and well construction diagrams, are
presented in Appendix C. Borehole locations and trajectories are shown on Figure B-9. The boreholes are
described by depth, declination, and adjacent disposal unit in Table B-17. The exterior and ends of each
core barret and each 5-ft. intervat of core along the borehole were screened for VOCs using a
photoionization 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 results 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 collected from the bottom of each 5-ft. interval
along the borehole. Field-screening results were not used to select samples because gross alpha, beta,
or gamma activity 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 SYOCs and tritium, and 54 core samples collected from
bereholes 50-09101, 50-09103, 50-09104, 50-09105, 50-09106, 50-09107, 50-09108, 50-09109, and
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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,
50-08105, 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
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 trittum 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 eleven boreholes
were drilled into unit 3 of the Tshirege Member of the Bandelier Tuff {Qbt 3). Borehole 50-09100 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 channel located along the northern boundary of MDA C. Maist 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.

Berehole Air-Flow Velocity

In 1895 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 50-02107 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
54-09107. The results of the air-flow monitoring demonstrate that air-flow characteristics of MDA C
borehcles 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 maonitoring at MDA C, atmospheric pressure
ranged from a minimum of 755 millibar (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).
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Pore-Gas Sampling

In 2001, an additicnal 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-7 for
borehole location]). Boreholes 50-03100 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.
The samples for each borehole were screened and sampled for VOCs in accordance with the most recent
revision of LANL-ER-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
sampfe.

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, 74087). 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-8). 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 fi, 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 LANL-ER SOP 6.31 Rev 1. A single trip blank sample was also collected in accordance
with RRES-RS 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,
50-08101, 50-08103, 50-09104, 50-09105, 50-091086, 50-08107, 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 61
cyanide in 61 samples). The data validation results for the subsurface inorganic chemicals data at MDA C
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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.

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, antimony, and cyanide were qualified J- (indicating that the result is estimated and biased low)
because of a low recovery in the matrix spike sample. Seven inorganic chemicals (alurinum, beryilium,
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. Resuits 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 collected 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 detected results based on EPA guidance (EPA 1992,
94947.1). 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, 59730). 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, cobait, 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 associated 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
90-09101 and 50-09104 had the highest number of detects for cyanide. Table B-21 presents the

ER2003-0696 B-15 November 2003




R R R ———T

MDA C Investigation Work Plan, Revision 1

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.

Radionuclide Comparison with Background and Fallout Values

Eighty-two subsurface tuff samples were analyzed for americium-241 (by alpha spectroscopy), gamma-
emitting radionuclides, isotopic plutonium, isotopic thorium, isotopic uranium, strontium-90, and tritium.
The full-suite analyte 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-1 06); 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 evaluated 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-238, tritium, and uranium-235
were detected in the subsurface tuff. Since there are no BVs/FVs to compare with these radionuclides,
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 pCi/mL 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).

" 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 waler is extracted, such that significant moisture loss is inevitable. Given these
issues, RRES-RS 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.

November 2003 B-16 ER2003-0696




R R R —————

MDA C Investigation Work Plan, Revision 1

Americium-241, cesium-134, cesium-137, cobalt-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.

Evaluation of Organic Chemicals

Subsurface tuff samples were analyzed for PCBs, pesticides, VOCs, and SVOCs. Results for several
organic chemicals (i.e., acetone, bis[2-ethylhexyllphthalate, 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 | RF| 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. All 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 subsurface 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 parts per million
by volume (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 50-09100 was at
280 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.
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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.

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-6). 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 pCi/mL 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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need new 11x17

Figure B-3. Phase 1 RFl surface sample locations at MDA C—1995
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11x17

Figure B-5, Overlay of 2001/2002 geophysical surveys versus 1974 LASL engineering drawing
to identify pit and shaft locations
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Table B-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 610x40x 25 1951-1953
Pit 4 810x40x 25 1951-1955
Pit & 705x 110x 18 1953-1959
Pit6 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-80 Disposal Shaft) | Unknown 1950s or 1960s

2 s stated in Table 2-11 of the OU 1147 Work Plan, pit dimensions are length by width by depth;

+

b shaft dimensions are diameter by depth (LANL 1892, 07672). Dimensions are approximate.
Shafts 98-107 are 1 ft in diameter and lined with 12-in.-thick concrete. Shafls 68-97 are 2 ft in

diameter and unlined.
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Tahle B-2
Summary of 1986 Field Instrument and Radiochemical Surveys at MDA C
Grid H-3 Am-241 Cs-137 Pu-238 Pu-239 Phoswich RASCAL
Loc. | MediaCode | (pCill) {pCiig) (rCifg) (pCifg) (pCilg) (c/100 sec) | {c/120 sec)

1 Soil 11000.0 ;0.72 0.12 0.007 0.34 5319 1656
2 Soit 13000.0 (0.78 0.21 0.006 0.60 6070 1649
3 | Sail 32000 |1.18 0.05 0.007 0.20 5986 1902
4 | Sail 34000 |0.29 0.07 0.030 0.80 6141 1755
5 Soil 7000.0 11.48 0.38 0.004 0.60 6736 2202
6 | Soil 40000 |[1.07 0.28 0.096 7.30 6856 2139
7 | Sail 77000 |0.08 0.55 0.091 10.40 6333 1755
8 | Soil 29000.0 |1.60 ND 6.022 2.35 6458 1510
9 |Soi 21000.0 |0.39 0.09 0.005 0.36 5508 1625
10 | Soil 41000.0 |1.12 0.30 0.032 2.26 61869 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 | Sail 3000.0 [0.22 0.03 0.003 0.06 4544 1208
15 | Soil 230000 |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 | Soil 43000.0 |1.31 0.07 0.013 0.78 4877 1554
1 |Vegetation | 400.0 |Samples lost ND? 0.002 0.012 NA® 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 Vegelation ND Samples lost 0.25 0.012 0.078 NA NA
5 | Vegetation ND Samples lost 1.97 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 | Vegstation ND Samples lost 0.02 0.014 0.174 NA NA
12 | Vegetation ND Samples lost 0.69 0.007 0.059 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 0.121 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 045 0.005 0.022 NA NA

2ND = Nondetect.
bNA = Not analyzed.
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Table B-3
Summary of 1989 Perimeter Pore-Gas Sampling at MDA C

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

Sample Number LA80801 |LA80802 |LAB0803 |LA8S0804 |LAS0805 |LAB0806 |(LAB08O7

Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas

Units mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3
Suite Field Measurements | Depth (ft) 4 4 4 4 4 4 4
VOoC Target Compounds Acetone - — — — —_ — —
vVoC Target Compounds Carbon Disulfide — — — — — — —
VOC Target Compounds 1,2-Dichloroethene_{tctal) — — — — — —_ —_
VOC Target Compounds 2-Butanone — 4BQ — — — -_— -
VOC Target Compounds Trichlorethene — —_ — —_ — — —
vOC Target Compounds Tetrachloroethene — — — — — — —
VOoC 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
VOoC Dilution Factor 1.000 1.000 1.000 1.000 1.000 1.000 1.000
svVoC 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
svOoC Target Compounds Fluoranthene NA NA NA NA NA NA NA
sSvVOoC Target Compounds Pyrene NA NA NA NA NA NA NA
SVOoC Target Compounds Benz(a)anthracene NA NA NA NA NA NA NA
SVOC Target Compounds Chyrsene NA NA NA NA NA NA NA
SVOC 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 ELEVated/DECReased CRQL NA NA NA NA NA NA NA
SVOC 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 | LASB0802 |LABOB03 |LAB0804 |LABOS0S | LAS0B06 | LAB0807
Media Soilgas Soilgas Soilgas Scilgas Soilgas Soilgas Soilgas
Units mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3
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/IPCB | 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
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
INORGANIC | Analytes Arsenic NA NA NA NA, NA NA, NA
INORGANIC | Analytes Barium NA NA NA NA NA NA NA
INORGANIC | Analytes Beryliium 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 LABOB01 |LA30802 |LA80803 |LAB0804 |LAB0B05 |LAB0806 |LAS808B07
Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas
Units mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3
Suite Field Measurements | Depth (ft) 4 4 4 4 4 4 4
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
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 Emitlers Thorium 232 NA NA NA NA NA NA NA
RAD Alpha Emitters Uranium-235 NA NA NA NA NA NA NA
RAD Alpha Emitlers Uranium-238' NA NA NA NA NA NA NA
RAD Alpha Emitlers 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 Emitiers 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 LA80801 |LAB0802 |LAB0803 |LAB0804 |LAB0B05 |LA80806 |LAB08BO7
Media Soilgas Soilgas Scilgas Soilgas Soilgas Soilgas Soilgas
Units mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3
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-108 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 LAB0808 |[LA80809 |LA8S0810 |LAS0811 |LA80812 |LA80813 |LAB80814
Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas
Units mg/m3 mg/m3 mg/m3 mg/m3 mg/im3 mg/m3 my/m3
Suite Field Measurements | Depth {ft) 4 4 4 4 4 4 4
voC Target Compounds Acetone — — — — — — —
vOC Target Compounds Carbon Disuifide — c4J — — — — —
VOC Target Compounds 1,2-Dichloroethene_{total) — —_ — — — — —
VOC Target Compounds 2-Butanone — — — — — — —
VoC Target Compounds Trichlorethene — 03.J — — 03J — -
vOC Target Compounds Tetrachloroethene — — — — — — —
voc 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
VoC 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 g 10 11 12 13 14
Sample Number LAB0808 |LAB0809 |LA80810 |LAB30811 |LAB0812 |LA80813 |LAB0S14
Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas
Units mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3
Suite Field Measurements | Depth (ft) 4 4 4 4 4 4 4
SvOoC Target Compounds Isophorone NA NA NA NA NA NA NA
SVOC Target Compounds Benzoic acid NA NA NA NA NA NA NA
sSvocC Target Compounds Phenanthrene NA NA NA NA NA NA NA
SvoC Target Compounds Fluoranthene NA NA NA NA NA NA NA
SVOoC Target Compounds Pyrene NA NA NA NA NA NA NA
SVOC Target Compounds Benz{a)anthracene NA NA NA NA NA NA NA
sSvoC Target Compounds Chyrsene NA NA NA NA NA NA NA
sSvVOoC Target Compounds Benzo(b)fluoranthene NA NA NA NA NA NA NA
SvOoC Total (Allowed) Hold Time NA NA NA NA NA NA NA
SvoC ELEVated/DECReased CRQL NA NA NA NA NA NA NA
sSvocC 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 Endosuffan | 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 LAB0B08 |LAB0809 |LABO810 |LAB0811 |LAB0812 (LAB0813 {LAB0814
Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas
Units mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3
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
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
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 11 12 13 14
Sample Number LAB080B |LAS0809 |LAB0810 |LA80811 |LA80812 |LAB0813 |LA80814
Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas
Units mg/m3 mg/m3 myg/m3 mg/m3 mg/m3 mg/m3 mg/m3
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 Emilters 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
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 |LA84803
Sample Number LAB0815 |LAB0816 |LAB0817 |LA80818 |LAB4801 |LAB4802 |LAB4803
Media Soilgas Soilgas Soilgas Soilgas Soil Sail Soil
Units mg/m3 mg/m3 mg/m3 mg/im3 ug/kg ug/kg ug/kg
Suite Field Measurements | Depth (ft} 4 4 4 4 0-1 0-1 0-1
vOC Target Compounds Acetone — — — — — 180 B —
VvOC Target Compounds Carbon Disulfide — — — — —_ —_ —
VOC Target Compounds 1.2-Dichloroethene_(total) —_ — — — — — —
voc Target Compounds 2-Butanone — — — — — —_ —
VOC Target Compounds Trichlorethene 0.2J — 03J — — — —
VOC Target Compounds Tetrachloroethene — - — — — — —
vOC Target Compounds Toluene — — — — — 4J —_
vOC Target Compounds Styrene — —_ — — — —_ —
vOC Total (Allowed) Hold Time 18(ns)d 18(ns)d 18(ns)d 18(ns)d — 19(14)d 13(14)d
voC ELEValed/DECReased CRQL DECR CECR DECR DECR — ELEV ELEV
VOoC Dilution Factor 1.000 1.000 1.000 1.000 — 1.000 1.000
SVOC Target Compounds Isophorone NA NA NA NA NA — 13J
SVOC Target Compounds Benzoic acid NA NA NA NA NA —_ 190 J
SVOoC Target Compounds Phenanthrene NA NA NA NA NA 514 8.
SVOC Target Compounds Fluoranthene NA NA NA NA NA 100 J 17 J
SVOC Target Compounds Pyrene NA NA NA NA NA 81J 144
sSvoC Target Compounds Benz(a)anthracene NA NA NA NA NA 47 J —
sSVOoC Target Compounds Chyrsene NA NA NA NA NA 484 —
SVOC Target Compounds Benzo(b)flucranthene NA NA NA NA NA 334 —_
svoc Total (Allowed) Hold Time NA NA NA NA NA 12(14)d 12(14)d
SVOC ELEValed/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 LAB4801 | LA34802 |LAB4803
Sample Number LAB0815 |LAB0816 |LA803817 |LAB0818 ;LAB4801 |LA84802 |LAB4803
Media Soilgas Soilgas Soilgas Soilgas Soil Soil Sail
Units mg/m3 mg/m3 mg/m3 mg/m3 ug/kg ug’kg ug/kg
Suite Field Measurements | Depth (ft) 4 4 4 4 01 0-1 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 If NA NA NA NA NA, — —
PEST/PCB | Target Compounds 4,4-DDD NA NA NA NA NA 4.50J 6 J
PEST/PCB | Target Compounds 4 4'-DDT NA NA NA NA NA 11J 16 J
PEST/PCB | Target Compounds alpha-chlordane NA NA NA NA NA — —
PEST/PCB | Target Compounds gamma-chlordane NA NA NA NA NA 0.834J —
PEST/PCB | Target Compounds Arclor-1254 NA NA NA NA NA — e
PEST/PCB | Targel 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
PEST/PCB ELEVated/DECReased CRQL NA NA NA NA NA ELEV ELEV
PEST/PCB Dilution Factor NA NA NA NA NA 1.000 1.000
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
INORGANIC | Analytes Beryllium NA NA NA NA NA — —_
INORGANIC | Analytes Cadmium NA NA NA NA NA — —
INORGANIC | Analytes Chromium NA NA NA NA NA 74 19.2
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Table B-3 (continued)

Sample Reference on Figure |15 16 17 18 LAB4801 | LA84802 |LA84803
Sample Number LA8B0815 |LAB0816 | LAB0B17 |LAB0818 |LA84801 |LA84802 |LA84803
Media Soilgas Soilgas Soilgas Soilgas Soil Soil Soil
Units mg/m3 mg/m3 mg/m3 mg/m3 ug/kg ug/ky 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 <12890' | <12700°
RAD Alpha Emitters Uranium-235 NA NA NA NA NA 79! 100
RAD Alpha Emilters 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-80 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)

Total unbroken chain activity in equilibrium.

gActivity in excess of U-238 natural chain.
i} .

~ Units are pCifkgD.

: Units are pCitkgW.

Sample Reference on Figure |15 16 17 18 LAB4801 | LAB4802 |LA84803
Sample Number LA8B0815 |LABO08B16 |LAB0B17 |[LAB0818 |LA84801 |LA84802 |LAB4803
Media Soilgas Soilgas Soilgas Soilgas Soil Soil Scil
Units mg/m3 mg/m3 mg/m3 mg/m3 ug/kg ug/kg ug/kg
Suite Field Measurements | Depth (ft} 4 4 4 4 0-1 0-1 0-1
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!
8_ = Not detected.
bNA = Not analyzed.
¢ Copper not quantitated due to suspected interference andfor external contamination.
d CVAAS
®ice.
f
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Table B-4

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

Media

Work Plan Specification® Actual Fieldwork Performed
Analytes Analytes
Sample Number Measured Sample Number Measured

Rationale for
Deviation

Surface soil
and fill

223

Semivolatile organic
compounds (SVOCs),
inorganic chemicals,
gamma spec, tritium,
isctopic Pu, Sr-90, total
uranium, Am-241.

203 samples were collected

and screened for gross
alpha, beta, and gamma

68 sampies submitted to an

off-site contract laboratory.

59 samples analyzed for
PCBs/pesticides.

68 samples analyzed for
SVOCs, inarganic chemicals
(limited list of metals), gamma
spec, 5r-90, Am-241, isotopic
Pu, isotopic U.

10 samples analyzed for Hg.

59 samples analyzed for
tritium but data were not used.

20 of the originally planned samples were not
collected because the locations were covered
by asphalt.

Tuff

See proposed drilling
medifications (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,

tritiumn, isotopic Pu, $r-90,
total uranium

82 total:

67 in 1995

15in 1996 from curated
core

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

82 TAL metals except Sb
(76}, Cn (61)

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 fength from 483 to 706
ft bgs; the 2 vertical boreholes drilled were 90
and 316 ft deep and the 9 angled boreholes
drilled ranged in length from 91 to 120 ft bgs.

Samples were collected for field screening
every 5 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
1895, 55112). Phase | RFI fieldwork was
aiready 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 ufilities and
waste.

| UOISIARY ‘UBld YIOAN UORBBNSAUI D YOI




969G-£00285

ivr4

£002Z 19qSAON

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 nfa 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 | Blota samples were collected and analyzed

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

burrow speils 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 scfm® 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 1995, 49969)

bn.’a = Not applicable.
csc:fm = Standard cubic feet per minute,
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MDA C Investigation Work Plan, Revision 1

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 Soil Ant mounds and burrows
MD50-03-50892 | 50-21982 0-05 Soil Ant mounds and burrows
MD50-03-50883 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 005 Soil Ant mounds and burrows
MD50-03-50896 | 50-21986 0-0.5 Soil Ant mounds and burrows
MDG&0-03-50897 | 50-21987 0-0.5 Soil Ant mounds and burrows
MD50-03-50898 | 50-21988 0-0.5 Soil Ant mounds and burrows
MD50-03-50898 | 50-21989 005 Soil Ant mounds and burrows
MD50-03-50900 | 50-21990 0-05 Soil Ant mounds and burrows
MD50-03-50901 50-21991 0-0.5 Soil Ant mounds and burrows
MD50-03-50902 | 50-21992 0-0.5 Sail Ant mounds and burrows
MDS50-03-50903 | 50-21893 0-0.5 Soil Ant mounds and burrows
MDED-03-50904 | 50-21994 0-0.5 Soil Ant mounds and burrows
MD50-03-50905 | 50-21995 0-05 Soil Ant mounds and burrows
MD50-03-50906 | 50-21996 0-05 Soil Ant mounds and burrows
MD50-03-50907 | 50-21997 0-0.5 Soil Ant mounds and burrows
MD50-03-50908 | 50-21998 0-05 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 005 Soil Ant mounds and burrows
MD50-03-50813 50-22003 0-05 Soil Ant mounds and burrows
MD50-03-50914 | 50-22004 0-05 Soil Ant mounds and burrows
MD50-03-50915 | 50-22005 0-0.5 Soil Ant mounds and burrows
MDB80-03-50916 | 50-220086 0-05 Soil Ant mounds and burrows
MD50-03-50917 | 50-22007 0-05 Soil Ant mounds and burrows
MD50-03-50818 | 50-22008 0-0.5 Soit Ant mounds and burrows
MD50-03-50919 | 50-22009 0-0.5 Soil Ant mounds and burrows
MD50-03-51115 | 50-22027 0-0 n/a* Pine needles

MD50-03-51116 | 50-22028 0-0 n/a Pine needles

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

MD50-03-51118 | 50-22030 -0 n/a 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 nfa Pine needies

MD50-03-51122 | 50-22034 0-0 n/a Pine needles
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MDA C Investigation Work Plan, Revision 1

Table B-5 (continued)

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

*n/a = Not applicable.
Table B-6
Tree Sampling Information from MDA C
Tree Sample Lecation Approximate Age
ID D (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-9 50-22032 17 Gross alpha, beta, and gamma

T-10 50-22034 11 Gross alpha, beta, and gamma

T-11 50-22038 9 Gross alpha, beta, and gamma

T-12 50-22037 1 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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MDA C Investigation Work Plan, Revision 1

Table B-7
Results of Field Radioactivity Screening on Ant Mound Material
Field Screening Beta-Gamma
Ant Mound Disintegrations per Minute
6R* 414
10R* 447
15R 459
ZR* 459
8R 459
SR 488
1R* 509
14R* 515
3R 530
4R* 538
11R 550
7R* 550
9R* 567
13R* 612

* Sample submitted to American Radiological Services of NM (ARS) for gross alpha,
beta, and gamma radiation analysis.
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MDA C investigation Work Plan, Revision 1

Table B-8
Results of Field Radioactivity Screening on Mammal Burrow Spoil Material
Field Screening Beta- Field Screening Beta- Field Screening Beta-
Burrow | Gamma Disintegrations | Burrow | Gamma Disintegrations | Burrow | Gamma Disintegrations

Spoil per Minute Spoil per Minute Spoil per Minute
3g? 418 338 534 418° 608
158° 423 7B 534 51B 612
258° 476 18B 538 438 621
20B 480 6B 542 238° 625
468 480 44B 546 26B° 625
198° 484 11B 554 4B 625

1B 488 378 554 39B° 629
4287 488 548 554 498 633

9B 488 13B 558 56B 654
14B 496 44B° 563 508 658
40B 496 12b° 567 52B 660
22B 509 28B 567 31B 662
53B 509 588 567 5587 769
58° 509 278 571

10B 513 2B 575

30B 513 57B 579

60B 513 8g® 579

59B 521 16B 583

32B 525 21B 583
3487 525 48B 583

36B 525 35B 587

17B 530 38B 587

45B 530 24B 582

47B 530 298 596

61B 530 24B° 600

2 Sample submitted to ARS for gross alpha, gross beta, and gross gamma analysis.
Sample mistakenly assigned same number in field as existing marked location.
ER2003-0696 B-51 November 2003




MDA C Investigation Work Plan, Revision 1

Table B9
Summary of Phase | RFI Surface Soil and Fill Samples at MDA C
o et {0 2
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g [y o - = o > E ) = ‘6 b= ‘6 E uh)
E Q @ E = n < 0g |l 221 a5
AAA3153 | 50-08010 |0-0.5 |Fill 14924° | 14927 | 14927 | 14925 | 14925 | 14925 14925 | 14925

AAA3154 | 50-08062 [0-0.5 |Fil 14924 | 14927 | 14927 | 14925 | 14925 | 14925 | 14825 | 14925
AAA3155 |50-08064 |0-0.5 |Fil 14924 | 14927 | 14927 | 14925 | 14925 | 14925 | 14925 | 14925
AAA3156 |50-08106 |0-0.5 |Fil 14924 | 14927 | 14927 | 14925 | 14925 | 14925 | 14925 | 14925
AAA3157 (50-08110 |0-0.5 |Fill 14924 | 14927 | 14927 | 14925 | 14925 | 14925 | 14925 | 14925
AAA3158 |(50-08116 |0-0.5 |Fill 14924 | 14927 | 14927 | 14925 { 14925 | 149825 | 14925 | 14925
AAA2797 | 50-08126 |[0-0.5 |Fill 14867 | 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866

AAA3242 [50-08131 |0-0.5 |Fill 15092 —° 15089 | 15093 § 15093 | 15093 | 15093 | 15093
AAAZ798 | 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 | 15083 | 15093
AAA3244 | 50-08138 [0-0.5 |Fill 15092 — 15089 | 15003 | 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 | 14948 | 14948 | 14948
AAADTAG [ 50-08176 |0-0.5 |Fill 14867 | 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866
AAAZ800 |50-08180 [0-0.5 |Fill 14867 | 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866

AAA3245 | 50-08185 |0-0.5 |Fill 15092 — 15089 | 15093 [ 15083 | 15083 | 15093 | 15093
AAA3246 | 50-08182 (0-0.5 |Fill 15002 — 15089 | 15093 | 15093 | 15093 | 15093 | 15093
AAA3247 |50-08193 |0-0.5 |Fill 15092 — 15089 | 15093 { 15093 | 15093 | 15083 | 15093
AAAZ2801 |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
AAA3191 | 50-08216 |0-0.5 |Fill 14952 | 14949 | 14949 | 14948 | 14948 | 14948 | 14948 | 14948
AAAZB02 |50-08222 (0-0.5 |Fill 14867 | 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866
AAAZBO3 |50-08224 |0-0.5 |Fil 14867 | 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866
AAA2804 |[50-08226 |0-0.5 |Fil 14867 | 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866
AAA2805 |50-08228 |0-0.5 |Fill 14867 | 14865 | 14865 | 14866 | 14866 | 14866 | 14866 | 14866
AAA3249 | 50-08231 |[0-0.5 |Fill 15092 — 15089 | 15093 | 15093 | 16093 | 15093 | 15093
AAA3082 |50-08240 |0-0.5 |Fill 14873 14870 | 14870 | 14869 | 14869 | 14869 | 14869 | 14869
AAA3093 | 50-08244 (0-0.5 |Fill 14873 | 14870 | 14870 | 14869 | 14869 | 14869 | 14869 | 14869
AAA32E80 | 50-08245 |0-0.5 |Fill 15092 — 15089 | 15093 | 15083 | 15093 § 15093 | 15093
AAA3192 | 50-08266 |0-05 |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
AAA3086 |50-08290 |0-0.5 |Fil 14873 | 14870 | 14870 | 14869 | 14869 | 14869 | 14869 | 14869
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Table B-9 (continued)
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AAA3193 | 50-08312 [0-0.5 |Ful 14952 14949 | 14949 | 14948 | 14948 | 14048 | 14948 | 14948

AAA3097 |50-08324 |0-0.5 |[Fil 14873 | 14870 | 14870 | 14869 | 14869 | 14869 | 14869 | 14869
AAA3098 |50-08326 [0-0.5 ([Fil 14873 | 14870 | 14870 | 14869 | 14869 | 14869 | 14869 | 14869
AAA3099 |50-08328 (0-0.5 |[Fil 14873 | 14870 | 14870 | 14869 | 14869 | 14869 | 14869 | 14869
AAA3118 | 50-08336 |0-0.5 |{Fil 14887 | 14889 | 14889 | 14890 | 14890 | 14890 | 14890 | 14880
AAA3119 | B0-08340 |0-0.5 |[Fil 14887 | 14889 | 14889 | 14890 | 14890 | 14890 | 14890 | 14880
AAA3120 |50-08342 (005 |[Fil 14887 | 14889 | 14889 | 14890 | 14820 | 14890 | 14890 | 14880
AAA3121 | 50-08370 |0-0.5 |[Fil 14887 | 14889 | 14889 | 14890 | 14890 | 14890 | 14890 | 14890
AAA3122 |50-08374 |0-0.5 |Fil 14887 | 14889 | 14889 | 14890 | 14890 | 14890 | 14890 | 14890
AAA3123 | 50-08386 |0-0.5 |Fill 14887 | 14889 | 14889 | 14890 | 14890 | 14890 | 14890 | 14890
AAA3124 | 50-08428 [0-0.5 |Fil 14887 | 14889 | 14889 | 14890 | 14880 | 14890 | 14890 | 14890
AAA3125 [50-08432 |0-05 [Fil 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 | 14016 | 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 | 14916 | 14916
AAA3152 |50-08492 |0-0.5 |Fil 14914 | 14880 | 14880 | 14916 | 14916 | 14916 | 14916 | 14916
AAA2768 |50-08086 |0-0.5 [Soil [14841 | 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAAZTBY | 50-08088 [0-0.5 |Soil {14841 | 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA3143 |50-08102 [0-0.5 |Scil |14914 | 14880 | 14880 | 14916 | 14916 | 14916 | 14916 | 14916
AAA2770 |50-08136 |0-05 |Soil |14841 | 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAAZ2771 |50-08138 |0-05 |[Soil |14841 | 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA2772 |50-08140 |0-0.5 |[Soil |14841 | 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA2773 | 50-08142 | 0-0.5 |Soil (14841 | 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAAZTT4 | 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
AAAZTTS | 50-08346 |0-0.5 |Soil [14841 | 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA3145 | 50-08384 |0-0.5 |[Soil |14914 | 14880 | 14880 | 14916 | 14916 | 14916 | 14916 | 14916
AAA2TTE | 50-08396 |0-05 |Soil (14841 | 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA3146 |50-08418 |0-0.5 |[Soil |14914 | 14880 | 14880 | 14916 | 14916 | 14816 | 14916 | 14916
AAA2777 |50-0B446 |0-0.5 |Soil |14841 | 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAAZ7T8 | 50-08474 |0-0.5 |Soil |14841 | 14840 | 14840 | 14845 | 14845 | 14845 | 14845 | 14845
AAA2779 |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,
¢ Dash means sample not requested for the suite.
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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 (mgfkg) (mgfkg) Background Value | Background Value

Antimony Fill 52 1 [0.04]t0 0.21 [0.83 0/52 0/52
Antimony Soll 16 5 [0.04]1t0 0.25 [0.83 0/16 0/16
Arsenic Fill 52 49 {0.2]to 5.2 817 0/52 0/52
Arsenic Sail 16 16 09108 8.17 0/16 0/16
Barium Fill 52 52 36 to 250 295 0/52 0/52
Barium Soil 16 16 26 t0 190 295 0/16 [Vals
Beryllium Fill 52 52 041t01.4 1.83 0/52 0/52
Beryllium Soil 16 16 032to 1.2 1.83 0/16 016
Cadmium | Fill 52 ¢ [0.4] 04 0/52 0/52
Cadmium | Soil |16 0 [0.4] 0.4 0/16 0/16
Chromium, | Fill 52 52 241018 19.3 G/52 0/52
Total

Chromium, | Soil 16 16 13t012 19.3 0/16 0/16
Total

Lead Fill 52 52 71030 223 6/52 0/52
Lead Sof! 16 16 10t0 27 223 3/16 0/16
Mercury Fill 9 0 [0.1] 0.1 0/9 /9
Mercury Soil 1 0 [0.1] 0.1 0N 01
Nickel Filt 52 52 231014 154 0/52 0/52
Nickel Soil 16 12 [2]tc 8.2 15.4 0/16 0/16
Potassium | Fill 1 1 1800 3460 0/1 on
Potassium | Soil 1 1 1300 3460 0/1 0/
Selenium Fill 52 28 [0.2]to 1 1.52 0/52 052
Selenium Soil 16 3 [0.2]tc 0.5 1.52 0/16 0116
Silver Fill 62 1 [1]to1.1 1 1/52 0/52
Silver Soil |16 1 [1to6 1 1116 0/16
Thallium Fill 52 51 [0.04}t0 0.21 |0.73 0/52 0/52
Thallium Soil 16 16 0.04 10 0.18 0.73 0/16 0/16

aVaIues in square brackets indicate nondetects.
BVs obtained from LANL 1988, 59730.
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Table B-11
Inorganic Chemicals Detected Above BV in Phase | RFIl Surface Soil and Fill Samples at MDA C

Sample ID Location ID Depth (ft) Media Lead (mg/kg) Silver (mg/kg)

Soil Background Value® 22.3 1
AAA3143 50-08102 0.00-0.50 Soil 27 P
AAA3144 50-08154 0.00-0.50 Soil 27 —
AAA3093 50-08244 0.00-0.50 Fill — 1.4
AAA3096 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 0.00-0.50 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 50-08486 0.00-0.50 Fill 23 —

@ Soil background value is used for both fill and soil.

b Dash indicates not above the BV.

