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EXECUTIVE SUMMARY

This investigation work plan (IWP) presents recommendations for investigation activities required to
complete the Resource Conservation and Recovery Act facility investigation (RFI) of material disposal
area (MDA) L, solid waste management unit (SWMU) 54-006, at Technical Area (TA)-54 at Los Alamos
National Laboratory (the Laboratory). The IWP also includes a description of sampling activities and
analytical results for historical investigations at MDA L. The investigation activities described in this IWP
are designed to address data gaps remaining after past investigations, including the Phase | RFI
fieldwork conducted at MDA L.

The objectives of the IWP are to determine the nature and extent of hazardous waste constituents and/or
radionuclide releases to the environment identified during the Phase | RFI. Evaluation of environmental
data generated during the Phase | RFI consisted of comparisons of site data with background values
and/or fallout values 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 L.

o methoxychlor was detected in channel sediments;
e plutonium-238 was elevated with respect to its fallout value in one channel sediment sample;

e barium, chromium, cobalt, copper, manganese, nickel, uranium, and zinc were detected in
subsurface core above background beneath the disposal units;

e volatile organic compounds (VOCs) were frequently detected in pore-gas samples collected from
monitoring boreholes; and

e tritium was detected in surface flux samples and in subsurface core.

The Phase | RFI data were evaluated to determine if data gaps remain related to characterizing the
nature and extent of contamination. The data gaps identified include

vertical extent of metals in tuff beneath the shafts and impoundments;
nature and extent of perchlorate, nitrate, and high-explosive (HE) contamination in core;
concentrations and spatial extent of tritium in the vapor phase in subsurface core;

presence of perched groundwater beneath MDA L;

L

information on hydrogeologic properties to support contaminant transport modeling of the vadose
zone at MDA L;

6. continued monitoring of vapor-phase VOC plume to track plume stability; and

7. collection of one supplemental channel sediment sample.

Once the additional fieldwork has been completed and the investigation report prepared and approved by
NMED, a corrective measure study will be prepared and an alternative selected for the site.

To address data gap 1, two angled boreholes will be advanced under Impoundments B, C, and D, and
one angled borehole will be advanced beneath the western shaft field. The objective of these boreholes is
to collect samples to evaluate the extent of metals contamination in tuff. A minimum of two tuff samples
will be collected from each borehole.
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To address data gap 2, all core samples associated with data gap 1 will be analyzed for nitrates and
perchlorate and field-screened for HE. Twenty percent of the samples screened for HE will also be
submitted to an off-site contract laboratory for analysis.

To address data gap 3, a minimum of two tritium pore-gas samples will be collected from the three new
angled boreholes and from eight existing boreholes. Samples will be collected directly beneath the
nearest disposal unit and at the total depth of each borehole.

To address data gap 4, a vertical borehole will be advanced east of the MDA L fence line to a depth of
700 ft to investigate whether perched groundwater is present below MDA L. Moisture levels will be
recorded at 1-ft intervals to the total depth of the borehole.

To address data gap 5, data on the geophysical properties of vadose zone core will be collected from the
700-ft borehole to evaluate contaminant fate and transport mechanisms in the subsurface at MDA L for
the future corrective measure study.

To address data gap 6, continued monitoring in new and existing boreholes is required to track the
plume’s stability, its migration pattern, or a potential release from the source areas (data gap 6). However,
concentrations and spatial extent of VOC vapors in subsurface tuff have been defined.

To address data gap 7, one channel sediment sample will be collected at the interface of the alluvial
sediments and bedrock in the historic drainage areas.
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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 US Department of Energy (DOE) and managed by the University of California. The Laboratory is
located in north-central New Mexico, approximately 60 mi northeast of Albuquerque and 20 mi northwest
of Santa Fe. The Laboratory site covers 40 mi’ of the Pajarito Plateau, which consists of a series of
finger-like mesas separated by deep canyons containing perennial and intermittent streams running from
west to east. Mesa tops range in elevation from approximately 6200 to 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 national 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 DOE operations do not threaten human or environmental health and
safety in and around Los Alamos County, New Mexico. To achieve that 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 report (SWMU 54-006) contains both hazardous and radioactive
components.” Depending on the type of contaminant(s) and the history of a SWMU, the New Mexico
Environment Department (NMED) or the DOE has administrative authority over work performed by
RRES-RS at the site. NMED, under the auspices of the State of New Mexico Hazardous Waste Act
(NMHWA), has authority over cleanup of sites with hazardous waste or certain hazardous constituents,
including the hazardous waste portion of mixed waste (i.e., waste contaminated with both radioactive and
hazardous constituents). The DOE has authority over cleanup of sites with radioactive contamination.
Radionuclides are regulated under DOE Order 5400.5, “Radiation Protection of the Public and the
Environment,” and DOE Order 435.1, “Radioactive Waste Management.”

NMED enforces the Hazardous and Solid Waste Amendments (HSWA) Module VIII 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 US Environmental Protection Agency (EPA) issued Module VIl on May 23, 1990, and
revised it on May 19, 1994 (EPA 1990, 1585; EPA 1994, 44146). NMED is currently revising the
Laboratory's Hazardous Waste Facility Permit.

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

Material disposal area (MDA) L is located on a mesa in the east-central portion of the Laboratory at
Technical Area (TA)-54 (Figure 1). During the late 1950s, the Laboratory, with approval of the US Atomic
Energy Commission and upon recommendation of the US Geological Survey, selected Mesita del Buey,
within TA-54, for underground disposal of Laboratory-generated waste (Rogers 1977, 5707,

Rogers 1977, 5708). Since that time, the main waste storage and disposal facilities for the Laboratory

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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have been located at TA-54. MDA L is one of four disposal areas on Mesita del Buey between Pajarito
Canyon (south) and Cafiada del Buey (north) and within TA-54 (Figure 2).

MDA L is an 1100- by 3000-ft (2.5-ac) fenced area. MDA L consists of one inactive subsurface disposal
pit (Pit A); three inactive subsurface treatment and disposal impoundments (Impoundments B, C, and D);
and 34 inactive disposal shafts (Shafts 1 through 34) with depths ranging from 10 to 65 ft below the
original ground surface, before an asphalt cover was placed over the site. The pit, impoundments, and
shafts are constructed in the Tshirege Member of the Bandelier Tuff, a consolidated tuff unit. The regional
aquifer is estimated to be at a depth of approximately 930 ft, based on data from other wells at the
Laboratory and the predictions of the hydrogeologic conceptual model for the Pajarito Plateau (LANL
1998, 59599). The topography of MDA L is relatively flat. The majority of the surface of MDA L is paved
with asphalt to house ongoing waste management activities; surface water runoff from this area is
controlled and diverted to an outfall at the northeast corner of the site.

Historically, MDA L was used for disposing of non-radiological liquid chemical wastes. Disposal of these
types of wastes no longer occurs at this site. LANL drawings AB113 (LANL 1993, 76052) and ENG-C-
45259 (DOE 1987, 25606) have been used to identify the locations of the pit, impoundments, and shafts
at MDA L. There are no visible surface expressions of the pit or the impoundments because asphalt
covers most of the surface of MDA L. Most of the shaft locations (but not all) are marked with brass caps
pressed into the asphalt indicating the approximate location of each shaft. The depth of the disposal units
was described in the approved RFI work plan for Operable Unit (OU) 1148 (LANL 1992, 07669) based on
historical records; however, elevation data was not documented. The subsequent cover material placed
over the disposal units, including the asphalt pad, has increased the elevation across the site. The
elevation of the disposal units at the time of excavation has been estimated from the tuff/soil interface
identified in the Phase | RFI borehole logs. Figure 3 shows the locations of the pit, impoundments, and
shafts as well as other site surface features and topographical lines. The entire fenced surface area over
MDA L is an active RCRA-permitted hazardous waste management unit.

This investigation work plan (IWP) provides the results of historical investigations (including the Phase |
RFI) of MDA L, SWMU 54-006, at TA-54 and presents recommendations for additional investigation
activities required to complete the investigation. The IWP includes site background, site conditions, scope
of activities necessary to complete the investigation, investigation methods, and the anticipated schedule
for completing the field activities. Appendix A includes a list of acronyms and defines terms used in this
report. Appendix B describes the historical RFI activities and analytical results for MDA L, including data
interpretation to establish if releases had occurred from the disposal units and to make a preliminary
determination of the nature and extent of the contamination. Appendix C describes results of the quality
control (QC)/quality assurance (QA) process. Appendix D on CD attached to inside back cover of this
report provides all of the Phase | RFI data. Appendix E describes statistical analyses to support data
interpretation. Appendix F lists relevant documents for the regulatory history of the SWMUs associated
with MDA L. Appendix G includes a history of pore-gas monitoring at MDA L. Appendix H includes
borehole profiles and logs. Appendix | is a copy of the report “Subsurface Vapor-Phase Transport of TCA
at MDA L: Model Predictions” (Stauffer et al. 2000, 69794). Appendix J contains a copy of the report
“Summary Report: Conceptual Model Review and Remediation Options for Los Alamos National
Laboratory Technical Area 54, Material Disposal Area L, Revision 1.” Appendix K contains information on
the stratigraphy of the MDA L area. Appendix L contains the Source Term and Batch Waste Source Term
Databases.
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1.2 Investigation Objectives
The objectives of the IWP for MDA L are to

e determine the nature and extent of hazardous waste constituents and/or radionuclide releases to
the environment identified during the Phase | RFI;

e establish the rationale for data collection and analysis; and

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

The RRES-RS Project conducted Phase | RFI fieldwork at MDA L from 1993 to 2003. The results of these
investigations are described in the historical investigation report (HIR) in Appendix B of this IWP. Based
on an evaluation of existing environmental data collected at MDA L, several data gaps were identified that
must be addressed to define the nature and extent of contamination in the environment and to evaluate
potential risks to human and ecological receptors. These data gaps are described in the HIR and in
Section 4.1 of this IWP.

2.0 BACKGROUND
2.1 Operational History

MDA L is a decommissioned (i.e., removed from service) MDA established for disposing of
non-radiological liquid chemical waste, including containerized and uncontainerized liquid wastes; bulk
guantities of treated aqueous waste; batch-treated salt solutions; electroplating wastes, including
precipitated heavy metals; and small batch quantities of treated lithium hydride. MDA L operated from the
early 1960s until it was decommissioned in 1985. A chronology of the salient information pertinent to
MDA L is presented in pages 5-105 through 5-108 of the approved RFI work plan for OU 1148 (LANL
1992, 07669) and in Section 1.0 of the HIR in Appendix B.

At MDA L, 1 pit, 3 impoundments, and 34 shafts were excavated into the overlying soil and unit 2 of the
Tshirege Member of the Bandelier Tuff (Figure 3). The pit, impoundments and shafts were unlined. Upon
decommissioning, the pit and impoundments were filled and covered with clean, crushed, consolidated
tuff. When the shafts were filled to within approximately 3 ft of the surface, steel caps were placed over
the opening of each shaft, and the area above the steel plate was capped with a 3-ft concrete plug
(Rogers 1977, 5707; 5708).

2.2 Land Use

MDA L is located in an industrial area within TA-54, which is currently the primary site at the Laboratory
for waste management activities. The Laboratory does not anticipate that land use at TA-54 will change in
the foreseeable future. Public access to the site is restricted by fencing, locked gates, and restricted
access to Pajarito Road and TA-54. Under present-day conditions, only Laboratory employees or
contractors may enter the site for site management activities (i.e., installing best management practices),
waste management operations, or collecting environmental samples.

2.3 Relationship to Other SWMUs and AOCs

To evaluate the potential impact of MDA L and to make sound decisions regarding the need for and
nature of effective remedies, it is important to understand, at least qualitatively, the potential impact of
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nearby SWMUs and AOCs. The most significant SWMUSs/AOCs near MDA L, in terms of contaminant
inventory and physical size, are MDAs G and H at TA-54 (Figure 2). MDA G is located near the eastern
end of Mesita del Buey approximately 1 mi east of MDA L. This 65-ac site has been the Laboratory’s
primary radioactive waste disposal facility since 1959 and is scheduled to operate through 2044.
Investigations to date have revealed a diffuse plume of volatile organic compounds (VOCSs) (probably
associated with residual solvent contamination in radioactive waste) and a plume of water vapor
containing tritium. As an operating nuclear facility, MDA G is subject to intensive personnel safety and
environmental protection and surveillance programs, and the VOC and tritium plumes are monitored
regularly. Ongoing low-level radioactive waste disposal is authorized by the DOE, and ongoing solid low-
level mixed-waste and transuranic (TRU) mixed-waste management activities are authorized by the DOE
and permitted, as necessary, by the NMED under agreement with the EPA. MDA H is located 0.6 mi west
of MDA L. This 0.3-ac site functioned as the Laboratory’s primary disposal area for classified, solid-form
waste from 1960 through August 1986. Investigations conducted to date indicate that a vapor-phase
release of tritium and VOCs occurred from the subsurface shafts. The corrective measures study (CMS)
for MDA H was submitted to NMED on May 31, 2003 (LANL 2003, 76039).

2.4 Contaminant Transport and Potential Receptors

The inventory of wastes disposed of at MDA L includes inorganic 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, are
susceptible to release and transport via infiltration of water through the interred wastes.

The primary potential release and transport mechanisms for contaminants in subsurface wastes at MDA L
include the following:

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

e Dissolution and advective transport in water. Residual moisture under the asphalt surface moves
down through the shafts, impoundments, and pit, 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.

In addition to the processes described above, which were described in the context of buried wastes,
contaminants may also have impacted environmental media at MDA L from releases that occurred during
the operation of MDA L. Dissolution of contaminants in infiltrating water, for example, may have been
more prevalent during site operations when the pit, impoundments and shafts were open for waste
disposal. At least two release mechanisms, currently inactive at MDA L, may have contributed to existing
contamination in environmental media:

e Subsurface solute-transport. Although limited liquid-phase contaminant transport may have
occurred in the past, as indicated by the presence of metals in core samples collected beneath
the subsurface pit, impoundments, and shafts, boreholes drilled beneath MDA L have not
provided evidence of residual free liquid (solvent or water). These findings indicate that no liquid
source is present outside the disposal trenches and shafts. Nonetheless, because liquid VOCs
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may still be present in the MDA L inventory (e.g., intact drums in shafts), the possibility of future
liquid-phase solute transport is retained as a potential contaminant transport mechanism.

e Liquid-phase transport of solvents and associated metallic residue. If intact drums of chemicals
are still present, liquids from the drums would rapidly volatilize into pore space. It is possible that
a drum or drums of liquid could fail completely, adding a pulse of liquid to the system. The depth
of resultant contaminant transport would be a function of the saturated and unsaturated hydraulic
conductivity and the volume of liquid released. To evaluate the potential for liquid VOC flux
(aqueous-phase transport) and subsequent mobilization of residual metals, the rate of
volatilization was compared to the rate of saturated and unsaturated flux. Based on conservative
assumptions, a 55-gal. drum of 1,1,1,-trichloroethane (TCA) that fails completely would fully
volatilize within one year, resulting in vertical liquid transport of approximately 100 ft (Appendix |
of this IWP). Once the volume of liquid released fully volatilizes, saturated conditions would cease
to exist, after which volatile chemicals would diffuse through the pore space in the tuff. Any
metals mobilized during saturated conditions would sorb onto solid particles. The introduction of
liquid pulses into the subsurface at MDA L would not result in long-term saturated flow conditions
or deep vertical transport of contaminants.

Movement of VOC plumes can be characterized as advective (density driven) or diffusive (concentration
driven [Conant et al. 1996, 64608]). Density-driven flow increases the downward migration rate of a VOC
and affects the distribution of the plume in solid media with air permeabilities greater than 10~ m?