ER2003-0696

B-55

November 2003




X

MDA C investigation Work Plan, Revision 1

Table B-12
Frequency of Detected Radionuclides
Above BVs/FVs in Phase | RFIl 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) (pCilg) Background Value
Americium-241 | Soil 16 13 [0.005] 10 1.017 0.013 11/16
Americium-241 | Fill 52 37 [0.003] t0 0.292 0.013 24/52
Cesium-137 Soil 16 1 [0.24] 10 1.22 1.65 016
Cesium-137 Filt 52 1 [0.269 to 0.915) 1.65 0152
Cobalt-60 Soil 16 0 [0.165 10 0.814] na® 0/16
Cobalt-60 Filt 52 0 [0.128 to 0.761] na 0/52
Plutonium-238 | Soil 16 12 [0.004 to 0.219] 0.023 616
Plutonium-238 | Fill 52 20 [0.002] to 0.071 0.023 11/52
Plutonium-239 | Soil 16 16 0.01to 10.687 0.054 15/16
Plutonium-238 | Fill 52 46 [0.003] to 2.91 0.054 29152
Strontium-90 | Soil 16 o [-0.54 to 0.32} 1.31 0/16
Strontium-90 Fill 52 0 [-0.62 to 0.3] 1.31 0/52
Thorium-232 Soil 16 4 [2.09] to 4.01 2.33 4116
Thorium-232 Fill 52 11 [1.83]t0 4.8 2.33 11/62
Uranium-234 Sail 16 16 1.07 to 1.89 2.59 0/16
Uranium-234 Fill 52 52 0.91t0 1.83 2.59 0/52
Uranium-235 Soil 16 0 [0.036 t0 0.13] 0.2 0/16
Uranium-235 Fill 52 0 [0.023 to 0.165] 0.2 0/52
Uranium-238 Soil 16 16 1.07 to 1.99 2.29 0/16
Uranium-238 Fill 52 52 1.08 to 2.45 229 1/52

a‘Vaiufzs in square brackets indicate nondetects.
bTuff BVs obtained from LANL 1998, 59730.
® ha = Not available.
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Table B-13
Radionuclides Detected Above the BV/IFV in Phase | RFI Surface Soit and Fill Samples at MDA C
Sample Location Depth Americium- | Plutonium- } Plutonium- | Thorium- Uranium-
I ID {ft) Media pLY 238 239 232 238
Soil and Fill Background Value® (pCi/g) 0.013 0.023 0.054 2.33 2.29
AAA3153 | 50-08010 |(0.00-0.50 Fill _b — — 3.97 —
AAAZTB8 | 50-08086 |0.00-0.50 Soil — — 10.687 — —
AAA27ES | 50-08088 |0.00-0.50 Sail — 0.052 0.441 - —
AAA3143 | 50-08102 |0.00-0.50 Saoil 0.094 — 0.446 — -
AAA3157 |50-08110 | 0.00-0.50 Fill — — — 3.49 —
AAA2798 | 50-08134 |0.00-0.50 | Fill — — — 3.732 —
AAAZ7T70 [ 50-08136 | 0.00-0.50 Soil 0.048 — 1.427 3.74 —
AAA3243 |[50-08137 |0.00-0.50 Fifl - —_ —_ 3.32 —
AAAZ7T71 | 50-08138 |0.00-0.50 Soll 1.017 — 0.46 3.27 —
AAAZ2772 | 50-08140 |0.00-0.50 Soil 0.03 — 0.347 4.01 —
AAA2773 | 50-08142 [0.00-0.50 | Soil 0.032 — 0.342 — —
AAA2774 | 50-08144 |[0.00-0.50 | Soil 0.036 — 0.276 — —
AAA3144 | 50-08154 | 0.00-0.50 Soil 0.257 0.035 15 — —
AAAZB01 | 50-08184 | 0.00-0.50 | Fill — — — — 245
AAA3191 | 50-08216 |0.00-0.50 Fill — — — 3.46 —
AAA2802 |50-08222 |0.00-0.50 | Fill — — — 3.07 —
AAAZ2804 |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 Fill — — — 4.8 -
AAAZTTS5 [ 50-08346 |0.00-0.50 Soil 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 10.00-0.50 Fill — — — 3.56 —
AAA2777 | 50-08446 |(0.00-0.50 | Soll 0.192 0.027 213 2.75 —
AAA2778 | 50-08474 |(0.00-0.50 | Soil — — 0.562 — —
AAA2779 | 50-08494 |(0.00-0.50 | Soil 0.454 0.068 8.69 — —
3 s0il background value is used for both fill and soil (LANL 1998, 59730).
Dash indicates that the concentration was not above the BV.
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Table B-14
Frequency of Detected Organic Chemicals in Phase | RFI 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 1182
Aroclor-1254 Fill 43 3 [0.03] to 1 3/43
Aroclor-1260 Fill 43 4 [0.03 to 0.15] 4143
Bis(2-ethyihexyl)phthalate Fill 52 2 [0.00018] to 1.4 2/52
Pentachlerophenol Soil 16 1 [0.85]t0 1.9 1716
*Values in square brackets indicate nondetects.
Table B-15
Detected Organic Chemicals Analyses in Phase | RFl Surface Soil and Fiil Samples at MDA C
2 =
o o s | | E| &8 | g8 | 2| £
2 § £ g E 5 5 | g2 | 8
<t % E
AAA3153 50-08010 0.00-0.50 Fill —* —_ — 14 —
AAA3155 50-08064 0.00-0.50 Fill — — 0.04 14 —
AAA3156 50-08106 0.00-0.50 Fifl — — 0.03 —_ —
AAA3157 50-08110 0.00-0.50 Fill — — 0.07 —_ —
AAA3158 50-08116 0.00-0.50 Fill — — 0.04 — —
AAA3193 50-08312 0.00-0.50 Fill 0.96 _— — _ —
AAA30S8 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 — — —

Note: Units are mg/kg.
*Dash indicates that the analyte was not detected.
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Table B-16
Detected Organic Chemicals in EMFLUX® Samples at MDA C
Location Aliphatics Carbon
D Sample 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 7.31
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 2.77
50-10004 | MD50-00-0015 0.00 0.00 0.00 6.68 10.16 2.27
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 1.94 27.82 4.44
50-10007 | MD50-00-0018 20.85 0.00 0.00 0.00 3.82 0.84
50-10008 | MD50-00-0019 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 1.17
50-10011 | MD50-00-0022 0.00 0.00 6.71 1.16 16.95 294
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 2.77 3.18
50-10015 | MD50-00-0026 0.00 0.00 2.38 0.00 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 0.00
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 (.00 0.00 0.00 4.21 2.65
50-10021 | MD50-00-0032 0.00 0.00 2.3 0.00 5.08 6.96
50-10022 | MD50-00-0033 ¢.00 0.00 36.15 4.67 2.52 3.52
50-10023 | MD50-00-0034 0.00 0.00 1.65 0.00 2.52 415
50-10024 | MD50-00-0035 0.00 0.00 0.00 0.00 1.28 3.82
50-10025 | MD50-00-0036 .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 .00 0.00 0.00 28.06 0.00
50-10028 | MD50-00-0039 .00 0.00 0.00 0.00 923 0.00
50-10029 | MD50-00-0040 0.00 0.00 0.00 0.00 3.15 2.82
50-10030 | MD50-00-0041 0.00 0.00 0.00 0.00 2.53 1.58
50-10031 | MD50-00-0042 0.00 0.00 4.85 0.00 4.68 479
50-10032 | MD50-00-0043 0.00 0.00 2.87 0.00 4.77 3.65
50-10033 | MD50-00-0044 0.00 0.00 1.73 0.00 28.38 1247
50-10034 | MD50-00-0045 0.60 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 1.1
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Table B-16
Location Aliphatics Carbon
ID Sample ID HCs Benzene | Tetrachloride | Chloroform | Tetrachloroethene | Trichioroethene
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
50-10039 | 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 0.97
50-10043 | MD50-00-0054 0.00 0.00 0.00 0.00 215 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
50-10046 | MD50-00-0057 0.00 0.00 0.00 0.00 220 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 0.00 292 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 0.00 200.92 0.00
50-10053 | MD50-00-0064 6.00 0.00 0.00 0.60 69.71 1.08
50-10054 | MD50-00-0065 0.00 0.00 0.00 0.00 4.38 4.27
50-10055 | MD50-00-0066 0.00 0.00 0.00 0.00 4.87 0.00
50-10056 | MD50-00-0067 0.00 0.00 0.00 0.00 1.92 0.00
50-10057 | MD50-00-0068 0.00 0.00 0.00 0.00 1.79 0.00
50-10058 { MD50-00-0069 0.00 0.00 0.00 C.00 1.10 0.00
50-10059 | MD50-00-0070 13.52 0.00 0.00 0.00 1.89 0.00
50-10060 | MD50-00-0071 0.00 0.00 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
50-10064 [ MD50-00-0075 6.00 0.85 0.00 0.00 8.39 0.00
50-10065 | 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
50-10069 { MD50-00-0080 54.59 0.00 0.00 0.00 140.79 5.78
50-10070 | MD50-00-0081 0.00 0.00 0.00 0.00 56.58 6.22
50-10071 | MD50-00-0082 0.00 C.00 0.00 0.00 150.02 29.58
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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MDA C Investigation Work Plan, Revision 1

Table B-16
Location Aliphatics Carbon
D Sample ID HCs Benzene | Tetrachloride | Chloroform | Tetrachloroethene | Trichloroethene

50-10074 | MD50-00-0085 0.00 0.00 0.00 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 1.38 0.00
50-10079 | MD50-00-0090 0.00 0.00 0.00 0.00 1.42 0.00
50-10080 | MDS0-00-0091 0.00 0.00 0.00 0.00 13.80 0.98
50-10081 | MD50-00-0092 0.00 0.91 0.00 0.00 8.26 1.36
50-10082 | MD50-00-0093 0.00 0.00 0.00 0.00 5.74 1.83
50-10083 | MD50-00-0094 0.00 0.00 0.00 0.00 3.4 214

Note: Results are in ng/m?min.
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Table B-17
Summary of Phase | RFl Boreholes at MDA C
g -“:6“ £ wn =]
2 |8 | = < S & |S5 |5 | §£5 £ 2§ £5
2 |84 B~ 8| 22l |88|85- &% a 238 g5
= SEel E e SEIRE |[ZSE(teE!l EE 2 ¢ a ]
g = k> 3 2 £ ST |37 25 a £ s E T 8
& 8 < £ g 5 |R2U £ | s8¢ NAD83 = @3 < @
5 =] = =] (]
» @ Northing | Easting
50-09100 |90.0 |[n/a” 7233.0 |[316.0 316.0 |6917.0 (0.0 Qct 1768776 | 1626312 [7/17-31/95 |Vapor Pit 5
Monitoring
50-09101 (450 |S82W |7253.0 117.0 82.7 71703 [82.7 Qbt 3 1768915 | 1625964 |9/20-22/95 | Backfiled Pit 6
50-09102 (450 [S10W |7219.0 |1100 778 71412 [77.8 Qbt 3 1768750 | 1626610 | 8/2-8/95 Backfilled Pit5
50-09103 1450 |N32W 72420 (1200 849 71571 1849 Qbt 3 1768404 |} 1626596 |8/17-22/95 | Backfiled Pits 1 and 3
50-09104 [ 90.0 |n/a 7260.0 |(90.0 90.0 71700 |00 Qbt 3 1768444 |1626044 |8/15-17/95 | Backfilled Pit 1
50-09105 |450 |S8BE |[72650 |120.0 84.9 71801 |[84.9 Qbt 3 1768561 | 1625873 |8/23-28/35 | Backfilled Shaft Group 3
50-09106 (450 |[S75E 7261.0 |120.0 84.9 7176.1 849 Qbt 3 1768656 | 1625915 | 8/9-15/95 Backfilled Shaft Group
3/ Pit4
50-09107 (450 |N4W 7262.0 [118.0 83.4 71786 (834 Qbt 3 1768764 | 1625826 | 8/28-30/95 | Backfilled Pit &
50-09108 {45.0 |NJ40E |72750 |1200 |84.9 7190.1 849 Qbt 3 1768770 | 1625544 | 8/30-9/11/95 | Backfilled Chemical Pit/
Pit6
50-00109 (450 [NB84E |7279.0 |120.0 84.9 71941 [84.9 Qbt 3 1768863 | 1625429 | 9/11-14/95 | Backfilled Pit 6
50-09110 |70.0 [S67E |72780 [91.0 85.5 71925 311 Qbt 3 1768971 (1625494 |9/15-19/95 | Backfilled Pit 6
50-10131° | 80.0 |n/a 72756 |250 250 70256 (0.0 Qct 1768774 | 1625545 |6/21-6/25/01 | Vapor Chemical Pit
Monitoring

a North American Datum of 1983.
b n/a = Not applicable.

€ This borehole was not part of the Phase | RFI borehgles.
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MDA C Investigation Work Plan, Revision 1

Table B-18
Field Screening Results from Phase | Borehole Sampling
Location Depth Alpha Beta/Gamma PID
o] Sample ID (ft bgs) HE Screen {cpm) {cpm) {ppm)
50-09100 | 0550-95-0360 |2.0-2.2 Negative 1 180 0
50-09100 | 0550-95-0361 9.0-9.2 Negative 0 210 0
50-09100 |0550-95-0362 10.6-126 Negative 3 220 0
50-09100 | 0550-95-0363 16.5-17.5 Negative 0 220 0
50-09100 |0550-95-0394 |18.6-19.2 Negative 0 220 0
50-09100 |0550-95-0364 21.5-22.3 Negative 0 210 0
50-09100 |0550-95-0365 |26.5-28.5 Negative 1 180 0
50-09100 {0550-95-0366 |31.5-32.5 Negative 3 170 0
50-09100 |0550-96-0100° |32.7-33.7 —° — — —
50-09100 |0550-95-0367 |38.7-39.5 Negative 1 140 0
50-09100 |0550-95-0368 |[41.5-435 Negative 1 160 0
50-09100 | 0550-95-0369 |46.5-47.3 Negative 0 150 0
50-09100 |0550-85-0370 |52.5-53.3 Negative ¢ 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 0 190 0
50-08100 |0550-95-0374 |71.5-73.5 Negative 0 220 0
50-09100 | 0550-95-0375 76.0-76.8 Negative 2 180 0
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 |96.0-96.38 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
50-09100 |[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 135.0-135.9 Negative 0 180 0
50-09100 | 0550-95-0388 140.0-140.8 Negative 2 200 0
50-09100 |0550-95-0388 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 0 200 0
50-09100 | 0550-95-0392 161.3-163.1 Negative 0 220 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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MDA C Investigation Work Plan, Revision 1

Table B-18 (continued)

Location Depth Alpha Beta/Gamma PID
ID Sample ID (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
50-09100 | 0550-95-0402 197.3-198.0 Negative 1 200 G
50-09100 | 0550-95-0403 202.5-203.2 Negative 0 120 0
50-09100 {0550-95-0404 |206.4-207.2 Negative 0 140 0
50-09100 | 0550-86-0001 210.8-211.0 — — — —
50-09100 | 0550-96-0002 |213.0-214.0 — — — —_
50-09100 | 0550-96-0003 |215.8-216.0 — — — -—
50-09100 | 0550-96-0004 220.7-221.0 — — — —
50-09100 |0550-96-0006 |222.7-223.0 — -— — -
50-09100 | 0550-96-0007 225.7-226.0 — — — —
50-09100 |0550-96-0008 |228.1-2284 — —_ — —_
50-09100 | 0550-96-0009 230.7-231.0 — — — —
50-09100 |0550-96-0010 |233.0-233.3 — — — —
50-09100 [0550-96-0011 235.7-236.0 — — — —
50-09100 | 0550-96-0012 | 238.1-238.4 — — — —
50-09100 | 0550-96-0013 | 240.7-241.0 — — - —
50-09100 | 0550-96-0014 243.7-244.0 —_ — — —
50-09100 | 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 — — — -
50-09100 |0550-96-0018 253.0-2533 — _ — —_
50-09100 [ 0550-96-0019 | 255.2-2555 — — — —_
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 |265.2-265.5 — — — —_
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 |0550-96-0027 |275.7-276.0 — — — -
50-09100 |0550-96-0028 |278.2-278.5 —_ —_ — —
50-09100 | 0550-96-0029 |280.7-281.0 — — —_ —_
50-09100 |0550-96-0030 |283.2-283.5 — — —_ —
50-09100 [ 0550-96-0031 285.7-2886.0 — — - -
50-09100 | 0550-96-0032 288.3-288.5 —_ — — —
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Table B-18 (continued)

Location Depth Alpha Beta/Gamma PID
ID Sample ID {ft bgs) HE Screen {cpm) (cpm) (ppmy)
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 — — — —_—
50-0910C | 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 — — — —_
50-09160 |0550-96-0040 |308.2-308.5 — — —-— —
50-09100 | 0550-96-0041 310.7-311.0 — _— — —_
50-09100 | 0550-96-0042 312.5-313.0 — — - —
50-09100 |0550-96-0043 |315.2-315.5 — — — —
50-09101 | 0550-95-0281 25-28 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 0
50-09101 | 0550-95-0284 10.6-12.0 Negative 1 180 0
50-09101 | 0550-95-0285 |10.6-12.0 Negative 1 180 4]
50-09101 | 0550-95-0286 |14.1-145 Negative 1 180 0
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 21.2-21.5 Negative 0 170 0
50-08101 [ 0550-95-0289 24.7-256 Negative 0] 140 0
50-08101 | 0550-85-0290 26.5-26.8 Negative 0 140 0
50-09101 | 0550-95-0291 28.6-29.0 Negative 0 180 0
50-00101 [0550-96-01027 |31.1-31.9 — — — —
50-09101 | 0550-95-0292 |32.0-32.3 Negative 1 160 0
50-09101 | 0550-95-0293 37.0-374 Negative 0 200 0
50-09101 | 0550-95-0294 38.9-40.3 Negative 0 180 0
50-09101 | 0550-85-0295 |38.9-40.3 Negative 0 180 0
50-09101 | 0550-95-0296 |43.83-442 Negative 1 140 0
50-09101 |{0550-96-0103% |44.2-44.7 _— - — —
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 | 0550-95-0299 53.0-54.4 Negative 0 210 0
50-08101 | 0550-95-0300 53.0-54.4 Negative 0 210 0
50-09101 | 0550-95-03014 58.3-58.7 Negative 2 140 0
50-09101 | 0550-95-0302 61.5-61.9 Negative 0 180 0
50-09101 | 0550-95-0303 |64.1-64.3 Negative 0 180 0
50-09101 | 0550-95-0304 |67.9-693 Negative 2 160 0
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Table B-18 {continued)

Location Depth Alpha Beta/Gamma PID
ID Sample ID (ft bgs) HE Screen (cpm) {cpm) {ppm)
50-09101 | 0550-95-0305 (67.9-69.3 Negative 2 160 0
50-09101 | 0550-95-0306 725-72.8 Negative 1 150 0
50-08101 |[0550-95-0307 |75.7-76.0 Negative 0 160 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 | 0550-85-0310 79.2-81.0 Negative 0 180 0
50-09102 | 0550-95-0001 25286 Negative 0 200 0
50-09102 | 0550-95-0002 4245 Negative 0 210 0
50-09102 | 0550-95-0003 |9.9-10.6 Negative 0 120 0
50-09102 [ 0550-95-0004 |11.3-13.4 Negative 0 130 0
50-09102 | 0550-85-0005 11.3-134 Negative 0 130 0
50-09102 | 0550-95-0006 |16.3-17.0 Negative 0 180 4]
50-09102 | 0550-95-0007 18.4-19.0 Negafive 0 160 0
50-09102 | 0550-85-0008 23.3-23.9 Negative 0 110 0
50-09102 |0550-85-0009 |26.2-28.9 Negative 0 220 4]
50-09102 | 0550-95-0010 |26.2~-28.9 Negative 0 220 0
50-09102 | 0550-95-0011 32.4-33.0 Negative 0 180 0
50-09102 | 0550-95-0012 34.9-354 Negative 2 250 0
50-09102 | 0550-95-0013 |36.8-374 Negative 0 210 0
50-09102 | 0550-95-0014 403424 Negative c 180 0
50-09102 | (0550-95-0015 40.3-42.4 Negative 0 180 0
50-09102 | 0550-85-0016 |43.8-445 Negative 0 200 0
50-09102 | 0550-95-0017 47.6-48.4 Negative 1 210 0
50-09102 | 0550-95-0018 50.9-51.6 Negative 0 170 0
50-09102 } 0550-95-001¢9 51.8-53.7 Negative 2 210 0
50-09102 |[0550-95-0020 |51.8-53.7 Negative 2 210 0
50-09102 | 0550-95-0021 58.0-58.7 Negative 2 210 0
50-08102 | 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 |62.6-62.9 Negative 0 180 0
50-09102 |[0550-95-0025 |66.5-67.2 Negative 0 200 0
50-09102 10550-95-0024 |67.2-68.6 Negative 1 200 0
50-09102 | 0550-95-0026 |67.2-68.6 Negative 1 200 0
50-09102 | 0550-95-0027 721-72.8 Negative 1 170 0
50-09102 |0550-95-0028 |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 G
50-09103 | 0550-95-0101 | 3.5-3.6 Negative 0 180 0
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Table B-18 (cantinued)

Location Depth Alpha Beta/Gamma PID
ID Sample ID {ft bgs) HE Screen {cpm) (cpm) (ppm)
50-09103 | 0550-95-0102 4.9-5.0 Negative 1 150 0
50-09103 | 0550-95-0103 |8.0-84 Negative 2 180 0
50-09103 | 0550-95-0104 13.1-147 Negative 1 150 0
50-09103 | 0550-95-0105 13.1-14.7 Negative 1 150 0
50-09103 | 0550-95-0106 16.0-18.3 Negative 2 130 0
50-08103 | 0550-95-0107 19.2-18.6 Negative 2 160 0
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 0
50-09103 | 0550-95-0111 29.0-2986 Negative 1 150 0
50-09103 | 0550-95-0112 |322-329 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 0
50-09103 |0550-95-0114 39.6416 Negative 1 150 0
50-09103 | 0550-95-0115 |39.64186 Negative 1 150 0
50-09103 | 0550-95-0116 |44.8-45.3 Negative 2 130 0
50-09103 | 0550-95-0117 48.1-48.86 Negative 0] 180 0
50-08103 |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 | 0550-25-0120 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 | 0550-95-0123 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 0
50-09103 | 0550-95-0126 71.6-72.1 Negative 2 190 0
50-09103 | 0550-95-0127 74.4-750 Negative 2 160 o
50-09103 | 0550-95-0128 |78.7-79.3 Negative 1 190 0
50-09103 |0550-95-0129 |81.2-826 Negative 0 200 0
50-09103 | 0550-95-0130 [81.2-826 Negative 1 200 0
50-09103 | 0550-95-0131 84.3-849 Negative 0 190 0
50-09104 | 0550-95-0073 4.0-4.1 Negative 1 170 0
50-09104 | 0550-95-0074 |9.0-8.1 Negative 1 190 0
50-09104 | 0550-95-0075 10.9-12.9 Negative 2 190 o
50-09104 | 0550-95-0076 10.8-12.9 Negative 2 190 0
50-09104 | 0550-95-0077 15.1-16.0 Negative 1 160 0
50-09104 | 0550-95-0078 |22.1-23.0 Negative 3 180 0
50-09104 |0550-95-0079 |26.3-28.0 Negative 1 156 0
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Table B-18 {continued)

Location Depth Alpha Beta/Gamma PID
ID Sampie 1D (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 o
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 Negative 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 | 0550-95-0086 50.4-51.3 Negative 1 160 0
50-09104 |0550-95-0087 |58.0-60.0 Negative 0 170 0
50-08104 | 0550-95-0088 58.0-60.0 Negative 0 170 0
50-09104 | 0550-95-0089 |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 1 150 0
50-09104 |0550-95-0095 |79.0-81.0 Negative 0 180 0
50-09104 | 0550-95-0094 82.2-83.0 Negative 2 170 0
50-09104 | 0550-95-0099 85.0-87.0 Negative 2 130 0
50-09104 | 0550-95-0100 |85.087.0 Negative 2 130 0
50-08105 | 0550-95-0132 28-29 Negative 1 170 0
50-09105 | 0550-95-0133 54-59 Negative 1 150 0
50-09105 | 0550-95-0134 8.5-9.1 Negative 1 150 0
50-09105 | 0550-95-0135 11.4-131 Negative 1 190 0
50-09105 | 0550-95-0136 11.4-13.1 Negative 1 190 0
50-08105 | 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 24.2-247 Negative 1 180 0
50-09105 | 0550-95-014Q0 |24.7-26.9 Negative 1 180 0
50-09105 | 0550-95-0141 24.7-25.2 Negative 1 180 0
50-09105 |[0550-95-0142 |30.5-31.1 Negative 0 170 0
50-09105 | 0550-95-0143 |32.5-33.1 Negative 0 190 0
50-09105 | 0550-95-0144 36.1-36.8 Negative 1 190 4]
50-09105 | 0550-95-0145 |40.3-41.7 Negative 0 180 0
50-09105 | 0550-85-0146 |40.3-40.7 Negative 0 180 0
50-09105 |0550-95-0147 |43.3-43.8 Negative 0 180 0
50-09105 |0550-96-0106° |43.9-44.5 — — —_ —
50-09105 |0550-95-0148 |(46.7-47.4 Negative 1 150
50-09105 | 0550-95-0149 50.2-50.9 Negative 2 190 0
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Table B-18 (continued)

Location Depth Alpha Beta/Gamma PID
ID Sample 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 |58.0-58.6 Negative 0 180 0
50-09105 | 0550-95-0153 61.5-62.1 Negative 0 180 0
50-09105 | 0550-95-0154 65.1-65.6 Negative 0 180 0
50-09105 | 0550-25-0155 68.6-70.6 Negative 0 180 0
50-09105 |0550-95-0156 |68.6-69.0 Negative 0 180 4]
50-09105 | 0550-95-0157 |71.6-721 Negative 0 180 0
50-09105 |[0550-95-0159 | 75.1-75.7 Negative 0 160 0
50-08105 | 0550-95-0162 80.0-806 Negative 2 180 0
50-08105 |0550-95-0160 |B83.2-84.9 Negative 1 160 0
50-08105 | 0550-95-0161 83.2-84.9 Negative 1 160 0
50-09106 | 0550-95-0040 |2.8-2.9 Negative 2 220 0
50-09106 | 0550-95-0041 46-5.2 Negative 1 210 0
50-09106 |[0550-95-0042 |(7.8-86 Negative 0 170 0
50-09106 | 0550-95-0043 |7.8-8.6 Negative 0 170 0
50-09106 | 0550-95-0044 14.5-16.8 Negative 0 200 0
50-09106 | 0550-95-0046 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 |25.1-258 Negative 0 190 0
50-09106 |0550-95-0050 29.0-311 Negative 1] 140 0
50-09106 |0550-95-0051 29.0-31.1 Negative o 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 | 0550-85-0054 40.0-414 Negative 0 190 0
50-09106 |0550-95-0055 |40.0-41.4 Negative 0 190 0
50-09106 |[0550-95-00568 |45.1-45.7 Negative ¢ 200 0
50-09106 | 0550-95-0057 |47.9-482 Negative 1 180 0
50-09106 |0550-95-0058 |48.9-51.6 Negative 0 140 0
50-09106 |0550-95-0060 |49.9-51.6 Negative 0 140 0
50-09106 | 0550-95-0061 53.7-54.4 Negative 0 170 0
50-09106 |0550-95-0062 |56.8-57.6 Negative 0 180 0
50-09106 | 0550-95-0083 |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 Depth Alpha Beta/Gamma PID
iD Sample ID {ft bgs) HE Screen {cpm) (cpm) (ppm)
50-09106 | 0550-95-0088 72.1-73.5 Negative 2 150 0
50-09106 |0550-95-0069 |[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 0 150 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 99-11.2 Negative 0 170 0
50-09107 | 0550-95-0167 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 |21.9-22.1 Negative 2 170 0
50-09107 | 0550-95-0171 |25.5-27.6 Negative 1 160 0
50-09107 | 0550-95-0172 |255-27.6 Negative 1 160 0
50-09107 | 0550-95-0169 |30.8-31.3 Negative 0 160 0
50-09107 [0550-95-0170 |32.5-32.9 Negative 0 140 0
50-09107 | 0550-96-0107° | 33.2-34.3 — — — —
50-09107 | 0550-95-0173 38.4-39.0 Negative 0 140 0
50-09107 | 0550-95-0176 |40.3-41.7 Negative 1 150 0
50-09107 | 0550-85-0177 |40.3-41.7 Negative 1 150 0
50-09107 1055095-0174 |44.8-453 Negative 1 150 0
50-09107 | 0550-95-0175 |46.3-46.8 - 2 160 0
50-09107 |0550-96-0108° |46.8—47.4 — -— — —
50-09107 | 0550-95-0178 50.4-50.9 Negative 0 140 0
50-09107 | 0550-95-0181 53.0-55.6 Negative 0 160 0
50-09107 | 0550-95-0182 53.0-55.6 Negative 0 160 0
50-08107 |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 1 180 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 y;
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
50-09107 |0550-95-0188 |78.1-78.5 Negative 1 150 0
50-09108 | 0550-95-0192 |2.8-2.9 Negative 1 140 0
50-09108 |[0550-95-0193 |5.7-6.2 Negative 0 160 0
50-09108 | 0550-95-0194 |9.9-10.3 Negative 1 230 0
50-09108 |0550-95-0195 |10.6-11.9 Negative 0 190 0
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Table B-18 (continued)

Location Depth Alpha Beta/Gamma PID
ID Sample ID (ft bgs) HE Screen {cpm) (cpm) {ppm)

50-09108 | 0550-95-0196 | 10.6-11.9 Negative 0 190 0
50-09108 |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 |40.0-40.3 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
50-09108 | 0550-95-0207 |43.8-44.2 Negative 1 200 0
50-09108 | 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 |0550-95-0210 |54.2-5586 Negative 1 200 0
50-09108 |0550-95-0211 |54.2-55.6 Negative 1 200 0
50-09108 | 0550-95-0212 |58.1-58.5 Negative 1 180 0
50-09108 |0550-95-0213 |[61.5-61.9 Negative 0 250 0
50-09108 | 0550-95-0214 |66.2-66.6 Negative 1 170 0
50-09108 | 0550-95-0215 |67.5-68.9 Negative 2 180 0
50-09108 |0550-95-0216 |67.5-67.9 Negative 1 140 0
50-09108 |0550-95-0217 |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 |0550-95-0220 |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 |84.1-84.4 Negative 0 160 0
50-09109 |0550-95-0223 |[2.8-2.9 Negative 0 170 0
50-09109 |0550-95-0224 |6.0-6.4 Negative 1 170 0
50-09109 |0550-95-0225 |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
50-09109 | 0550-95-0228 |16.8-17.1 Negative 1 200 0
50-09109 | 0550-95-0229 |18.0-184 Negative 1 180 0
50-09109 | 0550-95-0230 |21.6-21.9 Negative 0 210 0
50-09109 |0550-95-0231 |24.1-255 Negative 1 180 0
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Table B-18 (continued)

Location Depth Alfpha Beta/Gamma PID
ID Sample ID (ft bgs) HE Screen (cpm) {cpm) (ppm)
50-09109 | 0550-95-0232 24.1-245 Negative 1 180 0
50-09109 [0550-95-0233 |26.0-26.4 Negative 0 140 0
50-09109 |0550-85-0234 30.3-30.6 Negative 1 130 0
50-09109 |0550-96-0111% |32.5-33.2 — — —_ —
50-09108 | 0550-95-0235 33.2-33.5 Negative 2 180 0
50-09109 | 0550-95-0238 |37.5-37.9 Negative 0 150 0
50-08109 |0550-95-0236 [40.9-424 Negative 2 120 0
50-09109 | 0550-95-0237 [(40.941.2 Negative 2 120 0
50-09109 |0550-95-0239 [43.1-43.5 Negative 0 230 0
50-09109 | 0550-95-0240 |{43.844.2 Negative 0 220 0
5009109 |0550-95-0243 |46.0-46.3 Negative 1 130 0
50-09109 |0550-96-0112° |46.7-47.4 — — — —
50-09108 | 0550-95-0244 48.6-49.0 Negative ¢ 200 0
50-09109 | 0550-95-0245 |52.7-53.0 Negative 0 180 0
50-09109 | 0550-85-0246 54.7-56.4 Negative 2 150 0
50-09109 | 0550-95-0247 |54.7-56.4 Negative 2 150 0
50-09109 |0550-95-0248 |59.8-60.1 Negative 1 200 0
50-09109 | 0550-85-0249 62.2-62.5 Negative 2 160 0
50-09109 | 0550-95-0250 64.3-64.7 Negative 1 190 0
50-09109 | 0550-95-0251 68.3-69.9 Negative 2 160 0
50-09109 | 0550-95-0252 |73.1-735 Negative 1 150 0
50-09109 | 0550-95-0253 76.4-76.7 Negative 0 190 0
50-09109 | 0550-95-0254 |[78.1-78.5 Negative 1 180 0
50-09109 | 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 3.8-39 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
50-08110 |[0550-95-0259 | 16.0-17.9 Negative 2 200 0
50-09110 |0550-95-0260 |16.0-17.9 Negalive 2 200 0
50-09110 |0550-95-0261 |20.7-21.1 Negative 0 200 0
50-09110 |0550-96-0113° |22.6-23.3 — — — —
50-09110 | 0550-95-0262 30.1-30.5 Negative 0 220 0
50-09110 | 0550-95-0263 32.9-334 Negative 1 160 0
50-09110 |0550-95-0264 |35.7-37.6 Negative 1 200 0
50-09110 } 0550-85-0265 35.7-37.8 Negative 1 200 0
50-09110 | 0550-95-0266 41.6421 Negative 1 180 0
50-09110 |0550-95-0267 |45.1-45.6 Negative 1 200 0
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Table B-18 (continued)

Location Depth Alpha Beta/Gamma PID
ID Sample ID (ft bgs) HE Screen (cpm) {cpm) (ppm)

50-09110 |0550-96-0114" {456-46.5 — — — —
50-09110 |0550-95-0268 |49.3-49.8 Negative 1 200 0
50-09110 | 0550-85-0269 55.4-57.1 Negative 0 180 0
50-09110 | 0550-95-0270 |55.4-57.1 Negative 0 180 0
50-09110 | 0550-95-0271 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 ¢ 180 0
50-09110 | 0550-95-0276 |74.2-745 Negative 0 130 0
50-09110 | 0550-95-0277 78.9-794 Negative 0 180 0
50-08110 | 0550-95-0279 |82.7-84.0 Negative 0 140 0

a Sample collected from curated core.
— = Screening was not performed.,

ER2003-0696 B-73 November 2003




£00Z 18qUISAON

i-9

9690-£002H

Table B-19
Summary of Phase | RFl Subsurface Tuff Samples Collected at MDA C
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2 § | 833 | 5| % | 2|28/ 8|8 |3 |E8|2|55|82182 ¢