(10 darcies [Stauffer et al. 2002, 69794]). This is the upper limit for air permeability in the Bandelier Tuff.
Based on relatively low air permeability, vapor movement beneath MDA L is expected to be dominated by
diffusion, with the rate of diffusion being determined by the concentration gradient between the source
and the ambient pore gas. Assuming diffusive (concentration driven) processes are dominant and using
site-specific properties (e.g., geology and air-permeability), modeling results of the VOC plume evolution
match the nature and extent of the plume as measured during pore-gas sampling (Appendix 1). Matching
the modeling to the site-specific conditions (i.e., data) would verify that the primary mechanism for VOC
transport is diffusive transport in the vapor phase.

The impacts of drum failure on the VOC plume extent are evaluated in a report contained in Appendix |
(Stauffer et al. 2002, 69794) to determine whether a drum failure could be detected with pore-gas
monitoring. The simulation assumed that a 55-gal. drum of TCA fails, emptying its entire contents into the
subsurface. The TCA was assumed to move downward, smearing homogeneously, to a depth of 100 ft
below a shaft bottom or approximately 160 ft below the MDA L surface. Next, the TCA is assumed to
completely volatilize, creating a TCA cloud at a concentration of 20,000 parts per million by volume
(ppmv). This addition of vapor (~300 kg) is roughly 40% of the current plume inventory. After one year,
the simulation predicts that 22% of the new release is lost through the surface. According to the model,
after two years, 31% would be vented, and after five years, 50% would be removed by venting through
the surface to the atmosphere. The concentration increase in the subsurface following drum failure would
be detected by the current monitoring program. The impact on the extent of the VOC plume would be
minimal. The simulation showed that the extent of the 100-ppmv-concentration contour beneath the
release would expand slightly. The outer extent (10-ppmv contour) would not change measurably. The
prediction calculates that after 10 yr, 70% of the release is vented, and after 20 yr, 88% has left the
system. At this point, the plume would look much like its current condition, and monitoring would no
longer be able to detect the release. In summary, a single drum failure does not appear to substantially
change the extent of the plume, and the current monitoring system is able to detect the release
(Appendix ).

Receptors potentially exposed to contamination from MDA L include workers at MDA L and TA-54 and
biota at the site. Potentially, site workers may be exposed to contaminants via inadvertent soil ingestion,
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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 VOCs emanating from the site into the
atmosphere is also a potential means of exposure. Ecological receptors may also be exposed via these
pathways as well as via plant root uptake and the food web; in addition, these receptors may be exposed
to higher concentrations of gas-phase contaminants in subsurface burrows.

Perched groundwater was not encountered, nor is suspected, beneath Mesita del Buey at MDA L at
TA-54 (LANL 1998, 59599). No perched water was observed in 340 ft of drilling (to 6448 ft above sea
level) in the deepest borehole (borehole 54-01004, Appendix H of this IWP). No perched water was
observed in 883 ft of drilling (to 5767 ft above sea level [asl]) in regional well R-22 or in 800 ft of drilling (to
5680 ft above sea level) in regional well R-21 (Figure 4). 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 approximately 930 ft below MDA L (LANL 1998, 59599). Because of the depth to the regional
aquifer and the low moisture content (1% to11% gravimetric moisture content within the first 300 ft below
ground surface ([bgs] (LANL 1994, 76071) of the vadose zone, it is unlikely that contamination at MDA L
could reach the regional aquifer in the foreseeable future. However, contaminants from MDA L could
potentially reach groundwater, and this pathway will be investigated and evaluated in the MDA L
investigation report and the future CMS report.

25 MDA L Waste Inventory

Waste disposal records for MDA L are found in un-numbered disposal logbooks (LANL 2003, 76036).
These logbooks were used to record information on the type, date, location, and volume of waste placed
in MDA L. Records prior to 1974 are incomplete, and many logbook entries contain only brief descriptions
of wastes disposed of at MDA L (i.e., waste types, volumes, and disposal locations are not always
provided). An estimate of the types and quantities of waste disposed of at MDA L was compiled in the
OU 1148 data report (LANL 1992, 23247).

Two databases were developed based on the original logbook entries. Untreated waste deposited at
MDA L between May 30, 1975, and May 7, 1985, is identified in the Source Term Database and
summarized in Appendix B, Section B-1.1. Information about waste that underwent treatment before
disposal at MDA L from December 20, 1974, to July 25, 1984, is provided in the Batch Waste Source
Term Database and is summarized in Appendix B, Section B-1.1. Given the uncertainties and lack of
information in the historical records, the data are sufficient only to estimate the general nature of
inventoried waste buried of in the pit, shafts, and impoundments at MDA L. The Source Term and Batch
Waste Source Term databases are included in Appendix L of this IWP.

2.6 Summary of Historical Investigations

2.6.1 Pre-RFI Field Investigations

On May 7, 1985, the Laboratory received a compliance order from the New Mexico Environmental
Improvement Division (NMEID, now called NMED) that addressed numerous waste management issues
at the Laboratory (NMEID 1985, 75885). The 1985 order specified the following six tasks that involved
site investigation activities in and around MDA L.:

e Task 1 required measuring the intrinsic permeability of the tuff,

e Task 2 required determining the soil-moisture characteristic curves,
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e Task 3 required determining the unsaturated hydraulic conductivity of the Bandelier Tuff,
e Task 4 required analyzing the infiltration and redistribution of meteoric water into the tuff,
e Task 5 required characterizing the core and pore gas in the vadose zone, and

e Task 6 required analyzing the potential presence of perched water.

The results and outcomes of the above six tasks are described in a report entitled “Hydrogeologic
Assessment of Technical Area 54, Areas G and L” (LANL 1987, 76068), which was submitted in 1987 to
the NMED in response to the 1985 compliance order/schedule. These investigations and the associated
findings are described in the HIR (Section B-1.2 of Appendix B) and in the approved RFI work plan for
OU 1148 (LANL 1992, 07669).

2.6.2 Phase | RFI Field Investigations

Phase | RFI activities, including sampling of ambient air, channel sediments, subsurface core, and pore
gas, are summarized in Table 1.

VOC surface flux was measured across MDA L in two surveys conducted in August 1993 and August
1994. Details of the investigation are reported in two Quadrel Services reports (Quadrel 1993, 63868;
Quadrel 1994, 63869). Truijillo et al. (1998, 58242) issued a report summarizing the results of the surface
flux VOC measurement investigations. During the summers of 1993 and 1994, tritium flux was measured
at locations on and near the surface of MDA L. Tritium flux locations are shown on Figure B-4 and the
results are presented in Table B-6 (Eklund 1995, 56033).

Between September 1993, and May 1995, 184 core samples were collected from seven vertical and nine
angled boreholes drilled at MDA L and submitted to an off-site contract laboratory for analysis. Depth
intervals for sample collection and analytical suites varied by borehole and are described in Section
B-2.3.1 in Appendix B. The depths of these boreholes ranged from 50 to 607 ft bgs. Borehole locations
and trajectories are shown on Figure B-6. Boreholes are described by depth, declination, and adjacent
disposal unit in Table B-7. A total of 18 boreholes were drilled during the Phase | RFI; however, core
samples were not collected from boreholes 54-01017 and 54-01018.

In 1994, channel sediments from tributaries of Cafiada del Buey were collected from eight locations and
field screened for alpha, beta, and gamma radiation to bias sample selection. The sample with the
highest gross alpha and gross beta, the sample with the highest gross gamma, and two other samples
selected at random (four total) were submitted to an off-site contract laboratory for target analyte list (TAL)
metals, polychlorinated biphenyls (PCBs)/pesticides, herbicides, gamma spectroscopy for radionuclides,
tritium, isotopic thorium, strontium-90, isotopic uranium, and isotopic plutonium analyses (LANL 1996,
54462).

Additionally, in 1994, ambient-air samples were collected for eight days at two sampling locations along
the northern perimeter of MDA L. The samples were analyzed for VOCs. This sampling event is described
in Section B-2.1.2 of Appendix B and reviewed in Appendix J of this IWP.

In 1997 and 1998, the Environmental Restoration Project (now called RRES-RS) evaluated the
effectiveness of passive-vapor extraction of subsurface vapor-phase VOCs at MDA L. Passive-vapor
extraction uses natural changes in atmospheric barometric pressure as a pump to exhaust VOCs through
open boreholes. These activities are described in Section B-2.3.2 of Appendix B.

Sampling of subsurface pore gas for VOCs has been ongoing at MDA L from 1992 to the present.
Currently, there are 18 boreholes at MDA L available for this sampling, including two Phase | RFI
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boreholes and 16 pre-RFI boreholes. Each quarter, ten of these boreholes are selected for pore-gas
monitoring. Since 1997, pore-gas monitoring has been aided and directed using soil-gas screening with a
Bruel and Kjaar (B&K) Multigas Analyzer, Model 1302. Currently all ports in the monitoring boreholes
selected for that quarter are screened using the B&K, and SUMMA™ canisters are collected as needed to
evaluate changes in the VOC plume based on a defined quarterly sampling schedule presented in the
prior year's annual report September RRES-RS quarterly technical report [LANL 2002, 73712). Pore-gas
monitoring activities are described in Section B-2.3.3 of Appendix B and in Appendix G of this IWP.

2.6.3 Phase | RFI Results

Conclusions regarding the nature and extent of contamination at MDA L that can be drawn from the
results of Phase | RFI activities are as follows.

1. Concentrations of certain metals (barium, chromium, cobalt, copper, manganese nickel, uranium,
and zinc) in tuff, beneath the pit, impoundments, and shafts, indicate that contamination has
leached from the disposal units. The vertical extent of subsurface contamination beneath the
three impoundments and shaft field has not been defined.

2. Concentrations of tritium beneath the disposal units indicate that it has migrated into the tuff. The
extent of contamination has not been defined.

3. VOCs (primarily trichloroethylene [TCE], tetrachlorethane [PCA], and TCA) were detected in
subsurface pore gas indicating a release. The vertical and horizontal extent of this contamination
is defined.

4. Surface flux and ambient-air sampling results indicate that VOCs and tritium are being released
into the atmosphere from the subsurface vapor plume residing in the vadose zone beneath
MDA L.

5. Channel sediments contain low concentrations of methoxychlor and plutonium-238.

A detailed review of the Phase | RFI data is presented in Section B-3 of Appendix B. Phase | RFI data is
presented in Appendix D of this IWP (CD on inside back cover).

3.0 SITE CONDITIONS

This section discusses aspects of the environmental setting at MDA L that are important to assessing the
potential impacts of contaminated surface and subsurface media, including

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

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

e the canyon-mesa terrain that affects atmospheric conditions and ecological habitats.

3.1 Surface Conditions

MDA L is located in the central area of Mesita del Buey northwest of MDA G at TA-54 (Figure 4). Mesita
del Buey is a 100- to 140-ft-high finger-shaped mesa that trends southeast. The elevation of Mesita del
Buey ranges from 6775 to 6800 ft at MDA L. The mesa is approximately 500 ft wide and is bounded by
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Canada del Buey (450 ft to the north) and Pajarito Canyon (360 ft to the south). The topography at MDA L
slopes gently from west to northeast, gradually steepening in the northeast quadrant of MDA L towards
Cafada del Buey. The surface of MDA L is covered with a layer of asphalt.

3.11 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 on the mesa surface are thin and poorly developed; they tend to be sandy 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 (Reneau and Vaniman 1998, 63135). A discussion of soils in the Los Alamos area can
be found in Section 2.5.1.3 of the installation work plan (LANL 1998, 62060).

The original soils near MDA L were poorly developed, as is typical of soils derived from Bandelier Tuff
and formed under semiarid climate conditions (Nyhan et al. 1978, 5702). In general, undisturbed soils on
the mesa tops are comprised of the Carjo loam, the Hackroy loam, and the Seaby loam (Nyhan et al.
1978, 5702). At MDA L, natural or undisturbed surficial soil cover is limited as a result of disposal unit and
cover construction. The present-day surface of MDA L is crushed tuff covered with an asphalt pad.

Canyon bottoms (Cafiada del Buey and Pajarito Canyon) near MDA L 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 L, Cafiada del Buey has
experienced a period of accretion, and eroded soils from MDA L as well as other areas at TA-54 have
been deposited on the canyon bottom and stream banks (Nyhan et al. 1978, 5702). Potentially, these
soils can be redistributed downstream during storm runoff events. The drainages between the mesa and
canyon bottoms were sampled during the Phase | RFI; the canyon bottoms will be investigated under
separate canyon work plans.

3.1.2 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 north and the south. Storm water flows at a number of
points along the perimeter of TA-54, as identified and characterized in the “Stormwater Pollution
Prevention Plan” (LANL 2002, 74009), prepared for the Laboratory’s National Pollutant Discharge
Elimination System Storm Water Multi-Sector General Permit. Therefore, flooding at the site facility is not
a concern. As a result of runoff, surface erosion occurs primarily as shallow sheet erosion on the relatively
flat parts of the mesa and as channel erosion in major drainages from the mesa top. Runoff from summer
storms reaches a maximum in less than 2 hr and lasts less than 24 hr. In contrast, runoff from spring
snowmelt occurs over a period of several weeks at a low discharge rate. The amount of eroded material
transported in runoff waters is generally higher during summer rainfall events than during snowmelt
(LANL 1997, 63131, pp. 2-33).
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In 2001, RRES-RS conducted a surface water assessment of the surface of MDA L, which is paved and
is used as an active RCRA-permitted hazardous waste management unit. The area received a score of
10.6, indicating low erosion potential. The calculated erosion matrix score includes 3.6 for site setting, an
erosion runoff score of 0.0, and a run-on score of 7.0 (Appendix K of this IWP).

3.2 Subsurface Conditions
3.2.1  Stratigraphy

The RRES-RS Project drilled and cored 18 boreholes (Figure 5), and sampled 16 of the boreholes at
MDA L to characterize potential contaminant releases and transport in the subsurface. Borehole logs from
the site (Figure 6; Appendix H) provide details on the stratigraphy to a depth of approximately 607 ft bgs
(borehole 54-01015) and are included in Appendix H. The locations and depths of regional wells (R-20,
R-21, R-22), were also used to infer the stratigraphy beneath MDA L (Figure 7). Figure 7 shows east-west
cross sections beneath and near MDA L. The stratigraphy beneath MDA L includes the Bandelier Tuff
and the Cerros del Rio basalt. The regional aquifer is primarily Santa Fe Group, Puye Formation, and
Cerros del Rio basalts. Descriptions of the stratigraphic units beneath MDA L are included in Appendix K.

3.2.2 Hydrogeology

The proposed hydrogeologic conceptual model for the Pajarito Plateau (LANL 1998, 59599) is presented
in Figure 8. The model predicts that infiltration of water into the subsurface and subsequent transport of
water, vapor, and solutes through the upper regions of the vadose zone is heavily influenced by surface
conditions such as topography, surface water flow, and microclimate. According to model predictions,
movement through deeper layers, including the regional aquifer, is only weakly influenced by surface
conditions and is influenced more by the 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, groundwater, and stratigraphy in the vicinity of MDA L.

Infiltration

Surface and near-surface conditions (topography, precipitation, surface runoff) control the infiltration of
water and the transport of contaminants into the shallow subsurface. In this respect, the behavior of
mesas and canyons forming the plateau differ from one another (LANL 1998, 59599). Mesas are
generally quite dry, both on the surface and within the rock forming 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.