3 5 | €6 | = | & | 2 |3%| & |5 | E |8g| T |33|88 |85
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0550-95-0362 50-09100 |[10.6-12.6 Qbt 3 699 699 -2 698 — 700 700 700 700 700 700 700
0550-95-0365 50-09100 |26.5-28.5 Qbt 3 722 722 — 724 — 723 723 723 723 723 723 723
0550-96-0100° |50-09100 |32.7-33.7 Qbt 3 — 1834 —_ — - 1835 1835 — 1835 1835 1835 1835
0550-95-0368 50-09100 [41.5-435 Qbt 3 722 722 — 721 — 723 723 723 723 723 723 723
0550-95-0371 50-09100 |58.2-60 Qbt 3 722 722 - 721 — 723 723 723 723 723 723 723
0550-95-0374 50-09100 | 71.5-73.5 Qbt 2 735 735 — 734 — 736 736 736 736 736 736 736
0550-95-0383 50-09100 |115.1-116.9 |Qbt2 761 761 — 760 — 762 762 762 762 762 762 762
0550-95-0392 50-09100 161.3-163.1 | Qbt1v 761 761 — 760 — 762 762 762 762 762 762 762
0550-95-0284 50-09101 |10.6-12 Qbt 3 1187 1187 | 1185 1185 1185 1183 | 1189 1189 1189 1189 1189 | 1189
0550-96-0101 B 150-09101 |19-19.7 Qbt 3 — 1834 — — — 1835 | 1835 — 1835 | 1835 | 1835 | 1835
0550-95-0289 50-09101 |24.7-25.6 Qbt 3 1187 1187 1185 1185 1185 | 1188 [ 1189 1189 1189 1189 1189 | 1189
0550-98-0102" | 50-09101 [31.1-31.9 Qbt 3 — 1834 — — — 1835 | 1835 — 1835 | 1835 | 1835 | 1835
0550-95-0294 50-09101 |38.9-394 Qbt 3 1187 1187 | 1185 1185 1185 | 1189 | 1189 1188 1189 1189 1189 | 1189
0550-96-0103° |50-09101 |44.2-44.7 Qbt 3 — 1834 — — — 1835 | 1835 — 1835 | 1835 | 1835 | 1835
0550-95-0299 50-09101 |53-54.4 Qnbt 3 1187 1187 | 1185 1185 | 1185 1189 | 1189 1189 1189 1189 1189 | 1189
0550-95-0304 50-09101 |67.9-69.3 Qbt 3 1187 1187 | 1185 1185 | 1185 1189 1189 1189 1182 1189 11892 | 1189
0550-95-0309 50-09101 | 79.2-81 Qbt 3 1187 1187 | 1185 1185 | 1185 1189 1189 1189 1189 1189 1189 | 1189
0550-95-0004 50-09102 [11.3-134 Qbt 3 820 820 — 800 — 821 821 821 821 821 821 821
0550-85-0009 50-09102 | 26.2-28.9 Qbt 3 820 820 — 800 — 821 821 821 821 821 821 821
0550-95-0014 5009102 |40.3424 Qbt 3 820 820 — 800 —_ 821 821 821 821 821 821 821
0550-95-0019 50-09102 |51.8-53.7 Qbt 3 877 877 — — — 878 878 878 878 878 878 878
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Table B-19 {continued)

a  J o | a
£ €6 | 2 | & | 2|32 5 | 8| & |85 T |32|82|58)| &
o | 3 (7] fany o ‘% a.
0550-95-0024 50-09102 |[67.2-68.6 Qbt 3 877 877 — 876 — 878 878 878 878 878 878 878
0550-95-0029 5009102 |[76.4-77.8 Qbt 3 877 877 —_ 876 — 878 878 878 878 878 878 878
0550-95-0104 50-08103 [13.1-14.7 Qbt 3 987 987 986 986 986 988 988 988 988 988 088 288
0550-95-0109 50-09103 | 25.5-27.4 Qbt 3 Q87 987 986 986 986 288 088 988 988 988 988 988
0550-96-01 04b 50-09103 |[32.88-33.81 |Qbt3 — 1834 — — — 1835 1835 — 1835 1835 1835 1835
0550-95-0114 50-09103 |39.6-416 Qbt 3 a87 Q87 986 986 986 asa 988 988 988 988 988 988
0550-95-0119 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 a87 087 986 986 986 988 288 988 988 988 988 988
0550-95-0129 50-09103 [81.2-82.6 Qbt 3 987 987 986 986 986 088 988 a88 938 988 988 988
0550-95-0075 50-09104 |10.9-12.9 Qbt 3 946 946 945 945 945 947 947 947 947 947 947 047
0550-95-0079 50-08104 | 26.3-28 Qbt 3 946 946 945 945 945 947 947 947 947 947 947 47
0550-95-0083 50-09104 | 36.6-38.6 Qbt 3 — 946 945 945 945 947 947 947 947 947 947 947
0550-96-01 Osb 50-09104 |44.1-451 Qbt 3 — 1834 — — — 1835 1835 — 1835 1835 1835 1835
0550-95-0087 50-09104 |58-60 Qbt 3 946 946 a45 945 945 947 a47 947 947 47 47 047
0550-95-0085 50-09104 | 79-81 Qbt 3 246 948 945 945 945 947 947 947 947 947 947 947
0550-95-0099 50-09104 |85-87 Qbt 3 946 946 945 945 945 947 947 947 947 947 947 947
0550-95-0135 50-09105 {11.4-13.1 Qbt 3 — 1014 1013 1013 1013 1015 1015 1015 1015 1015 1015 1015
0550-95-0140 50-09105 124.7-26.9 Qbt 3 — 1014 1013 1013 1013 1015 1015 1015 1015 1015 1015 1015
0550-95-0145 50-08105 |40.3-41.7 Qbt 3 — 1014 1013 1013 1013 1015 1015 1015 1015 1015 1015 1015
0550-96-0106b 50-09105 (43.9-445 Qbt 3 — 1834 — _— — 1835 1835 —_ 1835 1835 1835 1835
0550-95-0150 50-09105 |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
0550-95-0160 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 |19.4-216 Qbt 3 864 864 863 863 863 867 867 867 867 a67 867 867
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Table B-19 {continued)

o a 3 _& @ | g
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0550-95-0050 | 50-09106 | 29-31.1 Qbt 3 908 208 207 907 807 922 922 922 922 922 922 922
0550-85-0054 | 50-09106 |40-414 Qbt 3 908 908 907 907 907 922 922 922 922 922 922 922
0550-95-0058 50-09106 |49.9-516 Qbt 3 908 908 907 207 907 922 922 922 922 922 922 922
0550-95-0063 |50-09106 |60.8-62.6 Qbt 3 208 808 907 907 907 922 922 922 922 822 922 922
0550-95-0067 | 50-09106 |72.1-73.5 Qbt 3 908 908 a07 907 207 922 922 922 922 922 822 922
0550-95-0071 [ 50-09106 |81.7-83.4 Qbt 3 208 908 207 907 907 922 922 922 922 922 922 922
0550-95-0166 | 50-09107 9.9-11.2 Qbt 3 1047 | 1047 | 1046 | 1046 | 1046 | 1048 | 1048 | 1048 | 1048 | 1048 | 1048 | 1048
0550-93-0171 [ 50-09107 |25.5-27.6 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
0550-85-0176 | 50-08107 [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 |53-55.6 Qbt 3 1047 | 1047 | 1046 | 1046 | 1046 | 1048 | 1048 | 1048 | 1048 | 1048 | 1048 | 1048
0550-85-0186 | 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
0550-95-0195 | 50-09108 |10.6~11.9 Qbt 3 1090 | 1090 | 1089 | 1089 | 1089 | 1091 | 1091 | 1091 | 1091 | 1091 | 1091 | 1091
0550-96-0109° |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 | 1081 | 1091 | 1081 | 1091 | 1081 | 1091 | 1091
0550-96-0110° | 50-09108 |31.7-32.5 Qbt 3 — 1834 — — — 1835 | 1835 — 1835 | 1835 | 1835 | 1835
0550-95-0205 | 50-09108 |40.3-41.7 Qbt 3 1090 | 1090 | 1089 | 1089 | 1089 | 1091 | 1091 | 1091 | 109t | 1091 | 1081 | 1091
0550-95-0210 | 50-09108 | 54.2-556 Qbt 3 1090 | 1080 | 1089 | 1089 | 1089 { 1001 | 1091 | 1091 | 1081 | 1081 | 1091 | 1091
0550-05-0215 | 50-09108 |67.5-68.9 Qbt 3 1126 | #1126 | 11256 | 1125 | 1125 | 1128 | 1128 | 1128 | 1128 | 1128 | 1128 | 1128
0550-95-0220 | 50-09108 |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 | 1149 | 1149 | 1149 | 1148 | 1148 | 1148 | 1148 | 1148 | 1148 | 1148
0550-95-0231 | 50-09109 |24.1-255 Qbt 3 1150 | 1150 | 1149 | 1149 | 1149 | 1148 | 1148 | 1148 | 1148 | 1148 | 1148 | 1148
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Table B-19 {continued)
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0550-96-0111° | 50-09109 |32.5-33.2 Qbt 3 — 1834 — — — 1835 | 1835 — 1835 | 1835 | 1835 | 1835
0550-85-0236 | 50-03109 |[40.9-42.4 bt 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 | 62.6-62.8 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° | 5009110 |22.6-23.3 Qbt 3 — 1834 — — — 1835 | 1835 — 1835 | 1835 | 1835 | 1835
0550-95-0264 | 50-09110 |[35.7-37.6 Qbt 3 177 | 1177 | 1176 | 1176 | 1176 | 4178 | 1178 | 1178 | 1478 | 1178 | 1178 | 1178
0550-96-0114° |50-09110 |45.6-46.5 Qbt 3 — 1834 — - — 1835 | 1835 — 1835 | 1835 | 1835 | 1835
0550-95-0269 |[50-09110 |55.4-57.1 Qbt 3 177 | 1177 | 1176 | 1176 | 1176 | 1178 | 1178 | 1178 | 1178 | 1178 | 1178 | 1178
0550-85-0274 | 50-09110 |69.5-72 Qbt 3 M77 | 177 [ 1176 | 1176 | 1176 | 1178 | 1178 | 1178 | 1178 | 1178 | 1178 | 1178
0550-85-0279 | 50-09110 |82.7-84 Qbt 3 177 | 1177 | 1176 | 1176 | 1176 | 1178 | 1178 | 1178 | 1178 | 1178 | 1178 | 1178

a Dash indicates sample not analyzed for this suite.

bTuff sample collected from curated core.
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MDA C investigation Work Plan, Revision 1

Frequency of Detected Inorganic Chemicals

Table B-20

Above BV in Phase | RFI 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) {mgfkg) Value Value
Aluminum Qbt 3 79 79 180 to 7900 7340 1/79 0179
Aluminum Qbt 2 2 2 254 10 3260 7340 0/2 0/2
Aluminum Qbt 1v 1 272 8170 on oM
Antimony Qbt 3 73 3 [0.1 to 11] 0.5 373 60/73
Antimony Qbt 2 2 1 [0.38] to 0.41 0.5 0/2 0/2
Antimony Qbt 1v 1 0 [0.39] 0.5 on 0N
Arsenic Qbt 3 79 36 [0.19]1tc 9.8 2.79 4479 0/79
Arsenic Qbt 2 2 2 094t01.5 2.79 0/2 0/2
Arsenic Qbt 1v 1 0.72 1.81 on on
Barium Qbt3 79 79 2.8t0 100 46 2/79 0/79
Barium Qbt 2 2 2 1151034 46 0/2 0/2
Barium Qbt 1v 1 1 10.3 26.5 071 on
Beryllium Qbt 3 79 51 [0.02]t0 1.3 1.21 1/79 0/79
Beryllium Qbt 2 2 2 0.3t00.65 1.21 0/2 0/2
Beryllium Qbt 1v 1 1 0.43 1.7 0/1 0N
Cadmium Qbt 3 79 28 [0.02] to 0.82 1.63 o/79 0/79
Cadmium Qbt 2 2 0] [0.02 to 0.04] 1.63 0/2 0/2
Cadmium Qbt v 1 0 [0.04] 0.4 0/1 o
Calcium Qbt 3 79 79 160 to 73900 2200 1/79 0/79
Calcium Qbt 2 2 2 174 1o 703 2200 0/2 0/2
Calcium Qbt 1v 1 1 167 3700 oM oM
Chromium, Total | Qbt 3 79 26 [0.16] to 12.7 7.14 1/79 0/79
Chromium, Total | Qbt 2 2 2 021022 7.14 0/2 0/2
Chromium, Total | Qbt 1v 1 1 0.19 2.24 0N on
Cobalt Qbt 3 79 27 [0.18] to 3.8 3.14 1/79 0/79
Cobalt Qbt 2 2 2 0.37tc 1.1 3.14 0/2 0/2
Cobalt Qbt 1v 1 0.42 1.78 o on
Copper Qbt 3 79 39 [0.42] to 30.7 4.66 3179 0/79
Copper Qbt 2 2 2 098to 4.4 4.66 0/2 0/2
Copper Qbt 1v 1 1 1 3.26 o oNn
Cyanide, Total Qbt 3 58 11 [0.00053] to 10.2 na’ 11/58 na
Cyanide, Total Qbt 2 2 0 [0.19 to 0.38] na /2 na
Cyanide, Total Qbt 1v 1 0 [0.19] na on na
Iron Qbt 3 79 79 517 to 8670 14500 079 0/79
Iron Qbt 2 2 2 3560 to 8370 14500 0/2 0/2
Iron Qbt v 1 1 3320 89900 on /1
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MDA C Investigation Work Plan, Revision 1

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 {mglkg) {mgfkg) Value Value
Lead Qbt 3 79 79 0.681075.2 11.2 9/79 0/79
Lead Qbt 2 2 2 38to64 11.2 0/2 02
Lead Qbt 1v 1 1 51 184 on 0N
Magnesium Qbt 3 79 74 60.8 to 2690 1690 1/79 0/79
Magnesium Qbt 2 2 2 93.1t0 478 1690 0/2 0/2
Magnesium Qbt 1v 1 1 80.3 780 0/1 011
Manganese Qbt 3 79 79 70t0 272 482 0/79 0/79
Manganese Qbt 2 2 2 286 to 319 482 072 0/2
Manganese Qbt 1v 1 1 358 408 on on
Mercury Qbt3 79 0 {0.02 to 0.11] 01 /79 11/79
Mercury Qbt 2 2 0 [0.05] 0.1 012 0/2
Mercury Qbt 1v 0 [0.05] 0.1 0/1 0/1
Nickel Qbt 3 79 20 [0.2]10 13.2 6.58 1/79 0/79
Nickel Qbt 2 2 2 026029 6.58 0/2 012
Nickel Qbt 1v 1 1 0.32 2 oNn 01
Potassium Qbt 3 79 57 [55] to 1000 3500 0/79 0/79
Potassium Qbt 2 2 1 [93.1] to 410 3500 0/2 0/2
Potassium Qbt 1v 1 0 [96.9] 6670 0/1 0N
Selenium Qbt 3 79 5 [0.11]tc 10.5 0.3 4/79 48/79
Selenium Qbt 2 2 0 [0.44] 0.3 0/2 2/2
Selenium Qbt 1v 1 0 [0.45] 0.3 on 11
Silver Qbt 3 79 2 [0.1102.2) 1 0/79 10/79
Silver Qbt 2 2 0 [0.1t00.11] 1 0/2 0/2
Silver Qbt 1v 0 [0.1to 1] 1 0/1 01
Sodium Qbt 3 79 68 59.5to 387 2770 0/79 0/79
Sadium Qbt 2 2 0 [60.4 to 79] 2770 0/2 0/2
Sodium Qbt 1v 1 0 [49.8] 6330 0N oM
Thallium Qbt 3 79 17 [0D1]t0o1.4 1.1 3179 21/79
Thalliurn Qbt 2 2 1 [0.48] t0 0.49 1.1 0/2 0/2
Thallium Qbt 1v 1 1 0.69 1.24 oM 0/1
Vanadium Qbt 3 79 70 042t0 10.5 17 0/79 0/79
Vanadium Qbt 2 2 2 0.73t0 31 17 0/2 0/2
Vanadium Qbt 1v 1 1 0.49 4.48 0/1 on
Zinc Qbt 3 79 79 12.4 to 54 63.5 0/79 0179
Zinc Qbt 2 2 2 29.61050.5 63.5 0/2 0/2
Zinc Qbt 1v 1 1 28.9 84.6 on 0/1

aVaIue in square brackets indicate nondetects.
BVs obtained from LANL 1998, 59730.
na = Not available.
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MDA C Investigation Work Plan, Revision 1

Table B-21
Inorganic Chemicals Detected Above the BV in Phase ! RFI Subsurface Tuff Samples at MDA C
Part 1
= e E“ - g E z o E £
Fy 5 258 | & Z S = E| 2| 3
5 3 €8t | = 5l g | £ &8 | & | s
w - S8 @ < < @
Qbt 2,3,4 Background Value® 7340 0.5 2.79 46 1.21 2200
Qbt 1v Background Value® 8170- 6.5 1.81 26.5 1.7 3700
0550-95-0083 50-09104 | 36.60-38.60 Qbt 3 P — — - 1.3 —
0550-96-0105° | 50-09104 | 44.10-45.10 Qbt 3 — — 32 — — —
0550-96-0106° | 50-09105 {43.91-44.556 |[Qbt3 — — 3 — - —
0550-95-0046 | 50-09106 | 19.45-21.57 |Qbt3 - — 9.8 - — —
0550-95-0067 | 50-09106 | 72.12-73.54 Qbt 3 — 0.86 (J) — — — —
0550-96-0107° | 50-09107 |33.16-34.29 Qbt 3 — — 28 — —_ —
0550-95-0231 50-09109 | 24.11-25.46 Qbt 3 —_ 11 (J-) —_ 100 — —
0550-96-0112° | 50-09109 |46.67—47.38 Qbt3 | 7900 (J) — —_ 716 - 73900
0550-95-0264 | 50-09110 | 35.71-37.59 Qbt 3 —_ 31D - — - —
Part 2
= 2 - E | .| 5 | 2o E
3 2655 = | £ o 8§ | g& | - g
w - S o o =
Qbt 2,3,4 Background Value® 7.14 3.14 4.66 nfa’ 11.2 1690
Qbt 1v Background Value® 2.24 1.78 3.26 nia 18.4 780
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 | 38.89-39.39 |Qbt3 — — — 0.82 — —
0550-96-0104° | 50-09103 | 32.88-33.81 Qbt 3 — — — — 16.2 (J-) —
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 Qbt 3 — — 5 — 50.3 —_
0550-95-0087 | 50-09104 | 58.00-60.00 Qbt 3 — — — 0.25 (J-) — —_
0550-95-0095 | 50-08104 | 79.00-81.00 Qbt 3 — — — 0.3 {J-) — —_
0550-95-0099 | 50-09104 | 85.00-87.00 |Qbt3 — — — 0.26 (J-) — -
0550-95-0046 | 50-09106 | 19.45-21.57 (Qbt3 — — — — 51.1(J) —
0550-95-0195 50-09108 | 10.61-11.88 Qbt 3 — — — — 65 —_
0550-95-0200 |50-09108 | 26.16-27.29 |Qbt3 — — — - 22 —
0550-95-0215 | 50-09108 | 67.53-68.94 |Qbt3 — — — 1 — —
0550-95-0231 50-09109 | 24.11-25.46 Qbt 3 _ — 11 —_ 41 —
0550-96-0112° | 50-09109 | 46.67—47.38 Qbt 3 12.7 3.8() 307 —_ 11.3(J-) | 2690
0550-95-0264 | 50-09110 | 35.71-37.59 |Qbt3 — — — 39 — —
0550-95-0269 | 50-09110 | 55.44-5713 | Qbt 3 — — — — 75.2 —
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MDA C Investigation Work Plan, Revision 1

Table B-21 (continued)

Part3
o = 2 §
g £ 832 |§| §| ¥ | 2| x|
§ g g_ g = 2 = 3 o =
o
Qbt 2,3,4 Background Value® 0.1 6.58 0.3 1 1.1
Qbt 1v Background Value® 0.1 2 0.3 1 1.24
0550-95-0362 | 50-09100 | 10.60-12.60 Qbt 3 — — 10.5 — —
0550-95-0304 | 50-09101 | 67.88-69.30 Qbt 3 — - 0.35 — —
0550-96-0105° | 50-09104 |44.10-45.10 Qbt 3 — — — — 1.2
0550-95-0071 | 50-09106 | 81.67-83.44 Qbt 3 — — — — 1.2 (J)
0550-96-0107° | 50-09107 |33.16-34.28 | Qbt 3 — — 1.1 - —
0550-96-0112° | 50-09109 | 46.67—47.38 Qbt 3 — 13.2 1.3 — 14
Note: Units are mg/kg.
& uff BYs/FVs obtained from LANL 1998, 59730,
b Dash indicates that the concentration was not above the BV,
c:Tuff sample collected from curated core.
dn;'a = Not applicable.
Table B-22
Frequency of Detected Radionuclides Above BV in Phase | RFI Subsurface Tuff Samples
Number | Number Background Frequency of
of of Concentration Range Value® Detects Above
Analyte Media | Analyses | Detects {pCifg)® (pCifg) Background Value
Americium-241 Qbt 2 2 t] [0.002 to 0.016] na® 0/2
Americium-241 Qbt 3 79 8 [-0.14} to [0.183] na 8/79
Americium-241 Qbt 1v 1 0 [0.014] na "o
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 Qbt3 79 1 [-0.4 t0 0.768 na 1/79
Cesium-137 Qbt 1v 1 0 [0.0272] na 01
Cobalt-60 Qbt2 2 0 [-0.050 to —0.006] na 0/2
Cobalt-80 Qbt 3 79 1 [-0.037] 10 0.32 na 1/79
Cobalt-60 Qbt 1v 1 0 [0.032] na 01
Europium-152 Qbt 2 2 0 [-0.037 t0 0.122) na /2
Europium-152 Qbt 3 63 2 [-0.023 to 0.78] na 2/63
Europium-152 Qbt 1v 1 0 [0.104] na 01
Plutonium-238 Qbt 2 2 0 [0 to 0.02} na 02
Plutonium-238 Qbt3 79 1 [-0.011] to [0.014] na 1179
Plutonium-238 Qbt 1v 1 0 [0] na 0/1
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MDA C investigation Work Plan, Revision 1

Table B-22 (continued)

Number | Number Background Frequency of
of of Concentration Range Value® Detects Above
Analyte Media | Analyses | Detects (pCitg)® (pCilg) Background Value
Plutonium-239 Qbt 2 2 0 [-0.01 to 0.005] na 012
Plutonium-239 Qbt 3 79 2 [-0.005] to 0.08 na 2/79
Plutonium-239 Qbt 1v 1 0 [0 na on
Ruthenium-108 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 0 [0.027) na on
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 3179
Sodium-22 Qbt 1v 1 0 [-0.002] na on
Strontium-90 Qbt 2 2 0 [0.291 to 0.58] na 02
Strontium-90 Qbt 3 79 4 [-0.52]t0 1.44 na 4179
Strontium-90 Qbt 1v 0 [0.55]) na it
Thorium-228 Qbt 2 2 2 1.3510 1.69 2.52 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 on
Thorium-230 Qbt 2 2 2 0.81101.23 1.98 0r2
Thorium-230 Qbt 3 79 50 [0.289 t0 1.74] 1.98 0/79
Thorium-230 Qbt 1v 1 L] 1.1 312 on
Thorium-232 Qbt 2 2 2 1.23 10 1.66 2.52 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 on
Tritiumn Qbt 2 2 1 1.54 to [4.26] (pCi/mL) na 1/2
Tritium Qbt 3 64 63 [1.4] to 649261 (pCi/mL) na 63/64
Tritium Qbt 1v 1 0 [2.38] (pCifmL) na 0
Uranium-234 Qbt 2 2 2 0.51t0 1.016 1.98 0/2
Uranium-234 Qbt 3 79 77 056310 1.7 1.98 0/79
Uranium-234 Qbt 1v 1 1 0.993 312 on
Uranium-235 Qbt 2 2 2 0.0210 0.05 0.09 0r2
Uranium-235 Qbt3 79 53 [0.009] to 0.23 0.09 15179
Uranium-235 Qbt 1v 1 1 0.045 0.14 on
Uranium-238 Qbt 2 2 2 0.59 t6 1.03 1.93 0/2
Uranium-238 Qbt 3 79 78 0.308 t0 2.36 1.93 1/79
Uranium-238 Qbt 1v 1 1 0.991 3.05 on

A Values in square brackets indicate nondetects.
P Tutf 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
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Qbt 2,3,4 Background/Fallout Value®
0550-95-0365 | 50-09100 | 26.50-28.50 Qbt3 | 0.027 - — — -
0550-95-0368 | 50-08100 | 41.50-43.50 Qbt 3 — — -— — — — 0.014
0550-95-0284 | 50-02101 | 10.61-12.02 Qbt3 | 0.018 —_ - - — — —
0550-95-0289 | 50-09101 | 24.5-25.60 Qbt3 | 0.018 - - - — — —
(550-85-0309 | 50-09101 | 79.20-80.96 Qbt3 | 0.011 - — — —_ - -

0550-95-0104 | 50-09103 | 13.08-14.71 Qbt 3 - _ — — 0.231 — —
0650-25-0109 | 50-09103 | 25.46-27.44 Qbt3 | 0.027 _ — — - — —
0550-925-0119 [ 50-09103 | 55.15-56.57 Qbt3 | 0.023 — — — 0.297 — —
0550-95-0075 | 5C-09104 { 10.90-12.90 Qbt 3 — 0.32 — — — — —
0550-95-0079 | 50-09104 ] 26.30-28.00 Qbt 3 — - -— 0.32 — — -
05650-96-0135 | 50-09105 { 11.38-13.08 Qbt 3 — — 0.768 — — —_ —
0550-25-0145 [ 50-09105 { 40.31-41.72 Qnt3 | 0.038 _ — — - — —
0550-95-0160 | 50-09105 | 83.23-84.85 Qbt 3 — — — — — —_ 0.08
0550-85-0166 | 50-09107 } 9.90-11.17 Qbt3 { 0.012 — — — — — —

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 | 76.37-78.49 Qpt3 | 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
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Qbt 2,3,4 Background/Fallout Value® - 2.52 — 0.09 193
0550-95-0362 | 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 — — — 134 —_ _
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 - -_
0550-95-0284 | 50-08101 | 10.61-12.02 Qbt 3 —_ —_ —_ 2.86 —_ —
0550-96-0101° | 50-09101 | 18.99-19.69 Qbt 3 —_ —_ —_ _ 0.22 e
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 -
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Table B-23 (continued)

Part 2 {continued)
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Qbt 2,3,4 Background/Fallout Value® — 2.52 — 0.09 1.93
0550-95-0294 | 50-09101 | 38.89-39.39 | Qbt3 — - — 7.77 - —
0550-96-0103 | 50-09101 | 44.1944.69 | Qbt 3 — — — - 0.22 -
0550-95-0299 | 50-09101 | 53.03-54.45 | Qbt 3 — - — 75 - -
0550-95-0304 | 50-09101 | 67.88-69.30 | Qbt3 — - — 5.63 — -
0550-95-0309 | 50-09101 | 79.20-80.96 | Qbt3 - — - 475 - -
0550-095-0004 | 50-09102 | 11.31-13.44 | Qbt3 - - — 1.84 — —
0550-95-0009 | 50-09102 | 26.16-28.92 | Qht3 — — — 10.4 — -
0550-95-0014 | 50-09102 | 40.31-42.43 | Qbt3 — - — 23300 - -
0550-95-0019 | 50-09102 | 51.76-53.74 | Qbt3 - - — 6720 - —
0550-95-0024 | 50-09102 | 67.18-68.59 | Qbt3 — - — 274 - —
0550-95-0029 | 50-09102 | 76.37-77.78 | Qbt3 — - - 376 — —
0550-95-0104 | 50-09103 | 13.08-14.71 Qbt 3 — - - 35.8 - —
0550-95-0109 | 50-09103 | 25.46-27.44 | Qbt3 - — - 7.14 - -
0550-96-0104° | 50-09103 | 32.88-33.81 Qbt 3 - — - — 0.21 -
0550-95-0114 | 50-09103 | 39.60-41.58 | Qbt3 - — —_ 12.7 — —
0550-95-0119 | 50-09103 | 56.15-56.57 | Qbt 3 - - — 6.32 — -
0550-95-0124 | 50-09103 | 66.96-69.30 | Qbt3 - — — 14.4 — —
0550-95-0129 | 50-09103 | 81.18-82.59 | Qbt3 - 0.599 — 217 - —
0550-95-0075 | 50-09104 [ 10.90-12.90 |Qbt3 | 022 — — 3.47 - —
0550-95-0079 | 50-09104 |26.30-28.00 |Qbt3 — — — 290.7 - —
0550-95-0083 | 50-09104 |36.60-38.60 |Qbt3 | 0.22 — — 378.2 - —
0550-96-0105° { 50-09104 | 44.10-45.10 | Qbt3 - — — - 0.23 —
0550-95-0087 | 50-091C4 | 58.00-60.00 | Qbt3 — — — 43.15 — -
0550-95-0095 | 50-09104 | 79.00-81.00 | Qbt3 — - — 3.26 — -
0550-95-0099 | 50-09104 | 85.00-87.00 | Qbt 3 - - — 1.9 — -
0550-95-0135 | 50-09105 | 11.38-13.08 | Qbt3 - — - 3.84 - -
0550-95-0140 | 50-09105 | 24.75-26.87 | Qbt 3 - - — 15 — -
0550-95-0145 | 50-09105 | 40.31-41.72 | Qbt3 - — - 481 - -
0550-96-0106° | 50-09105 | 43.91-44.55 | Qbt3 - — - — 0.21 —
0550-95-0150 | 50-09105 | 54.45-66.36 | Qbt 3 - - - 6.1 - —
0550-85-0155 | 50-09105 | 68.59-70.57 | Qbt3 — - — 3.22 — —
0550-95-0046 | 50-09106 | 19.45-21.57 | Qbt3 — - — 126 - —
0550-95-0050 | 50-09106 | 28.99-31.11 Qbt 3 — - - 38100 — —
0550-95-0054 | 50-09106 | 39.95-41.37 |Qbt3 — - — 6440 — —
0550-85-0058 | 50-09106 | 49.85-51.62 | Qbt3 - - — 28 - -
0550-95-0063 | 50-09106 | 60.81-62.58 [ Qbt3 — — — 14.8 - -
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Table B-23 (continued)

Part 2 {continued)
=
= = g e S g g E g 3
2 g 858 | 3§ £ 5 £ 2 £ £
= - O® @ = = = = 3 =
g ] = -+ = b= S g E = =
= & e 3 = = 2 [ g
- a w n [= = > >
-
Qbt 2,3,4 Background/Fallout Value® —_ —_ 2.52 — 0.09 1.93
0550-85-0067 | 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 _ —_
0550-85-0166 | 50-09107 | 9.90-11.17 Qbt 3 -— - — 12.1 — —
0550-95-0171 | 50-09107 | 25.46-27.58 Qbt 3 —_ — — 10373 — —
0550-96-0107° | 50-09107 | 33.16-34.20 Qbt 3 — — - —_— 0.2 —
0550-95-0176 | 50-09107 | 40.31-41.72 Qbt 3 —_ — —_ 649261 — —_
0550-96-0108° | 50-09107 | 66.20-67.00 Qbt3 — — — —_ 0.23 —_
0550-85-0181 | 50-09107 | 53.03-55.58 Qbt3 — — — 207792 — —
0550-95-0186 | 50-09107 | 67.18-68.59 Qbt 3 — — — 13827 — —
£550-85-0191 | 50-09107 | 76.37-78.49 Qbt 3 — - —— 581.5 — —
0550-95-0195 | 50-09108 [ 10.61-11.88 Qbt 3 — — — 3.08 — —
0550-96-0109° | 50-09108 | 1 7.32-18.03 Qbt 3 —_ _ _ _ 0.22 —_
0550-95-0200 | 50-C9108 [ 26.16-27.29 Qbt 3 — - — 12.02 - —
0550-96-0110° | 50-09108 | 31.75-32.46 Qbt 3 —_ — — — 0.22 —
0550-95-0205 | 50-09108 | 40.3141.72 Qbt 3 — — — 5.46 0.1 (V) —
0550-05-0210 | 50-09108 { 54.16-55.58 Qbt3 _ _— _— 388.8 —_ —_
0550-95-0215 | 50-09108 { 67.53-68.94 Qbt 3 — 0.44 — 974 — —
0550-95-0220 | 50-09108 | 79.20-81.32 Qbt 3 _ _ —_ 1660 —_ —_
0550-95-0226 | 50-09109 | 12.87-14.28 Qbt 3 —_ 1.44 —_ 4.63 —_ 2.36
0550-95-0231 | 50-09109 | 24.11--25.46 Qbt3 —_ _ —_ 10.3 —_ —_
0550-96-0111° | 50-09109 32.53-33.23 Qbt 3 —_ — — _ 0.21 —_
0550-95-0236 | 50-09109 | 40.8742.43 Qbt 3 - - — 11.6 — -
0550-96-0112° 50-09109 | 46,67—47.38 Qbt 3 —_ —_ —_ — 0.21 —
0550-95-0246 | 50-09109 | 54.73-56.36 Qbt 3 - — - 6.1 — —
0550-95-0251 | 50-09109 | 62.65-62.79 Qbt 3 - — - 5220 — —_—
0550-95-0241 | 50-09109 | 79.90-81.11 Qbt 3 0.056 —_ —_ 5.43 _— —_
0550-95-0259 | 50-09110 | 15.97-17.85 Qbt 3 —_ - —_ 210 —_ —_
0550-96-01 13C 50-09110 | 22.65-23.30 Qbt 3 —_ _ _— — 0.22 —
0550-95-0264 | 50-0911¢ | 35.71-37.59 Qbt 3 —_ —_ —_ 36200 —_ —
0550-96-0114° 50-09110Q | 45.58-46.51 Qbt3 —_— —_ _ _ 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 — —_

Note: Units are pCifg.
® Tuff BVs obtained from LANL 1998, 59730.

Dash indicates that the concentration was not above the BV.
cTuff sample collected from curated core.
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Table B-24
Frequency of Detected Organic Chemicals in Phase | RFI Subsurface Tuff Samples at MDA G
Number of | Numberof | Concentration Range Frequency of
Analyte Media Analyses Detects {mglkg)* Detects
Acetone Qbt 3 54 8 0.003 to 0.055 8/54
Bis{2-ethylhexyl)phthalate Qbt 3 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 tc 0.016] 1/54
Methylphenal{2-] Qbt 3 66 1 [0.16 to 0.39] 1/66
Toluene Qbt 3 54 1 0.003 to [0.006] 1/54

*Values in square brackets indicate nondetects.