Relatively small volumes of water move beneath mesa tops under natural conditions because of low
rainfall, run-off into canyons, high evaporation, and efficient water use by vegetation. Liquid water
generally infiltrates into the mesa, and water vapor generally moves upward, undergoing
evapotranspiration along the top and sides of the mesa. Air readily circulates through the mesa-top units
because of the relatively dry pore spaces and the topographic relief. Air circulation may be driven by
temperature variations, barometric pumping, or surface winds. This process promotes atmospheric
evaporation, which may extend deep within the mesa and further inhibit the downward liquid-water flow.

Mesita del Buey is one of the drier mesas at the Laboratory and the Pajarito Plateau. Infiltration into the
mesa appears to be very low, possibly only 0.04 in./yr (LANL 1997, 63131), and occurs during snowmelts
or intense summer thunderstorms, which leads to slightly higher moisture contents within the uppermost
few meters of the mesa surface. During dry periods, evapotranspiration removes moisture from the
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surface of the mesa; permeable zones such as fractures and surge beds act as conduits for air and aid in
drying the mesa (Turin and Rosenberg 1996, 63559).

3.2.3 Groundwater

Groundwater beneath the Laboratory occurs in the regional aquifer (at depths ranging from 600 to 1200 ft
bgs) and in perched, intermediate and shallow aquifers. Except under TA-16, perched groundwater has
been detected only in wells beneath relatively wet canyons (e.g., Los Alamos Canyon). It exists as two
types: (1) shallow alluvial groundwater that occurs in some wet canyons (generally at depths less than
100 ft), and (2) deeper “intermediate” perched groundwater that occurs in zones separated from both
alluvial and regional groundwater by unsaturated rock. To date, data obtained indicate that dry mesas
such as Mesita del Buey show no evidence of perched groundwater beneath the mesa. However, alluvial
groundwater in Pajarito Canyon may cause increased moisture contents within the vadose zone at the
base of the mesa (Nylander et al. 2003, 76059).

3.23.1 Perched Intermediate Waters

Perched intermediate groundwater is rarely observed on the Pajarito Plateau, and the causes for
perching have not been fully determined (Nylander et al. 2003, 76059). Perched waters are thought to
form mainly at horizons where medium properties change dramatically, such as at paleosol horizons
containing clay or caliche. It is not known whether perched water bodies are isolated or connected and to
what degree they may influence travel times and pathways for contaminants in the vadose zone.
Although perched intermediate groundwater has been observed in some locations elsewhere on the
plateau, none has been observed in the regional wells in the vicinity of MDA L (R-22, R-21, R-20, R-16)
(LANL 1998, 59599). No perched groundwater was observed in 340 ft of drilling (to 6448 ft) in the
deepest vertical borehole drilled to date (borehole 54-01004) at MDA L.

3.2.3.2 Regional Aquifer

The regional aquifer of the Pajarito Plateau is the only aquifer capable of supplying large-scale municipal
water (Purtymun 1984, 6513). The regional aquifer extends throughout the Espafiola Basin (an area
roughly 2300 mi* [6000 km?]) and reaches its maximum thickness beneath the Pajarito Plateau (over
9800 ft thick; Cordell 1979, 76049).

Depths to the regional aquifer range between about 1200 ft along the western edge of the plateau and
about 600 ft east. Beneath MDA L, the water table elevation is approximately 5810 ft (5767 ft at R-22;
5860 ft at R-32 or approximately 930 ft bgs). Figure 9 depicts water table elevations across the plateau,
i.e., a cross section of hydraulic head data (water table elevations) collected in the regional aquifer.

Groundwater flow in the regional aquifer between TA-54 and the Rio Grande (approximately 4 mi) occurs
primarily in the Santa Fe Group (see Figure 7). Pump test results in individual water supply wells
throughout the plateau indicate that the hydraulic conductivity (K) of the Santa Fe Group along the
eastern edge of the plateau is the lowest of any aquifer unit (Javerage K for LA well field = 0.7 ft/day];
Purtymun 1995, 45344). More recent analysis of water-level trends over a 55-yr span indicate that these
K estimates, although accurate locally, may be higher than the large-scale, effective permeability of the
Santa Fe Group (0.2 ft/day) because of the flow impedance of north-south trending faults. Assuming a
porosity of 0.2 (typical of sedimentary rocks [Freeze and Cherry 1979, 64057]) and the measured
gradient of 0.02, pore water velocities in this portion of the aquifer would be slow (approximately
0.02-0.07 m/yr [Nylander et al. 2003, 76059]). This result indicates that travel times within the regional
aquifer (Santa Fe Group rocks) from TA-54 to the Rio Grande would be, on an average, over 1000 yr.
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3.2.3.3 Vadose Zone

The region beneath the ground surface and above the regional aquifer is called the vadose (unsaturated)
zone. The source of moisture in the vadose zone beneath TA-54 is infiltrating precipitation, but most of
the precipitation is removed as runoff or evaporation and transpiration in the upper region of the vadose
zone (LANL 1997, 63131). The subsurface movement of the remaining water (often referred to as
recharge) is predominantly vertical and is influenced by properties and conditions of the vadose zone.

Two geologic properties of the Bandelier Tuff that influence the fluid flow in the unsaturated zone are the
degree of welding and the devitrification, both effects of prolonged presence of residual gases and high
temperatures when the rock was deposited. Because different tuff units were deposited at different
temperatures, and because individual units were laid out in variable thicknesses over different
landscapes, cooling was not uniform. Consequently, welding varies spatially, both between and within
separate depositional layers. Welded tuffs tend to be more fractured than nonwelded 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 rapidly through fractures if nearly
saturated conditions exist (LANL 1997, 63131). The saturation levels measured at MDA L are relatively
low (1% to 13% gravimetric moisture content [LANL 1994, 76071]). At these saturation levels, most of the
fractures beneath MDA L are completely dry and water is found only in the tuff matrix. Only in situations
when substantial infiltration occurs from the ground surface do the fractures become wet and conduct
water. However, modeling studies at MDA G predict that when fractures disappear at contacts between
stratigraphic subunits, if fracture fills are encountered, or if coatings are interrupted, fracture moisture is
absorbed into the tuff matrix (LANL 1997, 63131).

In summary, the groundwater flow and contaminant transport in the vadose zone is difficult to
characterize. The flow rates and transport velocities/directions can be expected to be variable in both time
and space. Between the ground surface and regional aquifer, the flow is predominantly vertical.
Nevertheless, the groundwater transport velocities through the vadose zone in the region of TA-54 are
slow, likely in the order of several centimeters per year (Birdsell et al. 1995, 70012; Birdsell et al. 1999,
69791).

4.0 SCOPE OF ACTIVITIES

Phase | RFI data for MDA L, evaluated in Section B-4 of Appendix B, identified several data gaps to be
addressed to establish the nature and extent of environmental contamination that will be used to evaluate
potential risks to human and ecological receptors. Data interpretation and the associated data gaps are
summarized in Section 4.1.

4.1 Data Gaps

Seven data gaps were identified based on evaluation of the Phase | RFI data presented in Appendix B
and supporting statistical evaluation in Appendix E. The rationale for identifying these data gaps is
described in Sections 4.1.1 and 4.1.2 and includes

1. vertical extent of subsurface metal contamination;
2. lateral extent of tritium in the vapor phase in subsurface tuff;

3. nature and extent of perchlorate, nitrate, and high-explosive (HE) contamination in tuff beneath
MDA L;
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4. presence of perched groundwater beneath MDA L;

5. information on hydrogeologic properties and fracture characteristics of the vadose zone to
support contaminant transport modeling for the future MDA L CMS;

6. information on vapor-phase VOC plume stability: continued monitoring is necessary to track
plume stability, migration, or a release from the source areas, although the concentrations and
the spatial extent of the vapor-phase VOC plume have been identified; and

7. collection of a supplemental channel sediment sample.

411 Extent of Metals Contamination Beneath the Pit, Shafts, and Impoundments

Subsurface data from the Phase | RFI investigation indicate that a release of metals has occurred
beneath the pit, shafts, and impoundments at MDA L. Barium, chromium, cobalt, copper, manganese,
nickel, uranium, and zinc were detected at concentrations above background values (BVs) in one or more
boreholes in two out of three consecutive sampling depths (Appendix B). Other inorganic chemicals
detected at concentrations above BV at discrete locations (i.e., in single samples taken from two or three
different boreholes at different sampling depths) provided insufficient evidence of a release. The nature
and extent of contamination is reviewed in the following subsections by specific impoundments, a pit, and
shafts.

Impoundments B, C, and D. Boreholes 54-01012, 54-01013, and 54-01014 were drilled to angle beneath
Impoundments B, C, and D, respectively. Concentrations of chromium and copper above their respective
BV were detected at three consecutive sampling depths in core samples beneath Impoundment B.
Beneath Impoundment C, concentrations of copper were above BV at three consecutive sampling depths,
and nickel concentrations exceeded the BV at two out of three consecutive sampling depths. Based on
these results, it was concluded that copper and chromium have been released from Impoundment B, and
copper and nickel have been released from Impoundment C. In borehole 54-01014, uranium was the only
inorganic chemical detected at several consecutive sampling depths. Samples were collected from the
unit 2/unit 1v interface and uranium was detected in concentrations slightly above the unit 2 BV

(2.40 mg/kg) but below the unit 1v BV (6.22 mg/kg [see Appendix L for a description of the stratigraphy of
the area]). The pattern indicates that a release of uranium may have occurred from Impoundment D to the
surrounding subsurface tuff. The vertical extent of inorganic chemical contamination is not completely
bounded beneath the impoundments.

Pit A. Boreholes 54-01010 and 54-01011 were drilled at an angle to pass beneath the eastern and
western portions of Pit A, respectively. In borehole 54-01011, barium was detected in one sample at
approximately twice the BV (LANL 1998, 59730). In borehole 54-01010, cadmium, mercury, and uranium
were detected above their respective BVs in one sample each, and chromium was detected above the BV
in two samples separated by four sampling depths (LANL 1998, 59730). The results from the angled
boreholes drilled beneath Pit A do not provide evidence of a release (no consecutive depths with detects
greater than BV), and the vertical extent of the release is defined beneath Pit A.

Shafts 1 through 28. This shaft field is located on the east end of MDA L and was evaluated by samples
collected from boreholes 54-01007 and 54-01009. The pattern of metal concentrations in these boreholes
provided evidence of a release. The primary component of the release was copper, with smaller
contributions from chromium, barium, and zinc. Nickel was also detected above BV in the lower tuff strata
(units 1v and 1g [see Appendix L for a description of the stratigraphy of the area]).

Copper, chromium, barium, and zinc were detected in borehole 54-01007 at concentrations above their
respective BVs at 146 ft (Appendix B). Copper concentrations were greater than BV in 10 of 13 core
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samples, often by more than a factor of 10. Chromium concentrations were greater than BV (LANL 1998,
59730) in 5 of 13 samples but did not exceed BV by more than a factor of 2. Copper and chromium
remained elevated at the deepest sampling location (146 ft). Barium and zinc concentrations were more
than twice their respective BVs in a single core sample and at concentrations marginally above their BVs
at two and four sampling depths (some consecutive depths), respectively. Concentrations of barium and
zinc decreased to less than their respective BVs at the deeper sampling intervals. Distributions of copper,
barium, and zinc in samples taken from borehole 54-01009 were similar to those noted for borehole
54-01007. Based on this analysis, the vertical extent of copper, chromium, and zinc has not been
established.

Shafts 29 through 34. This shaft field is located on the west end of MDA L and was evaluated using data
from borehole 54-01008, a vertical 150-ft borehole located about 20 ft to the southeast of Shafts 29
through 34. The inorganic chemicals measured at concentrations above background included copper,
zinc, and chromium. Copper concentrations exceeded the BVs in a majority of the samples (10 of 12);
concentrations detected were more than 10 times the BV. Zinc and chromium were detected at three or
more consecutive sampling depths at concentrations exceeding their BVs by a factor of two or less.
Manganese and cobalt concentrations above their BVs were reported at two consecutive sampling
depths: manganese was marginally above its BV, and one cobalt concentration was more than twice the
BV. Based on this analysis, it was concluded the vertical extent of chromium, cobalt, copper, manganese,
and zinc have not been established beneath the western shaft group (Shafts 29 through 34). Figures 10,
11, and 12 show the concentrations for chromium, copper, and zinc.

4.1.2  Nature and Extent of Tritium Vapor Plume

Core samples from seven boreholes were analyzed for tritium. Five shallow boreholes (up to 60 ft bgs)
were angled beneath Pit A and Impoundments B, C, and D (Figure 5). Two deep angled boreholes
(54-01015 and 54-01016) were drilled beneath Shafts 1 through 34 and Pit A (Figure 5). The tritium
sample results for the shallow boreholes beneath Pit A ranged from 0.03 pCi/g to 11.6 pCi/g, and
concentrations decreased with depth. Tritium was detected twice at very low concentrations in the deep,
angled boreholes. Tritium was detected at 0.13 pCi/g at approximately 524 ft in borehole 54-01015, and
detected at 0.001 pCi/g at approximately 593 ft in borehole 54-01016. A tritium release beneath MDA L
was evident from the sampling results (Figure 13). The data from the deep angled borehole indicates that
the vertical extent of the tritium contamination is bounded.

4.1.3  Extent of Perchlorate, Nitrate, and High-Explosive Contamination in Tuff at MDA L

Tuff samples collected from MDA L during the Phase | RFI were not analyzed for perchlorate, nitrates,
and HE. Nitrates and perchlorate are very soluble and, therefore, susceptible to migration with infiltrating
surface water. Nitrates are associated with fertilizers and are 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. Hence, from the perspectives of potential occurrence in disposed waste at MDA L and
mobility of contaminants, analysis for nitrates and perchlorate in core samples collected from new
boreholes is appropriate.

Some HE compounds are also relatively soluble in water and subject to transport from the disposed
waste. However, the presence of HE in appreciable quantities in the disposed waste at MDA L is unlikely
because it has always been Laboratory policy to “flash” (burn) HE-contaminated material prior to disposal.
However, because disposal records at MDA L are incomplete and because certain HE compounds are
relatively soluble, samples collected from the new boreholes should be analyzed for HE.
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4.1.4 Potential Presence of Perched Groundwater Beneath MDA L

There is no site-specific information on intermediate-depth groundwater to determine whether perched
groundwater exists beneath MDA L. The deepest Phase | RFI borehole sited on Mesita del Buey is
54-01004, located approximately 150 ft southeast of MDA L; it extends to a depth of approximately 340 ft
bgs. The nearest well completed in the regional aquifer, R-22, is approximately 1 mi east of MDA L
(Figure 4). No evidence of a zone of saturation (i.e., perched water) was found in borehole 54-01004 or in
R-22. However, perched groundwater may be highly localized and the presence of groundwater beneath
MDA L at depths below 340 ft has not been definitively determined.

4.1.5 Hydrogeologic Properties and Fracture Characteristics of the Vadose Zone at MDA L

Information relating to hydrogeologic properties and fracture characteristics is necessary for evaluating
the potential transport of contaminants in the vadose zone tuff beneath MDA L. The Bandelier Tuff
consists of several units with differing hydrogeologic properties and different fracture characteristics.
Fractures in the tuff are evident only in the Tshirege Member, which consists of units 2 and 1 at MDA L,
as described in Appendix L. Within these units, information relating to whether contamination is primarily
associated with fractures or the tuff matrix is needed to evaluate the potential extent of past or future
liquid-phase transport in the tuff. Additional information pertaining to the fractures needed to validate
transport modeling in the tuff includes fracture density, fracture orientation and angle, fracture aperture,
and fracture coatings or fill. Information on hydrogeologic properties of the vadose zone, including
parameters such as saturated and unsaturated hydraulic conductivity, chloride-ion concentration,
porosity, bulk density, matric potential, and moisture content, is also critical for modeling the potential
transport of contaminants from the disposal units via liquid- or vapor-phase migration.