Table B-25
Detected Organic Chemicals in Subsurface Tuff Samples at MDA C
e . = = 5 =
=] a o E [ £ 2 = =4 @
@ s T o by s s @ O S c
s i 3T = 3 & 3 5 = S
@ 3 =0 < = S = £ -
B 2| 5 3 =
a T a =
0550-05-0289 | 50-09101 |24.75-2560 | Qbt3 | — [0.037(J) — — —
0550-95-0294 | 50-09101 | 38.89-39.39 | Qbt3 — 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 | Qbt3 — — 0.003 (J) — — —
0550-95-0119 | 50-09103 ] 55.15-56.57 Qbt 3 — 0.3(J) |0.004 (J) — — —
0550-95-0124 | 50-09103 | 66.96-69.30 | Qbt 3 | 0.009 (J) — 0.006 — — —
(550-95-0129 | 50-09103 |81.18-8259 | Q13| 0.055 — 0.004 (J) —_ — —
0550-95-0099 | 50-09104 | 85.00-87.00 Qbt 3 — — — — 0.35 —
0550-95-0145 | 50-09105 |40.31-41.72 | Qbt3 — 0.14 (J) — — — |0.003 (J)
0550-95-0046 | 50-09106 | 19.45-21.57 Qbt3 | 0.013 (J) — - — — —
0550-95-0054 | 50-09106 | 38.95-41.37 Qbt 3 | 0.009 (J) - — — — —
0550-95-0200 | 50-09108 |26.16-27.29 | Qbt3 | 0.028 — - — — —
0550-95-0210 | 50-09108 |54.16-55.58 | Qbt3 - - — 0.0063 — -—
0550-95-0215 | 50-09108 | 67.53—68.94 Qbt 3 — 0.19 () — — — —
0550-95-0226 | 50-09109 | 12.87-14.28 apt3 | 0.024 — — — — —
0550-95-0231 | 50-09109 | 24.11-2546 | Qbt3| 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) — — — — —

Naote: Units are mgfkg.
*Dash indicates that the concentration 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 bt 3 0550-95-0365 6.00
50-09100 41.5-43.5 Qbt 3 0550-95-0368 6.00
50-09100 58.2-60 Qbt 3 05650-95-0371 1.00
50-09100 71.5-735 Qbt 2 0550-95-0374 5.00
50-08100 115.1-116.9 Qbt 2 0550-95-0383 1.00
50-09100 16+.3-163.1 Qbt v 0550-95-0392 1.00
50-09100 32.7-33.7 Qbt 3 0550-96-0100 NR*
50-09101 10.6-12 Qbt 3 0550-95-0284 10.80
50-09101 24.7-25.6 Qbt 3 0550-95-0289 7.72
50-09101 38.9-394 Qbt 3 0550-95-0294 7.94
50-09101 53-54.4 Qbt 3 0550-95-0299 8.29
50-09101 67.9-69.3 Qbt 3 0550-95-0304 8.13
50-09101 79.2-81 Qbt 3 0550-95-0309 717
50-09101 19-19.7 Qbt 3 0550-96-0101 NR
50-09101 31.1-31.9 Qbt 3 0550-96-0102 NR
50-09101 44.2-447 Qbt 3 0550-86-0103 NR
50-09102 11.3-134 Qbt 3 0550-95-0004 5.50
50-09102 26.2-289 Qbt 3 0550-95-0009 6.40
50-09102 40.3-42.4 Qbt 3 0550-95-0014 717
50-09102 51.8-53.7 bt 3 0550-95-0019 NR
50-09102 67.2-68.6 Qbt3 0550-95-0024 NR
50-09102 76.4-77.8 Qbt 3 0550-95-0029 NR
50-09103 13.1-14.7 Qbt 3 0550-95-0104 3.95
50-08103 255274 Qbt 3 0550-95-0109 447
50-09103 39.6418 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 81.2-82.6 Qbt 3 0550-95-0129 515
50-09103 32.9-338 Qbt 3 0550-96-0104 NR
50-09104 10.9-12.9 Qbt 3 0550-95-0075 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 44.1-45.1 Qbt 3 0550-96-0105 NR
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Table B-26 (continued)

Location ID Depth (ft bgs) Media Sample ID Percent Moisture
50-08105 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 Qbt3 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 83.2-849 Qbt 3 0550-95-0160 0.00
50-09105 43.9-445 Cibt 3 0550-96-0106 NR
50-09106 19.4-21.6 abt3 0550-95-0046 6.49
50-09106 29-31.1 Qbt 3 0550-95-0050 4.89
50-09106 40414 Qbt 3 0550-95-0054 2.44
50-09106 49.9-51.6 Qbt 3 0550-95-0058 1.39
50-08106 60.8-62.6 Qbt 3 0550-95-0063 0.78
50-08106 721-73.5 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 255-27.6 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 67.2-68.6 Qbt 3 0550-95-0186 6.30
50-09107 76.4-78.5 Qbt 3 0550-95-0191 4,90
50-09107 33.2-34.3 Qbt 3 0550-96-0107 NR
50-09107 46.8-47.4 Qbt 3 0550-96-0108 NR
50-09108 10.6-11.9 Qbt3 0550-95-0195 5.50
50-09108 26.2-27.3 Qbt3 0550-95-0200 6.70
50-09108 40.2-41.7 Qbt3 0550-85-0205 3.80
50-09108 54.2-55.6 Qbt 3 0550-95-0210 4.70
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 31.7-325 Qbt 3 0550-96-0110 NR
50-09109 12.9-14.3 Qbt 3 0550-95-0226 6.09
50-09109 24.1-255 Qbt3 0550-95-0231 6.23
50-09109 40.9-42.4 Qbt 3 0550-95-0236 5.34
50-09109 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 Qbt3 0550-95-0251 3.63
50-09109 32.5-33.2 ant 3 0550-96-0111 NR
50-09109 46.7-47.4 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 0550-85-0264 5.50
50-08110 55.4-57.1 Qbt 3 0550-95-0269 8.00
50-09110 69.5-72 Qbt 3 0550-95-0274 4.90
50-02110 82.7-84 Qbt3 0550-95-0279 5.00
50-069110 226-23.3 Qbt 3 0550-96-0113 NR
50-09110 45.6-46.5 Qbt 3 05650-96-0114 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 length along each borehole.
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LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELDUNITS
BOREHOLELOG
BOREHOLE ID: s0-9100 TA/OU: 3s0/1147 MDA: 'DAC Page: * ol 3
Drilling Co.: Tento Envirenmental Core Box #{s) 9 cunnngs  Start Date: 7/17/95 End Date: 2:5/46
Orilling tnc. 32 core Time: 10:30 Time:15:00
Orilling Equip./ Method: \ngersall-Rena track mounteq ar Sampling Method: Continuous 5.2 core barrel
core with 101al dust sucpresson
Driller: Lary Thoren Geologist: Jon Marin ReneEvans  [eclination: 50.0° Bearing: nA TC: a16.0%
EM/Colder
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LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: 50-8100 TA/OQU:  s0/1147 MDA: MDAC Page: 2 of: 3
Erilling Co.: Tonto Environmensat Core Box #(s} ¢ cutings  Start Date: 7/17/95 End Date: 2/s/96
Drilling Inc. 32 core Time: 10:30 Time: 15:00
Drilling Equip. /Method: Ingsrsoll-Fand track mounted air Sampling Method: Continuous 5.0’ cors barrel .
core with total dust suppression
Drilfer: Larry Thoren  Geologist: JonMarin. Rene Evans  Daciination: 90.0° Bearing: NA TD: 3160t
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LOS ALAMCS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT5
BOREHOLE LOG
BOREHOIE ID: 50-9100 TA/OU  s0/1147 MDA: MDAC Page: 13 of: 3
Drilling Co.: Tonto Environmentai Core Box #(s) g cuttings Start Date: 7717795 End Date: 2/5/06
Drifling inc. 32 ¢core Time: 10:30 Time: 15:00
Drilling Equip. /Met hod: ingersol-Fand track mounted air Sampiing Met hod: Centinuous 5.0' core barral
care with fotal dust suppression -
Driller: tarry Thoren Geoiogist: JonMarin. Fene Evans  Ceclination: ¢0.0° Bearing: NA TD: ateot
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° Qo E, -
SIER|E3! 3 £
= QI1Bw | 8= = 25 155
5 | =38 |ed (= 3 8
b = o - =
D e B a | x 2 S
S |22l8s|BSigr o | B w3
rri=o £ ! =12 12&
Ko o< = =5
3 (e E(I2|2E als |EE
@ Sol2s|EE|g @ . ciE |€e
Q QO |ladaZ [S= [0OW Lithology @0 {3 |=20{ Notes
240" oo ooe |zs1240.°]233.0-313.0TUFF. vitric. pake yelowish | 2O
s 545 | 2510 {continuea) brown. moaerately-indurated. O
25() — 108 nonwelded, malic rich, ash e =
i PP 083 i26/2510° flow, Purmice tapilli are it. aO -
. YT 149 §280s pinkish tan. <5%, 2.0-5.0 cm. o =
D60 — 0.66 Dacite uthecs are 0.1-1.0 em. pO %’
= % 0.08 la7/2e08 Mafic accessory mineral is up £
o AR 0.06 (2807 10 2%. 0.5 mm shiny black 2 0 oo
270 — 21100% 1,72 equant magnetite crystais. % -5'
~lsanoon 130 ferzssr -
- 115 fasex OD g
DR i B41100% 0 52 ©241.0°  TUFF. SAA, nonindurated. =
—F§57100% ' @262.00  TUFF, graysn orange pink 5 a
= 0'21 2o 2002 YA 7/ 2= vitnie, nonindurat eg g
=] 0.61 |esor . . - =
zgo;m 1.32 nonweioed. rhyolite ash flow. DO 5
o CLEELE 134 |10 oen s Fumice are dull white to lt, (2. O =
- 089 |zoas gray vitreous fapili with intact Q) =
w{68/B0% 1.08 fully inflated tube structuras, =
300 — ; i !
Zlsanoon g' a1r298.8° locat dacne Lithics. %’G =
Z{roncon 083 ' @271.0 ,,TJJ.EE..S.‘LA..JEQD.!S;.!'IE.TI&--, Oo 313.0'
310 —frrprd 1.3% vty ~=Pumice BED. lapili and - : Tsankawi Pumice
= 0:73 iz:gg:.z' 313.0°-316.0)ragments. some ash, lost a3 Bed, Obt ¢
L2 0% — - alr circuiation. poor recovery,
320 o TD = 316.0'
330—=
340—
350
360
ER2003-0696 C-5 November 2003




MDA C Investigation Work Plan, Revision 1

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNITS
BOREHOLE LOG
BOREHOLE ID: 50-9101 TA/QU:  =z0/1147 MDA: MDAG Page: 1 of: 2
Drifling Co.: Tomo Environmental Core Box #(S) 5 cuttings  Start Date: 9/20/85  End Date:9/22/65
Drilling Inc. 11 core Time: 08:15 Time: 10:30
Drilling Equip./ Method: Ingersoll-Rand track mounted air Sampling Method: Continuous 5.0' core barvel
cors with totai dust subpression -
Driller: Larry Thoren Geologist: g\\‘ !\’ﬂ;;n- ReneEvans  Declination: 45.0° Bearing: S82.0°W TD: 117.0R
det :
g
° [« Iy g, -
S| EQ|E = o ]
o ) Bl oS 2 o |E |=¢c
Zz (=2 |88|85 (=S g5 |38
— o] [=]
Q) c 8 g% el ) 2%
— = s — oy >~ 8 I3} o —
c |EE1gd £ ' £ |8 |8&
= oo | =2 é Jie E a |5 |E@
& |s5ieE5|lz&|5¢ g |2 155
c - T . = =
a 0O Ig=Z|2F |0 Lithology O |3 |E0O] Notes
[ gt T : - Ty, 81 7 -
Zlir100% I X TORSOIL /FILL. clay, siitand /% NA | Borehcle 50
- ttings m sand, fed brown, moist, 9101 is located
5= 15 vores approximat ely
- - 10.0" nonth of
Rt ico% 6.0-81.0 TUFF, paie rea 10R 672, a and midway
~hi100% 118 (yi54 moderately indurated, siightly along MDA C
10— v 1139 welded, devitritied, oxidizea, |‘@R and angled
- 7 100% : rhyoite ash tiow. most, ' beneath Pit 6
- Fumice iapilli are fight gray to Surface ﬂlﬂ‘l
15—15“ /100% 2138 dark brown, 0.2-4 0 cm, 15%. t 10.0°
250201 o3 Fhenccrysts in matrix are b: set at 10.0°
quarnz (5%) ang sanidine Y Cuidized tuft
329 (!0753}. avgmgo 1.0 mm, o .. and moisture
sanidine with Schiller biue .els cantent
iridescencs. Lithics are rare. |{pdl E probably due to
048 {4000 r 5 borehole
092 |3 L 2 location
© beneath storm-
= . 1.01 . uj. water crainage
- . . ] at northern
35-= 05 |42 . E boundary of
“hiraax [FakeoiRay = MDA C.
- 0.42 o
= {L20A0% 2
40713,5", 0.68 @ 4£0.0° Tuff, same as abova (SAA), ‘ﬁ E
- oxidized, moderately l»u-‘
~lasaox 119 |suao- indurated ash tiow, moist. i o
45-—psiesx JABQURZY o0 son .'W =
“jerran .i 5
50-:17:735 104
- ) £/50.0"
55 -y 60.0° =
e L e IR .
: I1960%
60 ®s
November 2003 C-6 ER2003-0696




MDA C Investigation Work Plan, Revision 1

LOS ALAMOS NATIONAL L ABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: 50-8101 TA/OU.  sor1147 MDA: M™MDAC Page: 2 of: 2
Drilling Co.: Tonio Environmental Core Box #(8) 5 cuttings Start Date: 9/20/95 End Date: g,22/95
Drifling inc. 11 core Time: 08:15 Time: 10:30
Drilling Equip. /Method: Ingersoll-Fand track mounted air Sampling Met hod: Continuous 5.0° core barret _
core with total dust sugpression
Driiter; Larry Thoren Geologist: JonMarin.ReneEvans  Declination: 45.0° Bearing: S82.0°W TD: 117.01
EFW Golder
218
° [« g: rury
lEQ|Exl B =
- @ a1 a8 2 EIE5
3 |%=j [P |07 lD|8s
bt c8|= g alxgo - |28
= 22 |85|9T218 o |ols 3
= rom ig £ ! = o 1e %
Z |eg |TE|232|2E g | 2155
@ G o 3 {98 . = S
Q |00 |&Z(SF ok Lithology @ | 5 |20| Notes
. = ——
60 =j1scam, 8.0-81.0 ] NA
- BeoiBa] 0591, 400, |(continued)p TUIE, pate red SR 6/2 .‘
&5 _TJR0sRa% T4y @62.0 slightly indurated to -
- muodarately induratad, slightty o
—f2is% welded, devitritied myoiite ™~
70 —z2mm 1.25 ash flow, moist. Pumice lapili »
- 1.52 are coarsely devit ritied, g —
—{23ma% medium light gray to whitish & "é
_ gray, 0.2-2.0 cm. 15%. L_d i~
—lzamm | 950209  2.03 {apmas- Matrix phenocrysts are quariz a' %
- 85.0° (5%} and sanidne {10%) o~ e
80 —lzsnoen sach up to 1.0 mm. Sanidine (D ]
= seeneenineeneses shows Schillor blue : l: ‘f_’.
0.a2 B1.07-117.0%indescence, Linies are rare. | g | &
85 _Tlzereo% TUFF, same as apove (SAA), [
- nonindurated, nomweided, . §
= o i 1E
=127 /60% >
90 — 1.15 ‘. £
- © a
95 ] 128 /1 DO% ‘ -
- 950304 | 1,75 @os.u TUFF, light browrsh gray § o
YR 6/ 4, nonindurated, ®_| 5
100 _Jruiroen ] nonwelded {o slightly welded, .'
- :g’,"g-’ - devitrified rhyoite ash fiow, |
. 1.37 ' dry. Pumice lapiili are light .
1 05_;::;!90'5 gray to medium brown, 0.5-
= 136 2.0 ¢m, 10%. Matrix ..
Sl phenocrysts and lithics are ®
- 131 775% 141107.1°
110~ «.87 |-11r0 SAA. &
a112.¢,
= $s-pa09 | 440 .. lost aif
115 ——l1z2ms0% é ) " .
- _ . a? circutation.
120 = TO=117.0"
ER2003-0696 c-7 November 2003
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MDA C Investigation Work Plan, Revision 1

LCS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROQJECT
FIEED UNIT S
BOREHOLE LOG
BOREHOLE ID: 50-9102 TA/JOU:  s0/1147 MDA: 'DAC Page: - of: 2
Drilling Co.: Tento Environmental Core Box #(s) 7 cunngs  Start Date: 8/2/95 End Date:8/8/95
Drilling inc. 9 cors Time: 08:30 Time;14:30
Drilling Equip./ Met hod: ngersou-Rand track mounted aw Sampling Met hod: Continuous 5.0° com barred
core with total dust supcrestion -
Dritler: Larry Thoren Geologist: Jon Marin. ReneEvans  Declination: 45.0° Bearing: §10.0°wW TD: 1100 #
M iColdar
2o |
c a2 =
S|ER|E5| 8 g
o} @ E =gl
= =2 |59 3 Si== 25 |38
g |z ° 25
b c — (g al|x2 e © 5]
= 30 |8 18 o |'D |w =t
= o il s S O, 7] £ ! = o {o.=:
Z igo|[2E 25 |o€ g |5 |[EZ!
] cG|({ES5|EE|S8 . & |£ [Sai
Q 16022 | S+ O | Lithology G |3 {20! Notes
O = g;:'.“ 0-3.5' TCFSOIL/FILL, orgamuc ciay, %// NA Berenc.m 50~
- antings | siit, $and, dark brown. moist, 3102 isiocated
5 = 122405 voes IR 5 0T TUFY, WeaInereg, MOt ..l s dnproxamat ely
- 32.99 5.0031.0°  TUFF paie red 10R 6/2 .J 25.0 nonthof
- siightly indurated, sfightty p ana angled
10 < oomm weided. thyolite ash flow, dry. |4 Jeneath P 5.
-t Pumice fapulli are tight gray, |« Surtace casing
oy ) coarsely devitrified, sugary P, set a1 9.0°.
15 =] 271000 130" texture, 0.3-2.5¢cm, 10%. | gy
= pypeoy Matnx phenocrysts are quartz '.
- 95.0004 0.55 and sanidine, each S% andup [ WP
20 - to 1.5 mm. a
ol .
= s10m a2 TUFF. same as above (SAA), .‘ -
.48 g . [,
o5 Pt purnics tapith are 15% and up ‘. 8
13 3.0 em. B
-1 3% 0.28); 1240 em * 9
: .24 . lc:!l
30— Setetarrareassn e e te s b e b rannnsss nensnnanasss o) o e SN o
|
N Mt 'e 31.0-62.0° TUFF, pale rea brown 10 |@Pgl &
3521 : 5/4. shightly indurated to ] E o
A mogerately intdurated ash . r -] 0.36-9 -38.0%
o il PP tlow, motst. Pumice lapili are J o Light orangs
40" 1413160 gray 1o white, coarssly 4] brawn clry
w]romss ae devitritiod. 0.5.3.5 cm. 5- e = fracture
z 10%. with quartz 5 - (:oann.g;) »
=" phenacrysts to (.03 mm, ) famp
45— rmoon .97 fine-graned moderate-red ow E Ylack glassy
- iron crystats {goothite), and 1‘. 3 tragments. in
- 127100% 447.0 i aoqition.
50— B4.83 (555 mimnute fﬂhbﬁﬂil black . moderate Fe
- 225 38 magnette crystals. Matrix & : ’ g
- phenocrysts are sanidine - oude (fimonite)
55— 3R showing Schiller blue . stam i mateix.
- iridescence and bipyramodal
- vancox | 95-0014 14.02 :::»3‘- quantz, each 5-10% ana up to
60 -t 1.0 mm. l
November 2003 c-8 ER2003-0696




MDA C Investigation Work Plan, Revision 1

LOS ALAMOS NATIONAL L ABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT S
BOREHOLE LOG

BOREHOLE ID; 50-9102 TA/OU:. 5071147 MDA: MDAC Page: 2 of: 2
Drilling Co.: Tonto Environmeniat Core Box #(s) 7 cuttings Start Date: g/2/95 End Date: gsa/85
Drilling Ine, 2 core Time: 08:30 Time: 14:30

Dritling Equxp /Method: lngersoitAand track mounted air
core with tolal dust suppression

Sampling Method: Continuous 5.0° care barrel

ER2003-0696

Driller; Larry Thoren  Geologist: JonMarin, Rene Evans  Declination: 45.0° Bearing: 810.0°W TD: 110.01t
ERWGolder
R (2 o
— ¢ (SR @ o El=¢
-’ 2 g | o IS Ea o) 0|20
o B i= 5 ) =
it = (3 Q. X - Q B
L S0 8« ~ 8 =~ ) e S
c |Ex =8| E ‘ £ |22
a [ee |SE|[Z=2126 EE-RER-
] do |[e3|EE{Q8 . 151|188
a 00 |2 |3—j0ouw Lithology © {3 =0} Notes
Tty — — e
60 e, 31.0-62.0 TV, SAA. @ISt a0 flow.. | @, NA | ©69-0. 2.0 mm
—{15/40% L] (continued) { TUFF. pinkish gray 5 YR 8/1, .‘ thick weak Fe
65 ~— 68.00  [BEH1T0.0° noninduratea. slightly weided, oxidization haio
- e Cont ash fiow, dry. i - around devit ritied|
- 225187 94 pumice lapilll,
put PETT TN Pe
70— L
1w 100m ga9 12157689 S| =
Rl {10 @730 TURF, SAA. nonindurated locaf E
75 —iweox ] es-001e] 33976 weak Fe oxide (Emonita) in L —
- matrix. %
- t20/ 100% -E
80 - o
= 87.45{ w810 5
85 121 70% sr.e 'g
= 4835 o8 PHENDCRYSTS 100% wei 2
- 46.11 ”;;:;;.;: _____ sorlect lcose. subhedral % @ © 88.0'-88.5",
90 —J2z730% 2437 @ B8.5' quartz {65%) and samdine =4 phenocryst-rich
= ..{35%), 1.0-3.0 mm. ;i = interval is
= TURF, EAA. pinkish gray 5 W 2 pussible surge
a5 11.30 8/ 1. nonindurated, shghtiy - related deposit.
—fa4r100% |os-00z4 | 12.65 e wekded, ash flow, d it
=28/ 100% grere. |0 97.0° "BHENDCRYSTS. 50%, 5 @ 67.0'-97.2",
100 —]2e 100% 10000 l@97.1' LITHICS, 80%. dacite. anguh phenocryst- and
—{27100% 1096 ) ; wptedOem e lith!c-nf:h interval
= : @97.2 TURF, SAA. pinkish gray 5 'R is possible surge
- deposit.
105 g 5o 8/1, nonindurated, dry, related
- 91080 Jreosarsnivenvabninurrnnnasn o4
—[sor1om% 1824 or [@107.00  PHENOCRYSTS. 40%, SAA. in 1 ©107.0'-110.0',
110— 0028 1769 ronndurateq ash flow i E phenocryst-rich
- iTD = 110.0° interval is
- possible surge
11 5_: related deposit.
= € 110.0°, driling
- toois stuck and
120 recovered.
C-8 November 2003




MDA C Investigation Work Plan, Revision 1

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: s0-8103 TA/OU: s0/1147 MDA: MDAC Page: 1 of: 2
Drifling Co.: Tonto Envircnmental Core Box #(s) & cunings Starnt Date: g/10/95 End Date:s/22/95
Drilling Inc. 10 core Time; 12:00 Time:12:30
Drilling Equip. /Method: Ingersoifiand track mounted air Sampling Method: Continuaus 5.0° core barrel
core wit h tatal dust suppression -
Drilter: Larry Thoren Geologist: Jon Marin. ReneEvans  Declination: 45.0° Bearing: N32.0°W TD: 120.0°1
B /Colder
o
< [~ g -
clEQ Lt E— [ -
- #2 |09 [=> g |2 |98
@ c8|= 5% 4 o I=2%
= 3 Q 8 e U~ 8 Q0 [=] e 3
s |z (S8 e £ |8 |85
= oo | = 25 |eE a | IE2
& |55|285|z£i5¢8 SE-NER
a OO0 lgeZ == QW Lithology g |3d |= o___ Notes
07= o8 &-0.8 TORSQL. crganic. NA | Borehole 50-
p . ]0:5'-7.0'  FILL, megium brown. 9103 is located
= 0|6 boxes reworked tuff, most. approximately
5= 45.0° aast of
. |7-0-52.0°  TUFF, graysh oranga pink § _. AL 1 in the
“lorsom 1160 L southeast em
10 -~ 15.0° Y& 7/2 to pale yeilowish [ cormer of MOA
I rys—— a brown 10 YR 6/ 2. moderatety & Cand angied
el Py oxidized, weatherea rhyolits @ beneath the
15 o~ TIETT ash fiow. -
ol il @12.00  TUFF. grayish pink 5YR 6/ 1, b ramp to Pit 3.
“lsr oo ans.0 : . \_ 4 Surface casing
= 212" slightly indurated, nons sot at §.0"
20 —lirioen | 550104 | 29 welded, rhyclite ash flow, dry. e 11.311.9
“leren Pumice lapiti are coarsely - £ ol -f.illed -
o|orem davitrified with sugary texturo(fin | — Y
-z 9 ong refet tub 9 . fracture.
25— ; sng r: ct us.l :ﬂstmmures. 4% = @ 18.7", weak
~j1omon , ->-2.0 cm. 5-10%. ® )= oxidation on
- 0 @24.0 TURF, same as above {SAA), e ;
30— 3/27.2% nonindurated [ Y open hairline
-] 31 715% 33.0° : ] - fracture.
- [
- 0.18 @ 32.0° TUFF, SAA. pinkish gray 5 R 'g
35 e 121100% 8/1. . o
- v60102] 534 @ 36.0° TUFF, SAA. siightly indurated. §
—{13smoox o
40— oo 2
- 9.00 , . ]
- ofsseo- (e 42,0 TUFF, SAA. pumica lapili up to i -
—[rame% 2.0 cm, coarsely devitrified o5
45— 0.33 withsugary texture, |0} ©45.1%-45.3,
s p2EDO4 098 : TUFF, graysh orange pink § M 5 modorately
50> iR 7/2, slightly oxdized .l oxidized tuff.
- Srarse i matrix, moderately indurated, ! MY © 56.0~59.0.
wjieme% 0.84ls9s [ iEa o Moderately weided tyolite L’ strongly
5 —hime ) " ash flow. dry ta locally moist. | @ oxidized moist
S - Pumice lapili are eiongate 0.2 | agm tutf and Fe-rich
“lramax 950414 2.17 by 1.0 cm, 5-10%. Mat rix - clay in cpen
- phenocrysts are subhedmi L ) tracture
60 —N1®R quarz (5%) uo 10 2.0 mm. |8 sampied).
November 2003 C-10 ER2003-0696




MDA C Investigation Work Plan, Revision 1

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIEED UNIT 5
BOREHCLE LOG
BOREHOLE ID: 50-9103 TA/OU:  sor1147 MDA: MDAC Page: 2 of: 2
Driling Co.: Tonto Envitenmental Core Box #{5) ¢ cuttings Start Date: gs10/05 End Date: g/22/98
Drilling Inec. 10 corme Time: 12:00 Time: 12:30
Drilling Equip. /Method: ingersoll-Fand track mountea air Sampling Met hod: Cantinuous 5.0" core barml |
care with total dust syppression
Driller; Larry Thoren Geologist: JonMarin. Rene Evans  Declination: 45.0° Bearing: N32.0°wW TD: 120.0'#
EV Colder
o D
S| 3
— L —
~ g (s8] g > | El=¢
‘é:‘ % NG | o5 |x>= e | =2 (22
@ c8 |l= 5ol x0 - 028
= 30 QA uwld—= 8 - o I ®I- S
e |9 £ ' = Q{2
€ loo [2€{d5|0E a|o (|2
[=3 - [i7] E = | = cc
@ 3O S|E=|(o 8 , | £|8¢
a _|co|Z1SF|ok Lithology 3 | 3 |2C] Notes
60 =15 rcom. 52.0-83.0° TUFF. grayish orange pink, NA | 259.0-64.0"
- 6595 [(continued) slightly oxidized. slightly -: locat oxidation
B5=—t20/27% 0.54170.2 indurated, slightly welded, |4 patches on
- rhyolite ash flow, dry. Pumiceu fractura 6ill,
—j21185% lapilli are coarsely devitrilied |egy @ 67.0-68.0",
70 e with sugary texture on relict |4 il oxidized pumice
—{221100% 0.87 tube structures, 0.5-2.0 cm, '..' - lapilii remnants.
- 5-10%. Matrix phenocrysis (qge | S 9 65.0'-73.0",
75 —laamon @30 are quantz (10%) and saniding gffff - Fe oxidation in
- (10%), each up to 1.0 mm, |& o 2 matrix.
s sanidine with Schiller blue W™ | 8
80— 241100% | 95-0118 0 ;gf_-z" @70 iridescence. Pumice lapiilli .: s
~{as5/50% 0.67 have taint yellowish brown P @
. A— eevreeerenenrer || 10 YR 2/2 stain ang tight | M) 5
§5 —22400% 4 93.0"-120.04| gray sugary texturs. Local : N £
Zlzanoon 1.03 {| imonute as irreguiar solution: 3 ge g © 86.0'-91.0",
i il bands 1n matrix. 2 Fe oxidation
90— i::;ﬁs Py {-TUF. SAA, paie yellowish r‘ g‘ throughout
e 94.3° I brown, slightlyindurated, : = matnx.
- 3;;;“ .62 % nonweided. . E @ 83.5', Fe oxi
95 —|=noow ~TUFF, SAA, pinkish gray 5 : [@i | stain is possible
= 950124 0.85 : YRS/ 1, nonindurated, non- : @ _ relict water murk/
- L SRR [ W -
100_-. 4100% TUFF. SAA. very Ilght gray, | ‘t
= 1.89 8/94.9% nenindurated, nonwsided & .
—[357100% 106.0° thyolite ash fiow, dry. Pumice .
1 05_— iapilli are coarsely devit rifiad .
“henoon 0.a2 with sugary texture on relict |
- tube structures, 0.5-2.0 cm, g
| 5-10%. Matrix phenocrysts
110—a7/05% 0.aa] 1010600 are quartz {10%) and sanidin .;
- -120.0° (10%). each up to 1.0 mm, .
115-=l:armex sanidine with Schiller blue T b d
- ssor29{ 053 iridescence, . 4 @ 119.0°-120.0°,
- @105.0'  TUFF.SAA, very soft {ron- |@} fracture with
120-= 39100% 0 indurated). [ 1d some clay and Fa'
D= 1200 oxide,
ER2003-0696 C-11 November 2003




MDA C investigation Work Plan, Revision 1

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT &
BOREHOLE LOG
BOREHOLE iD: 50.9104 TAIQOU. =0/1147 MDA: MDAC Page: 1 of: 2
Drilling Co.: Tonto Environmentat Core Box #(s) 7 cuttings tart Date: g/15/95 End Date:sr17/98
g
Drilling Inc. 8 core Time: 16:15 Time:09:00
Drilling Equip. /Method: 'ngersoilfand track maunted air Sampling Method: Continuous 5.0' core barrel
come with total gust suotression -
Driller: Larry Thoren Geologist: jonMarn.ReneEvans  Declination: 90.0° Bearing: NA TD: s0.0 B-
EM IGaidar
Xle
® L. . g -
band ED | E—~ 53 -~
— g2 | sR31 a2 2 o |[E |=¢
= 2 1 T B o T T
@ 8 o O o O =
o = - 3&(x8 4 lo 3%

= =20 B T8 g | D |=x=

= oeigd 2 E : 2 |2 (8%

z |ee|FE|Z2|e§ g |2 |58

@ QD o = = = . A = o
O _jO0|<Z |2 |OK Lithology O |3 |2CQI Notes
0= 1100 o [0-2.5 TOFSOIL. organic. brown. 7 NA [ Berehoie 50.
2 cutmas nf 2540 FLL, reworkea tutf, mosst. 2104 is located
5 — 0.94}7 bores approxirataly
= 40101 TUFF pulvenzea. . 18.0" south of
- : TUFF, pate brown 5 R 5/2 : At 1and 5.0°
- 0.66 : slightly indurated, sightty | inside of and
s TUATTIIeLEveasLr . N

10 e sl oszlime. {107 7330 weided. most. enyolite asn midway along
- 192 How. Pumice iapdli are very the southermn

| light gray to pinkish gray 5 YR boundary of

15 {31 100w 0.13 8/1, coarsely gevitrified with MDA C.

- sugary frosty texture, Surface casing

D() — 41 100% elongate 0.3 by 1.5¢m 10 1.0 set at 10.¢°.
- ©21.0--; by4.0cm. 3.0-5,0%. =
- 75927192~ *TUFF, SAA, gragual color =

og =500 0 change to paie yellowish =
- brown 10 YR 6/2. =
- 35-0079) 2648 293 TUFF, SAA, grayish pink 5R 2

30 =% aragn. 8/2 with weax 1ron oxide stain 3
- sy throughout matrix. Pumice N
o 46.29 lapiili are also cartiaily B

35 oo 411 4h R treneurasvans ? !Ig’-z..eid..‘ .................. wetravnee . E
Z]wioon ! 35.0°-60.0° TUFF, 5AA, paie red 5R 6/2  |W o] = @36.6'-38.6",
- 9500831 3076 1o local moderate red 5 YR 2 fracturs coated

40 "lorore ansy |939.0°... 578, locally strongly oxivized. (Wel © with amorphous
e .8 " TUFF. SAA. pumice laptii are | 9@ £ ight brown &
- altered to ight gray 1o duil 5 - YRE5/6 clayin
] @43.0' .,  white powgery masses @ 1.0 mm thick

= BTN : :

45 ~—fzuon 782 i swrrounded by Fe oxida ew . concoidal blocks
i I stained matnx. ." 5 (samptad}.
50— bl *+= TUFF. SAA grayish orange pink .‘ 939.0°-44.0,,
-] 147100% 5.38|°70 5 YR 7/ 2, non-weided, locat Fe moist ash flow

- oxide stain in matrix. Pumice |89 tutt.

55 = rsmex apilli are light gray with some ..- . 252.2°. 3.5 by
- @57.0°:  chocolate brown. 1.0-5.0 cm. - 5.0cm
TEr - TUFF, SAA, grayish pink 58 devitrified

§/57.0" -
~{17:20% | 9%-0087 .33 4 8/2. slightly weided, med. weldad pumice
60 §0.0 o ' it il

November 2003 C-12 ER2003-0696




MDA C Investigation Work Plan, Revision 1

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHQLE ID:50-9104 TA/QJ:  s50/1147 MDA: wDacC Page:. 2 of: 2
Drilling Co.: Tonto Environmental Core Box #{s) 7 cuttngs Start Date: as15/85 End Date:  ar17/98
Drilling inc. 8 core Time: 16:15 Time; 05:00
Drilling Equip. /Method; ‘ngersell-Fand track mountec air Sampiing Method: Continuous 5.0' core barrel _
core with total dust suppression
Oriller: Lany Thoren  Geologist: JonMarin. Rene Evans  Declination: 0.0° Bearing: NA TD: so.0n
M /Gaider
1o (=]
a
o b= =
>IES | E= ] =
D B1laD 2 o E = =
Z (=2 B8B83 |== gl>2 |28
8 c8 [= BAal|x [_E - Q = T
= S8 [§n |z K Q oD i{s 2
= |k = BI1E : |8+«
= so |2 <3|oE al o |E2
5 |55 (SE|Z£|58 15|38
L™ . [ P
o o leZjS~<|on Lithology G | 5 |=O] Notes
60 —= 60.0°-30.0° TUFF. grayish pink 5 YR 8/ 2 = | NA
- <62 ~. [contnuesa) ~ i =
81575 - onweided to slightly weideq. . -
e 69.0° =
65 -{18ITre Cont, {. .?:
-— Qr
s @63.0 TUFF. SAA. matrix 9 2
70—z ro0m 2 phenoctysts are subhedral P 3
I i sangine. 0.1-0.5 mm. 2%, ¢ -
g £ Fa1:0 0.32 71680 Schiller piua iridescence. ® 3
S T B [@730 TR case yellowish brown 10| | E -
—lunm ¥R 6/ 2. nonindurated, non- t .=
ot Gl 157 ;--2eided. gy, thyoiite ash fiow. | W] &,
B0 -—izsmm | 95-0098 152 ENCCAYSTS, 50%. quanz. :|gy 2 R
- 0:5-1. com in tuff mateix. ”"i.i‘ 5 ©83.0-83.4
I P ) 9 . TUFF. norundurated, non- = and 87.0'-8B.5',
85 ~—jzaroo ..weided. dry, rhyolite ash fiow. « phenocryst rich
Tjzancow |vs00s)  29%0asssse PHENCCRYSTS, 50%. quanz. | £ intervais are
=lsommx SRR S 915 mmintutl matrix. [ S possivte surge
90 — 2 TUFF. nonindurated. non-  Jep il reiated deposits.
= {weigea. myolite ash flaw. drv
- TD = 8Q.0
95
100—
105
110
115—
120—
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MDA C Investigation Work Plan, Revision 1

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: s0-9105 TA/OU:  sor1147 MDA: MDAC Page: 1 of: 2
Drilling Co.: Tonto Environmentai Core Box #(S) 4 cuntings Slant Date: g/23/95 End Date:s/28/95
Drilting me. 11 core Time: 10:45 Timeg:11:25
Drilling Equip. /Method: 'ngersellRand track mounted air Sampling Method: Continuous 5.0 core barrel
j cors wilh tola) dust Suppressn
Driller: Larry Thoren  Geologist: Jon Mann.ReneEvans  Declination: 45.0° Bearing: $88.0°E  TDx 12000
ERM /Golder '
L2 o =
[~ =
- @|sB | 2 = & |=¢c
F 2 nyleg == 3 |6
- 8 | = Q o 0 =5
€ |58 3&|58 <4 e [5F
= 22|85 |°Z (8" 2o |52
a pol=E = a 19 Jc g
@ Gol25|cElge . 8 £ |86
o COilgZ | == {0 Lithotogy O |3 20} Notes
0= o7 10.0.4°  ASRHALT = % - Borehote 50- |
- . . NA rehaie
t oo auttngs ) 0-4-8 5 FilL, meadwm brown, reworked 9105 is iocated
= o4 vores tufl, sdt, clay some sano and approximatsty
2 I Fyrry sehbles mowt 90.0 east of PR
- 0.0a]1180" 65.7 0  TLFF, puivenzea. ;.d 3in the
10 ot T 7.0-50.0° TUFF, graysh arangs pnk S YR P noncont rolisd
- 712, shghtly indurated. non- - . portion of MOA
Sjre 627 weided, rhyohte asn tlow, | Candt angled
s Pumice fapiti are sparse {< 5%) bensath vertical
15 —ureox 2tag | @14 47y 0.1-1.0 cm. smatier are dark disposal shatts
= ssoras g 030050 i brown ana iron nich, larger are P near the east
50 — i coarsely cevi rified, pate % end of Fit 3,
-1 100% ; yellowish brown 10 YR6/2. = Surface casing
- 0.14 " TUFF, sama as above (SAA), :‘ iE sot at 7.0°,
05 —{ 6 100% grayish pink 5R 8/2 o paig 5 &11.7" . Fs
= N yellowish brown 10 YR 8/ 2, am = oxiie on
- gf}‘;"" @27.6; slightly incurated. nonweiged, |@ b= fracture.
20 = o 1 phenocryst rich. Pumica 1apili § i 3 & 28.2°-20.1,
=laioom are 1.5-2.0 em light yeliow $ o fram_ara with
- i brown from Fe oxide, coarsely 2 Fa oxids, clay
35 v 0.0814 /322 i devitritied with a sugary - & and roots,
—lorsoon | ssore0}  o7s)**? i texture. Phenacrysts are -, 2 sampled for
- iquanz (15%) and samding - o Chemvan VOO
40 - ; {10%, each averege 0.5 mm g ana PCB
-110/100% ; andup 1o 1.5 mm. FP = ansiysis.
ot - TUEF, SAA, light browrssh gray i o 935.0°-38.00
45 - 4.24 5 _\R &/ 1, slightly indurated, - o sampied
—jramen 1.69 slightly weided, rhyosts ash .. a= maroan red
I Py S0 tlow. Pumice lapiliare 0.3-1.5 {0 = 1 5 stain for
- et SO €m, coarsely dawt nified and 9 contract
50 50.0°9470°:rimmea by light pinkish gray analyle sute.
- 5.00 : el 0 44.5", mod,
~]16r100% sYapor-phase siteration ciay, » =
55 .~ TLFF, paie yeliowish drown 10 . Felx stain, #.
- YR B/ 2, shightly indurated. non- brown 5YR §/6
ghtly
pu provreo Erwoery [N S weided rhyoute ash Pumice @ in matrtx; core
- ’ 55‘;} - tapili ara §-10%. Sargine with ioss likely due
60 — Schiller biue mdescence. .. g tracture,
November 2003 c-14 ER2003-0696




MDA C investigation Work Plan, Revision 1

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIE.D UNIT5
BOREHOLE LOG
BOREHOLE 1D:s¢.9105 TA/OU  s0/1147 MDA: MDAC Page: 2 ofi 2
Drilling Co.: Tonto Environmental Core Bax #(8) 4 cuttings  Stan Date: g/23/95 End Date:gs2g/98
Drilfing bhe. ) 11 core Time: 10:45 Time:11:26
Orilling Equip. /Method: Ingersoi-Rand track mountea ait Sampling Method: Continuous 5.0° core barral _
core with total dust suppression
Driller: Larry Thoren  Geologist: JonMarin Rene Evans  Declination: 45.0° Bearing: S86.0°€ TD: 120,01
EFW Golder
] D
a\ E 4 g —
cIEQ|EgH] © az
— QI8 |0 2 o | £ |=c
S *H N DG~ Q = 2o
& c 8 |= g ol x© - o =25

- = @ 8 Y — B o [+] e 2

s |EE g8 g ! |2 i8%

= oo = E' Slo E a s | E@

Q. e e [+ [ == @ e o
D C 0 S|IEEio @ ) | £(20

o QO Zi=2-low Lithology G | J |=0} Notes

60 — 118 icont, ~ ‘;ézf" © 150.0°-94.0°  TUFF. SAA, pumice 1apali are NA 261.2'-62.0',
- 49-Li0n 1804 tcontinued)  Lght gray, coarsely devitrified |« fracture with

65 —i'¥100% 1322 7/63.5" @60.0°--:  and sugary, 1.5-2.0 cm. - oxidized clay,

- 413220 © TUTURF pate yeliowish brown 10 c
- YA &/2 slightly indurated, L)

70 _Tjiraioen nonwelged. phenccryst nch (4 I @318, 10.0 m‘
- 2084 rhyolte ash How. Pumce ".F = waeided tuf!
~{1g75% lapiflii contain some focai Fe g 3 xenolith

75 = exide. Phenocrysts are quantz| Jfi# = containing an
il Mkt BiTL.0 5-10% up to 20 mm)and |8 w| 2 equant 1.5 cm
P R 825  1@77.0'-: sanidine (5% up to 1.0 mm) .‘. 3 dacite lithic with

80 — B50isg 0.20 i with Schiller blue iridescence. e S 1.0-2.6 mm
- TTUFF, SAA, vanably a @« quartz
- 21 taom 0.36 nonindurated to sightly in- - é phenocrysts

85 —_ durated, slightly wexed, ‘ & surrounded by
- Pumice tapiii are SAA. Dacite i) g § feldspar

0.03) ag- iithics ars «2%, up to 2.0 cm. | I ° (plagicctase-like}
90 _—jazison ez |@89.5 TUFF. SAA. slightly-indurated .‘ b7 altering to clay
- ash flow. Pumice lapilii are 8 = {kachnite?).
it gy 0.41 SAA except unique 4.0-5.0 | WP ] @ @ 100.0", locad
a5 .= resTTasasraaes “icm coarsely devitrified pumicd ‘ o Fe oxide yisids
= 94.0'-120.0" homb with sugary texture P yellow stroaked
Zlacnoon | 950138 2.4% iafterraliet lube structures. ., .’ 5 tutt,
100 - TUFF, grayish orange pink 5 .‘ @ 102.0' lot‘t

= 0.47 YR 7/2 nonindurated to P4 circuiation air

- R2E I ' slightly indurated. nonweldede-‘ il dus to plugged
105“;3'57?&5‘9.— " 102.0° rhyokte ash flow. Pumice it . bit.

o i 0.13f-11z0" ‘apili are two types: (1) @ @ 102.8'-103.5',

coarsely devitrified, 0.5-2.0 ::| P phenocryst-rich

110 —290% : iem, {2) brown, fine-graned i .. intervat is

- } !with tapili cores altered to > possible surge

—j3onoo% 0.94 ) i iwhite gy (kaobnite?......... telated deposa.
115-—= Sae? i PHENOCRYSTS, 50%. 0.5-1.5 r. . 0 103.5',

- L.mmguanz in wit mayw, e oxidized fracture

o LU (v, 087 TUFF, SAA, grayish orange [ g with some dark
120—= - pink § YR 7/2, nonnaurated. g% brown ciay.