4.1.6 Information on Vapor-Phase VOC Plume Stability

Several organic chemicals were detected in subsurface tuff samples near Pit A and Shafts 1 through 28.
The organic chemicals detected at concentrations near the estimated quantification levels (EQLS) are not
reliably quantified. These measurements do not represent the extent of VOCs in the subsurface because
the subsurface media (volcanic tuff) at MDA L contains almost no organic carbon, has a low moisture
content, and has a low specific surface area. Therefore, the nature and extent of the vapor phase VOC
plume at MDA L is best defined by sampling and analyzing pore-gas rather than by analyzing core
samples.

The following statements can be made about to the nature and extent of the VOC release from MDA L.:

e VOCs are transported from source areas mainly in the vapor phase;
e TCA is the dominant contaminant, followed by TCE;

e vertically, the plume extends between ground surface and the top of the basalt (approximately
320 ft bgs);

o laterally, the plume extends north-south about 1000 ft in diameter, and east-west it extends the
width of the mesa (approximately 450 ft);

e the ratio of the major contaminants (TCA, TCE, and R-113 [Freon 113]) is approximately
1:0.3:0.2;

e the plume is changing very little in location or content with time; and

e vapor diffusion modeling fits the measured geographic distribution of TCA concentration.
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Both field-screening results and analytical results indicate that the highest concentrations of vapor-phase
VOCs exist nearest the two source areas (east side and west side of MDA L). Concentrations of vapor-
phase VOCs decrease in all directions from the two source areas.

The analytical data for VOCs in pore gas define the organic chemicals present in the vapor phase plume.
The suite of organic chemicals detected has remained consistent over time and the concentrations of the
chemicals have decreased over time (Appendix B). Furthermore, the relative concentrations among the
major organic chemicals have remained constant over time. Measurements prior to 1993 detected much
higher concentrations of VOCs within the plume than those detected today, especially in the source area.
However, historical screening and analytical methods did not produce consistent results and the
methodologies were not well developed; therefore, the pre-1993 data are of limited use. A discussion of
historical and present pore-gas sampling methodologies is provided in Appendix G. Sampling and
analytical methods have greatly improved since the late 1990s, resulting in consistent, good quality data
from both the analytical chemistry and B&K screening. These data allow for evaluation of trends within
the plume.

Field-screening results using a B&K multigas analyzer show a VOC plume that is stable or decreasing in
concentration (Figures 14, 15, and 16). Figures 14 and 15 show the lateral and vertical extent by the
10-ppm concentration contour. Outside this contour, concentrations drop rapidly to below the
guantification capability of the B&K instrument; analytical samples from this region indicate TCA
concentrations in the part per million (ppm) range. Since 1999, the long-axis plume aerial extent, defined
by the 10-ppm contour, has varied between 700 and 1000 ft. The short-axis extent has not varied
considerably because of the physical constraint of the mesa walls. Vertically, the maximum extent of the
10-ppm TCA contour is approximately 300 ft below the mesa top and has not varied noticeably since
1999. The 10-ppm TCA contour is approximately 650 ft above the regional aquifer. Analytical results and
screening results from pore-gas monitoring boreholes with ports in the basalt located between the lower
plume boundary and the regional aquifer have not consistently detected VOCs. The deepest TCA
concentration measured in a SUMMA™ canister sample (MD54-99-0025) analyzed by an off-site contract
laboratory is 0.083 ppm in borehole 54-01016 at a depth of 390 ft. Figure 16 shows the two-dimensional
characteristic profile of the plume. Concentrations increase to a depth of approximately 85 ft below the
surface of MDA L, followed by a decrease in concentrations through the total depth of the plume.

Figures 17, 18 and 19 present SUMMA™ canister data for the VOCs with the highest concentrations in
the plume. These samples were collected each quarter from the same borehole locations. Figure 17
presents data from borehole 54-02002, which is representative of the eastern shaft field. Figure 18
presents data from borehole 54-02023, which is representative of a medium to low concentration zone of
the plume. Figure 19 presents data from borehole 54-01015, which is representative of the plume at a
greater depth (approximately 400 ft bgs). As illustrated in these figures, the concentrations of the top 11
detected VOCs have remained relatively constant over time or have decreased slightly. Therefore, it is
concluded that the plume is in a near steady-state condition.

Stauffer et al. (2002, 69794) modeled the evolution of the vapor-phase VOC plume using a three-
dimensional finite element program; the report is provided in Appendix I. An independent review of the
report conducted by the Innovative Technology and Remediation Demonstration Program and studies of
passive and active venting are provided in Appendix J. The model assumed vapor diffusion emanating
from two source areas located at the two shaft fields at MDA L. It was calibrated using the quarterly pore-
gas monitoring data. The resulting model closely matches the shape, concentration gradients, and extent
of the plume as measured by existing data. In addition, the model predicts that the plume should be at or
near steady state. This modeling supports the conclusion that the VOC plume exists predominantly in the
vapor phase, the VOCs move by diffusion, and the plume is stable. Stauffer et al. (2002, 69794) also
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predicted the evolution of the plume over a 50-yr period. If the assumed source remains constant, the
plume should not change in size and concentration appreciably during the simulation period, which further
verifies the stability of the plume. If a constant source were not assumed, the plume would gradually
decrease in size and concentration over time.

Any remaining intact drums may rupture and add to the source of the plume. Since it is not possible to
determine how many drums of liquid hazardous constituents remain intact in the shafts at MDA L, it is not
possible to assume a constant or decreasing source term. Therefore, it will be necessary to monitor the
stability of the vapor-phase VOC plume over time.

4.1.7 Channel Sediments

Phase | RFI analytical data showed that channel sediment samples at MDA L contained low
concentrations of methoxyclor and plutonium-238. A location near previous Phase | RFI sediment sample
location 54-05148 will be selected to collection a supplemental channel sediment sample to complete the
characterization of the channel that drained storm water from the surface of MDA L before it was paved.

4.2 Proposed Sampling and Analysis Activities to Address Data Gaps

Acquisition of data to address the gaps described in Section 4.1 require drilling four additional boreholes
to collect subsurface core, VOC pore-gas, and tritium samples. The key components of the drilling and
sampling program are the location, depth, and angle of boreholes, sample collection methods and
frequency of sampling, and the analytical suites requested. The proposed drilling and sampling program
uses information from the existing Phase | RFI boreholes, surface flux, and pore-gas sampling results to
delineate these components. The borehole locations were selected to provide the additional data required
to determine the nature and extent of contamination in the subsurface of MDA L.

The technical approach and rationale for the drilling and sampling activities related to the seven data
gaps described in Section 4.1 are discussed below. A summary of these drilling and sampling activities is
provided in Table 2. The locations and cross sections of the proposed boreholes in relation to the
disposal units at MDA L and the existing boreholes are shown in Figure 20. Figures 21 through 24
illustrate profiles of the four proposed characterization boreholes with planned sample locations and
depths.

4.2.1  Proposed Drilling and Sampling to Address Data Gap 1

Impoundment D. One angled borehole (borehole A, Figure 21) will be advanced beneath Impoundment D
to determine the vertical extent of metal contamination. Borehole A will be sited to the south of
Impoundment D and will be advanced towards the northeast beneath the long axis of the impoundment.
This siting is proposed because of the limited space between surface structures and fencing at MDA L.
Borehole A will also be angled so that samples can be collected beneath locations in RFI borehole
54-01014 to determine the vertical extent of metals contamination.

Impoundments B and C. One angled borehole (borehole B, Figure 22) will be advanced beneath these
impoundments to determine the vertical extent of metal contamination. It will be sited to the southeast of
Impoundment B and advanced towards the northwest, passing beneath Impoundments B and C. This
siting is proposed because of the limited space between surface structures and fencing at MDA L. This
borehole will also be angled to allow for collection of samples from depths beneath the Phase | sample
collection depths in RFI boreholes 54-01012 and 54-01013 to determine the vertical extent of metals
contamination.
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Shafts 29 through 34. One steeply angled borehole (borehole C, Figure 23) will be advanced beneath
these shafts to determine the vertical extent of metals contamination. Borehole C will be sited between
Shafts 30 and 34 and advanced northwest towards Shaft 29. A FLUTe™ liner will also be installed in this
borehole for monitoring of pore gas in the northwest shaft field.

Shafts 1 through 28. One vertical borehole (borehole D, Figure 24) will be drilled immediately east of
these shafts. Samples will be collected from the augured portion (approximately 300 ft) of this borehole to
determine the vertical extent of metal contamination. The borehole is located within 50 ft of Shafts 1
through 5 and at the down-slope end of the shaft group (Figure 20).

All angled boreholes will pass no closer than 15 ft from any disposal unit. Before final siting of these
boreholes, historical disposal records and RFI borehole logs will be examined to ensure that boreholes
will not be advanced through the disposal units.

Tuff samples will be collected approximately every 30 linear ft down the boreholes, once the borehole
passes beneath an impoundment or shaft. However, actual sampling will be biased according to the
presence of fractures and/or the results of radiation field screening. Fractures will be used to bias
sampling because they may play a role as conduits for liquid transport. Where fractures are encountered,
paired samples of the fracture and the tuff matrix near the fracture will be obtained to evaluate whether
potential contamination has migrated predominantly in fractures. This paired sampling is described in
Section 5.3.

Tuff samples collected from boreholes A, B, and C will be submitted to an off-site contract laboratory for
analysis of isotopic uranium, isotopic plutonium, americium-241, strontium-90, radionuclides by gamma
spectroscopy (including cesium-134, cesium-137, cobalt-60, europium-152, ruthenium-106, and
sodium-22), TAL metals and cyanide, HE (a subset of samples; see Section 4.2.3), nitrates, and
perchlorate. Protocols for collecting tuff samples from boreholes A, B, and C are described in Section
5.1.2.

Required analytical detection limits for metals, cyanide, radionuclides, nitrates, perchlorate, and HE
compounds are driven by the need to measure concentrations below BVs accurately, if these values are
available. Detection limits for analytical methods specified by contract requirements of the Laboratory’s
analytical statement of work (SOW) are adequate for this purpose (LANL 2000, 71233).

4.2.2  Proposed Drilling and Sampling to Address Data Gap 2

In situ subsurface samples will be collected from pore gas to determine the lateral extent of the
subsurface tritium release at MDA L. Samples will be collected as water vapor by pulling pore gas
through columns filled with absorbent silica gel. A minimum of two tritium pore-gas samples will be
collected in the following boreholes: 54-02002, 54-02014, 54-02016, 54-02020, 54-02021, 54-02022,
54-02023, 54-02025 and proposed boreholes A, B, and C to sample the center and boundaries of the
potential plume.

Tritium in water extracted from the core sample will be measured by EPA Method 906.0. At gravimetric
moisture contents 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, the analytical laboratory adds de-
ionized water to the extracted water. The analytical laboratory then corrects the reported activity and
uncertainty resulting from the dilution. Therefore, any moisture from a core sample lost before analysis
may substantially increase the uncertainty of the measurement. In addition, the method requires grinding
the core material to a fine mesh before the water is extracted; thus, moisture loss is inevitable. Given
these concerns, RRES-RS has concluded that tritium is best characterized in low moisture content
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environments using sorbent materials to extract and retain in situ subsurface water samples from pore
gas.

4.2.3 Proposed Sampling to Address Data Gap 3

The NMED has requested additional analytical suites for subsurface tuff samples because certain
analytes were not included in the Phase | RFI analytical suites. These analytes include HE,
dioxins/furans, nitrates, and perchlorate. The rationale for analyzing HE, nitrates, and perchlorate is
presented in Section 4.1.3. PCBs and semivolatile organic compounds (SVOCSs), which were not detected
in Phase | RFI tuff samples, are characterized by low solubilities in water. To an even greater extent, low
solubility is also characteristic of dioxins and furans. Hence, the presence of these four classes of
chemicals in subsurface tuff in appreciable quantities as a consequence of dissolution in water is highly
unlikely. A review of waste inventory records does not indicate the presence of dioxins or furans in the
disposed waste or provide evidence that chemicals had been burned (Appendix K). Therefore, dioxins
and furans will not be included the analytical suite. All tuff samples collected from boreholes A through C
will be analyzed for nitrates and perchlorate.

Core collected from 30-ft intervals will be screened using immunoassay test kits for nitroaromatics (e.g.,
trinitrotoluene [TNT]) and nitrosamines (e.g., 1,3,5-trinitro-1, 3,5-triazacyclohexane [RDX]). Screening
samples will be biased toward fractures, visibly stained media, paleosols, and core with elevated
radioactivity field-screening results. These test kits (D-Tech) have a low detection limit (ppm range in soil)
and have proven effective in biasing samples for laboratory analysis (LANL 1997, 55653). Of the tuff
samples to be collected from boreholes A through C, at least three samples will be screened for HE.
Because real-time qualitative results will be obtained in the field with the immunoassay test kits, 20% of
the core samples will be submitted to an off-site contract laboratory for analysis of HE to verify
immunoassay field-screening results and define the nature and extent of contamination. The lower
sampling frequency reflects the low probability of encountering HE at MDA L.

4.2.4  Proposed Sampling to Address Data Gap 4

A single, vertical borehole (borehole D, Figure 24) will be drilled to a depth of 700 ft in the area
immediately outside of the eastern boundary of MDA L to determine whether perched groundwater is
present beneath MDA L. Borehole D is proposed for an area immediately east of MDA L within 100 ft of
the eastern shaft field. The borehole site is adjacent to the eastern storm water discharge channel and
downgradient of MDA L to provide the best chance of encountering perched water. Sampling of this
borehole is described in Section 4.2.5 of this IWP.

4.25 Proposed Sampling to Address Data Gap 5

Geotechnical samples will be collected from borehole D to support transport modeling by characterizing
site-specific hydrogeologic properties at MDA L. The geotechnical properties to be analyzed include
saturated and unsaturated hydraulic conductivity, chloride-ion concentration, porosity, bulk density, matric
potential, and moisture content. After drilling, borehole D will be logged for moisture content using a
neutron probe. Logging will be conducted at 1-ft intervals to total depth following the applicable standard
operating procedures (SOPs). A detailed profile of moisture content will ensure an adequate data set for
calibrating a neutron probe for moisture logging. A profile of matric 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 hydraulic conductivity will also support modeling of liquid
migration in the vadose zone. Tuff samples for analysis of chloride-ion concentration will support
evaluation of the rates of water infiltration and evaporation.
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4.2.6  Proposed Sampling to Address Data Gap 6

As discussed in Section 4.1.5, the continued monitoring of the vadose zone VOC plume beneath MDA L
is required. To supplement the current pore-gas monitoring program, borehole C will be completed as a
vapor monitoring well by installing a FLUTe™ soil-gas sampling positive-pressure membrane. This

borehole will then be incorporated into the proposed pore-gas monitoring program at MDA L (Section 6).

4.2.7 Proposed Sampling to Address Data Gap 7

To complete the characterization of the drainage channel, one sediment sample will be collected at the
interface of the alluvial sediments and bedrock (Figure B-2) and submitted to an off-site contract
laboratory for analysis of TAL metals and cyanide, pesticides/PCBs, nitrates, perchlorate, americium-241,
isotopic plutonium, isotopic uranium, strontium-90, and tritium.

5.0 INVESTIGATION METHODS
The following RRES-RS SOPs are applicable to the investigation methods proposed in this plan:

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

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

e LANL-ER-SOP-1.03, Rev. 2, Handling, Packaging, and Transporting Field Samples

e LANL-ER-SOP-1.04, Rev 4, Sample Control and Field Documentation

e LANL-ER-SOP-1.05, Rev. 0, Field Quality Control Samples

e LANL-ER-SOP-1.08, Rev. 1, Field Documentation of Drilling and Sampling Equipment

e LANL-ER-SOP-3.11, Rev 1, Geodetic Surveys

e LANL-ER-SOP-4.01, Rev. 1, Drilling Methods and Drill Site Management

e LANL-ER-SOP-5.07, Rev. 0, Operation of LANL Owned Borehole Logging Trailer

e LANL-ER-SOP-5.03, Rev. 2, Monitoring Well and RFI Borehole Abandonment

e LANL-ER-SOP-6.09, Rev. 1, Spade and Scoop Method for Collection of Soil Samples

e LANL-ER-SOP-6.14, Rev. 0, Sediment Material Collection

e LANL-ER-SOP-6.26, Rev. 1, Core Barrel Sampling for Subsurface Earth Materials

e LANL-ER-SOP-6.31, Rev. 1, Atmospheric and Sub-Atmospheric Air Sampling

e LANL-ER-SOP-7.05, Rev. 1, Subsurface Moisture Measurements Using a Neutron Probe
e LANL-ER-SOP-12.01, Rev. 4, Field Logging, Handling, and Documentation of Borehole Material

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

51 Methods for Drilling and Sampling Boreholes A through C
5.1.1  Drilling Protocol

Boreholes A through C will be drilled using the hollow-stem auger method because it allows for collecting
undisturbed samples of core and subsurface vapors within the Tshirege Member of the Bandelier Tuff.
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Borehole profiles for boreholes A through C illustrate their location relative to disposal units in Figures 20
through 23. The depth, angle, and sampling protocol for each borehole are described in Table 2. Each
borehole will be continuously cored using a split-barrel sampler to total depth. Core will be screened for
radiation and organic vapors, visually inspected, and geologically logged. The total depth of boreholes
may increase if field screening indicates elevated readings of radionuclides and organic vapors. The
boreholes will be located in the approximate areas shown in Figure 20. The proposed location of each
borehole has been determined by best estimates of impoundment and shaft boundaries from historical
documents and RFI borehole logs. Other factors such as the presence of utilities and access restrictions
will also affect the exact location of each borehole.

5.1.2  Collection of Core Samples

Subsurface core samples will be collected from the split-barrel sampler into sealed sleeves or core-
protect bags to preserve the moisture content of the core. The analytical suites for samples to be
collected from each borehole are listed in Table 2. The frequency of sampling and orientation to disposal
units is displayed in Figures 21 through 23.

Tuff samples will be collected at least every 30 ft in boreholes A, B, and C; the first samples will be
collected at the depth of the target disposal unit, and the last sample will be collected at total depth of
each borehole. Samples will be collected from intervals where contamination is suspected because of
elevated field screening measurements and/or fractures or staining identified by visual inspection.

Field documentation of samples collected from fractures will include a detailed physical description of the
fracture-fill material and rock matrix sampled. The volumes of fracture fill and rock-matrix material
included in the sample will be estimated from field measurements. An additional sample will be collected
from the rock matrix adjacent to the fracture sample material to allow for comparison. A discussion of
paired fracture sampling is in Section 5.3.

Tuff samples from boreholes A through C will be analyzed for TAL metals and cyanide, HE, nitrates,
perchlorate, and radionuclides (americium-241, strontium-90, isotopic uranium, isotopic plutonium, and
gamma spectroscopy radionuclides) using analytical methods specified by contract requirements of the
Laboratory’s Analytical SOW (LANL 2000, 71233).

QA/QC samples will include field duplicate samples collected following the applicable SOPs listed in
Section 5.1. To confirm decontamination procedures, rinsate blanks will also be collected.

5.1.3  Collection of Pore-Gas Samples

Subsurface vapor samples will be collected from boreholes A through C at the depth of the nearest
adjacent disposal units and from the bottom of the borehole for analysis of VOCs and tritium. Vapor
samples will be collected 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. Subsurface
vapor samples will be collected in SUMMA™ canisters and submitted for analysis using EPA Method
TO-14 for VOCs. In situ subsurface water samples will be collected on silica gel in sealed columns and
submitted for analysis using EPA Method 906.0 for tritium.

QA/QC samples for VOCs and tritium in pore gas will consist of an equipment blank and a field duplicate.
The equipment blank will be collected through the packer sampling apparatus, after sampling and purge
decontamination, to observe potential cross contamination. The field duplicate sample will indicate the
precision of collection and analysis.
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5.1.4 Borehole Completion

Once borehole C is drilled and sampled and core and initial pore-gas samples are collected, the borehole
will be completed as a vapor-monitoring borehole. A FLUTe™ soil-gas sampling positive-pressure
membrane will be installed, and the borehole will be incorporated into the pore-gas monitoring network.

Boreholes A and B will remain open at depth and sealed at the surface with a capped steel casing. These
boreholes will remain available for vapor extraction or monitoring as necessary beneath Impoundments B,
C, and D.

5.2 Methods for Drilling and Sampling Borehole D
5.2.1  Drilling Protocol

A single, vertical borehole will be drilled to a depth of 700 ft just east of the MDA L boundary. The location
and depth of the borehole were selected to determine whether perched groundwater is present below
MDA L.

Hollow-stem auger drilling will be used until refusal (at least 280 ft bgs) because auger drilling results in
collecting undisturbed samples of core within the Tshirege Member of the Bandelier Tuff. Upon drill
refusal, air-rotary drilling will be deployed to complete the borehole. The coupling of these drill methods is
practical and allows the objectives of the sampling for this borehole to be met. The vertical borehole will
be continuously cored with a split-barrel sampler to 700 ft bgs. Core will be radiologically screened,
visually inspected, and geologically logged. The borehole will be located in the approximate location
shown in Figure 20. The proposed location of this borehole has been determined by best estimates of
impoundment and shaft boundaries and RFI borehole logs. Other factors such as the presence of utilities
and access restrictions will also affect the exact location of each borehole.

5.2.2  Collection of Tuff Samples

Subsurface tuff samples will be collected from the split-barrel sampler into sealed sleeves or core-protect
bags to preserve the core moisture content. The analytical suites for the borehole samples are listed in
Table 2. The frequency of sampling and orientation to disposal units is shown in Figure 24.

Tuff samples will be collected at the depth of the target disposal unit and from the Cerro Toledo interval,
approximately 280 ft below MDA L. Samples will also be collected from intervals where contamination is
suspected because of elevated field screening and/or identification of fractures, staining or paleosols.
Field documentation of samples collected from fractures will include a detailed physical description of the
fracture fill material and rock matrix sampled. The volumes of fracture fill and rock-matrix material
included in the sample will be estimated from field measurements. An additional sample will be collected
from the rock matrix adjacent to the fracture sample material to allow for comparison. Section 5.3
discusses the paired fracture sampling method.

Two tuff samples from borehole D will be analyzed for TAL metals and cyanide, HE compounds, nitrates,
perchlorate, and radionuclides (americium-241, strontium-90, isotopic uranium, isotopic plutonium, and
gamma spectroscopy radionuclides) using analytical methods specified by contract requirements of the
Laboratory’s analytical SOW (LANL 2000, 71233). QA/QC samples will include field duplicate samples
that will be collected following the applicable SOPs listed in Section 5.1. To confirm decontamination
procedures, rinsate blanks also will be collected.
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5.2.3  Collection of Geotechnical and Hydrogeological Samples

Moisture content and matric potential samples will be collected every 5 ft from borehole D and samples
for chloride analysis will be collected every 10 ft. Samples for saturated and unsaturated hydraulic
conductivity, porosity, and bulk density analyses will be collected once in each tuff unit and twice from the
Cerro Toledo interval, and at five depths in the Otowi Member. Five samples will also be collected from
the Puye Formation. The samples collected from the Cerro Toledo interval, Otowi Member, and 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 the methods specified by contract requirements of the Laboratory’s analytical SOW
(LANL 2000, 71233). One field duplicate sample will be collected and analyzed. Samples will be
collected, handled, packaged, and analyzed in accordance with applicable Laboratory SOPs.

5.3 Collection of Paired Fracture Samples

Empirical evidence of the role of fractures in facilitating contaminant transport in tuff will be obtained by
collecting paired samples of fracture material and tuff matrix when tuff fractures are encountered during
drilling. Because fracture fill may not be present, or may exist in minute quantities, fracture samples will
include 3 in. of tuff both above and below the fracture. Detailed descriptions and photographs will be
made for each fracture sample. To compare contaminant concentrations between fractured and
unfractured tuff, a second sample of unfractured tuff will be collected 24 in. above the fracture sample
(Figure 25). These paired samples collected from boreholes A, B, C, and D will be submitted to an offsite
contract laboratory for analysis of isotopic uranium, isotopic plutonium, americium-241, strontium-90,
radionuclides by gamma spectroscopy (including cesium-134, cesium-137, cobalt-60, europium-152,
ruthenium-106, and sodium-22), TAL metals and cyanide using analytical methods specified by contract
requirements of the Laboratory’s analytical SOW (LANL 2000, 71233). This method of fracture collection
and analyses provides information about potential preferred pathways of contaminant transport beneath
MDA L.

5.4 Collection of Pore Gas for Tritium Analyses

Pore-gas samples for tritium analyses will be collected from ports in boreholes 54-02002, 54-02014,
54-02016, 54-02020, 54-02022, 54-02023, 54-02025, and proposed boreholes A, B, and C. These
samples will be collected by pulling pore gas through columns filled with absorbent silica gel according to
LANL-ER-SOP 6.31, Revision 1, and analyzed at an off-site fixed laboratory by EPA Method 906.0.
QA/QC samples will be collected per applicable SOPs.

5.5 Collection of Sediment Sample

The sediment sample will be collected in accordance with LANL-ER-SOP-6.09, Rev. 1, Spade and Scoop
Method for Collection of Soil Samples.

6.0 MONITORING AND SAMPLING PROGRAM

An investigation report will be prepared following implementation of this work plan. The investigation
report will contain recommendations for future activities at MDA L, including any monitoring and sampling
program beyond those described in Sections 4 and 5 of this IWP.
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An interim monitoring program is recommended for MDA L to replace the current quarterly pore-gas
monitoring program required by Module VIl of the Laboratory’s Hazardous Waste Facility permit. The
current quarterly pore-gas monitoring program focuses on defining the nature and extent of the vapor
phase VOC plume for the RFI. While the historic investigation report concludes that the nature and extent
of the VOC vapor phase plume has been defined, the plume will continue to be monitored to ensure that it
behaves as predicted and to detect any potential release from the source area.

For the last two years, the quarterly pore-gas monitoring program has focused on collecting samples from
the same locations and depths during each event. This data set will allow for statistical trend analysis of
concentration and analyte through time from locations within the MDA L plume. Results for these samples
have been reported in the RRES-RS quarterly technical reports (LANL 2002, 73712). A summary of the
trend analysis will be included in the fiscal year (FY) 2003 annual report in October 2003.

The proposed interim pore-gas monitoring program will monitor the source areas and the vertical extent
of the VOC vapor plume annually; the lateral extent of the plume will be monitored biannually. Sampling
on an annual basis versus quarterly monitoring is adequate to detect changes in extent and identify
potential new releases. Biannual sampling at the lateral perimeter of the plume is sufficient to confirm
estimates of long-term extent. Boreholes 54-02002, 54-02014, and proposed borehole C will be used to
monitor the source areas and the vertical extent of the plume. Boreholes 54-02021, 54-02022, and
54-02034 will be used to monitor the western extent of the plume, while boreholes 54-02020, 54-0024,
and 54-02027 will be used to monitor the eastern extent of the plume. Figure 26 shows the locations of
the current and proposed boreholes at MDA L, and Table 3 contains a summary of monitoring borehole
vapor port depths, and the frequency of sampling. Samples will be collected using SUMMA™ canisters
from all available ports in the monitoring boreholes, and will be completed using the latest revision of
LANL-ER-SOP 6.31, Sampling of Sub-Atmospheric Air. The laboratory analysis method for the SUMMA™
samples is EPA TO-14. Once NMED approves a revised vapor-monitoring plan, the Laboratory will
submit a Class Ill permit modification request.

Data collected from the monitoring boreholes will be evaluated for plume changes that are not consistent
with the conceptual and computer models for new releases and will provide data for evaluating
alternatives for plume remediation/containment in the CMS. A new release could be identified by changes
in long-term trends, changes in the relative concentration of contaminants (e.qg., ratio of TCA to PCE), or
the appearance of a new contaminant.

7.0 SCHEDULE

The MDA L IWP will be submitted to NMED on August 29, 2003. Assuming a 90-day NMED review
period, and 45 days to resolve comments between NMED and the Laboratory, field activities will start on
February 1, 2004. Field activities, including drilling and sampling, will take approximately four weeks.
Pore-gas monitoring borehole C will be instrumented during week 5 and samples will be collected in
week 6.

The investigation report is scheduled for submittal to NMED on December 23, 2004.
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Figure 9. Water table elevations at the Laboratory
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) Shafts Shafts Shafts Impoundments
Location: 1-28 29-34 1-28 Pit A Pit A B C D
Borehole: 54-1007 54-1008 54-1009 54-1010  54-1011  54-1012  54-1013  54-1014
0 | 0
T T > -+ > *
T >€¢
-50 T - —50
> T
* 4
28 4
o)
P4 1
(o
[0
a 4
-100 - —100
-
> <L
-150 - 150
Borehole
F6.1-16, TA-54 RFI RPT, 020100, PTM_Rev. for F12, MDA L IWP, 082203, cf
Figure 10. Chromium concentrations (mg/kg) in Phase | RFI tuff samples at MDA L.

Concentrations are proportional to the area enclosed by the oval and plotted at
sampled depths (ft bgs) from the borehole. Symbol x indicates that the sample
concentration is greater than the maximum concentration observed in tuff (all
strata) at Laboratory background locations (13 mg/kg).

ER2003-0504 37 August 2003



MDA L Investigation Work Plan

) Shafts Shafts Shafts Impoundments
Location: 1-28 29-34 1-28 Pit A Pit A C
Borehole: 54-1007 54-1008 54-1009 54-1010  54-1011  54-1012  54-1013  54-1014
_—— 4
>
-50 x* - —50
. 4
2 >
g -
S >
$ —>
a >
-100 - T - —100
—_— —
—_—f—
x*
#
—_—
-150 - - -150
Borehole
F6.1-17, TA-54 RFI RPT, 020100, PTM_Rev. for F12, MDA L IWP, 082203, cf
Figure 11. Copper concentrations (mg/kg) in Phase | RFI tuff samples at MDA L.

Concentrations are proportional to the area enclosed by the oval and plotted at
sampled depths (ft bgs) within the borehole. Symbol x indicates that the sample
concentration is greater than the maximum concentration observed in tuff (all

strata) at Laboratory background locations (6.2 mg/kg).
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Shafts Shafts Shafts Impoundments
Location: 1-28 29-34 1-28 Pit A Pit A B C D
Borehole: 54-1007 54-1008 54-1009 54-1010  54-1011  54-1012  54-1013  54-1014
0 0
_—f— —_— - —_ 1 —_—
-50 - - —50

Depth (ft) bgs
Jf n
W
I
I

—-100 A - —100

_—
_—e
-150 - - —150
Borehole
F6.1-18, TA-54 RFI RPT, 020100, PTM_Rev. for F12, MDA L IWP, 082503, cf
Figure 12. Zinc concentrations (mg/kg) in Phase | RFI tuff samples at MDA L.