D = 1200
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MDA C Investigation Work Plan, Revision 1

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELDUNIT &5
BOREHOLE LOG
BOREHOLE iD: 50-9108 TA/QU: s0/1147 MDA: mMAC Page: 1+ of: 2
Drilling Co.: Tonte Environmentai Core Box #(s) a3 cuntings Stan Date: aspsos End Date:ga/15/95
Oriilling Ine. 10 core Time: 16:45 Time: 14:00
Drilling Equip./ Method: ingersci-Find track mounted air Sampling Method: Continuous 5.0° core barret
core with total dust suporession -
Driller: Larry Thoren Goologist: JonMann. ReneEvans  Declination: 45.0° Bearing: $75.0°E  TD: 120,01t
B /Golder :
RIe
>2s|E.] %
SIERISS| 8 € l=¢
T |22 |88]83 |+ p=: B I
3] cd|= 8 o lx2 2 lo |28
= S0 |8 - 8 ; g 12 is2
o oo g_g E = |8 |8 %
= oo | = Z5|oE . (T |E
& |55 |2E|zE |58 &£ 155
Q QO |2 |5k 0w Lithology O i3 20| Notes
0 = B ~ jor 0-0.7 SOIL. crganic. sity, sand. ciay. V NA |8orehole 50+
- V100% :‘“"l'“:s“ 3.7-5.0°  AlL medium brown, reworked 8106 is located
o o3 bozes tuif. momt. approximatety
5 3.0.70° TUFRF puiverizeg, moigt, 50.0'east of PR
Tlasen 6.05 TUFF, pae rea 5K 6/2, rhyolite .d 4 in the contral
o 7.0-51.5 ash flow. nonincurated, dry to . portion of MDA
10 061 slightly moist. Pumice lapilli are{ 2" 9 Cand angled
Sz T Husoe relict pits in core. 15%, 1.0-2.0 benaath venice
- 208 e, Core moisture impacts disposal shafts
15 — recovery by ciogging the and the tormer
o addd circulation hose. H ramp at the east
20 ~{srom ‘ end of PR 4.
- -~ Surface casing
B1T% - =
- 128 822.0'  TUFF. same as above {SAA), P~ 2 set at 8.0°.
—}7TTeS iron oxde on fracture with H @11.0-41.0°,
25 o some cay. as = poor and
L JA L1 o © inconsist ent
s ss.onas | 639 $28.00 PHENDORYST AGGHEGATE. 50% 3 recovery due 1o
30 —= ©20.0°7 in tuff matrix, lignt brownsh | g @] tractured tuft
—l12/0% 17.87 gfg-“ gray 5 YR 6/ 1 elongate pisces 2 and poor air
95 =] ' (1.0-4.0 cm) of cement ed L E cireyiation.
{1367 42859 quanz and sanidine crystals (gl .| = 0 28.0-29.0',
- (0.5-1.5 mmj. s o phenocryst -rich
40___. 1440% TURF SAA, 30% phenocrysls p‘ﬁ g aggregats is
- . P = possible surge~
=] #1%%% | 9s-0050] 168041 { T 0" 5 = relatod dopaet,
ooy o
45— ;unoo% ©48.0'  TUR. SAA, light brownish gray .’.i = 8 48.4'49.0",
—{ztrnoo% 5 YR611 nonmdurated, non- 5 strongily oxidized
50~ 1396.36 _wekdea, yoiite asn tow, dry. [@ @ tracture with
. PR R TUH= pinkish gray § YR &/1, clay, sampled for
“laanon sepz1]s8s LN T slightty indurateq. sightly MRAL.
55 = oy weided, rhyoiite ash flow, dry.
— 22}_3_@. Pumice tapilli are exongate up to .
Zlarman | 950054 2709|585 1.0 by 5.0 cm. ught brown to
- 857
- very light gray, coarsely
60 ——rzmre devitrified, with some Fe oxide.
November 2003 C-18 ER2003-0696




MDA C Investigation Work Plan, Revision 1

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELDUNIT S
BOREHOLE LOG
BOREHOLE iD. 60-9106 TA/QU.  s50/1147 MDA: uDAC Page: 2 of: 2
Drilling Co.: Temto Envirenmenta Core Box #{s) 3 cuntings Stant Daie:s/9/95 End Date: 8r15/95
Drilling tnc, 10 core Time: 16:45 Time: 14:00
Drilting Equip./Method: [ngersoilRand track mounted air Sampting Method: Continuous 5.0 core barret
core with total dust suopression T
Driller: Larry Thoren Ceologist: JonMann. RereEvans  Declination: 45.0° Bearing: $75.0°t  TD: 120.0#
EFWGolder
2 Q
- =
| EQ|Eal @ =
. g Tig | O g o C jem
S ** N |25 |+ Q pon I - 00
O c8i= o x,0 -l o (28
g 58|35 %2(5° s | 8|53
= oo |2 Z5|oc g | Qe
g |ss5|e5|zs|5¢8 S|£158§
o OO |2 [=F 0L Lithology ¢ | O {Z2Q) Notes
60 —fevcom. /985 151.5°-21.5"  TUFF. SAA, phenocrysts are NA | @85-0-70.0,
{2 100% X 2;,,_ l[(continued)  zuantz. 15%, up to 2.0 mm. ‘ﬁ fractures are
65 — 287 @62.5 TUFE. SAA, modsrately - promment but
T indurated, moderately wa&dedj'-:' fresn with no
- <49 snyoiite ash flow, ary. Pumico g clay or Fe oxide.
70 _“laveox 3253-3'- 'apili are elongate averaging | ¥
~ pepmey I 1.0 cmiong, light gray to |9 _
- gark chocotate brown, -« E
75 =] coarsely devitritied. a "
- 58 ©75.0 TUFF. SAA, pinkish gray 5 Y |40 @ %
= I .81 thyolite ash fiow. dry. .‘ 2
80 — kR kL . 85'3_' : TR, pinkish gray 5vR 8(1 .. ]
- -38 : nonindurated to slightly ] o
e ! indurated, nonweided sal
85 — i slightly weidad, rnyoste ash 2
—{as/ 100% i tlow. dry. Pumice tapilli are o. 3 gu g
z 95-0063 s.83 i gy to med, brown. coarsely ot
_—heax prrpey : dewitrified, <1.0em ., 15%. &
80 = -l I il Tuff matrix contains yeilow ,‘.. %
=38R 0.66 91.5'-120.0° iran oxide surrounding dark | -
95 - prown purnicg tapiti. .. | | -
= { HENOCRYSTS, Ioose, 40% | @B _
“mm] | e I Itutl matrix, subrounded held S
100 8980, . " quartz. Schiller blue iridescent@ @98.0-119.0°,
e 102}, 00 (@985 sandine 0s20mm muttipte
—f4s/100% Eys.0067 1461115 ferrenerorninnans TIRELSAA, ... phenocryst-rich
105 —fezroow @.104.0........ HNOGVSIS. 100%. ... intervais 818
- .77 @104.7 TUFF, SAA, 20% phenocrys:s. possble suTQe
b T 77 Q@ 110.0° thF very light gray, non- related deposits.
110 ~—jaroen rreneseemeneenees DOUA1EG, B30 oW A ...
g (TR fU32 ... ﬂmm‘@Tﬁ. S%......
— § 45 +O0% 1.47 ﬁ 1‘;‘..9 [y -.MA-SM\ ............ ruaven
115 -—jan1oo% S @J‘lﬁ.ﬁ.‘......‘mm'{ﬁ. §Q%...... .
Tlesrtoo% | ss.0071 - 341208 enre .. TUT.SAA. .
81180 F’HBDCHNSTS?O"-. N ERAT
120=]¥ " ©119.0 TUF. SAA. neesene g X
0 =120.0
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MDA C Investigation Work Plan, Revision 1

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHCLE LOG
BOREHOLE ID: 50-9107 TA/OU: so/1147 MDA: MDAC Page: 1 of: 2
Drilling Co.: Tonte Environmenta) Core Box #(s) 4 cutungs  Start Date: 8/28/95 End Date: 8/30/95
Drilting nc. 10 core Time: 13:00 Time:2:30
Drilling Equip./Method: Ingersoi-Rand track mounted air Sampling Method: Continuous 5.0' care bamel
) core with total dust suopression
Driller; Lanry Theren  Geologist: Jon Marin, Rene Evans  Decjination: 45.0° Bearing: N4.0°W TD: 11201
ERM/Golder
S22 _
& S| E D s
— @ % bris % -’@ 2 o c |=c
3 |=3|ao8|eg =S g5 |88
it c0lg ga|xC 2 {e |28
= Il fe N~ O o oh |- 3
o e |FEIS285 ERE:
@ o |eS|EE[RE . B |&£ |88
(= OO0 lgsZ2 |=E~ 0w Lithology @ 13 |Z20O] Notes
U - o7 jo-1.00 SQIL, ciay, sit and sana, red NA |Borehoie 50-
b Rl cantings i brown, moist. 9107 is located
5 = Qavoxes [1.0-11.0'  FILL, moderate brown 5 YR in the
- 3/4, organic, moist, noncontrotied
Zlarean central portion of}
10 - 1/6.0°- MDA C
— 19.6' .
- 1.1 . approm' ately
—| 3r:00m 11.0°-62.2"  TUFF, grayisn orange pink S 30.0° south of
= T 147 YR 7/2 norundurated, stightly | i@ and angled
15 000 : welded rhyoirte ash flow, dry. L] beneath Pit 6.
- Pumnice Japilii are 10-7 5%, ) Surface casing
20 — 0.6 0.5-2.0 cm, etongate, contain |y setat 7.0°
] seotm mlinute quangz and sanidine o - @ 36.036.5,
- 2/19.6 crystals in coarsely devitrified | 3 some weak FeOx
- 28.0 . & —
R . X sugary texture along relict - 5 and some clay on{
25 18 ) tube structures. Phenocrysts (@ 5 few fractures.
t [ are local binyramidal quartz in {@P =
= pumice faodli and tuff matrix a
20 2.42 up to 1.0 mm, .‘ -
Zlar00m 3"'2;;“‘ @ 25.9 TUFF, same as above (SAA), . F]
35 = : pinkish gray 5 YR 8/1 slightly e 5
- indurated, nonweided rhyolite =
Zjoerw | 350N 152.17 ash flow, ary. .‘ ®
40" & & @ 43.0"43.5",
S pryyen &P © strongly oxidized
- & e fracture with clayy
=] e 084075 4/41.3- - surrounded by
45 —d 636479 "% [@43.0'  TUFF, patered S YR 6/2. ow red-stained
Z]iinom [ 9690107 | 1729.44 slightty indurated, slightly .. 5 (moderatety
50~ i1/90m wetded rhyoite ash flow, dry. .,. Ox'd{zed) tuff
— Pumice iaptii are slightly matrix.
- elongate and contain minute -..l .
55.= 15/56% gé‘g-a" quartz and sanidine crystals in - 8 46.0'46.5',
= 49964.1¢ &0 coarsely dewitrified sugary L red stame:}y
- texture aiong relict wbe {moaerat
- 950176 -
60 16/100% 32565.53 structures. 5‘ u:;tfiazed) dry
tuff.
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MDA C Investigation Work Plan, Revision 1

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT S
BOREHOLE LOG
BOREHOLE ID: $6-8107 TAIOU: 071147 MDA: WMDAC Page: 2 of: 2
Drilling Co.: Tonto Environmental Core Box #(S} a4 crtngs  Stan Date:rgszs/gs  End Datelgr3ores
Orilling inc. 10 core Time: 13:00 Time: 12:30
Drilling Equip. /Method: ngersoii-Rend track mountes air Sampling Method: Contmwous 5.9° core barrel
core with total dust Ssuopression -
Driifer: Larry Thoren  Geologist: *g::v ""&’2 RereEvars  Dgclination: 45.0° Bearing: N4.0°w TD: t1s.0ft
& &
3 a . g, -
olEQ|E= s a
@ c8 | 5; ol x© 24 {0 |3%
=2 S0 |8 . =18 [ o B lw 2
o | =@ £ ' — ot o =
£ |lec [FE|22|2E AR
— S e Q
8 |88 152|528k Lithology G |3 [28] Notes
O — 11.0-62.2 TUFF, SAA. . .j_;i,_g—
65 — [66.2790.0  TUFF, SAA., maaefau:y ol
Tles0ox rEEMTETH a8 indurated, slightly weided, P
- 120 O0% phanocryst nch ryotte asn
70 =121 5% flow, dry. Pumice iapili are b
- rm%ja elongste, 0.2-1.5 cm, 5%, ;‘: -
- 71484 coarsely devii nfied, mimuie =
75 = 22/100% Tee quartz and sanaine aiong o
~lzamon | 95-018+ horso.sg relict tube structures. Matrix ;’ %
o FTYiTC T phonocrysts are cuanz and ‘g
80— sanidine with Schiller thw ol &
:rsnm A iridescence, 10% each. up tv sa 3
- il 1.0 mm. Rare cacite lithic 4.4 @
85 —IZETEE% | ;;?3; 505 by 6.0 cm, ‘ 'g @ 85.5'-8?.8'.
i e [N A K ®, s fracture wilh Fe
s sy {TURF, grayisn orange pink 5 o axide and some
go—gme—y | L Ll ! YA7/2, nonmdutated, non- ., ? 2 clzy.
i £y T8 90.0°-318.0" waided. soft rhyoite ash fiow, J =
=formex ses.84 dry. Pumice tapitli are dull =
95 whitish gray to dark brown, )
Tlaemsw (3301081 55381 ?g’:"‘f" coursely dewitrified, 5%, 0.5- P
- ’ i1 4.0 cm. Phenocrysts are 5 @ 57.0°-98.4",
100__ 2377% quanz and sanxiine with E ?M“M
- Schiller blue iridescence, 10%: . interval is
- 112,54t fleach.upto 1.0mm 3 possibie surge-
105-= { PHENCCRYS TS, 60%, related dapost.
b ot il 26.93 ; sorted, up t0 1.0 mm. ®
- 11025 : bipyrarmdal quanz ang
110..:. ssmox | 95-019¢ 224-118.0° ; subhedral sarvdine. n tut? ‘
- s.manx,
. TUFF, SAA. grayish orange ..
115“_-_-" 80% pink 5 YR 7/ 2. nonnduratec. [l 74
nonwelded. soft rhyolite ash | @
- w flow, dry, -..._.
120”: TD = 118.0¢
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MDA C Investigation Work Plan, Revision 1

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: s0-5108 TA/QU:  s07t147 MDA: MDAC Page: 1 of: 2
Drilling Co.:Tonto Environmental Core Box #(s) 4 cumtings Sart Dale: 8/30.95 End Date:9s6/98
Dritling ine. 11 core Time: 16:00 Time:9:00
Drilling Equip. /Method: ngersoilRana rack mounted air Sampling Method: Cantinuous 5.0' core barrel
core with totat dust suppression .
Driller: Larry Thoren Geologist; Fere Evans. JonMarin - Declination: 45.0° Beanng: N40.0°E  TD: 120.04
ERM fGoldar
£ 12
|8 E.] 3
- 2 |3B| 5D =2 o 2 |=¢
= =2 l0g |93 |=< g |= |20
i 8= ° 2
D c 8 ] x - |o 31
= S0 |8 <18 = o |'D {=3
[ ofe g - O E ' — o O =
= =814 L iz =8
= |ee|FE(Z218E REREY:
] Qo itec3 = = . b
0O OO igZ =0 Lithology 0 |3 [=Q] Notes
16 J— = T 15 150 S0IL. crown. organic, s, clay, ¥ NA | Borencle 50-
—yre0% At J1UT.S ALL reworked fine to coarse 9108 is located
s gj4 pores tutf, moderate orown to pale approximately
5= gray oranga pink S YR 7/2. 25.0'scuth of
o £32:1% 168, [——————ymoist. the Chomical P
- "2 |7.5-41.0' TUFF. graysh pink omange 5 YR in the westem
10— 7/ 2. nonmdurated (o sightly ® cortrolied
“laremx indurated. sightly weided to portion of MDA
- o tmocerately welded rthyolife ash Candt angied
15— 95-0195 0.68| {low. ary. Purmce iapilii are C bensath the
Tjvere davitnfied, gray, <1-5%. 0.3~ '. Chemical Pit
- :;:-" - 1.0 cm. Phenocrysts are ® and Pit 8.
20 —{s7175% quartz and sarca:ne, 10-20%, e = Surtace casing
- 1.0 mm. b.‘ ﬁ set at 7.5',
- 2145  TUFF. same s acove (SAA), o ©8.1'-3.8" end
25 —grree RS 244 vary hight gray N8 to light to  |@SB 2 14.0°-14.5, rod
= modetate brown 5YRS/Bto & b stainad
30 = % 16lars0- YR4/4. stightly weided. weaxly { @i 3 (moderatety
= 1.99]30.8" oxidized with iron (Fe} oxide | g = oxidized) tuft
- sptotches in matnix. b mat rix.
a5 = a/40% @31.00  TUFF, SAA, pale light brown E
“‘“ﬂmm_ gray SYR6/1. -, =
o e i) R ©35.00  TURF. SAA, pale 1o moderate I @ 38.0",
A brown 5 YA 5/2 1o 5YR 4/4 :‘; g possible weak
40— . 18305 TUF. SAA, pate gray totignt [ 0] = oxidation stun.
= wa [41.0-95.5 bownsh oray s R 61, L (@ | @ © 40.0'-40.5"
- . 0.48 TURF. light browreshgray 5 3 | s | o5 brown FeOx
45— === 124 8/1. moderately indurated.  wl| stain.
- moderately weided, thyclite 5
50_~] 3w flow. ary. Pumice lapilii are 2- .H
— 1.01 5%. wnite 10 pale gray, .
- : Sra8.0- devit nted with remnant tube
Tlanoow s9.0° structures, Matrix phenocrysts}  gmm|
55 — 152 are quanz and sarudine, 20- -
= - 30% total. Local rubbly, isss- (@ )
Tjreeee (PSEB] ose ! indurated intervais, 0.5-1.0 ft
60 — o {hick, »
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LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIED UNIT S
BOREHOLE LOG
BOREHOLE ID: 50-9108 TA/OU:  sor11a7 MDA: wDAC Page: 2 of: 2
Drifling Co.: Teno Environmental Core Box #(8) 4 cuttings  Stan Date: g/3p798 End Date:sse/os
Drifiing inc. 11 corg Time: 16:00 Time:9:00
Orilling Equip. Method: Ingersoll-fand track mounted air Sampling Met hod: Gantinuous 5.0° core barmed
core with total dust suppression
Oriller: Larry Thoren Geologist: Fene Evans. jonMarin -~ Dgclination: 45.0° Bearing: N40.0°E TD: 120.01t
E¥M/Colder
12
=821 §
- |.E|58|52|.8 =15 |55
T |3 |Po |20 T g l=128
[T 8 — s o | 3
it c tB Q] = §e) pal
- = @ 8 — e 8 - (3] = B R =]
ox (8 £ : = =R =
£ =L |37 € A
S |22 |SE|ZS|2§ g |21|55
QO = = . ot =
0 o lfZiISE|ox Lithology S | 5 |=20| Notes
60 =T, SAT 1a1.0-955 TURF. SAA. - NA | 2685 rare
I S 0.87 . (contmuea) 48 oxidized clay
65 — @62.5 TUFF, SAA. nonindurated to | @ accumulation in
= stightly inaurated intervais. ML &% tutt matrix (5 YR|
—j17non% 1.0 @677 TUFF, SAA. moderately LY 5/6}.
= . indurated. modarately waided @ WF
70 "Jramen Ty thyolite ash flow, dry. ". -
- 4.98 - iS5
75 = - Q@ 75.0, Iactiure
| @76.¢ TUF,SAA 5.0by4.0cm  [&e wf 2 at 30 degress o
z ss-02101 41203 xenolith of intermediate ‘.q -§ core axis with
- P volcanic composition tdacite) jgg b oxidizad clay and
80 —jzoncox s a bhck coating 1
= 19.84 @ = cuch as
- -2 manganess oXide
85 — 21770% &
= »f £ {M,).
= 2258 -
g S— o |3
S0 —j2zi13% 2| &
- s/mas.E- & £
~fzanoo% iied : =
95 : 24 11{0% 5 28‘35 Eeissmssanwnss AL AR LE LI L L LT R LY T L L T T TP T t.".
- 9502t y . . N -
- {2538% 44.83 95.5'-120.0° TUWF, gray m:mgxsh pink & Y| @ =
- 712 to very light gray N8, L L N =
100 - 60.13 noninduraled {powdery}, non- .‘
—{2s0% weided rhyolite ash How. dry. | 48
oy o7 1000 ﬁm’uco lapili are rare. < 1%, .
105 — prymy 85.a8i-112.0° devitsified and average 1.0
21725 cm. Phenocrystis are quartx s
—jzaron and sanding, 20-25% totas, | M
110 ——fsms% 95.34 up to 1.0 mm. Matrix ..
- 0L containg 5% oxidized goiden
Z]ioo% § 950220 ggag brown (10YR 6/6 to SYR" -
115— 12y 4/4) stained areas up 10 2.0 b .
—jame -1200 mm from possible oxication of] >
= 578 fersic minarad {i.e., hematite). »
120 -
D.=_1200
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LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIEED UNIT 5
BOREHOLE LOG
BOREHOLE!D: 50-8109 TA/OU:  sor11a7 MDA: WMDAC Page: 1 of: 2
Drilling Co.: Tento Environmentai Core Box #(s) 5 cunings  Start Oate: as 11705 End Date:gs14/95
Drilling inc. 12 core Time: 14:45 Time:17:30
Drilling Equip./ Method: ingsrsofi-Fand irack mounted air Sampling Method: Continuous 5.0 cora barret
core with total dust suppresson
Driller: tarry Thoren Geologist; Fene Evans, JonMadin - Declination: 45.0° Bearing: N84.0°E  TD: 12001
M /Golder
2L
N - e =
- E =] = a @ =
— 2 Bl1ad 2 o |5 (FE
T (23|88 |25 |=3 215 38
@ |eB|= 3alxe = |lo %8
= 0 D 8 (™ — 8 O [« 3 E =]
= rul ol IR = ! = o |8&
- 521350 E als |8
S |S3(SE|zEls¢e T I |85
cojcs= = [ : S B —
o OO lcZ IS |Ow tithology O |35 |20]| Notes
0= 00" 10-0.5 S0 cam prown. argame, st. Bomanoie 50-
ot i e]0.5-17.5 clay. NA 15108 istocated
- 5 bomrs ALL rewarked tuff, clay, sit. appronmatety
§ e sang, firm 1o coarse, dark 35.0" withinthe
o L2 brown 10 red brown, maist, most wesiem
-~ 0.04) 4 5.0 comer of MOAC
10 S kS Jooiivle
- o8 baneath Pit 8.
LR Surface casing
18 —hre set 2t 8.0
P R
= 2n55 117.5.42.0' TUFF. light brown gray s YR | @
228 -
20 e | oj28s /1 to grayish orange pink 5 | @
—= YR 7/ 2. stightiy indurated, e
o 0 slightly weided to mocerately ":
25 — e a5t welded, rhyclite ash flow, ary. |&
-t Pumice fapili are 10%. white, =
S o 3268 devitnitied, ant powdery. =
30 ] ME Phenocrysts are quanz and s @ 34.1-38.0",
—] 13 100% sanicine, 20-25% total, Lithics 5 moderately
= Toon absant. Local areas (splotches = oxidized tuff,
35 o 25-023) 0.21 and streaks) of weak iron oxide [ 3 @ 45.8", locai Fe
Tlisr100% 0.84 in mat rix. - oxidation in tuff
- = .
- 41365 eeesmssrissnirasenans a matrix pogsibly
40 e 1 00% ey STURE ‘grayish orange pink 5 YA g from de-
ey /- skghtly indurated, silght!y' - = composed lithics
= FTESN 0.09 42.0°-102.5walded to moderataly weided, g Q@ 51.0-51.2,
45 —(1xI0% rhyokte ash flow. dry, o pheracrysi-fich
~fraren pasan g‘gz P intermeciate composition lava = intervalis
50_j7vem Tt R (dacite) lithics are 2%. 2.0 by - possible surge
- 2 }31,.0:,..._ 2.0 em and moderate iron ox} ] reiated depost.
—javem 051.2 ;i sporchesmmatr, - = 051.2-51.5.
- 0 . i PHENCCRYSTS, 40-45% guar .. hon vertical tracturs
58 —zzex smat i...200 sancine in. i mate, ... agy with FeOx and
- Fre B - ?gi -58.0"
-] 231N [+1 B-58.9
60 55-G2 36 J.. red chry.
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LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
.BOREHOLE LOG
BOREHOLE ID: 50-8109 TA/OU:  50/1147 MDA: MDAC Page: 2 of: 2
Drilling Co.: Tento Environmentai Core Box #(s) 5 cuttings  Start Date: 9/11/9s End Date: 5/14/95
Crifiing Inc. 12 core Time: 14:45 Time: 17:30
Drilling Equip. /Method: ingersoil-Fand track mounted air Sampling Method: Continuous 5.0' core barmet
core with total dust suporession '
Driller; Larry Thoren Geologist: Fene Evans. Jon Marin ~ Declination: 45.0° Bearing: N84.0°E TD: 120.0ft
£ [Golder
)
e | =
g ER |53t 3 El=c
T |3 (08|23 [+ 13|88
2 e |= B8|x% ° 4 1o l|25
= S0 |8 =18 0o | D=3
oo ] E ' E o o5
E Qo E"‘Q é Slo & (=8 © ‘é B
& |s5|85|zEiss8 s [£(8§
o (o {&ziSc|ow Lithotogy @ | 3 |=S0| Notes
— - ——
60 =Tz §53.1% 143 0°-102.5' TUFE, gmyshorange pink 5 | @
- PLYY NA
o Pry— 0.9B) ne. [(comnued) R 7/2, slightly indurated, |«
65 ~—jz7100% 0.88 sfightly weided to mocerately - @ 65.5, installed
S[RBOO0% PEgondt 1350, oo welded, rhyolite ash flow. dry. |¢' = casing due to
. PPy 12778 SAA, pumice iaptli, o ) lost air
70 — phenocrysts. lithics. andFe | g . circutation,
- 204100% oxide in matnx. ..
- @700 TUFF, SAA, moderately <«
75 - 1.52 s indurated, moderately weided, - - )
Zlai e 815’ ot d I @ 75.5, open
- — - | o tracture, no clay,
- 0.77 I.‘ 3 wenk FeOx in
80— P 2 1.0-2.0 mm
Z[pafroox 8 splotchas.
85 —jaan0on | o ot I
= omis. [@01.0°  TUFF.SAA. pink gray SR 8/2, r ® 5
Zlseann 13.77(%27 slightly indurat ed. nonweided ." £ 0 86.0'-86.4",
a0 — to slightly weided. Pumice & 2 clay with Felx
- 158.96 lapili are two types (1) pale ‘. f smeared on core.
—J35100% red 5R 6/2 with Fe oxidation @
g5 — and (2) white and rare. each .. =
- 10/92.7- 0.3-1.0cm, Local 0.1 em 3
~l3nmex . ,
- 95-0251] 160,47 [101.8 brown oxidized freckies. .. -
100.:.. Matrix phenocrysts are quartz1. # _‘3 @ 68.0°, clay
Zsrmen T and sanidine, 10-15% toral, | W} E content
- 102 5-T20.67TUFF bink gray SR /2. non” | o' o] = increasing 10
105 —13sno0% 41.32 o101 indurat ed, nonweided. i thick clay
. T .,,,‘3-5 @ 106.0 TUFF, SAA. pale brown fe '. acmmulz.mon.
=110/89% 0 oxide stain in wi matrix i F ) 0 105.5', clayis
— typlost, ®, solid, moderats
11041 0n 0.a7 ©109.0'  TUFF,SAA, with banded .J brown to gray
- o YR4/4
- ey ) oxidized clay, 0.5 by 1.0 cm, brown (5
115=f2"™ 02 e moderate orange pink § YA | ¥ to 5YR 3/2).
—hamss 8/4 to light brown 5 YR 5/6, [l
- 0 possibly after vapor-phase [
120= 44725% attered refict pumice Bpilli, '.
TD=1200"
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LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT

FIELD UNITS
BOREHOLE LOG
BOREHOLE ID: 50-8110 TA/O:  so/1147 MDA: WMDAC 1 of: 2
Driling Co.: Tonto Envirenmentat Core Box #(s) 6 cunings Starnt Date: g)15/95 End Date: 9/18/95
Driling Inc. 7 care Time; 12:30 Time: 15:00

Drilling Equip. /Method: ingersoil-Rand track mounted gir
core wih total dust suooression

Sampiing Method: Continuous 5.0° core barrel _

Driller: Larry Thoren  Geologist: feneEvans.JonMarin - Declination: 70.0° Bearing: S§7.0°6 TD: s1.0#t

B Golder
2 D
Sla. |2 =
SIERlcsl 3 £ |-
T =2 |88]85[= 2|3 |25
2 |58 |85 |8205° RN
=z |z (8|5 (B £ 18 |25
g |eel|FE |23 ek g 12 55
a2 |88 |&2 |58k Lithotogy S |3 |2C] Notes
0 - 098 |0-1.0° SO rmeomm brown. orgamic, NA |Borencie 50-
i ] 1:0°-0.5"  sikt, ctay. moist, 9110 is located
- 6 boras AW reworxed tulf. ciay, sift, approximately
5 1,98 sard, tutl !ragmems medium 25.0' within tha
- ligh northwest em
s con}!76S TUFF, weathered pinxisn gray comer of MDA C
10 — T e.5-32.0' 10R 672 moist myatite ash and angied
= 3.34] tlow with waxy oxudized clay baneath At 8.
Y P0% accumuations (5 YA 5/8) and Surface caging
15 o018 in subvertical tractures set at 9.0,
- greater than of equa {0 1.0 ¢m @ g8.5-11.5",
| UL Sl BERARS thick. Purmice lapili are = oxidized waxy
20 — 2.7 devitriied. 2-10%. 0.1-2.0 cm. ] clay in fractures.
72205y and parually replacea by ciay 5 @ 23.7-24.3,
—lsranm 1729 altetation product. Matrix = weax oxidation inf
25 — Y6-0113 1 phenocrysts are quanz and k=) tutf matrix.
- sanidine 15-20%. 3
—|oraen @11.5  TUR. same as abave (SAA), o @ 32.5'.34.0',
30 — nonindurated to sightly b1 weak oxidation
s Pypry— 1119, 4 s 000 e indurated. dry, pumice lapili up g stain in toff
- H0.20%u e, = matrix. Fracture
35 mem $153.450 228" [32.0°-66.0' TUFF, pinkish gray 10 R 6/2 @ @ 45 degrees 1o
— (& 100% e nonindurated to sightly g core axis with
- 96-0264 | 1515.20) induratea, siightly weided to £ clay coating.
40 T8/ ek moderatety weided. rhyolits ash ﬁ Also, clay
- flow, ary. Pumice lapilii are ) repiacing
- 1882.10 white to reddish gray, 2-20%, = coarsely
485 —fros100% ydas 0.1-2.0 em, modaerately to 3 dovitrified
- coarsery devit rified. with sugary pumice lapilii,
=}117100% [3holia] <258.64 minute quartz crystals on relict
50 - tube structures, Phenocrysts
- 1900.6 are quartz. sanidine. and ysliow il.
- oxidized ferrous mineral, 15- {g@-
55 —frarson - 20%. teral, ..
JE 58 |@450  TUFF.SAA. intermecute
| bl compositan lava lithics. -
60 —{13rom% | 550269 | 24896 @515  TUF. SAA. lithics 2%.. o°
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LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL RESTORATION PROJECT
FIELD UNIT 5
BOREHOLE LOG
BOREHOLE ID: 50-9110 TA/OU:  sor1147 MDA: wmbacC Page: 2 oft 2
Drilling Co.: Tonto Envirenmentat Core Box #(s) & cutungs Start Date: g/15/95  End Date: 9/18/95
Oriling inc. 7 care Time: 12:30 Time: 15:00
Drilling Equip./Method: [ngersol-Rand track mounted air Sampling Method: Cominuous 5.0' core barreé
core with toral dust suopression
Oriller: Larry Thoren  Geologist; Rene Evans, Jon Marin  Declination: 70.0° Bearing: §67.0°E TD: 91.0f
LaM/Goider
o Q
& = % —_
e EQ|lcwml © =
= *3 NS eg > e |2 |29
o €0 |® oa|x.Q -4 0 IS5
= 30 |8 id—{CH - .-
XL (=@, (o = o |S=
= >0 Si1s =8
o |2e |IFE(IZZ|eE g12155
1) oo lcs|EE]SP . S 15196
o OO |2 S0 Lithology < | 3 |20} Notes
60" =T15/com._ | 550063 M530- 132.0°-66.0°  TUFF, SAA. &) . | NA
- ot & , =
—|terom Cont. j(tontinued) TUFF, SAA, black ferrous r ) ’g
65 1 7780% 20.64 2 65.0" mineral in punace lapili, - %
rersow wazl oS ro1.0 ..Coarsely devitrified. Ll =
- 660010 *F1eF. punirsh gray § VR 871 o, B
70 —{ 19/50% noningurated, nonweided, |l S
Trorerm 6.89{6r65.6+ |9 73,00 —— 'TYOlUte ash flow, dry. Pumi &l
- ety lapitli are devitrified, pale g
= — | white 1o dark pink/reddish E
75 ot £ soam 292 @750 gray SRB/2ta 5R 6/2 3- s, g
- 5%, equant and typicaily up “ o
80 — 1.42 10 0.5 cm. Matrx pheno- e g
—jazsen crysts are quartz, sanidine, a =
- 8nd oxicized ferrous mineral, - p'f.
i 0.50 0.1-1.0 mm, 15-25%, total, o
85 P e 1/84.0- — TUFF, SAA, pink/gray pumice o -
ol 577 I fapifii up to $.0 cm. .| 5
GO ——fasrere |22 13 — TUFF, SAA, lithic of .
e B w81.00 sticic/intermeadiate voicanic
- - l composition, [
95 -
100—
105
110
115-—
120—
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APPENDIXD 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
statislics, 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-3.3}. Soil, 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], polychlorinated 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 soil and fill data at MDA C. The
circles, or bubbles, are different sizes based on concentrations, and these bubbles are plotted on a map
of the site. The size of the bubble is directly proportional to the relative concentrations in the data set; in
other words, 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 maximurmn for
all of the data (both detected and nondetected concentrations). If the background value (BV) is between
the minimum and maximum concentrations 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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middle 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 interquartile 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 plotled as x's, and the nondetected results 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 other 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.

Occasionally, 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 analysis?, and there
are relatively few nondetects, then a parameiric 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 shifled because of different tail effects. However, this shifl implies that the test cannot be performed if mare
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, 56179).
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is some reason 1o 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

MDA C Resource Conservation and Recovery Act (RCRA) facility investigation (RFT) data 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 fill 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 corner 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 SVOCs 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 delects greater than the BV of the
inorganic chemicals in surface soil 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 Lahoratory
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. [n addition, the results for all of the site data for mercury were

ER2003-0696 D-3 November 2003




MDA C Investigation Wark Plan, Revision 1

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 shafts. In
addition, the maximum concentration of lead is 30 mg/kg, which is only slightly elevated relative to a BV
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 soil samples
along the southwest margin of MDA-C may reflect lead contamination associated with disposal activities
that was covered 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 stalistical tests were not performed for thorium-232 and uranium-238. Background data
sels 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, plutonium-238, and plutonium-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 off 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-ethylhexyl)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 baoreholes, 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, SVYOCs, VOCs, americium-241, isotopic plutonium, isctopic
thorium, isotopic uranium, strontium-90, tritium, and gamma-emitting radionuclides.

D-3.2.1 Inorganic Chemicals

tnorganic 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 1v 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
polentially contain residual contamination related to localized infiltration of contaminants from the disposal
unit. Therefore, while statisticat 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 inorganic chemicals are presented in Figure D-2, 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 could not be performed for these two analytes. Cyanide and mercury
data will be reviewed later in this section using other methods.

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 borehole
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 incrganic chemicals (antimony, seleniurn, silver, and thallium) were analyzed by two different
analytical methods. The antimony background data was analyzed by inductively coupled plasma mass
spectroscopy (ICPMS); 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 method. 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 BY 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, isctopic
uranium, strontium-90, tritium, and radionuclides by gamma spectroscopy. The Risk Reduction and
Environmental Stewardship—Remediation Services (RRES-RS) did not evaluate all the radionuclides in
the gamma spectroscopy suite. The full-suite analyte list, which is given in the RRES-RS 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 can be useful when evaluating parent radionuclide data because the
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relative activity of parent and daughter isctopes is a known quantity. These data are used by the
analytical laboratory as well as by RRES-RS 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 fission and activation products (americium-241, cesium-134, cesium-137, cobalt-60, europium-152,
ruthenium-108, and sodium-22). Uranium-235 is compared with Laboratory-wide BVs for the appropriate
tuff group (LANL 1998, 59730), and the other 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, sodivm-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 boreholes 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 americum-
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,
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bis{2-ethylhexyl)phthalate, and 1,1-dichloroethene were each detected in a maximum of eight samples.
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 acelone where located at MDA C.

Bis(2-ethylhexyl)phthalate was detected once in boreholes 50-09103, 50-09105, 50-08108, 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 delected 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 difficult 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 borehote, and the overall maximum
from all sampling events is near the top of the barehole. 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 concentrations 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 50-029100. 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 Briie! 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.

3.4  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 results. 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-14. Borehcle profile plot for cyanide at MDA C
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Figure D-17. Borehole profile plot for thallium at MDA C
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Figure D-19. Borehole profile plot for americium-241 at MDA C
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Figure D-20. Borehole profile plot for plutonium-239 at MDA C
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Figure D-21. Borehole profile plot for uranium-235 at MDA C
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Figure D-22. Borehole profile plot for acetone at MDA C

ER2003-0696 D-29 November 2003




MDA C Investigation Work Plan, Revision 1

50-06100 50-08101 50-09102 50-09103
Vertical borehole Angled borehole Angled horeholeg Angled borahola
Bis{2-ethylhexyl)phthalate Bis(Z-ethylhexyl)phthalate Bis({2-ethyihexy!)phthalate Bis{2-athylhexyl)phthalate
(=R | = a4 a
o (5‘1 l ° o o
o Pits) . o o
o - -] -]
5.; E 3 1 = {belaw| 5. 1 (below) 3, 1 -
© Pit 6} Pit 5) belowd
o o 4 ° 1 3) '
° ° ©  (bekows
g g | 2 | 2 | Pit 2}
v o v g T
E 8 ] 2 3] 3 |
= ° g M -
Q 0.0 0.1 0.2 03 04 05 0.0 iN} 02 03 04 05 040 A ] 02 0.3 04 a5 00 0.1 02 [ 24 0.5
g 50-09 50-09106 50-08107
5 Vertical borghoke Angled borehola ) Angied borekole . Angled borghole
g Bis(2-ethyihexy!iphthalate Bls(2-ethylhexyl)phthalate Bis(2-ethylhexyl)phthalate Bis{2-ethylhexyl)phthalats
ﬁ o - o taﬂd) o - ° (=2 (=0 °
= o Rith) o o° o
° . belowl o o
e 24 34 ° S(haﬂ] 24 0 | 31 o {beiow
o @ baiow! o it 6)
2 o > i s
e) & o (ueowl [ )
Se. g ZEN ] g
i
T : v 0
'c T T T T T T T T T T T T T T T T T T T T T T T T
E 0.0 01 02 03 G4 05 o.0 0.1 92 [ ] 0.4 0.5 0.0 (8] az g3 04 [1E] c.0 0.1 02 0a 04 0.5
&) 50-09108 50-09109 50-09110
=1 ) Angled borahgle Angled borehols 5 Angled barehola
E Bis{2-ethylhexyl)phthalate Bis{2-ethylnexyl)phthalate Bis({2-ethylhexyl)phthalate
o4 o 4 o
> ° 5
© & - belsu)w
o o il
? L] " g {below g1 o
bel s
. o éh;gw o it ) g
it
g "l el g
8 | 2 8,
0c 0.1 0.2 03 94 0.5 a0 o1 D2 03 04 X3 Q.0 8] 0.2 0.3 L2} 05

Concentrations {mg/kg)

Figure D-23.  Borehole profile plot for bis(2-ethylhexyi)phthalate at MDA G
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Figure D-24. Borehole profile plot for 1,1-dichloroethene at MDA C
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Figure D-25. Pore-gas data for tetrachloroethene in borehole 50-10131
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Figure D-26. Pore-gas data for trichloroethene in borehole 50-10131
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Figure D-27. Pore-gas data for tetrachloroethene in borehole 50-09100
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Figure D-28. Pore-gas data for trichloroethene in borehole 50-09100
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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-30. Correlation plot for B&K and SUMMA data for tetrachloroethene 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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MDA C Investigation Work Plan, Revision 1

Table D-1
Results of Statistical Tests for MDA C Inorganic Chemicals in Surface Soil and Fill
No. Ahove
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 3.95 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 0.1 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
Silver n/a nfa 68 n/a 6 n/a nfa
Thallium 1 1 68 173 .21 1 N

*n/a = 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 (pCifg) {pCilg)
Americium-241 <0.05 <0.05 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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Tabie 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 {mg/kg) (mgfkg) (Y/IN)
Aluminum 1 0.99 81 63 7900 8370 Y
Antimony NR? NR 75 64 11 04
Arsenic 0.66 0.17 81 64 98 5 Y
Barium 1 0.99 81 63 100 516 Y
Beryllium 1 0.99 81 64 1.3 18 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 0.99 0.96 81 11 38 3.14 Y
Copper 0.83 0.99 81 64 307 6.2 Y
Cyanide nia® na 60 n/a 10.2 n/a n/a
Iron 0.99 1 81 64 8670 19500 N
Lead 0.99 0.88 81 63 75.2 15.5 Y
Magnesium 0.99 0.99 81 64 2690 2820 N
Manganese 0.99 0.99 81 64 319 752 N
Mercury nfa nia 81 n/a 0.11{U) n/a nfa
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 17 Y
Vanadium 1 0.99 81 64 10.5 21 N
Zinc 0.99 1 81 64 54 65.6 N
NR = Not run.

bn.fa = Not applicable.
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Table D4
Summary Table for Detected VOCs in Pore Gas
Location Sample Depth Result Collection
iD ID () Analyte (ppbv) |FU4_QUAL Date
50-09100 MD50-01-0022 20 |Acetone 18 None 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 MD&0-01-0027 20 |Carbon tetrachloride 22 None 11/26/1
50-09100 MD50-01-0001 20 |Carbon tetrachloride 23 None 03/26/01
50-09100 MD50-01-0001 20  |Chlorodiflucromethane 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 MDS0-01-0001 20 |Chloroform 130 None 03/26/01
50-09100 MDS50-01-0022 20  |Chloroform 170 Ncne 08/08/01
50-09100 MD50-03-49738 20 |Dichlorodiflucromethane 62 None 01/09/03
50-09100 MB50-01-0027 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 |Dichloroethene[cis-1,2-] 6.3 None 08/08/01
50-09100 MD50-03-49738 20 |Dichloroethene[cis-1,2-] 9.3 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  [Dichloroethene[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[1,2-] 29 None 08/08/01
50-09100 MD50-03-49738 20 |Methylene chloride 29 None 01/09/03
50-09100 MDE0-01-0022 20 [Methylene chloride 11 None 08/08/1
50-09100 MD50-01-0027 20 |Methylene chloride 69 None 11/26/01
50-09100 MD50-01-0022 20 |Propanol[2-] 16 None 08/08/01
50-09100 MD50-03-49738 20 (Tetrachloroethene 33 None 01/09/03
50-09100 MD50-01-0027 20 [Tetrachlcroethene 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
50-09100 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 None 01/09/03
50-09100 MD50-01-0027 20 |Trichloro-1,2,2-trifluoroethane[1,1,2-] | 230 None 11/26/01
50-08100 MD50-01-0001 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 D {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 MDS50-03-49738 20  [Trichloroethene 760 None 01/09/03
50-08100 MD50-01-0027 20  [Trichloroethene 1100 None 11/26/01
50-09100 MD50-01-0022 20 |Trichloroethene 1400 None 08/08/01
50-09100 MDC50-01-0001 20 (Trichloroethene 1600 None 03/26/01
50-09100 MD50-03-49738 20 [Trichlorofluoromethane 3.7 None 01/09/03
50-09100 MDS0-01-0027 20  [Trichlorofluoromethane 6 None 11/26/01
50-09100 MD50-01-0022 20  Xylene (Total) 8.9 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 |Chlorcform 270 None 08/08/01
50-09100 MD50-01-0028 50 |Chloroform 360 None 11/26/01
50-09100 MD50-03-49739 50 |Dichlorodifluoromethane 100 None 01/09/03
50-09100 MD50-01-0028 50 |Dichlorodifluoromethane 150 None 11/26/01
50-08100 MD50-03-49739 50 Dichloroethane[1,2-] 8.3 J 01/09/03
50-02100 MD50-03-49738 50 Dichloroethene[1,1-] 9.7 None 01/09/03
50-09100 MD50-03-49739 50 |Dichloroethene[cis-1,2-} 40 None 01/08/03
50-09100 MD50-01-0023 50 |Dichloroethene[cis-1,2-] 52 None 08/08/01
50-09100 MD50-01-0028 50 |Dichloroethene[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 08/08/01
50-09100 MD50-01-0028 50  |Dichloropropane[1,2-] 28 None 11/26/01
50-09100 MD50-03-49739 50 [Methylene chloride 11 None 01/09/03
50-08100 MD50-01-0028 50 [Methylene chloride 30 None 11/26/01
50-08100 MD50-03-49739 50 |Tetrachloroethene 100 None 01/09/03
50-09100 MD50-01-0023 50 [Tetrachloroethene 130 None 08/08/01
50-09100 MD50-01-0028 50 |Tetrachloroethene 180 None 11/26/01
50-09100 MD50-03-49739 50  |Trichloro-1,2,2-trifluoroethane[1,1,2-] | 200 None 01/08/03
50-09100 MD50-01-0023 50  |Trichloro-1,2,2-trifiucroethane[1,1,2-] | 350 None 08/08/01
50-09100 MD50-01-0028 50 |Trichloro-1,2,2-triflucroethane[1,1,2-] | 410 None 11/26/01
50-09100 MD50-03-49739 50 |Trichloroethane[1,1,1-] 62 Nene 01/09/03
50-09100 MD50-01-0023 50 |Trichlorgethane[1,1,1-] 86 None 08/08/01
50-09100 MDS50-01-0028 50 |Trichlorosthane[1,1,1-] 110 None 11/26/01
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Table D-4 (continued)

Location Sample Depth Result Collection
ID ID {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 MD50-03-49740 90 [Carbon tetrachloride 60 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 01/09/03
50-09100 MD50-00-0099 90 [Dichlorediflucromethane 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 80 |Dichloroethene(cis-1,2-] 72 None 12/18/00
50-09100 MD50-00-0099 90  [Dichloroethene[cis-1,2-1 110 J 08/02/00
50-09100 MD50-00-0124 90  |Dichloropropane(1,2-] 31 None 12/18/00
50-09100 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 |Tetrachioroethene 130 None 01/09/03
50-09100 MD50-00-0099 80 |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-trifluoroethane[1,1,2-] | 200 Nane 01/09/03
50-09100 MD50-00-0124 90  |Trichloro-1,2,2-triflucroethane[1,1,2-] | 350 None 12/18/00
50-09100 MD50-00-0099 90 [Trichloro-1,2,2-trifluorcethane1,1,2-] | 520 J 08/02/00
50-09100 MD50-03-49740 90 [Trichloroethane[1,1,%-] 60 None 01/09/03
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 MD50-03-49740 90 (Trichloroethene 3300 None 01/08/03
50-09100 MD50-00-0124 90  (Trichloroethene 6100 None 12/18/00
50-09100 MD50-00-0099 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 MD50-03-49741 103 |Chioroform 250 None 01/09/03
50-09100 MD50-01-0021 103 [Chloroform 380 None 08/08/01
50-09100 |MD50-03-49741 103 |Dichlorodifluoromethane 120 None 01/09/03
50-08100 |M D50-03-49741 103 |Dichloroethene[cis-1,2-] 58 None 01/09/03
50-09100 |MD50-01 -0021 103 |Dichloroethene[cis-1,2-] 84 None 08/08/01
50-09100 |M D50-03-49741 103 |Dichloropropane([1,2-] 18 None 01/09/03
50-09100 |M D50-01-0021 103 |Dichloropropane[1,2-] 32 None 08/08/01
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Table D-4 (continued)

Location Sample Depth Result Collection
ID ID (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 01/09/03
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 01/09/03
50-09100 MD50-01-0021 103 |Trichloro-1,2 2-trifluoroethane(1,1,2-] | 350 None 08/08/01
50-09100 MD50-03-49741 103 |Trichloroethane[1,1,1-] 53 None 01/09/03
50-09100 MD50-01-0021 103 |Trichloroethane[1,1,1-] 98 Nocne 08/08/01
50-09100 MD50-03-49741 103 [Trichloroethene 3800 None 01/09/03
50-09100 MD50-01-0021 103  [Trichloroethene 5600 None 08/08/01
50-09100 MD50-03-49742 120 |Carbon tetrachloride 68 None 01/08/03
50-09100 MD50-03-49742 120 |Chloroform 260 None 01/08/03
50-09100 MD50-03-49742 120 |Dichlorodifluoromethane 120 None 01/09/03
50-09100 MD50-03-49742 120 Dichloroethene[cis-1,2-] 70 None 01/09/03
50-09100 MD50-03-49742 120 Dichloropropane[1,2-] 22 None 01/09/03
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 MDEQ-03-49742 120 |Trichloroethane[1,1,1-] 42 None 01/08/03
50-09100 MD50-03-49742 120 |Trichloroethene 4800 None 01/09/03
50-09100 MD50-03-49743 160 |Carbon tetrachloride 77 None 01/09/03
50-09100 MD50-03-49743 160 [Dichlorodifluoromethane 120 None 01/09/03
50-09100 MD50-03-49743 160 |Dichloroethene[cis-1,2-] 74 None 01/08/03
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-trifluoroethane[1,1,2-] | 130 None 01/09/03
50-09100 MDE0-03-49743 160  (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
50-09100 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 Nene 12/18/00
50-09100 MD50-03-49744 200 |Dichicrodifluoromethane 170 None 01/09/03
50-09100 MD50-00-0123 200 |Dichloroethene[1,1-] 48 None 12/18/00
50-09100 MD50-01-0002 200 [Dichloroethene[cis-1,2-] 100 None 03/26/01

ER2003-0696

D-41

November 2003




MDA C Investigation Work Plan, Revision 1

Table D-4 (continued)

Location Sample Depth Result Collection
ID iD {ft) Analyte (ppbv) |FU4_QUAL Date

50-09100 MDE0-03-49744 200 [Dichloroethene[cis-1,2-] 100 None 01/09/03
50-09100 MD50-00-0123 200 |Dichlorcethenelcis-1,2-] 110 None 12118/00
50-09100 MD50-00-0123 200 Dichloropropane[1,2-] 59 None 12/18/00
50-09100 MD50-03-49744 200 |Methylene chioride 240 Ncne 01/09/03
50-09100 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-trifluoroethane[1,1,2-} | 180 None 01/09/03
50-09100 MD5Q-01-0002 200 |Trichloro-1,2 2-trifluoroethane{1,1,2-] | 190 None 03/26/01
50-09100 MD50-00-0123 200 (Trichloro-1,2,2-trifluoroethane[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 |Trichlorcethene 8800 None 01/09/03
50-09100 MD50-01-0002 200 |Trichloroethene 9100 None 03/26/01
50-09100 MD50-00-0123 200 [Trichloroethene 12000 None 12/18/00
50-09100 MD50-03-49745 233 [Carbon tetrachloride 97 None 01/09/03
50-09100 MD50-03-45745 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 MDS50-03-49745 233 |Methylene chloride 230 None 01/08/03
50-09100 MD50-03-49745 233 |Tetrachloroethene 220 None 01/09/03
50-09100 MD50-03-49745 233 [Trichloro-1,2 2-trifluoroethane[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
50-09100 MD50-01-0024 260 Benzene 43 None 08/08/01
50-09100 MD50-01-0024 260 [Butanone[2-] 32 None 08/08/01
50-09100 MD50-01-0024 260 |Carbon tetrachloride 12 None 08/08/01
50-09100 MD50-03-43746 260 |Carbon tetrachloride 86 None 01/09/03
50-08100 MD50-01-0024 260 |Chloroform 67 None 08/08/01
50-09100 MD&0-03-49746 260 |Chloroform 180 None 01/09/03
50-09100 MD50-03-49746 260 |Dichiorodifluoromethane 130 None 01/09/03
50-09100 MD50-01-0024 260 |Dichloroethane[1,2-] 3.8 None 08/08/01
50-09100 MD50-01-0024 260 |Dichloroethene[cis-1,2-] 3.7 None 08/08/01
50-09100 MD50-03-49746 260 |Dichloroethenelcis-1,2-] 73 None 01/09/03
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50-09100 MD50-01-0024 260 |Dichloropropane[1,2-} 14 None 08/08/01
50-09100 MDC50-01-0024 260 Ethanol 42 None 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 MD50-01-0024 260 |Methylene chloride 8.6 None 08/08/01
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 |MDSO—03-49746 260 [Tetrachloroethene 170 None 01/08/03
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-triflucroethane[1,1,2-] 11 None 08/08/01
50-09100 MD50-03-49746 260 (Trichloro-1,2,2-triflucroethane[1,1,2-] 83 None 01/08/03
50-09100 MD50-01-0024 260 (Trichloroethane[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 260 |Trichloroethene 7000 None 01/08/03
50-09100 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 MD50-00-0100 315 Carbon tetrachloride 140 J 08/02/00
50-09100 |MD50-03-49747 315 (Chloroform 190 None 01/08/03
50-09100 |MD50-03-49747 315 [Dichloroethene[cis-1,2-] 77 None 01/058/03
50-09100 |MD50-00-0100 315 |Dichloroethene[cis-1,2-] 100 J 08/02/00
50-09100 |MD50-03-49747 315 [Methylene chloride 160 None 01/08/03
50-09100 |MD50-00-0100 315 Methylene chloride 560 J 08/02/00
50-09100 |MD50-03-49747 315 (Tetrachloroethene 170 None 01/08/03
50-09100 |MDBO-00—0100 315 |Tetrachloroethene 210 J 08/02/00
50-09100 |MD50—03—49?47 315  [Trichloro-1,2,2-triflucroethane(1,1,2-] 34 None 01/08/03
50-09100 |MD50-03-49747 315 |[Trichloroethene 7600 None 01/09/03
50-03100 |MDSO-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-] 89 None 11/26/01
50-10131 |MD50—03-49?28 25 |Carbon tetrachloride 12 None 01/08/03
50-10131 |MD50-01—0025 25 |Carbon tetrachloride 25 None 11/26/01
50-10131 |MD50-03-49728 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 |Dichlorodiflucromethane 34 None 11/26/01
50-10131 |MDSO-03—49728 25 iDichloroethane[1,2-] 6 Nane 01/08/03
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Location Sample Depth Result Collection
D ID (ft) Analyte (ppbv) |FU4_QUAL Date
50-10131 MD50-01-0025 25 |Dichloroethane[1,2-] 9.9 None 11/26/01
50-10131 MD5&0-01-0025 25 |Dichloroethene(cis-1,2-] 6.9 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 11 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  [Trichloro-1,2,2-trifluoroethane[1,1,2-] 27 Nene 11/26/01
50-10131 MD50-03-49728 25 (Trichloroethane[1,1,1-] 23 Nene 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 |Trichloroflucromethane 9.2 None 11/26/01
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 None 01/08/03
50-10131 MD50-03-49729 50 |Dichloroethenelcis-1,2-] 9.4 None 01/08/03
50-10131 MD50-03-49729 50 |Dichloropropane[1,2-] 52 None 01/08/03
50-10131 MD&0-03-49729 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 |Tetrachlcroethene 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 [Trichloroethene 2300 None 01/08/03
50-10131 MD50-03-49730 75  |Carbon tetrachloride 30 None 01/08/03
50-10131 MD50-03-49730 75  |Chloroform 300 None 01/08/03
50-10131 MD50-03-49730 75  |Dichloroethane[1,2-] 19 None 01/08/03
50-10131 MD50-03-48730 75 |Dichloroethene[cis-1,2-] 9.1 None 1/08/03
50-10131 MD50-03-49730 75 |Dichloropropang[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  |Tetrachloroethene 1600 None 01/08/03
50-10131 MD50-0349730 75  [Trichioro-1,2 2-triflugroethane(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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50-10131 MD50-03-49730 75 |Trichloroethene 1900 None 01/08/03
50-10131 MD50-03-49730 75  |Trichloroflucromethane 8.2 None 01/08/03
50-10131 MD50-03-49731 100 |Carbon tetrachloride 42 None 01/08/03
50-10131 MD50-03-48731 100 {Chloroform 260 None 01/08/03
50-10131 MD50-03-49731 100 Dichloroethane[1,2-] 18 None 01/08/03
50-10131 MD50-03-49731 100 |Dichloroethene[cis-1,2-) 12 Nane 01/08/03
50-10131 MD50-03-49731 100 |Dichloropropane[1,2-] 71 None 01/08/03
50-10131 MD50-03-49731 100 [Methylene chioride 18 None 01/08/03
50-10131 MD50-03-49731 100 |Tetrachloroethene 1400 None 01/08/03
50-10131 MD50-03-49731 100 |Trichloro-1,2,2-trifluorcethane[1,1,2-] 48 None 01/08/03
50-10131 MD50-03-49731 100 (Trichloroethane[1,1,1-] 34 None 01/08/03
50-10131 MD50-03-49731 100 |Trichloroethene 2000 None 01/08/03
50-10131 MD50-03-497 31 100 (Trichloroflugromethane 9.4 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 38 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 14/26/01
50-10131 MD50-01-0026 125 |Dichlerodifluoromethane 50 None 11/26/01
50-10131 MD50-03-49732 125 |Dichloroethane[1,2-] 9.8 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 MD50-01-0026 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-trifluoroethane(1,1,2-] 32 None 01/08/03
50-10131 MD50-01-0026 125 (Trichloro-1,2 2-triflucroethane[1,1,2-} 52 None 11/26/01
50-10131 MD50-03-49732 125 (Trichloroethane[1,1,1-] 21 None 01/08/03
50-10131 MDE0-01-0026 125 |[Trichloroethane[1,1,1-] 49 None 11/26/01
50-10131 MD50-03-49732 125 |Trichloroethene 1100 None 01/08/03
50-10131 MD50-01-0026 125 ([Trichloroethene 1600 None 11/26/01
50-10131 MD50-03-49732 125 |Trichtorofluoromethane 5.4 None 01/08/03
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Location Sample Depth Result Collection
ID 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 |Chloroform 160 None 01/08/03
50-10131 MD50-03-49733 150 |Dichloroethane[1,2-] 13 None 01/08/03
50-10131 MD50-03-49733 150 |Dichloroethene[cis-1,2-] 14 None 01/08/03
50-10131 MD50-03-49733 150 |Dichloropropane[t,2-] 64 None 01/08/03
50-10131 MD50-03-49733 150 [Methylene chloride 26 None 01/08/03
50-10131 MD50-03-49733 150 (Tetrachloroethene 990 Ncne 01/08/03
50-10131 MD50-03-49733 150 |Trichloro-1,2,2-trifluoroethane[1,1,2-] 51 None 01/08/03
50-10131 MD50-03-49733 150 (Trichloroethane[1,1,1-] 34 None 01/08/03
50-10131 MD5&0-03-49733 150 |Trichloroethene 1900 None 01/08/03
50-10131 MD50-03-49733 150 |Trichlorofluoromethane 8.7 None 01/08/03
50-10131 MD50-03-49734 175 |Carbon tetrachloride 75 None 01/08/03
50-10131 MD50-03-49734 175 |Chloroform 120 None 01/08/03
50-10131 MD50-03-49734 175 |Dichloroethane[1,2-] 94 None 01/08/03
50-10131 MD50-03-49734 175 |Dichloroethene[cis-1,2-] 15 None 01/08/03
50-10131 MD50-03-49734 175 |Dichloropropanelt,2-} 59 None 01/08/03
50-10131 MD50-03-49734 176 |[Methylene chloride 25 None 01/08/03
S50-10131 MD50-03-49734 175 |(Tetrachloroethene 920 None 01/08/03
50-10131 MD50-03-49734 175 (Trichlore-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 MD50-03-49735 200 |Carbon tetrachloride 85 None 01/08/03
50-10131 MD&0-03-49735 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 MD60-03-49735 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-trifluoroethane[1,1,2-] 32 None 01/08/03
50-10131 MD50-03-49735 200 |Trichloroethanef1,1,1-] 27 None 01/08/03
50-10131 MD50-03-49735 200 |Trichloroethene 1800 Nene 01/08/03
50-10131 MD50-03-49735 200 (Trichloroflucromethane 83 None 01/08/03
50-10131 MDS50-03-49736 225 |Carbon tetrachloride 99 None 01/08/03
50-10131 MD50-03-49736 225 |Dichlorodifluoromethane 76 None 01/08/03
50-10131 MD50-03-49736 225 Dichloroethene[cls-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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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-triflucroethaneft,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 |Trichlorofluoromethane 8.6 None 01/08/03
50-10131 MD50-03-49737 250 |Carbon tetrachloride 67 None 01/08/03
50-10131 MD50-03-49737 250 |Dichlorodiflucromethane 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 Dichloropropang[1,2-] 22 None 01/08/03
50-10131 MD50-03-49737 250 |Methylene chloride 14 None 01/08/03
50-10131 MD50-03-49737 250 |Tetrachloroethene 450 None 01/08/03
50-10131 MD50-03-49737 250 |Trichloro-1,2,2-trifluoroethane]1,4,2-] 14 None 01/08/03
50-10131 MD50-03-49737 250 ([Trichloroethanef1,1,1-] 15 None 01/08/03
50-10131 MD50-03-49737 250 |Trichloroethene 1100 None 01/08/03
50-10131 MD50-03-49737 250 |Trichloroflucromethane 5.6 None 01/08/03
Table D-5
Tritium Probe Data at MDA C
Sample Depth Result
Location ID (ft) Sample ID Analyte {pCi/mL)
50-03-21464 25 MDS50-03-49958 Tritium 111
50-03-21465 25 MD50-03-49959 Tritium 8.87
50-03-21466 25 MD50-03-49960 Tritium 128
50-03-214867 25 MD50-03-49961 Tritium 2500
50-03-21468 25 MD50-03-49962 Tritium 36.2
50-03-21469 2.5 MD50-03-49963 Tritium 90.5
50-03-21470 25 MD50-03-49964 Tritium 84.2
50-03-21471 25 MDE&0-03-49965 Tritium 248
50-03-21472 25 MD50-03-49966 Tritiurn 1400
50-03-21473 25 MD50-03-49967 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 17.6
50-03-21477 25 MD50-03-49971 Tritium 8.93
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. Certain field investigation activities may also displace
envircnmental media, which is defined as naturally occurring material indigenous to the environment,
including groundwater, surface water, surface and subsurface soils, rocks, bedrock, and gravel.
Consistent with the US Environmental Protection Agency (EPA) “area of contamination” policy,
environmental media are not considered to be waste (and, hence, not IDW} if they are retumed to their
point of origin. IDW generated during the investigation of MDA C will be managed to protect human heailth
and the environment, comply with applicable regulatory requirements, and adhere to the Laboratory
waste minimization goals.

All IDW generated during field investigation activities will be managed in accordance with applicable Risk
Reduction and Environmental Stewardship—Remediation Services (RRES-RS) Project Standard
Operating Procedures (SOPs). These SOPs incorporate the requirements of all applicable EPA and the
New Mexico Environment Department (NMED) regulations, Department of Energy (DOE) orders, and
Laboratory Implementation Requirements (LIRs). RRES-RS SOPs applicable to the characterization and
management of IDW are

e LANL-ER-SOP-1.06, Management of Environmental Restoration Project Waste and
e LANL-ER-SOP-1.10, Waste Characterization.

These SOPs are among the SOPs applicable to the MDA C investigation and are available at the
following URL: hitp:/erproject.lanl.gov/idocuments/procedures. html.

Investigation activities will be conducted in a manner that minimizes waste generated by implementing
the requirements of the RRES-RS Waste Minimization Awareness Plan, which is updated annually as a
requirement of Module VI of the Laboratory's Hazardous Waste Facility Permit.

The IDW waste streams associated with the investigation of MDA C are identified in Table F-1 and are
described briefly below. Table F-1 also summarizes the waste type, estimated volume, method of on-site
management, and expected disposition for each of these waste streams.

Drilf cuttings: The drill cuttings waste stream will consist of cuttings from boreholes that will be completed
as vapor monitoring wells. Drill cuttings from other boreholes will be retumed to the boreholes in
accordance with EPA’s “area of contamination” policy. Drill cuttings will be collected and containerized at
the point of generation {i.e., at the drili rig). The drill cutting waste stream will be characterized in
accordance with LANL-ER-SOP-01.10 to determine waste type and disposition. The Laboratory expects
these wastes to be designated as low-level waste (LLW) that will be disposed of at TA-54 Area G.