Concentrations are proportional to the area enclosed by the oval and plotted at
sampled depths (ft bgs) within the borehole. Symbol x indicates that the sample
concentration is greater than the maximum concentration observed in tuff (all
strata) at Laboratory background locations (74 mg/kg).
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54-2022, TCA Concentration

0
>
*
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*
*
100 1 *
= .
53
] .
150
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200 1 *
250 T
0 20 40 60 80 100 120
TCA ppmv
Figure 16. Pore-gas monitoring borehole 54-02022—TCA concentration vs. depth.

Note the characteristic increase in concentration to approximately 100 ft bgs at
MDA L, followed by decreasing concentrations to the total depth of the borehole.
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Impoundments
6780 — e
Pit A B C D
—_— * Shaft 1 +
Proposed borehole A
6680 — 100 =
6580 — 200 =
Borehole elevation = 6780 ft
6480 — 300 4 ¥
Contaminant sampling
¥ Core sample location—samples to be submitted
for TAL metals, cyanide, HE field screening,
nitrates, perchlorate, and radionuclides
6380 — 400 — P
Geotechnical and hydrogeological sampling
Core to be collected every 5 ft for analysis of
moisture content and matric potential and
samples for chloride analysis to be collected
every 20 ft
6280 — 500 = Samples for saturated and unsaturated
hydraulic conductivity, porosity, and bulk
density to be collected once in each tuff unit,
twice in the Cerro Toledo Interval, and at five
depths in the Otowi Member
6180 — 600 =
80
40
6080 — 700 =
0 40 80
Scale in feet
5980 — 800 ==
Figure 24. Profile of borehole D showing contaminant and geotechnical sample locations
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Tuff sample interval

Core
247
Fracture
¥ Fracture sample interval
Figure 25. Paired fracture sampling diagram
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Table 3
Proposed Monitoring Boreholes for Long-Term Monitoring Network
Depths of Screened Ports Monitoring
Monitoring Well ID (ft bgs) Monitoring Purpose Frequency
54-2002 20, 40, 60, 80, 100, 120, 140, Southeast source area, vertical extent | Annual
157, 180, 200
54-2014 13, 31, 46, 86 Southeast source area, vertical extent | Annual
Proposed borehole C TBD* Northwest source area, vertical extent | Annual
54-2021 20, 40, 60, 80, 100, 120, 140, Western extent of plume Biannual
160, 180, 200
54-2022 20, 40, 60, 80, 100, 120, 140, Western extent of plume Biannual
160, 180, 200
54-2034 20, 40, 60, 80, 100, 160, 200, Western extent of plume Biannual
220, 260
54-2020 20, 40, 60, 80, 95, 120, 140, 160, | Eastern extent of plume Biannual
180, 200
54-2024 20, 40, 60, 80, 100, 120, 140, Eastern extent of plume Biannual
160, 180, 200

*TBD = To be determined based on field data.
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APPENDIX A ACRONYMS, GLOSSARY, AND METRIC CONVERSION TABLE

A-1.0 ACRONYMS

AA

AB
AOC
asl
B&K
bgs
BV
CFR
CLP
CMS
COPC
COPEC
CSM
CST
DCF
DDD
DL
DOE
DOE-LAAO
dpm
DQO
EDL
EP
EPA
EQL
ER
ESE
ET
FIMAD
FV

FY
GCMS
GFAA

ER2003-0504

atomic absorption

authorization basis

area of concern

above sea level

Bruel and Krajer

below ground surface

background value

code of federal regulations

Contract Laboratory Program

corrective measure study

chemical of potential concern

chemical of potential ecological concern
conceptual site model

Chemical Science and Technology (Laboratory Division)
dose conversion factor
dichlorodiphenyldichloroethane
detection limit

US Department of Energy

US Department of Energy—Los Alamos Area Office
disintegrations per minute

data quality objective

estimated detection limit

extraction procedure

US Environmental Protection Agency
estimated quantitation limit
Environmental Restoration (Project)
Environmental Science Engineering
evapotranspiration

Facility for Information Management, Analysis and Display
fallout value

fiscal year

gas chromatography/mass spectrometry

graphite furnace atomic absorption

A-1
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GIS
GPR
GPS
GPS
HE
HIR
HSWA
ICPAES
ICPMS
WP
KPA
LANL
LASL

LCS
MDA
MDL
MFP
MRAL
msl
NCEA
NFA

NIOSH VOST

NMED
NMEID

NMHWA
NOD
ou

PAR
PCB
PCE
PID
ppbv
ppm
ppmv

August 2003

geographic information system
ground-penetrating radar

gel permeation chromatography
global-positioning system

high explosive

historical investigation report

Hazardous and Solid Waste Amendments of 1984
inductively coupled plasma atomic emission spectrometry
inductively coupled plasma/mass spectrometry
investigation work plan

kinetic phosphorescence analysis

Los Alamos National Laboratory

Los Alamos Scientific Laboratory (designation of the Laboratory
before January 1, 1981)

laboratory control sample

material disposal area

method detection limit

mixed fission products

mobile radiological analysis laboratory

mean sea level

National Center for Environmental Assessment

no further action

National Institute of Occupational Safety and Health Volatile Organic Sample Training
New Mexico Environmental Department

New Mexico Environmental Improvement Division (designation of NMED
before January 1, 1991)

New Mexico Hazardous Waste Act
notice of deficiency

operable unit

photoacoustic radiometer
polychlorinated biphenyl
tetrachloroethene

photoionization detector

part per billion by volume

part per million

part per million by volume
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PQL
PRS

QA

QC
RALM
RCRA
RDX

RFI
RRES-RS
SAP
SDGCMS
SMO
SOP
sow
svocC
SWMU
T&E

TA

TAL
TCA
TCE
TDGCMS
TIC

TNT
TRU
TSCA
ucL
USGS
uTL
vVOC

ER2003-0504

practical quantitation limit

potential release site

quality assurance

quality control

radionuclide analytical Laboratory method

Resource Conservation and Recovery Act
1,3,5-trinitro-1,3,5-triazacyclohexane

RCRA facility investigation

Risk Reduction and Environmental Stewardship—Remediation Services
sampling and analysis plan

solvent desorption gas chromatography/mass spectrometry
Sample Management Office

standard operating procedure

statement of work

semivolatile organic compound

solid waste management unit

threatened and endangered

technical area

target analyte list (EPA)

1,1,1-trichloroethane

trichloroethene

thermal desorption gas chromatography/mass spectrometry
tentatively identified compound

trinitrotoluene

transuranic

Toxic Substances Control Act

upper confidence limit

United States Geological Survey

upper tolerance limit

volatile organic compound

A-3
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A-2.0 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.
Migration. The movement of inorganic and organic species through unsaturated or saturated materials.

Model. A mathematical approximation of a physical, biological, or social system.
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National Pollutant Discharge Elimination System (NPDES). The national program for both issuing,
modifying, revoking and reissuing, terminating, monitoring, and enforcing permits and imposing
requirements under Sections 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 to 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 radioactivity.

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 RFl 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 geographical 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, soil, 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
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
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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 dropped 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 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.[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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A-3.0 METRIC CONVERSION TABLE

Multiply SI (Metric) Unit by To Obtain US Customary Unit
kilometers (km) 0.622 miles (mi)
kilometers (km) 3281 feet (ft)
meters (m) 3.281 feet (ft)
meters (m) 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 (um) 0.0000394 inches (in.)
square kilometers (kmz) 0.3861 square miles (miz)
hectares (ha) 2.5 acres
square meters (m?) 10.764 square feet (ft)
cubic meters (m%) 35.31 cubic feet (ft%)
kilograms (kg) 2.2046 pounds (Ib)
grams (g) 0.0353 ounces (0z)
grams per cubic centimeter (g/cm?) 62.422 pounds per cubic foot (Ib/ft°)
milligrams per kilogram (mg/kg) 1 parts per million (ppm)
micrograms per gram (u1g/g) 1 parts per million (ppm)
liters (1) 0.26 gallons (gal.)
milligrams per liter (mg/l) 1 parts per million (ppm)
degrees Celsius (°C) 9/5 + 32 degrees Fahrenheit (°F)
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APPENDIX B HISTORICAL INVESTIGATION REPORT

This historical investigation report (HIR) provides a summary of the field investigations and associated
environmental data collected to date for material disposal area (MDA) L. This HIR provides supporting
information for identifying data gaps and the proposed sampling design necessary to complete the MDA L
investigation as presented in Section 4 of the investigation work plan (IWP).

B-1.0 MDA L DISPOSAL UNIT INFORMATION (OPERATIONAL HISTORY)

The Los Alamos National Laboratory (LANL or the Laboratory) used MDA L from the early 1960s until
1986 as the designated disposal area for nonradiological liquid chemical wastes, including containerized
and uncontainerized liquid wastes; bulk quantities of treated aqueous waste; batch-treated salt solutions
and electroplating wastes, including precipitated heavy metals; and small batch quantities of treated
lithium hydride. MDA L consists of an elongated pit (Pit A), three impoundments (Impoundments B, C,
and D) and 34 shafts (Shafts 1 through 34) (Figure B-1). The pit, impoundments, and shafts were unlined.
The dimensions, period of operation, and the capacity of the pit, impoundments, and shafts are listed in
Tables B-1 through B-3. Laboratory drawings AB113 (LANL 1993, 76052) and ENG-C-45259 (DOE 1987,
25606) have been used to identify the locations of the pit, impoundments, and shafts at MDA L.

Pit A was excavated into native tuff, filled with waste to within three ft of the surface, and then
decommissioned and covered with clean, crushed, consolidated tuff. Impoundments B, C, and D were
excavated into native tuff and covered with clean, crushed, consolidated tuff after they were
decommissioned. Thirty-four disposal shafts were dry-drilled directly into the subsurface tuff at MDA L.
The shafts range in diameter from 3 ft to 8 ft and range in depth from 15 to 65 ft. Three feet of crushed
tuff were placed in the bottom of each shaft to fill cracks and joints. When in use, the shafts were covered
with a heavy steel cap, which could be opened or removed, depending on design, to place the wastes.
When filled to within approximately 3 ft of the surface, the area below the steel plate was capped with a
3-ft concrete plug (Rogers 1977, 5707; 5708). When MDA L was decommissioned in 1986, the surface
was paved with asphalt to accommodate waste management activities (permitted storage of hazardous
and mixed waste).

B-1.1 Waste Inventory and Disposal History

Waste disposal records for MDA L are found in un-numbered disposal logbooks used to record
information on the type, date, location, and volume of waste placed in MDA L (LANL 2003, 76036).
Records prior to 1974 are incomplete, and many logbook entries contain only brief descriptions of wastes
disposed at MDA L (i.e., waste types, volumes, and disposal locations are not always provided).

An estimate of the types and quantities of waste disposed of at MDA L was compiled in the operable unit
(OU) 1148 data report (LANL 1992, 11729) and in the approved Resource Conservation and Recovery
Act (RCRA) field investigation (RFI) work plan for OU 1148 (LANL 1992, 07669). Two waste inventory
databases were developed based on original logbook entries for MDA L. The Source Term Database
contains information on untreated waste, and the Batch Waste Source Term Database lists wastes that
underwent batch treatment prior to disposal.

B-1.1.1 Source Term Database

The Source Term Database includes the following categories of information for untreated waste disposed
at MDA L: date of disposal; waste volume or weight; number of cylinders or waste items disposed of;
specific location of disposal (shaft, pit, or impoundment), if known; and a description of the untreated
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waste. Many of the entries do not include a specific location of disposal within MDA L. An example of
potential volume discrepancies in this database occurs within the inventory of beryllium waste. One entry
described as “chemicals and beryllium-contaminated wood” lists the volume of waste as five cubic ft. The
actual quantity of beryllium or beryllium-contaminated wood is not accurately represented by this volume.
The Source-Term Database is included in Appendix L. The assumptions used to create the database are
listed on pages 3-1 and 3-2 of Appendix L.

B-1.1.2 Batch Waste Source Term Database

The Batch Waste Source Term Database includes the following categories of information for waste
treated at MDA L: date of treatment; waste volume; source area where material originated; waste type
(inorganic and organic); impoundment or pit location if known; treatment method; and the physical form of
the waste. The records document only the wastes that were disposed of without treatment or following
treatment in Pit A and Impoundment B. The Batch Waste Source Term Database is presented in
Appendix L. The assumptions used to create the database are listed on pages 3-3 and 3-4 of Appendix L.

B-1.1.3 Uncertainties in the MDA L Inventory

There are no logbook entries for the waste disposed prior to 1974/1975, and there are no logbook entries
for treatment in Impoundments C and D. It is possible that these impoundments were used for waste
treatment and the residues were removed and placed elsewhere at MDA L, or the residues were left

in situ and not accounted for in the logbooks. Operating dates for each disposal unit and a summary of
the waste inventory compiled from disposal records and the databases for MDA L follows (LANL 1992,
07669).

Pit A (Late 1950s to December 1978)

Pit A received liquid chemical wastes, including containerized and uncontainerized liquid wastes, and
functioned as an evaporation pit where bulk quantities of treated aqueous waste from throughout the
Laboratory were discharged, pooled, and allowed to evaporate. Disposal records provided in Appendix L
indicate that 5123 cubic ft of material were discharged to Pit A. After the aqueous phase evaporated, a
salt layer remained on the floor of the disposal pit. When Pit A was decommissioned in 1978, it was
covered with crushed tuff.

Impoundments B (January 1979 to June 1985) and C (July 1985 to December 1985)

Impoundments B and C were used for evaporating batch-treated salt solutions and electroplating wastes.
Disposal records provided in Appendix L indicate that 2622 cubic ft of aqueous waste were discharged
into Impoundment B, pooled, and allowed to evaporate. The four processes that contributed to the wastes
disposed of in Impoundments B and C are the same as the aqueous waste treatment processes
described previously for Pit A. Upon decommissioning, Impoundments B and C were covered with a
minimum of 3 ft of crushed tuff.

Treated solutions resulting from the following four aqueous waste treatment processes contributed to the
waste streams discharged into Pit A and Impoundments B and C (LANL 1992, 11729).

e Ammonium bifluoride waste was neutralized with calcium chloride and calcium hydroxide. The

end product was an aqueous solution consisting of ammonium chloride, calcium fluoride, and
water.

August 2003 B-2 ER2003-0504



MDA L Investigation Work Plan

e Acids and caustics in quantities greater than 55 gal. were diluted to 15% or less and neutralized.
Acid solutions were neutralized with sodium hydroxide; base solutions were neutralized with
mineral acids. Heavy metals were precipitated and removed prior to disposal. Heavy metals
precipitated from acid solutions were packaged in 15-gal. drums and disposed of in the same
shaft(s) as the neutralized acid solutions, while heavy metals precipitated from caustic solutions
were also packaged in 15-gal. drums and disposed of in the same shaft(s) as the neutralized
caustic solutions (LANL 2003, 76078).

e Cyanide solutions were treated with calcium hypochlorite or calcium chloride and calcium
hydroxide at technical area (TA) 50. The end products of both processes are cyanate, carbon
dioxide, and nitrogen. The resulting aqueous solution was tested to ensure complete cyanide
treatment. After treatment, the aqueous solution was discharged primarily to Pit A or to one of the
evaporation impoundments (B, C, or D). Solids from the process were placed in metal drums,
mixed with cement, and disposed of in shafts at MDA L.

e Chromium waste was treated with sodium hydroxide and one of two reducing agents: sulfur
dioxide or sodium bisulfate. The end-products of this process were sodium sulfate and chromium
hydroxide. The treated chromium waste was disposed of in the same shaft(s) as the neutralized
acid solutions.