Spent PPE: The spent PPE waste stream will consist of equipment 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. The spent PPE stream
will be characterized in accordance with LANL-ER-SOP-01.10 to determine waste type and disposition.
The Laboratory expects these wastes to be designated as LLW to be disposed of at TA-54 Area G.
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Summary of Estimated IDW Generation and Management

Table F-1

Expected Waste Expected
Waste Stream Type Estimated Volume | On-Site Management Disposition
. . a Accumulation in Disposal at TA-54,
Drill cuttings Low-level waste drums? rolloffs? Area G
Accumulation in Bisposal at TA-54,
Spent PPE Low-tevel waste 55-gal. drums Area G
Disposable Accumulation in Disposal at TA-54,
sampling supplies Low-level waste 55-gal. drums Area G
Treatment at
Decontamination b Accumulation in TA-50 Radioactive
fluids Low-level waste <56 gal. 55-gal. drums. Liquid Waste

Treatment Facility

“Includes only those cuttings that cannot be returned to the point of origin.

"Dry decontamination methods will be used to the maximum extent possible and only minimal amounts of decontamination fluids
are expected to be generated.,

ER2003-0696

November 2003




Appendix G

NMED Position Paper on
Determination of Extent of Contamination




HAZARDOUS AND RADIOACTIVE MATERIALS BUREAU
New Mexico Environment Department

Position Fapar Position Paper

DETERMINATION OF EXTENT OF CONTAMINATION

The vertical and horizontal extent of contamination at a specitic site (including
off-site migration) is considered adequately determined once concentrations of
{1) inorganic constituents (including radionuciides) have been spatially (In three
dimensions) defineated relative to background.concentrations and (2) organie
constituents have beeri spatially {(in three diimenslons) defineated relative to
practical quantitation limits.

The Facility may petition the Hazardous and Radioactive Materials Bureau fora
variance from the above-stated requirements on a case-by-case basls by applying other
criteria/considerations which demonstrate the protection of human health and the
environment. Factors that may affect the determination of the extent (vertical and
horizontal) of contamination Include, but are not limited to, the following:

contaminani concentration gradient,

contaminant characleristics which Influence environmental fate and transport,
site environmental setting {e.g., geology, hydrogeology, erosion potential, etc.),
operational history,

number and location of samples,

detection limits refative to background or other reference values®,

medin,

type of sourcs (e.9., surface Impoundment, outfall, ete.}, and

source integrity.

2 @ % 9* 9 & & 6 8

Othes reference valups moy include environments! etandards {e.g., New Maxics Water Quallly
Control Commission regulations, etc.) of criteria (e.9., Amblent Water Quality Criteris, elo.),

Seclion [ILB.1.c, Page 1
June 17, 1008
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Response to
NMED Comments on the Investigation Work Plan for MDA C
at TA 50, Dated July 2003
Los Alamos National Laboratory, EPA ID#NM0890010515

INTRODUCTION
To facilitate review of this response, the New Mexico Environment Department's (NMED's) comments are
included verbatim. The comments are divided into general and specific categories, as presented in the letter.
Los Alamos National Laboratory's (LANL's) responses follow each NMED comment.

GENERAL COMMENTS
NMED Comment
1. Justification for aftering the scope of work as described in the November 26, 2002 Order was not
provided.
LANL Response

The work plan presents a scope of work for completing the investigation at MDA C and the technical
basis for this proposed scope. The technical basis was formed from an evaluation of the results of
the Phase | RFI, other previous investigation activities and NMED’s June 17, 1999 position paper
entitled “Determination of Extent of Contamination”. The key elements of LANL's technical basis are
the identification of data gaps needed to meet the investigation objectives and the specific technical
approach needed to satisfy these data gaps. The technical basis for LANL's proposed investigation
constitutes the justification for altering the scope of work described in the November 26, 2002, Order.
That is, LANL believes that the proposed work, in conjunction with the results of previous
investigations, satisfies the objectives for the investigation spelled out in the Order. In order to
prepare a more detailed justification for deviating from each specific Order requirement, LANL needs
to know the technical bases of these requirements, which were not provided in the Order or in
NMED’s comments on this work plan.

NMED Comment

2. The Permittees shall include the page, table, and figure numbers when referencing information from
previous reports.

LANL Response

As specified in Section IV.C.3.b of the NMED Crder, the requested information will be provided as
described in the guidance in the United States Geological Survey "Suggestions to Authors of the

Reports of the United States Geological Survey” (hitp://www.nwrc.usgs.gov/lib/lib_sta.htm).

SPECIFIC COMMENTS

NMED Comment

3 Executive Summary

The acronym IWP references the Facility-Wide Installation Work Plan. The Permittees shall refer to
this, document as a work plan.
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LANL Response

Agreed.
NMED Comment
4, Section 1.0: Introduction; Footnote 1

NMED does not agree with the need to include the disclaimer regarding radioactive waste data in
this section or on the title page of the document. NMED maintains that it has the authority to regulate
radioactive wastes, other than source, special nuclear and byproduct material as narrowly defined in
the Atomic Energy Act of 1954, and to require the monitoring and reporting of radionuclides as
necessary to properly regulate non- exernpt wastes. The Permitiees shall delete this disclaimer.

LANL Response

LANL does not concur with NMED’s position regarding authority to regulate radioactive wastes, as
stated in the comment. The disclaimer will not be deleted. This disclaimer applies to this Response
to NMED comments as well. Any information on radionuclides is provided herein for information only.

NMED Comment

5. Section 2.4: Contaminant Transport Mechanisms and Potential Receptors

The Permittees shall delete the reference to the future MDA C Corrective Measures Study (CMS). it
is unknown at this time whether there will be a CMS for this site. All references to the CMS shalf be
deleted throughout the document.

LANL Response

Reference to the CMS will be deleted from the work plan. LANL recognizes that, as described in
Section VII.D.1 of the NMED Order, NMED will make a determination whether corrective measures
are required based on the results of the investigation. LANL included a reference to the CMS
because of the relationship of the CMS to investigation data needs. Based on previous discussions
with NMED technical staff, LANL anticipates that a CMS will be required at MDA C (i.e., LANL does
not expect that the results of the investigation will support a recommendation for no further action
and MDA C is not a candidate for voluntary corrective measures). Consistent with EPA and DOE
guidance on streamlining the cleanup process, LANL has identified data needs associated with the
CMS so that these data can be collected during the proposed investigation, rather than requiring an
additional phase of investigation.

NMED Comment
6. Section 3.2.1: Stratigraphy

The Permittees shall include brief descriptions of the stratigraphic units beneath MDA C. Move the
text from Appendix I, Section 1-2.0 to this section.

LANL Response

The stratigraphic information will be moved to Section 3.2.1 of the work plan, as specified in Section
X1.B.6.b of the NMED Order.
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NMED Comment

7. Section 3.2.3: Groundwater

The claim that "to date, data obtained indicate that dry mesas such as Mesita del Buey show no
evidence of perched aquifers” is unsubstantiated at this time and must be deleted Perched
groundwater was encountered under MDA L at 592 feet. (Refer to the letter from LANL to NMED,
dated April 7, 1995 titled, "Notification of groundwater encountered below Material Disposal Area L"),
In addition, the drill logs in Appendix C indicate "wet" zones suggesting saturated conditions may
exist in the subsurface,

LANL Response

Section XI.B.6.b of the NMED Order requires a discussion of the presence of groundwater. LANL
believes that the results of previous investigations do not indicate the presence of groundwater at the
site. The presence of wet cuttings in a borehole is not equivalent to the presence of a perched
aquifer. The borehole log for borehole 54-01016 indicates that 1 cup of water was recovered from
the borehole at MDA L during drilling and no water was produced the next day. One porous cup
lysimeter was installed at the depth of saturation and two were installed at deeper depths as part of
the Solinst well completion. No water has been produced from any of the three lysimeters in
quarterly sampling in this borehole subsequent to drilling. Therefore, to date, there is no indication of
perched groundwater. A goal of this investigation is to determine the presence of perched

groundwater.
NMED Comment
8. Section 4.0: Scope of Activities

(a) The Permittees shall include a description of all proposed activities related to Investigation-
Derived Waste (IDW) storage and disposal.

(b) Samples should be collected every 10 fest and in areas of higher permeability, such as
interbedded surge beds, pumice deposits, and alluvial deposits found in the Bandelier Tuff. Higher
permeability lithologies and secondary fractures should be targeted as well (for example, rubbly
basalt tops and bases, gravels of the Puye Formation).

LANL Response

(a) Storage and disposal of IDW will be discussed in the “Scope of Activities” section of the work
plan, as specified in Section X1.B.7 of the NMED Order.

(b) As explained in Sections 5.1.1 and 5.1.2 of the work plan, continuous core samples will be
collected from each borehole and these continuous core samples will be radiologically screened and
visually inspected to identify core intervals to submit for laboratory analysis. Section IV.C.3.¢.iii of the
NMED Order requires samples to be collected at 10-ft intervals for screening. LANL's proposed
approach exceeds these Order requirements.

NMED Comment

9. Section 4.2.1: Sampling and Analysis Activities to Address Data Gap 1 (metal and
radionuclide contamination in tuff beneath Pit 6)

{a) The dala in this work plan indicate that contamination, including radionuclides, is extensive
beneath Pit 6. Contaminants were detected at depth in several boreholes near and beneath Pit 6:
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Borehole 50-09101 (Am-241 at 112/),50-09107 (Am-241 at 75,95, and 108'),50-09108 (Pu-238 and
Sr-90 at 957), and 50-09109 (Na-22 and Sr-90 at 113)). Many contaminant detections, including
radionuclides, were at or near the bottom interval of the boreholes, which ranged in depth from 90
feet to 316 feet bgs. Neither the lateral or vertical extenit of contamination has been determined.

(b} The scope of work to address this data gap proposes drilling only two boreholes (A and B), to
depths of 140 to 150 feet. The data obtained from these two proposed boreholes will not be sufficient
fo determine the lateral and vertical extent of radionuclide and metals contamination in this area of
the site. The Permittees shall modify the scope of work to propose additional vertical and angled
boreholes to be drilled around and beneath (angled) Pit 6. The Permittees shall include plans for
extending the depth of boreholes if contaminants are detected at the bottom of the borehole(s).
Additional boreholes shall be sampled in accordance with the requirements listed in the NMED Order
dated November 26, 2002.

LANL Response

(a) The Work Plan acknowledges that the extent of contamination beneath Pit 6 is not yet
established. However, the results of the Phase | investigation do not suggest that contamination is
“extensive.” The sample depths cited by NMED in the comment are actually the lengths along the
angled boreholes rather than the vertical depth below ground surface (bgs). The correct depths for
the cited results are 79 ft bgs for Am-241 in borehole 50-09101; 53 ft bgs, 67 ft bgs, and 76 ft bgs for
Am-241 in borehole 50-09107; 67 ft bgs for Pu-238 and Sr-90 in borehole 50-091 08; and 80 ft bgs
for Na-22 and Sr-90 in borehole 50-09109,

(b) As noted in the response to (a) above, the maximum depth at which radionuclides were detected
beneath Pit 6 was 80 ft bgs. LANL believes that the proposed borehole depths of 140 to 150 ft
(approximately twice the vertical depth of the previous boreholes) will be sufficient to establish the
vertical extent of contamination. LANL's approach exceeds the requirements in Section IV.C.3.c.iii,
itermn 6, of the NMED Order for boreholes to extend 25 ft below the depth of contamination detected
in previous investigations. Establishing the “extent” of a liquid-borne release of metals or
radionuclides from a disposal unit is problematic because migration of contaminants with water
infiltrating below a pit or shaft may occur via fractures in the tuff rather than in the tuff matrix. Under
fracture flow conditions, detection of residual contamination in tuff is largely “hit or miss,” and
establishing the vertical and horizontal extent of such contamination is inherently subjective. This is
the case even with respect to concentrations relative to background or a decreasing concentration
gradient, criteria noted in NMED'’s June 17, 1999 position paper “Determinination of Extent of
Contamination”. The sample locations, depths, and sampling design (paired samples of fracture fill
and surrounding intact tuff) of proposed Boreholes A and B were specified to supplement existing tuft
data beneath Pit 6 and determine whether contamination may have migrated via fractures. The
frequency of sample collection along the boreholes for submittal to an analytical laboratory is one
sample per 20 ft, whereas Section IV.C.3.a.iv of the November 26, 2002 NMED Order states, “A
minimum of two samples per 100 feet of drilling depth shall be selected from each boring for
laboratory analysis™. The requirement for installation of additional boreholes is not justified based on
review of existing data. The specifications in the NMED Order call for a minimum of 14 boreholes
around Pit 8. Absent the technical basis for the borehole spacing presented in the Order, LANL
cannot compare it to the rationale for the proposed approach. LANL notes that extending the depths
of the proposed angled boreholes would not generate useful information as the boreholes would be
extended beyond the boundaries of the disposal pit (see Figures 12 and 13 in the work plan).
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NMED Comment

10. Section 4.2.2: Sampling and Analysis Activities to Address Data Gap 2 (concentrations and
spatial extent of VOCs in the vapor phase in subsurface tuff)

(a) Two boreholes have been sampled for pore-gas VOCs, 50-09100 and 50-10131. VOC
contamination is present at many depths and at the botfom interval of both of these boreholes.
Neither the lateral or vertical extent of contamination at the site has been determined. The highest
TCE contarnination was encountered at the botfom of borehole 50-09100 at 316 feet; the maximum
concentration of TCE detected in this borehole was always below a depth of200 feet. The
concentrations of TCE and PCE are relatively constant in borehole 50-10131 to 200 feet and are
present at detectable levels at the bottom of the borehole at 315 feet. Proposed Borehole M is
located near 50-09100. The borehole’'s proposed total depth of 8OO feet is likely to be adequate to
assess the vertical extent of the contaminant plume in the northeast portion of the site. However, the
data collected from borehole M will not be sufficient to determine the vertical extent of contamination
for the entire 11.8 acre-site.

(b) Borehole A is located near borehole 50-10131. The proposed borehole has a planned total depth
of 140 to 150 feet. In order to determine the vertical extent of the contaminant plume in the tuff
beneath Pit 6, the Permittees shall drill the proposed borehole to at least 340 feet, 25 feet deeper
than the deepest previously detected contamination in Borehole 50-10131 at 315 feet. The
Permittees shall modify the scope of work to advance Borehole A to a depth of at least 340 feet.
Plans shall be included for extending the borehole to greater depths if field screening indicates the
presence of contaminants at the bottom interval of the borehole.

{c) The proposed sample interval for collecting vapor samples in borehole M is every 100 feet and at
the bottom interval of the borehole. Sampling is proposed for boreholes A-L at only two depths: 40-
50 feet and 140-150 feet (the planned total depth). The Permittees shall sample for VOCs at 10-foot
intervals to screen for the presence of contaminants. Plans shall be included for extending the
boreholes to greater depths if field screening indicates the presence of contaminanis at the bottom
interval of any borehole.

(d) There are no pians to sample the existing pore-gas monitoring boreholes 50-09100 and 50-10131
in conjunction with sampling of the new boreholes. NMED does not believe, and the data do not
indicate, that the nature of the comtaminant plume in the existing boreholes has been defined. The
Permittees shall modify the scope of work fo add sampling of all ports in boreholes 50-09100 and 50-
101317 to the scope of activities.

(e) This section states, “surface flux may not always be an accurate indication of higher subsurface
VOC concentrations”. The results of the EMFLUX (surface flux} survey were used to determine the
location of Borehole D, but no boreholes were proposed for the other locations where detected
surface flux measurements were high at the site. In order to determine whether the surface flux and
subsurface pore-gas results can be correlated, additional boreholes are needed in the locations with
the highest surface flux measurements. The locations of highest surface flux are above the Chemical
Pit and on the southern boundary of Pit 5. The Permittees shall modify the scope of work to propose
additional vertical boreholes at the southern boundary of the Chemical Pit and at the southern
boundary of Pit 5. Plans shall be included for extending boreholes to greater depths if field screening
indicates the presence of contaminants at the bottorn interval any borehole.

(f) The Permittees shall include a diagram of the general design for vapor monitoring well
construction.
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(g) The Permittees shall clarify the intent to instrument boreholes for monitoring of contaminants in
pore gas. It is unclear whether the proposed boreholes will be completed as pore-gas monitoring
wells, set up as temporary monitoring points, or left as open boreholes.

LANL Response

(a) Borehole M is not the only location proposed for VOC sampling. As described in Section 4.2.2 of
the Work Plan, VOC pore gas samples will also be collected from all of the proposed boreholes
{Boreholes A — L). LANL's approach satisfies the requirement in Section IV.C.3.c.v, item 1, of the
NMED Order for vapor samples to be collected from all newly drilled boreholes. VOC pore gas data
from all proposed new boreholes will be used in conjunction with existing VOC pore gas data from
Boreholes 50-09100 and 50-10131 to establish the extent of VOCs in tuff at MDA C as defined in
NMED's Position Paper on Determination of Extent of Contamination. The results of previous
investigations of the VOC plume at MDA L, which is far more extensive than that at MDA C, indicate
that the vertical extent of VOC migration is controlled by stratigraphic features (i.e., permeable units
that allow rapid communication with the atmosphere) and, thus, does not vary widely across the site.
Installation of one 800-ft deep borehole, therefore, will be adequate to establish the vertical extent of
VOC vapor phase contamination for the 11.8-acre site.

{b) Pore gas data for TCE-and PCE shown in Plots D-25 and D-26 in the Work Plan indicate that
VOC concentrations in Borehole 50-10131 are low (less than 3 ppm) and are not increasing with
depth thus defining extent per NMED’s Position Paper on Determination of Extent of Contamination.
Hence, these data do not support the need for collection of additional VOC data from great depths at
this location. The need for collecting VOC data at greater depths in the area of Pit & to define extent
of contamination will be reevaluated following collection of VOC data from Boreholes A and B. As
noted in the response to Comment 9{b}, extending the depth of the angled borehote A would cause
the borehole to extend beyond the boundary of Pit 6.

(c) Section IV.C.3.c.v, item 4, of the NMED Order requires vapor samples to be collected at “discrete
zones selected based on investigation and monitering results.” LANL’s proposed approach satisfies
this requirement and there is no requirement in Section IV.C.3.c.v of the NMED Order for vapor
samples to be collected every 10 ft. The technical rationale for NMED's request for more frequent
VOC sampling should be presented. The purpose of VOC sampling in borehole M is to estabiish
vertical extent and the proposed sampling frequency will allow the vertical extent to be established to
within 100 ft. LANL could identify no need for data establishing vertical extent to a finer resolution
than this. Plots D-25, D-26, D-28 and D-29 in the Work Plan show that fewer vapor sampling
intervals are adequate to establish VOC concentration trends with depth. Unlike metals and
radionuclides, VOCs migrate by diffusion in relatively dry tuff, absent of organic material; therefore,
the maximum extent of a VOC will be as a vapor. Given the predominant diffusive behavior,
concentration gradients in tuff are apparent near the source. The presence of low concentrations of
VOCs in pore-gas at the base of a borehole is not considered a raticnale for extending the depth of a
borehole unless the concentration gradient indicates higher levels at depth (such as TCE in Borehole
50-08100) per NMED’s Position Paper on Determination of Extent of Contamination.

(d) Although Section IV.C.3.c.v of the NMED Order requires vapor sampling in existing vapor wells,
Section 4.2.2 of the work plan presents LANL'’s rationale for not sampling existing boreholes 50-
09100 and 50-10131. Specifically, these borehcles were sampled in January 2003 to determine how
results had changed from previous sampling during 2000 through 2002 and these results showed
minimal changes over time (see Figures D-25, D-26, D-28 and D-29). Therefore, results from
additional sampling of these boreholes are unlikely to provide any useful information on the extent of
contamination.
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(e) As noted in the comment, the locations of highest VOC flux are above the Chemical Pit and on
the southern boundary of Pit 5. Borehole 50-10131, and proposed Borehole A, will provide VOC pore
gas information in the area of the Chemical Pit. VOC pore gas data from proposed Borehole D will
provide information on VOC pore gas concentrations on the southern boundary of Pit 5. Correlation
of surface flux data and subsurface pore gas data was not identified as a data gap, is not an
objective of the investigation at MDA C, and is not a requirement of the NMED Order.

() A general diagram for construction of a vapor monitoring well will be provided, as specified in
Section IV.C.3.c.iii, item 8, of the NMED Order.

{g) As described in Section 4.2.2 and Section 7, pore gas samples will be collected from the
proposed boreholes during drilling and again approximately 10 weeks following drilling. A decision on
whether to collect additional monitoring data from any of the proposed boreholes will then be made
on the basis of these data (see Section 7, paragraph 1). Each borehole will be completed at the
surface with a section of steel well casing grouted five feet into the bedrock. The surface casing will
be sealed with an air tight cap and locked to prevent tampering. The seals will be opened for pore
gas sampling as described in sections 5.1.3 and 5.2.2. As necessary, the boreholes may be
equipped with positive pressure sampling membranes for longer term monitoring.

"NMED Comment

11. Section 4.2.3: Sampling and Analysis Activities to Address Data Gap 3 (concentrations and
spatial extent of tritium in the vapor phase in subsurface tuff)

({a) During previous investigations, Iritium was detected in almost every tuff sample at MDA C. Many
tritium detections were at or near the bottom interval of the boreholes. In Borehole 50-09108, the
highest tritium measurement was at the bottom of the borehole, indicating that the vertical extent of
contamination has not been determined. The proposed number of boreholes will not provide
sufficient data fo deterrine either the lateral or the vertical extent of tritium confamination in the
subsurface. The Permittees shall include the additional borehole locations described in the NMED
Order dated November 26, 2002 to determine the spatial extent of the undefined tritium plume.

{b) The correlation of the data from subsurface tritium samples and the near-surface tritium probe
samples is poor. In order to determine whether the near-surface and subsurface tritium results can
be correlated, boreholes must be advanced in the locations with high near-surface tritium
measurements. A high concentration of near-surface tritium was detected under Pit 6 (sample point
50-03-21472). Borehole A is proposed close to this location and will help define the extent of the
tritium plume near Pit 6. However, there are no boreholes proposed for the other areas with high
near-surface tritium detections. The Permiltees shall modify the scope of work to propose an
additional vertical boring west of Pit 4, near sample point 50-21467, the location of the highest near-
surface tritium measurement. The source of the tritiurn in this area may be Shaft Group 3. Data from
a borehole near 50-21467 and at the proposed Borehole K location will help define the extent of the
subsurface tritium plume in this portion of the site. In addition, the Permiffees shall modify the scope
of work to include a vertical boring at the west end of Pit 2.

(¢} The Permittees shall provide justification for the proposed sampling intervals. Sampling only at
the proposed depths of 40 to 50 feet and 140 to 150 feet will not provide sufficient data fo
characterize the tritium plume. No depth appears to be the singular choice for sampling depth across
the site. The highest detected tritium concentrations range in depths from 18 feet to 112 feet, with no
detectable pattern, Additionally, there is no tritium data for borehole 50-10131. Include plans to
sample for tritium at 10-foot intervals to screen for the presence of contaminants.
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(d) Pians shall be included for extending boreholes to greater depths if field screening indicates the
presence of contaminants at the bottom interval of any borehole.

LANL Response

(a) Borehole 50-09108 is an angled borehole that ends beneath the Chemical Pit. While the Phase |
RF1 data show increasing concentration with depth, the 50-09108 data should also be interpreted as
showing increasing concentration as one approaches Pit 6 and the Chemical Pit since only the last
two samples are beneath the Chemical Pit. Borehole profile plots for tritium (Figure D-18) show that
where relatively high concentrations of tritium are detected in two or more samples beneath a
disposal unit (50-09102, 50-09107, 50-09109, 50-09110), the tritium concentrations decrease
beneath about 50 ft below ground surface (bgs). This is consistent with the presence of a tritium
source in the pits and shafts, which extend to depths between 25-30 ft bgs. The proposed data
collection for tritium will provide similar spatial coverage as the proposed data collection for VOCs,
radionuclides, metals, cyanide, nitrates and perchlorate. Also, ambient air data are being collected to
confirm that atmospheric concentrations do not pose a potentially unacceptable dose to site workers
and the quantity of tritium is decreasing in quantity at the site at a rate of 50% every 12.3 years in
accordance with the half-life of tritium.

The mechanisms for transport of tritium vapor in the subsurface are identical to those for VOCs, and
the resultant plumes have similar characteristics. As noted in the response to Comment 10{a),
boreholes A-N will be sufficient to establish the vertical extent of the tritium plume. The proposed
boreholes originate on, or extend to, the boundaries of the MDA C disposal units and, therefore,
provide the same lateral extent of coverage as the borehole locations described in Section IV.C.3.c.iii
of the November 26, 2002 NMED Order. That is, the Order does not specify borehole locations
further from the disposal unit boundaries than those proposed by LANL. The borehole locations in
the Order would only provide greater coverage between disposal units, which is not necessary to
establish the spatial extent of the plume.

(b) The near surface tritium sample 50-03-21472 was collected approximately 1 meter bgs, not under
Pit 6. Boreholes K and A are proposed in the locations of relatively high tritium concentrations near
the north side of Pit 6 and between Pit 6 and Pit 4 {see Figure D-32). These data will provide
information on subsurface tritium concentrations near locations of high near-surface tritium. Similarly,
Borehole H is already proposed in the area west of Pits 1-3.

Correlation of surface and subsurface tritium data was not identified as a data gap is not an objective
of the investigation at MDA C, and is not a requirement of the NMED Order. The lack of correlation
may be related to uncertainty in trittum concentrations in low-moisture core samples. The Phase |
data were adequate to characterize surface flux and the pore gas samples proposed in the Work
Plan are sufficient to delineate the extent of tritium in subsurface pore gas.

{c) The rationale for sampling for tritium at the proposed depths of approximately 40 — 50 ft and

140 — 150 ft is described in Section 4.2.3 of the Work Plan. The shallower sample is immediately
below the disposal units where concentrations associated with a release from pits or shafts should
be highest. The deeper sample will ascertain whether concentrations are lower beneath the disposal
units. Documenting the concentration gradient between the base of the disposal units and the
deepest sampling interval is not very useful information — the gradient can be inferred from the two
concentrations measured and there is no particular application of this information for site decision
making.
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Section IV.C.3.c.v, item 4, of the NMED Order requires vapor samples to be collected at “discrete
zones selected based on investigation and monitoring results.” LANL's proposed approach satisfies
this requirement and there is no requirement in Section IV.C.3.c.v of the NMED Order for vapor
samples to be collected every 10 ft. The technical rationale for NMED’s request for more frequent
tritiumn sampling should be presented. The purpose of tritium sampling in boreholes A-N is to
establish vertical extent. The proposed sampling frequency will allow the vertical extent to be
established within 100 ft and LANL could not identify any need for data establishing vertical extent to
a finer resolution. With respect to boreholes A through L, based on the Phase | results LANL expects
to detect tritium at both the sampled depths (40 to 50 ft bgs and 140 to 150 ft bgs) and expects to
see a decreasing trend. These data will be sufficient to conclude that tritium is present in the interval
between these two sample depths without the need to collect additional samples every 10 ft.

(d) Boreholes A through J are angled boreholes and extending the depths of these boreholes would
cause the boreholes to extend beyond the boundaries of the associated disposal units (see Figures
12 through 21).

NMED Comment

Section 4.2.4: Sampling and Analysis Activities to Address Data Gap 4 (nature and extent of
releases of metals, cyanide, and radionuclides to tuff beneath Pits 1-5, Shaft Groups 1 and 2,
and the Strontium-90 disposal shaft)

(a) Radionuclides were detected at depth in several boreholes in the parts of the site relevant to this
data gap: 50-09103 (Eu-152 and Arn-241 at 80 feet; Sr-90 at 116 feet), 50-09105 (Pu-239 at 120
feet), and 50-09106 (Sr-90 at 115 feel; Pu-239 at 118 feet). The number of proposed boreholes is
not adequate to determine the lateral extent of contaminants in this portion of the site. The
Permittees shall modify the scope of work to propose additional vertical or angled boreholes around
all of these pits and shafts in accordance with the requirements described in the November 26,2002
Order.

(b) The proposed drilling exploration depths of 140 to 150 feet may not be adequate to determine
vertical extent of contamination. Many radionuclide detections were at or near the bottom interval of
the boreholes. The Permittees shall include plans to extend boreholes if field screening indicates the
presence of contaminants at the bottom of any borehole.

{c) Borehole H: Based on the revised geophysical map (Figure B-7) of the pit locations, it appears
that a vertical borehole can be drilled adjacent to the Strontium-90 shaft. The Permittees shall modify
the scope of work to propose an additional borehole at this location.

(d} Borehole J: Based on the revised geophysical map (Figure B- 7) of the locations of the pits, it
appears that both vertical and angled boreholes can be drilled from the west side of Pits I and 3 to
collect data on potential releases from these pits and from Shaft Group 2. The Permittees shall
modify the scope of work to propose additional boreholes at these locations.

(e) Borehole L: The proposal to drill one borehole along the south boundary of Pit | will not provide
adequate data to determine the lateral extent of contamination in this area. The Permittees shalf
modify the scope of work to propose additional vertical boreholes along the south side of Pit |.

LANL Response

(a) The depths of contamination are less than noted in the comment. The sample depths cited by
NMED in the comment are actually the lengths along the angled boreholes rather than the vertical
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depth below ground surface (bgs). The correct depths for the cited results are 57 ft bgs for Am-241
and Eu-152 in borehole 50-09103; 82 ft bgs for Sr-90 in borehole 50-08103, 85 ft bgs for Pu-239 in
borehole 50-09105; 81 ft bgs for Sr-90 in borehole 50-03106, and 83 ft bgs for Pu-239 in borehole
50-09106. The extent of radionuclides in locations 50-09105 and 50-09106 will be addressed by the
boreholes described in 12.(c & d).The ten boreholes proposed to address the data gaps associated
with Data Gap 4 include at least one borehole beneath or adjacent to each of the five pits, two shaft
groups, and Sr-90 shaft (see Figures 14 through 23 in the work plan). The results of the Phase |
analysis show isolated detections in boreholes, rather than widespread contamination indicative of
large releases. Thus, the eight additional angled boreholes and two additional vertical boreholes
should be sufficient to establish the vertical and lateral extent of contamination. As previously noted
in the response to Comiment 9, LANL's proposed approach is also designed to evaluate migration
through fractures and diffusion of vapors. LANL notes that extending the depths of the proposed
angled boreholes would not generate useful information as the boreholes would be extended beyond
the boundaries of the disposal units (see Figures 14 through 21 in the work plan). The specifications
in Section IV.C.3.c.iii of the NMED Order dated November 26, 2002, call for at least 50 boreholes
around these pits and shafts. Absent the technical basis for the borehole spacing specified in the
Order, LANL cannot compare it to the rationale for the approach proposed in the work plan.

{b} As noted in the response to (a) above, the maximum depth at which radionuclides were detected
was 85 ft bgs. LANL believes that the proposed borehole depths of 140 to 150 ft (approximately
twice the vertical depth of the previous boreholes) will be sufficient to establish the vertical extent of
contamination. LANL's approach exceeds the requirements in Section IV.C.3.c.iii, item 8, of the
NMED Order for boreholes to extend 25 ft below the depth of contamination detected in previous
investigations.

(c} Proposed vertical borehole N will be drilled adjacent to the strontium-90 shaft and Pit 1to
characterize these units versus borehole H

(d) Borehole H will be reorientated and angled to pass beneath shaft group 3 and Pit 3. The borehole
will be extended to greater depths than where radionuclides were detected in adjacent Phase | RFi
boreholes 50-09105 and 50-09106 (Figure 11). The best location for investigating Shaft Group 2 is
from the east, i.e., proposed Borehole J.

{e) Lateral extent of contamination will be characterized along the southern boundary of MDA C by
RF1 borehole 50-09104 and proposed boreholes |, L and N (4 boreholes along a distance of
approximately 700-ft).

NMED Comment

Section 4.2.5: Sampling and Analysis Activities to Address Data Gap 5 (extent of perchlorate,
nitrate, dioxin, and furan contamination in tuff beneath MDA C)

{a) Dioxins and furans are not specifically noted in the historical report’s review of waste inventory,
but the inventory is admittedly incomplete. Additionally, these types compounds are typically by-
products of burning organic materials that contain or are in the presence of chlorine atomns. The
chiorinated hydrocarbon TCE was commonly disposed at MDA C. Its presence is noted in the
disposal history for several of the pits. In addition, Section 2.6 of this work plan quotes from the OU
1147 Work Plan that “chemical wastes were responsible for many fires at Areas B and C,” and that
there were five documented fires at MDA C between 1950 and 1958. Consequently, NMED requires
analysis of all samples for dioxins and furans. The Permittees shall modify the scope of work to
propose analysis of all samples for dioxins and furans.
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(b} Section B-1.1 of the Historical Investigation Report notes that debris from the demolition of the
Bayo site, which includes firing sifes, was disposed of at MDA C. Additionally, Section B-1.1.2 notes
that trinitrotoluene (TNT) element samples were disposed of in Shaft Group 3. The Permittees shall
modify the scope of work to propose analysis of all samples for energetic and high explosives (HE)
compounds.

LANL Response

(a) Section IV.C.3.c.iv, item 4, of the NMED Order requires laboratory analysis of all samples to
include dioxins and furans. This Order requirement is not consistent with the environmental behavior
of organic contaminants, or supported by, the results of the Phase | RFI, which indicate that VOCs
are the only organic chemicals that have undergone significant migration into the subsurface. Dioxins
and furans are extremely nonvolatile and insoluble, and would be expected to have very low mobility
in the subsurface at MDA C. Given that chemical fires at MDA C could have produced dioxins or
furans, it may be appropriate to analyze for dioxins and furans in some samples. LANL will modify
the scope of work to call for analysis of dioxins and furans in the samples collected nearest the base
elevation of each disposal pit. Given the low mobility of dioxins and furans, LANL does not believe it
is appropriate to analyze for dioxins and furans in all samples, as indicated in the comment,

(b) Section IV.C.3.c.iv, item 4, of the NMED Crder requires laboratory analysis of all samples to
include HE. This Order requirement is not supported by the operational history of the site. Available
information on the wastes referred to in the comment does not indicate that HE is likely to be present
or that sampling for HE is necessary at MDA C. Additional details on the wastes associated with
Bayo Canyon demolition are contained in the associated RFI work plan and reports and historical
reference documents, and indicates that HE is not present in the wastes sent to MDA C from Bayo
Canyon. When the firing sites in Bayo Canyon were active, residuals and debris from the firing sites
were disposed of to a disposal pit, SWMU 10-005. During decontamination and decommissioning of
this disposal site in 1957, the wastes in SWMU 10-005 were excavated and burned, and the ash was
subsequently disposed of at MDA C (LANL 1992, 07668, p. 3-63). Any HE present in the residuals
would have been destroyed by burning. Subsurface samples were collected at the site of SWMU 10-
005 during the RFI of this site and were analyzed for HE. No HE was detected in these samples
(LANL 1996, 54332, pp. x-y). The only other wastes from Bayo Canyon identified as potentially
having been sent to MDA C was ash from a burn pit used to burn combustible wastes (SWMU 10-
006) (LANL 1992, 07668. pp. 4-1 — 4-3). As with SWMU 10-005, the ash is unlikely to have
contained appreciable HE. Final cleanup of the Bayo Canyon firing sites in 1963 is described in an
historical report (LASL 1963, 04771). All remaining firing site debris was removed at this time and no
HE was found in this debris (LASL 1963, 04771, p. 6).