Impoundment D (1972 to 1984)

Impoundment D was used exclusively for treating small batch quantities of lithium hydride by reacting
lithium hydride with water and allowing the neutralized liquid to evaporate. Based on the results of a
safety review, this treatment process was discontinued in 1984 because of the reactivity of the lithium
hydride, and disposal activities in Impoundment D ceased. Impoundment D was partially filled with
crushed tuff in 1985 and completely filled in 1989. Between 1984 and 1989, six aboveground fiberglass
used-oil storage tanks (area of concern [AOC] 54-021) were located within a soil-containment berm
adjacent to Impoundment D. The tanks, which stored waste oil, were pumped out in 1985 and moved
from MDA L to MDA G in 1989 to make room for new waste management facilities on the surface of
MDA L. The tanks themselves were subsequently closed in 1990 under RCRA regulations and a closure
report was submitted to the New Mexico Environment Department (NMED) in 1991. Any associated
contaminated soil from the tanks will be addressed during closure of the RCRA-permitted surface
treatment and storage units currently located on the surface of MDA L.

Disposal Shafts 1 through 34 (February 1975 to February 1985)

Disposal Shafts 1 through 34 were used for disposing of containerized and uncontainerized liquid
chemical wastes and precipitated solids from the treatment of aqueous wastes. Before 1982,
containerized liquids were disposed of without adding absorbents to the containers in which they were
placed. Frequently, small containers were simply dropped into a shaft. Larger drums were lowered by
crane and arranged in layers of one drum in a 3-ft- or 4-ft-diameter shaft, four to five drums in a 6-ft-
diameter shaft, or 6 drums in an 8-ft-diameter shaft. The space around the drums was filled with crushed
tuff, and a 6-in. layer of crushed tuff was placed between each layer of drums. Uncontainerized liquid
wastes were also disposed of in the shafts.

Between 1982 and 1985, only containerized wastes (including liquids, precipitated heavy metals, and
stabilized heavy metals) were disposed of in the shafts. Wastes were accumulated on the site and
packaged in drums until sufficient quantities had accumulated for emplacing them in a shaft.
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B-1.2 Previous Field Investigations

On May 7, 1985, the Laboratory received a compliance order from the New Mexico Environmental
Improvement Division (NMEID, now NMED) that addressed numerous waste management issues at the
Laboratory (NMEID 1985, 75885). The 1985 order specified the following six tasks that involved site
investigation activities in and around MDA L:

o Task 1 required measuring the intrinsic permeability of the tuff,

e Task 2 required determining the soil-moisture characteristic curves,

e Task 3 required determining the unsaturated hydraulic conductivity of the Bandelier Tuff,
e Task 4 required analyzing the infiltration and redistribution of meteoric water into the tuff,
e Task 5 required characterizing the core and pore gas in the vadose zone, and

e Task 6 required analyzing the potential presence of perched water.

The results and outcomes of the above six tasks are described in a report entitled “Hydrogeologic
Assessment of Technical Area 54, Areas G and L” (LANL 1987, 76068), which was submitted in 1987 to
the NMEID in response to the 1985 compliance order/schedule.

Task 1: In 1986, five boreholes (three at MDA L and two at MDA G) were advanced to 125 ft below
ground surface (bgs) to measure air permeability in units 2 and 1v of the Tshirege Member of the
Bandelier Tuff. Field methods included air injection and vacuum testing of five boreholes. Water injection
permeability tests conducted in one borehole validated the results of air tests. The intrinsic permeability of
four core samples from each borehole was determined in the laboratory via the Klinkenberg Method and
the Dynamic Method. Field methods yielded intrinsic permeability in the range of 10 to 10 cm? and
laboratory methods yielded values of 10 cm?.

Task 2: According to field and laboratory analyses, the moisture content of the core ranges from 2% to
4%, with isolated intervals ranging from 10% to 28%. Soil moisture characteristic curves were difficult to
develop because the samples disaggregated under simulated low-capillary pressures; however, curves
were developed for 20 samples. The analyses of these samples showed that high moisture retention
values and low moisture content measurements result in vapor transport as the major mechanism of
water transport.

Task 3: Five samples from each of four horizons were used to determine unsaturated hydraulic
conductivity using both theoretical and laboratory methods. Theoretical methods yielded an average of
2.64x107 ft/day and measured values averaged 1.32 x 107 ft/day.

Task 4: Analysis of infiltration and redistribution of meteoric water into the core was conducted by
neutron-moisture monitoring and measuring matric potential with thermocouple psychrometers. Neutron
moisture monitoring and gravimetric moisture measurements indicated that the volumetric moisture
content of the tuff below 10 ft is approximately 2% to 4%. In addition, analysis of daily moisture logs after
autumn preciptitation indicated the depth of infiltration of meteoric water was approximately 10 ft.
Moisture was not observed to move deeper than 10 ft and was assumed to be returned to the surface
through evapotranspiration. Psychrometers indicate soil tensions range from slightly less than 1 bar to
approximately 15 bars. Vertical hydraulic gradients, as determined by psychrometers, ranged from a
downward gradient of 10.2 ft/ft to an upward gradient of 4.12 ft/ft.

Calculation of moisture flux rates through porous media using field-derived hydraulic gradients and
laboratory-derived unsaturated hydraulic conductivities yielded mean flux rates of 0.036 and 0.211 ft/yr for
MDAs L and G, respectively. However, because the moisture content used in calculating unsaturated
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hydraulic conductivity was greater than that observed in the field, the flux rates calculated were also
higher than actual rates.

Task 5: In 1985, four boreholes were drilled at MDA L and two at MDA G; additionally, one background
borehole was drilled on the western end of Mesita del Buey for core and pore-gas analyses of the
Bandelier Tuff. Core samples collected from each 10-ft interval in all 7 boreholes were analyzed for
extraction procedure (EP) toxicity and volatile organic compounds (VOCs). No EP toxic metals were
detected in core samples beneath a depth of 20 ft. Part per million (ppm) concentrations of VOCs were
detected in core samples from MDA L to depths of 100 ft (maximum depth sampled), and none was
detected at MDA G.

A total of 23 sampling ports were installed in the 7 boreholes to collect pore-gas samples to 100-ft depths.
Analysis of samples collected by pumping the pore gas through charcoal adsorption tubes showed that
VOCs were detected in MDA L in ppm concentrations at all depths sampled and in the part per billion
(ppb) range at all depths sampled at MDA G.

Task 6: Four test holes drilled in Cafiada del Buey were converted to monitoring wells. Seven test holes
were drilled in Pajarito Canyon, and three were converted to monitoring wells to investigate the alluvial,
perched water systems potentially present in these canyons. The alluvium in Cafada del Buey was found
to be confined to the canyon, and all test holes in the alluvium were dry. In Pajarito Canyon, the
boreholes intersected a perched water system. The top of the perched water was about one to five ft
below the surface of the alluvium, and the water level fluctuated significantly over short periods of time. It
was concluded that perched water in Pajarito Canyon was confined to alluvium within the canyon and did
not extend vertically or horizontally into the Bandelier Tuff, which forms Mesita del Buey. No perched
water was found in Cafiada del Buey. No perched bodies of water, which could be hydraulically
connected to the regional aquifer, were found beneath MDAs G and L.

Between 1986 and 1990, the Laboratory voluntarily drilled and instrumented two additional boreholes at
MDA G and 20 boreholes in and around MDA L to begin characterizing the nature and extent of the
vapor-phase VOC plume. Analytical results from pore-gas samples collected between 1985 and 1990
were reported in “Analysis of the Pore-Gas Monitoring at Area L, TA-54” (Trent 1992, 11881) and “Review
of Soil-Vapor Sampling Wells and Data from TA-54 Areas G and L” (LANL 1992, 11729).

A review of analytical data presented in these two reports for MDA L indicates

o releases from MDA L resulted in a subsurface vapor-phase VOC plume extending beneath the
site and beyond the boundary of MDA L,

e 1,1,1-trichloroethane (TCA) is the primary constituent of the VOC plume,
e TCA s present to a depth of at least 200 ft below the surface of the mesa, and

e TCA concentrations vary across the plume.

A review of analytical results for pore-gas samples collected in 19 of the boreholes at MDA L between
1988 and 1992 is presented in a report entitled “Pilot Extraction Study Plan for the Organic Vapor Plume
at MDA L” (LANL 1993, 22430). This report describes the VOC plume at MDA L as follows: “the principal
vapor phase organic compounds, listed in descending order of concentration were TCA, trichloroethene
(TCE), carbon tetrachloride, chloroform, tetrachloroethene (PCE), toluene, and benzene. Other
contaminants that have been detected, but at much lower concentrations, include chlorobenzene,
xylenes, and 1,2,4-trimethylbenzene. TCA was found in the greatest concentration, and it also exhibits
the greatest lateral and vertical extent in the organic vapor plume. The measured concentrations of TCA
are almost an order of magnitude greater than values measured for TCE, the contaminant of second
highest concentration.”
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B-2.0 PHASE | RFI FIELD INVESTIGATIONS

Phase | RFI fieldwork was conducted at MDA L from 1993 through 2002. The approved RFI work plan for
OU 1148 specified sampling surface soil/sediment, subsurface tuff, surface flux, ambient air, and pore
gas. Surface water, soil/sediment, core, and particulates from ambient air samples were to be analyzed
for inorganic chemicals (target analyte list [TAL] metals and cyanide), organic chemicals (VOCs,
semivolatile organic compounds [SVOCs], pesticides, polychlorinated biphenyls [PCBs]), and
radionuclides (LANL 1992, 07669). The objectives of the Phase | RFI were to better define the source
term and the nature of contaminants released from MDA L, to define the extent of the VOC plume and
any other identified 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 L included

e collecting and analyzing four surface drainage sediment samples,

e drilling seven vertical boreholes and 11 angled boreholes,

e collecting and analyzing 184 core samples,

e collecting and analyzing 207 subsurface pore-gas samples for VOCs,

e collecting and analyzing 102 surface flux samples plus nine duplicates for VOCs, and

e colleting and analyzing 102 ambient air samples for VOCs.

A summary of work plan specifications, the fieldwork performed, and the rationale for deviations from the
work plan are provided in Table B-4.

B-2.1 Surface Investigation
B-2.1.1 Channel Sediment Sampling

Runoff from MDA L is concentrated into a single drainage channel that carries surface runoff to the north-
northeast into Canada del Buey (Figure B-2). This drainage includes multiple braided channels traversing
a 50-ft- to 65-ft-wide area of a colluvial slope to the floor of a tributary of Cafiada del Buey. The channels
begin along the eastern fence of MDA L and diverge below the cliffs on the north side of Mesita del Buey.

In July 1994, eight locations from within the drainage were selected for sediment sampling to determine if
contaminants had migrated from MDA L; the most likely depositional areas (e.g., low areas behind
obstructions) for the channel were determined by an on-site geomorphic survey. These locations included
areas with coarse sediment deposition on the upper slope and areas with finer sediment deposition on
the lower slope. Sample depth ranged from 0 to 4 in. to O to 8 in. Eight sediment samples (along with a
field duplicate sample and rinsate blank) were collected and field-screened for gross alpha, beta, and
gamma radiation to bias sample selection. The sample with the highest gross alpha and gross beta, the
sample with the highest gross gamma, and two other samples selected at random (four total) were
submitted to an off-site contract laboratory for analysis of TAL metals, PCBs, pesticides, herbicides,
gamma spectroscopy radionuclides, americium-241, tritium, isotopic thorium, strontium-90, isotopic
uranium, and isotopic plutonium (LANL 1996, 54462.7). Table B-5 lists the sediment sample locations,
sample IDs, and requested analyses.

B-2.1.2 Ambient-Air Sampling

During the summer of 1994, ambient air samples were collected in SUMMA™ canisters for VOC analysis
on eight days at two sampling locations (locations 4 and 5 in Figure B-3) on the northern perimeter of
MDA L (Mischler and Anderson 1994, 63525). Samples were also collected at a background location
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adjacent to Bandelier National Monument (location 3). Sampling dates included June 16, 17, 29, and 30;
July 28; and August 1, 2, and 3, 1994. Duplicate samples were collected on three of the sampling days.
The June samples were collected at the height of the dry season on the Pajarito Plateau, while the July
and August samples were taken during the rainy season. Samples were collected over an 8-hr period
beginning at 8:00 am. Meteorological data (i.e., ambient temperature and wind speed) were also
recorded. Samples were analyzed by the US Environmental Protection Agency (EPA) Method TO-14.
Ambient air data from these sampling events were used to evaluate potential air contamination from
MDA L. A more detailed discussion of this sampling activity is presented in Mischler and Anderson (1994,
63525).

B-2.2 Surface Flux Measurements
B-2.2.1 Tritium Surface Flux (Chamber) Measurements

Tritium flux was measured using a flux chamber at five locations near MDA L during the summer of 1993
(locations T1, T2, C11, C29, and C30) and three locations during the summer of 1994 (locations S1, S2,
and S3). Tritium flux chamber locations are shown in Figure B-4 and results are presented in Table B-6
(Eklund 1995, 56033). The flux chamber sampling apparatus consisted of a 1300 cm? Plexiglas flux
chamber pressed about 1 in. into the soil through which a sweep gas was fed at a constant rate. Air was
pulled through the chamber with a pump at a rate slightly less than the sweep gas rate to avoid dilution
with ambient air. Tritium samples were collected on primary and secondary gel tubes.

B-2.2.2 VOC Surface Flux (EMFLUX®) Measurements

VOC surface flux was measured across MDA L in two surveys conducted in August 1993 and August
1994. The purpose of the surveys was 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. Details of the investigation are reported in
Quadrel Services reports (Quadrel 1993, 63868). Truijillo et al. (1998, 58242) issued a report summarizing
the results of the surface flux VOC measurement investigations.

In the first survey in August 1993, 70 sample locations were identified and an additional 32 locations were
selected in the August 1994 survey. The majority of the 1993 sample locations were on the mesa top at
MDA L, while most of the 1994 sample locations were in the slopes and drainages on the sides of the
mesa. The EMFLUX® surface flux measurement locations are shown in Figure B-5. Four field duplicate
samples also were collected during the first survey, and three field duplicates were collected during the
second survey.

B-2.3 Subsurface Investigations
B-2.3.1 Core Sampling

From September 9, 1993, to May 8, 1995, 7 vertical boreholes and 11 angled boreholes were advanced
at MDA L during the Phase | RFI. Detailed borehole logs, including lithologies and a diagram showing
pore-gas sampling port construction for the monitoring borehole are presented in Appendix H. Borehole
locations and trajectories are shown on Figure B-6. The RFI boreholes are described by depth,
declination, and adjacent disposal unit in Table B-7. Table B-7 lists similar information for the pre-RFlI
boreholes. The exterior and ends of each core barrel and each 5-ft. interval of core were screened for
VOCs using a photoionization detector (PID). Each 5-ft interval of core was inspected for fractures or
stains, and the results were noted in borehole logs (Appendix H).
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During the Phase | RFI at MDA L, 89 core samples were collected from 10 boreholes and submitted to an
off-site contract laboratory for analysis. Depth intervals for sample collection and analytical suites varied
by borehole and are described below. A total of 18 boreholes were drilled during the Phase | RFI;
however, core samples were not collected from boreholes 54-01017 and 54-01018. Core samples
collected from boreholes 54-01001 through 54-01006 were collected for screening only. Both screening
and off-site contract laboratory core samples were submitted from borehole 54-01009. Borehole
54-01017 was designed as the extraction well for the pilot vapor extraction test, and borehole 54-01018
was drilled as an additional pore-gas monitoring borehole located 20 ft from borehole 54-01017. Table
B-8 lists the core sample locations, sample IDs, depths, media sampled, and requested analyses.