TNT is listed in three disposal logbook entries for Shaft Group 3. It's origin is always Wing 9 of the
Chemical and Metallurgy Building, where significant quantities of HE would not be present. The
waste description for some of the TNT refers to “TNT SS center elements”, “TNT element samples”
or “TNT mounts”. There is also accompanying fission product or U with the TNT. The units of
disposal are gallon cans, so there was only a minor quantity disposed.

Phase | RFI borehole samples were screened for HE and there were no detects, including those
core samples in boreholes 50-09105 and 50-09106 which passed beneath Shaft Group 3.. LANL will
provide a copy of the sample collection logs to NMED. Based on the above information, it is
necessary to analyze samples from MDA C for HE.
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NMED Comment

Section 4.2.6: Sampling and Analysis Activities to Address Data Gap 6 (Potential Presence of
Perched Groundwater Beneath MDA C)

The Permittees shall include a description of all activities that will be performed if perched
groundwaler is encountered in Borehole M or in any other borehole at the site. Include proposed well
construction diagrams, sample suites, and plans for advancing additional boreholes.

LANL Response

Section [V.C.3.c.vi requires that an intermediate monitoring well design plan be submitted to NMED for
approval prior to construction of the intermediate well, and does not require this information to be
included in the work plan. The design of a well to monitor perched groundwater would be based on the
actual conditions encountered in the field. If perched water is encountered, LANL will prepare a well
design and submit the design, construction methods, and SOP for sampling to NMED. Based on the
stratigraphy at the site and drilling methods to be used, LANL anticipates no difficuity in maintaining an
open borehole until a well can be designed and installed,

NMED Comment

Section 4.2.7: Sampling and Analysis Activities to Address Data Gap 7 (information on
hydrogeologic properties and fracture characteristics of the vadose zone to support
contaminant transport modeling in the vadose zone)

Include a description of the planned fracture investigation, including the location of the construction,
the dimensions and depth of the proposed cut in the tuff, and whether an samples will be field
screened for contaminants during construction activities.

LANL Response

The shoring plan for the excavation of the pit for the TA-50 Influent Storage Tank Project has not been
finalized. It is unclear whether the sidewalls of the excavation will be available for fracture mapping. If
fracture mapping can be performed, it will be performed per ER-SOP-3.06, R1 Fracture
Characterization. The orientation, dip, density, aperture, and fill material will be recorded. The walls of
a planned 100 x 150 ft excavation 40 ft deep will be mapped, as available, during construction. On-site
operations may restrict some access to wall sections. Walls trending approximately east-west and
north-south will be mapped. Fracturing in the Bandelier tuff throughout the Pajarito Plateau is
predominantly NE-SW. Two primary types of fractures occur in trench walls: cooling fractures and
construction fractures. Only those fractures interpreted as cooling fractures will be included in this
exercise. Construction fractures appear as lower angle, discontinuous fractures that are predominantly
near surface. Cooling fractures are of primary interest for fracture studies related to potential
contaminant transport.

NMED Comment

Section 5.0: Investigation Methods

(a) The Permittees shall describe all methods for conducting the proposed activities during the
investigation. The work plan lists the Standard Operating Procedures to be followed during the
investigation. The Permittees shall provide descriptions of investigation, sampling, and analytical
methods and procedures to be employed in documents submitted to NMED.
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(b) The Permittees shall include a description of all field-screening methods. The work plan states,
“otal depth of boreholes may increase if elevated field screening is detected.” The methods for VOC
screening must be included, as well as the definition of “elevated field screening.”

(c) Paragraph 3 of Section 4.2.1 notes that sampling may depend on radiation field screening. NMED
requests voluntary submittal of the methods for radiological/tritium screening of samples.

LANL Response

(a) Section IX.A of the NMED Order indicates that LANL shall not reference SOPs when describing
investigation, sampling or analytical methods and procedures. The Quality Assurance (QA) program
for the RRES-ER Project requires that these SOPs be used when performing investigation,
sampling, and analysis. Order requirements that would preclude use of these SOPs would be
inconsistent with QA requirements. LANL will continue to provide references to appropriate SOPs in
Section 5.0 of the work plan, but the referenced SOPs will also be appended to the work plan. In this
manner, written descriptions of investigation, sampling, and analysis procedures will be incorporated
into the work plan.

{b) Section 1X.B.2.d of the NMED Order requires core samples to be screened by visual examination,
headspace VOC analysis, and x-ray fluorescence (XRF), The sentence before the referenced
sentence states that core will be visually inspected and radiologically screened. The primary
objective of all boreholes except M is to establish the extent of inorganic and radionuclide (exclusive
of tritium) contamination beneath disposal units. Radiological screening is the most appropriate field
method consistent with this objective. Field screening is not required to establish VOC sampling
depths for these boreholes and, therefore, the VOC headspace analysis required by the Order would
not yield useful information. The Order requirement for XRF screening is not consistent with the
Phase | RFI results. Of the metals detected above background in tuff samples during the Phase |
RFI, only 2 detections of barium, 1 of calcium, and 6 of lead were above detection limits for XRF.
The maximum concentrations of other detected metals were generally less than half the respective
XRF detection limit.

{c) Core will be screened in the field using field survey instruments for alpha and beta/gamma
radioactivity as defined in the Radiological Work Permit issued by HSR-1. Field screening for tritium
will not be performed, as there are no field screening methods capable of detecting tritium and
locations of tritium samples are not dependent on field screening results.

NMED Comment
Section 5.1.2: Collection of Tuff Samples

{a) The Permittees shall provide a detailed description of sample collection, preservation, and
preparation methods for laboratory analysis.

(b) The Permittees shall collect QA/QC samples as follows: Colfect field duplicates at a rate of ten
percent. Collect field blanks at a frequency of one per day. Collect equipment blanks from all
sampling apparatus at a frequency of ten percent for chemical analysis. Collect equipment blanks at
a frequency of one per day if disposable sampling equipment is used. The Permittees shall modify
the scope of work to include these QA/QC samples.
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LANL Response

(a) SOPs providing the requested information will be appended to the work plan (see response to
Comment 16(a)).

(b} The QA/QC sample frequencies specified in Section 1X.B.2.e of the NMED Order will be used.

NMED Comment

Section 5.1.3: Collection of Pore-Gas Samples

(a) The Permittees shall provide a detailed description of sample collection, preservation, and
preparation methods for laboratory analysis.

(b) The Permittees shall collect QA/QC samples as follows: Collect field duplicates at a rate of ten
percent. Collect field blanks at a frequency of one per day. Collect equipment blanks from all
sampling apparatus at a frequency of ten percent for chemical analysis. Collect equipment blanks at
a frequency of one per day if disposable sampling equipment is used. The Permittees shall modify
the scope of work o include these QA/QC samples.

LANL Response

{a) SOPs providing the requested information will be appended to the work plan.

(b) Section IX.B.2.g of the NMED Order, which addresses vapor sampling, does not include
requirements for QA/QGC samples. QA/QC samples will be collected at the frequency specified in ER-
SOP-06.31, which will be appended to the work plan. This SOP requires collection of field duplicates
at a frequency of five percent, equipment rinsate blanks at a frequency of one per day or five
percent, and trip blanks at a frequency of one per day or five percent for VOC samples.

NMED Comment

18.

Section 5.2: Methods for Drilling and Sampling Borehole M

{a} The Permitiees shall add a subsection that provides a detailed descript methods that will be
followed for collection of groundwater samples, if perched groundwater is encountered during drilling
at the site. Include methods for well construction.

{b) Radionuclides (Pu-239 and Am-241) and inorganic constituents (cyanide and selenium} have
been detected in borehole 50-09100, the borehole closest to the proposed Borehole M. The
Permittees shall modify the scope of work to include analyzing the samples collected from Borehole
M for the full suite of contaminants, including dioxins and furans.

LANL Response

(a) The purpose of Borehole M is to investigate the presence of perched water and to obtain site-
specific hydrogeologic data for future fate and transport modeling for MDA C.The design and
sampling of a well to monitor perched groundwater would be based on the actual conditions
encountered in the field. If perched water is encountered, LANL will prepare a well design and submit
the design, construction methods, and SOP for sampling to NMED. Based on the stratigraphy at the
site and drilling methods to be used, LANL anticipates no difficulty in maintaining an open borehole
until a well can be designed and installed. (See response to Comment 14.)
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(b) Section 1V.C.3.c.iv, item 4, of the NMED Order requires laboratory analysis of all samples to
include VOCs, SVOCs, pH, HE compounds, PCBs, dioxins, furans, nitrates, perchlorate, TAL metals,
total uranium, cyanide, and radionuclides. This Order requirement and the requirement in the
comment, are not supporied by the Phase | data. Am-241 was detected in one sample from borehole
50-09100 at a depth of 18.7 to 20.2 ft bgs, Pu-239 was detected in one sample at a depth of 29.3 to
30.8 ft bgs, cyanide was detected in one sample at a depth of 29.3 to 30.8 ft bgs and selenium was
detected in one sample at a depth of 7.4 to 8.9 ft. These limited detections do not provide justification
for expanding the sampling to be conducted for borehole M. In fact, these limited detections indicate
that the extent of inorganic and radionuclide contamination at borehole 50-09100 (which was
sampled to a depth of 163.1 ft bgs) has been established. Refer to response to Comment 13(a)
concerning analysis for dioxins and furans.

NMED Comment

20. Section 5.2.2: Collection of VOC and Tritium Samples

{a) The Permittees shall provide a detailed description of sample collection, preservation, and
preparation methods for laboratory analysis.

(b) The Permittees shalf collect QA/QC samples as follows; Collect field duplicates at a rate of ten
percent. Collect field blanks at a frequency of one per day Collect equipment blanks from all
sampling apparatus at a frequency of ten percent for chemical analysis. Collect equipment blanks at
a frequency of one per day if disposable sampling equipment is used. The Permittees shall modify
the scope of work to include these QA/QC samples.

LANL Response

(a) SOPs providing the requested infermation will be appended to the work plan (see response to
Comment 16(a)}.

(b) Section 1X.B.2.g of the NMED Order, which addresses vapor sampling, does not include
requirements for QA/QC samples. QA/QC samples will be collected at the frequency specified in ER-
SOP-06.31, which will be appended to the work plan. This SOP requires collection of field duplicates
at a frequency of five percent, equipment rinsate blanks at a frequency of one per day or five
percent, and trip blanks at a frequency of one per day or five percent for VOC samples.

NMED Comment
21. Section 5.2.3: Collection of Geotechnical Data

The Permittees shall provide a detailed description of sample collection and preparation methods for
laboratory analysis.

LANL Response

Core collected for hydrogeclogic property analysis will be encased in a Protector bag (hermetically
sealed, moisture protected). The samples will be sent to Daniel B. Stephens & Associates, inc.
laboratory for analysis of saturated hydraulic conductivity, volumetric moisture cantent, dry bulk
density, calculated total porosity, moisture retention characteristics and calculated unsaturated
hydraulic conductivity.
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NMED Comment
22, Figure 10 (Radionuclides Detected in tuff beneath Pit 6 at MDA C)

This figure shows the Phase | RFI borehole locations. The figure is based engineering dra wings
instead of the 2001/2002 geophysical survey results. Because the locations of the pit boundaries
have been revised based on the new geophysical data, it is impossible to determine the locations of
the borings in relation to the pits and shafts or to assess safety issues using the outdated figures.
The Permittees shall provide an updated map with the proposed borehole locations.

LANL Response

Figure 10 is correct. The 1992 GIS data for MDA C was updated in December 2002 based on Los
Alamos Scientific Laboratory (LASL) engineering drawing (LASL Engineering Drawing ENG-R-4458)
and the LASL engineering drawing is the basis for locating pit boundaries.

Figure B-7 is an overlay of the results of the 2001/2002 geophysical surveys on the 1974 LASL
engineering drawing. The inferred results of the geophysical surveys generally overlay the
boundaries of the LASL engineering drawing. The 2001/2002 geophysical survey used both a terrain
conductivity (EM31) method to measure the electrical conductivity of earth/fill materials and a high-
sensitivity metal detector (EM61) method to discriminate between conductive soils and metal objects.
The EM-31 survey was constructed using 22,462 measurement locations along a total line distance
of 8.85 miles. The EM-61 survey was constructed using 92,026 measurements along a total line
distance of 12.61 miles. Sufficient anamolies were detected in Pits 1 through 5 to infer pit
boundaries. There were no clear anomalies observed to indicate the boundaries of Pit 6 or the
Chemical Pit.

The locations of Phase | RFI and proposed boreholes in relation to pits and shafts is based on the
LASL engineering drawing, not the data from the inferred pit boundaries from the geophysical
survey.

NMED Comment
23. Figure 11 (Proposed Boreholes at MDA C)

This figure shows the proposed borehole locations. The figure is based on 1974 engineering
drawings instead of the 2001/2002 geophysical survey results. Because the locations of the pit
boundaries have been revised based on the new geophysical data, it is impossible to sufficiently
determine the exact locations of the borings in relation fo the pits and shafts or to assess drilling
accessibility and safety issues using the outdated figures. The Permittees shall provide an updated
map with the proposed borehole locations.

LANL Response

See response to comment 22,

NMED Comment
24. Table 2: Inorganic Chemicals and Radionuclides Detected Above BVs Beneath Pit 6 at MDA C

(a) The Permittees shall indicate the samples on this table that were analyzed from curated core.
The samples from curated core were not analyzed for all constituents and the holding times were
exceeded. A footnote shall be added to the bottom of the table.
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{(b) There is a discrepancy between the tritium value reported in Table 2 for the tuff sample collected
from 112-115 feet in borehole 50-09108 and the value for the same sample described in the
"Response to NOD: TA-50, Part B, Permit Application, Rev.2.0”. The value in Table 2 is reported as
1,660 pCi/mL; however, the permit application notes that the tritium concentration for this sample
was 1,660,000 pCi/g, which was the maximum tritium concentration measured at site. The
Permittees shall correct the incorrect document. NMED requests voluntary submittal of the corrected
data.

LANL Response

(a) A total of 67 tuff samples were originally collected from boreholes at MDA C in 1995 and
submitted to an off-site contract laboratory for analysis of SVOCs, TAL metals, cyanide, and
radionuclides. A subset of 54 of the 1995 Phase | RF| tuff samples were also analyzed for VOCs and
pesticides/PCBs at an off-site contract laboratory. An additional 15 tuff samples were collected from
curated core in 1996 and submitted to an off-site contract laboratory for analysis of TAL metals
{except cyanide and mercury) and radionuclides (gamma-emitting radionuclides by gamma
spectroscopy, strontium-90, americium-241, total and isotopic uranium, isotopic plutonium, and
isotopic thorium) except tritium, All of the samples in Table 2 that have a sample |D beginning with
0550-96-XXXX are from curated core. A footnote can be added for these samples stating “This
sample was not analyzed for all constituents and the holding times were exceeded for mercury.”
Note that Table B-6 (Summary of Phase | RFI Subsurface Tuff Samples Collected at MDA C) has
the 1996 samples footnoted as “Tuff sample collected from curated core”. This table also shows that
the 1996 samples were not analyzed for tritium, cyanide, pesticides, PCBs, SVOCs, or VOCs.

(b) The sample referred to in the comment is sample 0550-95-0220 from location 50-09108 at a
depth of 112-115 ft. The tritium analysis was under request number 1128.The result for this sample
was originally reported as 1660000 pCi/g. During focused data validation, the reporting units for this
sample were found to be incorrect. The units were corrected to pCi/l. and the result was reported as
1660000 pCi/L. After converting the correct result to pCi/mL for the MDA C IWP, the result was
reported as 1660 pCi/mL, which is the correct result for this sample.

NMED Comment
25, Table 3: Summary of Revised Borehole Sampling

The Permittees shall include field screening for VOCs and tritium.

LANL Response

Section IX.B.2.d of the NMED Order requires core samples to be screened by visual examination,
headspace VOC analysis, and x-ray fluorescence (XRF), As noted in the response to Comment
16(b), the screening requirements in the Order are not consistent with the results of the Phase | RFI.
In addition, these requirements are not consistent with the data gaps and objectives of the
investigation. With the exception of proposed borehole M, the primary purpose of these new
boreholes is to establish the extent of inorganic and radionuclide (except tritium) contamination
beneath disposal units at MDA C. Field screening for VOCs and tritium would not serve this purpose.
Data gaps related to VOCs and tritium can be met without the need for field screening (See MDA H
RF! Report and Addendum).
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NMED Comment
26. Appendix B: Historical Investigation Report

Sections B-2.0, B-3.0, and B-4.0 of the Historical Investigation Report are poorly organized and
repetitive. The Permittees shall combine the text in these 3 sections and the text in Appendix D to
provide efficient summaries of the activities, results, and data interpretation for each type of historical
investigation that was conducted, For example, the work plan describes the subsurface investigation
in one section, reviews the data from the investigation in another section, interprets the data in
another sections, and analyzes the data in a separate appendix. Combining all of the information

about each type of investigation into one comprehensive and complete section will make the
document easier to read and understand.

LANL Response

Section IV.C.3.b of the NMED Order contains requirements for the content if the Historical
Information Report (HIR), but does not specify the format or organization of the report. The
organization for the HIR follows the annotated outline for RFI reports, which was agreed to by
NMED. The format for HIRs is not addressed in the November 26, 2002, NMED Order, and NMED
has not issued any further guidance or requirements to supercede the annotated outline for RFI
reports.The two sets of comments received from NMED on the draft Work Plan for MDA C also did
not address the format or organization of the HIR. Before reorganizing the HIR, LANL and NMED

should reach agreement on the required format for HIRs that will appear in all Investigation Work
Plans.

NMED Comment
27. Section B-1.1.1: MDA C Disposal Pit Inventory

The AFI Work Plan for QU 1147 notes that mercury was disposed in Pit 5, but it is not listed as a
constituent in the description of Pit 5 in this section. The Permittees shall correct this section.

LANL Response

The waste inventory information for thepits and shafts at MDA C gleaned from waste disposal
fogbooks is discussed in Section 2.3.1 of the approved OU-1147 RFl Work Plan and is summarized
in Table 2-10. The summary of contaminants in the text in the RFI Work Plan references specific
LANL disposal logbooks where disposal information was recorded, whereas Table 2-10 is described
as a list of contaminants “based on site logbooks”. The text summary from Section 2.3.1 of the
approved OU-1147 RFI Work Plan was used in the new MDA C WP since it contains more specific
references as well as greater detail on the nature of the disposals. Mercury was listed as a
contaminant in Pit 5 in Table 2-10 of the approved RFI kWork Plan, but was not described in the text
summary of the work plan. The waste disposal logbooks for MDA C are currently being reviewed and
a more definitive estimate of specific quantities of specific contaminants in the MDA C disposal
inventory is being developed for the Investigation Report.

NMED Comment
28. Section B-1.2.2: Surface Radiation Surveys and Sampling (1979-1986)

The Permittees shall include the data from Table 2-14 of the RFI Work Plan for OU 1147 to use with
Figure B-1.
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LANL Response

Table 2-14 will be added. The last paragraph of Section B-1.2.2 will be revised as follows:

Surface soil samples were collected from the surface at 0 to 1 cm in 1985 and analyzed for tritium,
plutonium-238, -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. Concentrations of uranium were all less than the local background 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 -2389, and tritium. Results of these analyses are presented in Table B-2 and are
consistent with the 1985 results.

NMED Comment

29.

Section B-1.2.3: Perimeter Pore-Gas Sampling {1989)

The sample locations are not numbered in this section or on the corresponding map, Figure B-2. The
information on detected contaminants cannot be used, because it is not noted which sample location
each detection corresponds fo, or even the general area(s) where detections were measured. The
Permittees shalf provide sample location identifications and analytical data on a revised map.

LANL Response

30.

A revised figure has been prepared. Please note that these data pre-date the Phase | RFl and are of
uncertain quality. The data and accompanying figure are provided in order to document the results of
earlier field investigations, but these data are not used to guide the collection of additional data in the
Work Plan.

Section B-2.1.1: Surface Soil and Fill Sampling

(a) This section states that 203 soil samples were collected and their locations are shown on Figure
B-3. However, the statement has no value, because Figure B-3 does not number the sample
locations. Refer to the comment for Figure B-3 (comment number 44) below.

{b) This section also states that 59 of the samples were analyzed for tritium, but the dala were not
used; however, it does not state why the data were not used. Table E-9 only states that the data
were rejected by the laboratory. Modify the explanation found in B-3.2.1 regarding rejection of data.

LANL Response

(a) Figure B-3 will be revised to show the soil sample location numbers.

(b) Section B-2 of Appendix B describes the sampling and analysis activities of the Phase |
investigation of MDA C. The sentence in question, “Fifty-nine samples were analyzed for tritium but
the data were not used” appears out of context in this section and will be deleted. Section B-3 of
Appendix B describes evaluation of the Phase | data. The text of the 7" paragraph of Section B-3.2.1
has been edited as follows: “During the Phase | RFI, 59 surface soil/fill samples were analyzed for
tritium and soil moisture to evaluate the spatial distribution of tritiumn 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
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subsurface tritium is diffusing to the atmopshere 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 fow moisture contents in the
soiiffill samples. The reason for this correlation is related to the greater uncertainty in tritium values
when there is little moisture in a sample available for analysis. Because this correlation may
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). The vapor probe data provide a more reliable indication of
locations where releases of tritium to the atmosphere occurs. The surface tritium data, including
sample locations and sample IDs, are provided in Appendix E but were not used to support the
evaluation of the nature and extent of tritium contamination at MDA C.”

NMED Comment
31. Section B-2.1.3: Biota Screening and Sampling

The Permittees shalf include a reference to Tables B-7 and B-8 for the results of biota screening.

LANL Response

These tables will be referenced in the 3™ paragraph of Section B-2.1.3 as follows: “...Figure B-4
shows the sample locations of the ant mound and animal burrow samples. Field screening results for
the ant mounds and mammal burrows are provided in Tables B-7 and B-8, respectively.”

NMED Comment
32. Section B-2.3: Subsurface Investigations: Phase | RFI Core Sampling

(a) This section states “field-screening results were not used to select samples because gross alpha,
beta, or gamma activity in the core did not exceed local background levels.” However, as an
example, the borehole log screening level for 50-09107 records a field tritium screening level of
49,964 pCi/L at 55 ft. While field screening may not have been used to select samples, this sample
appears to greatly exceed local background levels. The Permittees shall describe how the
background levels for each type of activity were derived.

(b) This section also notes that core samples were field tested for HE and VOCs. These results are
not noted on the borehole logs nor are they included in the work plan. The Permittees shall provide
all available screening and analytical data.

(c) The last paragraph of this subsection describes moisture encountered in two boreholes. Revise
the paragraph to include mention of the wet tuff encountered in borehole 50-09100 from 71.5 to 73.5
feet.

LANL Response

(a) Field screening for gross alpha, beta, and gamma activity was performed using field survey
instruments to measure alpha and beta/gamma radioactivity. Tritium concentrations were determined
by analysis in the mobile radioanalytical laboratory, which is not a “field screening” method and does
not provide real-time results to aid in sample location. Because tritium is such a low-energy beta
emitter, it is not detectable using a field beta/gamma survey instrument. Thus, the statement that
field screening did not indicate elevated radioactivity is accurate.
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(b} Field screening data that are not presented in the borehole logs are documented on sample
collection logs. These data consist of the results for field screening of alpha radioactivity and
beta/gamma radioactivity, HE field tests, and PID surveys. Copies of the sample collection logs will
be provided to NMED.

{c) The text will be revised to state that moist tuff was encountered at a depth of 71.5ftto 73.5 ft
below ground surface in borehole 50-09100,

NMED Comment
33. Section B-3.1.J: Biota Sampling

Correct the fourth sentence to read, “Biota sampling data will be reported in the MDA C Investigation
Report.”

LANL Response
Text will be changed as indicated.
NMED Comment
34. Section B-3.1.2: Geophysical Survey Resulis

The figures in this work plan are based on 1974 engineering drawings instead of the 2001/2002
geophysical survey results There is a 40-ft discrepancy between the reported [2001/2002]
boundaries and the historical data. Because the locations of the pit boundaries have been revised
based on this new information, it is impossible to assess drilfing accessibifity and safety issues,
including previous and proposed boreholes and sampling locations, using the outdated figures. The
Permittees shall update and submit revised maps with borehole locations.

LANL Response

See response to Comment 22.

NMED Comment
35. Section B-3.2.1: Phase | RF| Surface Soil and Fill Samples

The first paragraph claims that all data are suitable for data assessment. The Permittees shall delete

this statement. It is not accurate. As an example, the Radionuclide Comparison with BVs and Fallout
Values section of this work plan describes rejection of the tritium data,

LANL Response

The statement that all surface data are suitable for data assessment is carrect. The 28 tritium results
reported as rejected in Table H-1 were in fact not rejected by the analytical laboratory. Table H-1,
and the text in the third paragraph of Appendix H, will be corrected to reflect the fact that these
tritium data were not rejected by the analytical laboratory. The data qualifiers for these tritium data
will also be corrected in Appendix E. See the response to Comment 30(b) for additional information
on the use of the surface soil tritium data.
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NMED Comment

36.

Section B-3.2.1: Phase | RFl Surface Soil and Fill Samples: Evaluation of Organic Chemicals

(a) This work pian does not propose any additional surface soil sampling above Pit 6. The executive
summary states “limited evidence indicates that Aroclor-1260 and bis (-ethylhexyl) phthalate may be
elevated locally in the surface soil and fill above Pit 6.” However, because there are no location
numbers on Figure 3 to correspond to the data in Table B-14, it cannot be determined where the
detections were measured. The bubble plots of the organic data on Figures D-6, D-7, and D-8 show
approximately where the detections were measured. The diagrams are acceptable only as visual
aids to complement data tables.

(b) At least one PCB detection was measured above it SAL. The Permittees shall include appropriate
SALs on a revised table of data.

(c) NMED requires data to determine whether there is a data gap here and whether additional
surface sampling for PCBs, pesticides, or SVOCs is needed.

(d) The Permittees shall modify the scope of work to propose plans for surface sampling at this
location, or provide sufficient data and rationale to demonstrate that additional sample collection is
not necessary.

LANL Response

(a) See responses to Comment 30(a) and 40(b) The requirements for the HIR are contained in
Section 1V.C.3.b of the NMED Order and do not include presentation of regulatory criteria and
applicable cleanup or screening levels. The purpose of the HIR is to present and evaluate existing
data to identify the data needs that must be addressed during the investigation. This evaluation
determines whether existing data are adequate to establish the nature and extent of contamination.
Comparisons with regulatory criteria and cleanup or screening levels is not performed during the
historical evatuation, but will be included as part of the investigation report.

{b) Tables B-13 and B-14 present the results of surface sampling for organic chemicals. These
tables show the low number of detections, which justify LANL’s conclusion that there are no data
gapsExisting surface data are adequate to establish the nature and extent of organic chemical
contamination of in surface soil and fill at MDA C. The nature and extent of contamination in surface
soil and fill is discussed in Section B-4.1 of the Work Plan.

{c) and (d) Section B.4.2 {mistakenly numbered B-4.2.1) provides LANL's rationale for concluding
that the nature and extent of organic contamination is surface soils has been established and that
there are no data gaps. As noted in this paragraph, the detected concentrations of organic chemicals
have been bounded by samples where organic chemicals were not detected, thus defining the extent
of contamination. Because the nature and extent of organic contamination has been determined,
there are not data gaps and modification of the scope of work for additional surface sampling is not
necessary.

NMED Comment

37.

Section B-3.2.3: Pore Gas Samples: VOCs in Soil-Gas Survey Samples

The Permittees shall include locations with that data in Table B-21. The bubble diagram (Figure D-
27) shows only the highest concentration of PCE. The diagram is acceptable only as a visual aid to
complement a data table.
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LANL Response

A new figure and table will be provided showing sample locations and concentrations.

NMED Comment

38,

Section B-3.2.3: Pore Gas Samples: VOCs in Pore-Gas Samples

{a) The second paragraph of this section states that the bottomn of borehole 50-10131 is at 250 feet.
However, Table E-7 indicates that samples were collected from the borehole at 315 feet. The
Permittees shall correct this section,

(b) The last paragraph of this subsection states that B&K screening may not be useful for predicting
low pore-gas concentrations. However, Section 5.0 cites ER-SOP-6.31, Rev. 1 “Atmospheric and
Sub-Atmospheric Air Sampling” as the methods that will be followed in this investigation. The cited
SOP describes screening methods using the B&K instrument. This is an example of the reason why
NMED requires field screening methods to be described in this work plan. The B&K limits VOC
detection to three or four selected compounds. This limitation is not acceptable in this application.

(c) The Permittees shall provide a description of the methods for field screening for VOCs, and the
purpose of conducting field screening (for example, extending boreholes if contamination is
encountered at the bottom interval). VOCs have been detected at the bottom interval of both pore-
gas monitoring boreholes.

(d} This section states, “the aliphatic hydrocarbons, benzene, carbon tetrachloride, chloroform, PCE,
and TCE are identified as COPCs at MDA C.” A screening instrument must be used that is capable
of detecting all VOCs that are potentially present at MDA C.

LANL Response

(2)The depth will be corrected to 315-t.

{b) The figures show that the B&K and SUMMA TO-14 results do not correlate well for low ppm
concentrations {i.e., <10ppm). The B&K will not be used at MDA C unless concentrations are > 10
ppm. LANL would like to discuss with NMED the effectiveness of field screening for VOCs using a
photo ionization detector (PID)} equipped with a 11.7 eV lamp to perform headspace vapor screening
on core samples as described in Section IX.B.2.d of the Order.

{c) As previously described in the responses to Comments 16 and 25, field screening for VOCs is not
necessary to satisfy the data gaps related to subsurface VOC vapor contamination, Field screening
for VOCs is not effective since these contaminants are present in the vapor phase at low
concentrations (See MDA H RFi and RF] Addendum).

(d} As previously described in the responses to Comments 16 and 25, field screening for VOCs is
not necessary to satisfy the data gaps related to subsurface VOC vapor contamination.

NMED Comment

39.

Section B-4.1: Nature and Extent of Contamination in Surface Soil and Fill: Radionuclides

The highest concentrations of Am-241, Pu-238, and Pu-239/240 were found in surface samples in
the NE corner of the site. No surface sampling in proposed for this portion of the site. The Permittees
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shall modify the scope of work to propose plans for surface sampling at this location, or provide
sufficient data and rationale to demonstrate that additional sample collection is not necessary.

LANL Response

As discussed in Section B-4.2.1, the special extent of potential surface releases from MDA C has
been established by the Phase | RFI data and no data gap was identified.

NMED Comment
40. Section B-4.2.1: Data Gaps Related to Surface Soil and Fill

This section claims that the detected concentrations of organic chemicals are bounded by other soil
and fill samples where they were not detected. However, the data provided in this work plan is not
sufficient to demonstrate this assertion. The bubble plots do not adequately show or prove the
validity of this statement. The Permittees shall provide sufficient data and rationale to demonstrate
that additional sample collection is necessary.

LANL Response

The bubble plots in Appendix D will be revised to show locations where samples were collected but
the analyte was not detected. Also see response to Comment 36(c) and 36(d) with respect to
evaluation of the extent of organic chemical contamination in surface scil and fill.
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Figure D-6 Bubble plot of Aroclor-1254 detected concentrations from surface soil and fill material at
MDAC
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Figure D-7 Bubble plot of Aroclor-1260 detected concentrations from surface soil and fill material at
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Figure D-8 Bubble plot of his(2-ethylhexyl)phthalate detected concentrations from surface
soil and till material at MDA C

NMED Comment

41. Figures and Tables in the Historical Investigation Repori

Some of the historical data is not usable. NMED requires the background information and data to
determine the amount of further data collection that is needed to complete the investigation of the
site. Tables that include data and sample identification numbers but no corresponding figures with
the identification numbers do nof serve this purpose. The Permittees shalf present the detections of
contaminants encountered during previous investigations in table format, with accompanying figures
showing identifiable sample locations.

LANL Response

The requested figures will be provided, including figures plotting the sample location Id numbers.
See responses to Comments 29 and 30(a).
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NMED Comment
42, Tables in the Historical Investigation Report

(a) The Permittees shall include tables with summaries of regulatory criteria and applicable cleanup
or screening levels. This information may be included on the tables of analytical data or as separate
fables.

{b) The Permittees shall include tables with summaries of historical field screening and field
parameter measurements of soil, tuff, and air quality data.

LANL Response

(a) The requirements for the HIR are contained in Section IV.C.3.b of the NMED Order and do not
include presentation of regulatory criteria and applicable cleanup or screening levels. The purpose of
the HIR is to present and evaluate existing data to identify the data needs that must be addressed
during the investigation. This evaluation determines whether existing data are adequate to establish
the nature and extent of contamination. Comparisons with regulatory criteria and cleanup or
screening levels is not performed during the historical evaluation, but will be included as part of the
investigation report.

(b) Copies of field measurement data forms will be provided to NMED. See response to Comment

32(b).
NMED Comment
43. Figure B-2: Pre-RF| characterization sample locations-1989

The Permittees shall include sample ID numbers at the sample locations marked on the figure, or the
locations where the detections were measured (as described in Section B- .2.3).

LANL Response

The detected values referred to in the text will be added to Figure B-2. See response to Comment
29,

NMED Comment
44. Figure B-3: Phase | RFl surface sample locations at MDA C-1995

The Permittees shall include sample ID numbers at the sample locations marked on the figure.
These must correlate with the ID numbers and data in Tables B-10, B-12, and B- 14.

LANL Response

See response to Comment 30(a).

NMED Comment
45, Figure B-4: Locations of tritium probe and biota samples collected in 2003 at MDA C

The Permittees shall include sample ID numbers for the biota screening samples at the sample
locations marked on the figure. The screening location ID numbers in Tables B- 7 and B-8 do not
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match those on Figure B-4. The sampling results are not available and should be included in the
Investigation Report. The report must include a figure with the locations where biota samples were
actually collected. This work plan states that 14 ant mounds and 63 burrows were screened, but only
9 ant mounds and 20 burrows were sampled.

LANL Response

Figure B-4 shows the locations where the following biota samples were actually collected. The
sample and location Id numbers are listed below. This data will be reported in the Investigation

Report,
: 5 E .
5 § &
MD50-03-50881 50-21981 0-0.5 Soil
MD50-03-50892 50-21982  (-0.5 Soil
MD&50-03-50893 50-21983  0-0.5 Soil
MD50-03-50894 50-21984 0-0.5 Soil
MD50-03-50895 50-21985 0-0.5 Soil
MD50-03-50896 50-21986 0-0.5 Soil
MD50-03-50897 50-21987 0-0.5 Sail
MD50-03-50898 50-21988 0-0.5 Soil
MD50-03-50898 50-21989  0-0.5 Soil
MD50-03-50900 50-21990 0-0.5 Soil
MDS50-03-50901 50-21991  0-0.5 Soil
MD50-03-50902 50-21992 0-0.5 Soil
MD50-03-50903 50-21983 0-0.5 Soil
MD50-03-50904 50-21994 0-0.5 Soil
MD50-03-50905 50-21995 0-0.5 Soil
MD50-03-50906 50-21996 0-0.5 Soil
MD50-03-50807 50-21997 (0-0.5 Soil
MD50-03-50908 50-21998 0-0.5 Soil
MD50-03-50909 50-21999  0-0.5 Soll
MD50-03-50910 50-22000 0-0.5 Soil
MD50-03-50911 50-2200t 0-0.5 Soil
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