In 1993, boreholes 54-01001 through 54-01006 were drilled immediately east of MDA L (Figure 6). These
two vertical and four angled boreholes were drilled to depths ranging between 291 and 340 ft bgs using
an 8-in.-diameter hollow-stem auger and a continuous-coring technique. These six boreholes were
instrumented with vapor-monitoring systems using SEAMist™ positive-pressure borehole liners. A total of
94 core samples were collected at 20-ft intervals from boreholes 54-01001 through 54-01006 and
submitted to an on-site mobile chemical laboratory for VOCs.

Vertical boreholes 54-01007, 54-01008, and 54-01009 were also drilled in 1993 adjacent to numerous
shafts and Pit A. Twenty-six core samples were collected at 10-ft intervals and submitted for off-site
contract laboratory for analysis of TAL metals, cyanide, pesticides/PCBs, herbicides, SVOCs, and VOCs.
Five core samples from borehole 54-01009 were also submitted to an off-site contract laboratory for
isotopic plutonium and isotopic uranium analysis. Twelve samples from 54-01009 were submitted to an
on-site mobile chemical laboratory for VOC and SVOC analysis. Boreholes 54-01007, 54-01008, and
54-01009 were subsequently backfilled.

In 1994, angled boreholes 54-01010 through 54-01014 were advanced using an 8-in.-diameter hollow-
stem auger and a continuous-coring technique beneath Pit A and Impoundments B, C, and D at MDA L
(Figure B-6). In 1996, the surface casings were removed, and each borehole was backfilled and grouted
closed, ensuring that the borehole did not provide a conduit for surface runoff to enter the subsurface. A
total of 29 core samples were collected at 10-ft intervals and submitted to an off-site contract laboratory
for analysis of TAL metals, pesticides/PCBs, SVOCs, VOCs, and tritium. Additional core samples
submitted for off-site contract laboratory analyses included all 24 core samples from boreholes 54-01010,
54-01011, 54-01012, and 54-01014 for cyanide; and 11 core samples from boreholes 54-01010,
54-01013, and 54-01014 for total uranium.

In 1994 and 1995, two deep-angled boreholes, designated as 54-01015 and 54-01016, were drilled from
the adjacent canyon slope northeast of MDA L (Figure B-6) within Cafiada del Buey to investigate the
possible presence of vapor-phase contaminants at depth beneath MDA L. These boreholes were drilled
to depths of 530 ft and 607 ft bgs, respectively, below MDA L using air-rotary installation of 8-in.-diameter
STRATEX® casing to the bottom of each borehole. The boreholes were selectively cored for
approximately 10 ft within every 40-ft interval below a depth of 260 ft bgs. From discontinuous core, 22
samples were collected at 50-ft intervals and analyzed at an off-site contract laboratory for VOCs and
tritium. Following the installation of a Solinst multiport vapor and lysimeter-coupled systems in each
borehole, the STRATEX® casing was withdrawn while annular well completion materials were emplaced
to complete the vapor monitoring borehole. Both boreholes are maintained as vapor-monitoring wells.

In 1995, boreholes 54-01017 and 54-01018 were advanced east of MDA L (Figure B-6). Borehole
54-01017 was designed as the extraction well for the pilot vapor extraction test, and borehole 54-01018,
located 20 ft south-southeast of borehole 54-01017, was used to monitor pore gas during extractor tests.
Borehole 54-01017 was drilled to a depth of 159 ft bgs using an 8-in.-diameter hollow-stem auger and
reamed to a 10-in. diameter. The top 75 ft of borehole 54-01017 is cased with 10-in.-diameter steel
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casing and is open below the casing to a depth of 150 ft. Borehole 54-01018 was drilled to a depth of
328 ft bgs using an 8-in.-diameter hollow-stem auger and a continuous-coring technique. The top 30 ft of
borehole 54-01018 is cased 8-in.-diameter steel. No core samples were collected from boreholes
54-01017 and 54-01018 for screening or analysis during the Phase | RFI. Both boreholes are capped at
the ground surface.

Results of geologic logging were recorded in the borehole logs (Appendix H). Saturation was not
encountered in any of the Phase | RFI boreholes at MDA L; however, intervals of cuttings and core with
elevated moisture content were encountered in RFI boreholes 54-01015 and 54-01016 drilled in 1994 and
1995. Borehole logs provided in Appendix H document that elevated moisture was observed in the form
of moist to wet cuttings and core at depths of 390 ft bgs (Puye Formation paleosol), 511 ft bgs (basalt),
and 540 ft bgs (basalt) in borehole 54-01015. Similarly, the borehole log for borehole 54-01016 shows
that elevated moisture was observed in cuttings and core at a depth of 254 ft bgs (Cerro Toledo interval)
and at multiple depths within the basalt (362, 429, 430, 461, 533, 556, 577, and 592 ft bgs) beneath
MDA L. Instruments to collect both pore vapor and water were installed where moist-to-wet conditions
were found at two depths (350.8 and 525 ft bgs) in borehole 54-01015 and at four depths (188.3, 318.8,
480.8, and 600.7 ft bgs) in borehole 54-01016. During quarterly pore-gas monitoring conducted from
1996 through 1999, sampling of the water ports to target zones of potential perched zones was
attempted; however, no water was recovered.

B-2.3.2 Borehole Airflow Velocity (Passive VOC Extraction)

In 1997 and 1998, the former Environmental Restoration Project (now called Risk Reduction and
Environmental Stewardship—Remediation Services [RRES-RS]) evaluated the effectiveness of passive
vapor extraction of subsurface vapor-phase VOCs at MDA L as specified in Appendix A of the approved
RFI work plan for OU 1148 (LANL 1992, 07669). Passive vapor extraction uses natural changes in
atmospheric barometric pressure as a pump to exhaust VOCs through the open boreholes. The volume
of air flowing out of a borehole and the concentration of VOCs in this air are used to calculate the annual
emission rate of VOCs from a borehole.

In 1997, airflow volume and VOC concentrations were measured with a Briel and Kjaer (B&K) Multigas
Analyzer, Model 1302 at borehole 54-01006 and reported in Neeper and Kisiel (1998, 63999). In 1998,
the tests were repeated using a one-way valve on borehole 54-01006 to allow only the exhalation of
subsurface air during periods of relatively high atmospheric pressure. During the 1998 study, vapor
concentrations and pressure were measured at several subsurface ports in boreholes 54-01004,
54-01006, and 54-01018 and in atmospheric air. The 1998 results are presented in Kisiel and Mason
(1998, 63526). These data were not used for evaluating the nature and extent of contamination at MDA L.

B-2.3.3 Pore-Gas Sampling

Subsurface pore gas sampling at MDA L is required by Section C.5 of Module VIII of the Laboratory’s
Hazardous Waste Facility Permit, “Unsaturated Zone Monitoring” (EPA 1990, 1585; EPA 1994, 44146).
The approved sampling and analysis plan (Davis 1993, 38812) requiring collecting pore-gas samples
from 12 of 28 available boreholes at MDAs G (4) and L (24) on a quarterly basis is described in the
Laboratory’s response (Glatzmaier 1993, 30987) to an EPA notice of deficiency ([INOD] Driscoll 1992,
3849.3). Of the 12 boreholes, 10 boreholes are to be selected every quarter from the available 24 pore-
gas monitoring boreholes located at MDA L (Figure B-6).

The depths of pore-gas sampling ports in the 24 operational boreholes currently sampled at MDA L are
listed in Table B-9. Detailed borehole logs, including lithologies for boreholes 54-01015 and 54-01016,
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are presented in Appendix H. Pore-gas monitoring methods have changed over the years in response to
more sensitive detection capabilities. A summary of pore-gas sampling from 1995 through 2001 is
included in Appendix G.

The pilot extraction study plan, as originally described in the approved RFI work plan for OU 1148 (LANL
1992, 07669), was modified in 1996 (LANL 1996, 55574) to include the installation of two angled
boreholes instead of two vertical boreholes to allow for data collection beneath multiple disposal units and
from deep geologic formations. The angled boreholes (54-01015 and 54-01016) were drilled into the
basalt underlying the Bandelier Tuff between November 1994 and March 1995. The two angled boreholes
were advanced from Cafiada del Buey to vertical depths of 400 and 600 ft, respectively, below the
surface of MDA L. Borehole 54-01015 was drilled to intersect the region below the closed disposal shafts
located in the western part of MDA L. Borehole 54-01016 was drilled to intersect the region below the
closed pit, impoundments, and shafts located in the eastern part of MDA L (Figure B-6).

Since 1997, pore-gas sampling has been aided and directed using soil-gas screening with a B&K
Multigas Analyzer, Model 1302. The gas analyzer is capable of measuring up to five analytes and is used
to screen for TCA, TCE, PCE, Freon 11 and Freon 13. These five analytes are used for screening
because they are the most prominent VOCs in the MDA L vapor plume. The gas analyzer is integrated
into a gas-sampling train that allows for subsurface soil-gas purging, screening, and SUMMA™ canister
sampling. Soil-gas ports are purged until subsurface carbon dioxide levels have stabilized to
representative soil-gas levels prior to screening and sampling. All sampling ports in all boreholes are
screened using the B&K.

Until fiscal year (FY) 2000, the pore-gas procedure called for screening of well ports using the B&K,
followed by SUMMA™ sampling at the highest concentration port of selected wells. This procedure
provided a good data set for a limited number of ports in a limited number of boreholes. To address data
gaps associated with nature and extent of contamination, the procedure was modified in FY 2000 at the
request of NMED. All ports in all wells are still screened using the B&K to provide data regarding changes
in the concentrations of VOCs in the plume; however, the screening results are not used to direct
SUMMA™ sampling. Instead, ports are sampled with SUMMA™ canisters as needed to evaluate
changes in the plume stability based on a defined quarterly sampling schedule presented in the July
through September quarterly report (LANL 2002, 73712).

B-3.0 REVIEW OF PHASE | RFI FIELD SCREENING AND LABORATORY ANALYTICAL RESULTS
B-3.1 Data Review

The Phase | RFI data set for MDA L includes analytical data from four surface channel sediment samples,
184 core samples collected from 16 boreholes, 8 surface tritium flux samples, 102 surface VOC
EMFLUX® survey samples, as well as 7 field duplicates, 16 ambient air samples, and 207 subsurface
pore-gas samples. All data used quantitatively to identify chemicals of potential concern (COPCs) at
MDA L were subjected to RRES-RS quality assurance and quality control (QA/QC) procedures. The data
review process for identifying COPCs begins with a comparison of site data with

¢ naturally occurring background concentrations for inorganic chemicals,
o naturally occurring background or fallout concentrations for radionuclides, and

e analytical estimated quantitation limits (EQLs) for organic chemicals.

Organic chemical data are evaluated based on detection status only. Background comparisons and a
variety of statistical and graphical methods are used to compare site inorganic chemical and radionuclide
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data with Laboratory-wide background data (LANL 1998, 59730). For background comparisons, the first
step is to compare the site data with a background value (BV), which is a calculated value that represents
the background data set (upper tolerance limit [95, 95] or the 95% upper confidence bound on the 95th
quantile).

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 site data to be greater than the background data set. Observed significance levels (p-values)
are obtained; these values indicate whether a difference exists between the data sets. A p-value of less
than 0.05 indicates a difference between the distributions (i.e., the site data are different from the
background data) exists, while a p-value greater than 0.05 indicates the distributions (i.e., site and
background data) are similar. The results of these statistical analyses for MDA L are discussed in
Appendix E.

Graphical analyses of the data sets provide a visual representation of the data and allow a visual
comparison among concentration distributions. The observed differences may include an overall shift in
concentration or, when centers are nearly equal, a difference between the upper tails of the two
distributions. The plots may either be used alone to describe the relationship of the two distributions or
may be used in conjunction with the statistical tests described above. Box plots and borehole profiles
were used to assess the Phase | RFl inorganic chemical and radionuclide data from MDA L (Appendix E).

Only data that are relevant for identifying COPCs are included in this section; these data include
measurements that are above applicable thresholds or whose detection limits (DLs) are greater than an
applicable threshold. Tables D-8 through D-15 in Appendix D include the data for all analytes (detected
and undetected).

B-3.1.1 Channel Sediment Samples

Channel sediments at MDA L are derived from the mesa-top materials, the tuff on the sides of the mesa,
and colluvium and soils on the mesa slopes (LANL 1996, 54462). The samples were described in the field
summary report as soil samples and in the channel sediment report as silt, sand, and gravel mixtures.
Sample concentrations were compared with the Laboratory sediment background data set (LANL 1998,
59730), which was derived from sediment samples collected in Indio, Ancho, Los Alamos, Pueblo, and
Guaje Canyons. Because these deposits are young alluvium in or near stream channels (LANL 1998,
59730), the Laboratory background data set for sediments might represent a different matrix than the
channel sediment samples collected at MDA L.

Channel sediment samples collected at MDA L were analyzed for TAL metals, pesticides/PCBs,
herbicides, gamma spectroscopy, isotopic plutonium, isotopic uranium, isotopic thorium, strontium-90,
and tritium. Table B-5 includes the surface channel sediment samples collected during the Phase | RFI
and the requested analyses for each sample.

Inorganic Chemical Comparison with Background

No inorganic chemicals were detected at concentrations above the sediment BVs in any of the channel
sediment samples (Table B-10). Although cadmium, selenium, and silver were not detected, the DLs for
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these inorganic chemicals exceeded their respective BVs. The sediment BVs for cadmium, selenium, and
silver were based on nominal DLs. The sample DLs were reported at approximately twice the BV or less.
These metals data are evaluated further in Appendix E. Figures E-1 and E-2 in Appendix E provide more
details on the inorganic chemical comparisons. There were no QA/QC issues associated with the channel
sediment inorganic chemical results at MDA L. Overall, the sediment inorganic chemical data for MDA L
were of good quality and suitable for data assessment. Table D-8 in Appendix D presents the complete
data set.

Radionuclide Comparison with BVs and Fallout Values

Except for tritium, there were no QA/QC issues associated with the radionuclide results for samples
collected at MDA L. Tritium results were qualified J (estimated) because the results from a blind QC
sample fell outside sample recovery limits. Overall, the sediment radionuclide data for MDA L are of good
quality and suitable for data assessments. Table D-9 in Appendix D provides the complete data set.

Detected concentrations of radionuclides were compared with the sediment BV or the sediment fallout
values (FVs), depending on whether the radionuclide is naturally occurring or a fallout radionuclide (LANL
1998, 59730). Americium-241, cesium-137, cobalt-60, tritium, plutonium-238, plutonium-239, and
strontium-90 were compared with sediment FVs. Isotopes of uranium and thorium, which are naturally
occurring radionuclides, were compared with sediment BVs (Table B-11).

The channel sediment report (LANL 1996, 54462) listed americium-241, polonium-210, technetium-99,
and yttrium-90 as COPCs because no BVs and FVs for those radionuclides were available at that time.
Currently, americium-241 has a sediment BV of 0.04 pCi/g, which is greater than the detected
concentrations in the channel sediment (Table B-11). Polonium-210 and yttrium-90 both have short half-
lives (approximately 138 days and 60 hours, respectively), so they are no longer present in the channel
sediment and are, therefore, not evaluated in this HIR.

A detected concentration for plutonium-238 (0.011 pCi/g) exceeded the associated sediment BV of

0.006 pCi/g (Table B-11). Figure B-7 shows the sample location and detected plutonium-238
concentration. No other radionuclides were detected above their respective BVs or FVs. Table E-2 in
Appendix E discusses the radionuclide background comparisons in more detail. Plutonium-238 is retained
as a COPC in channel sediments at MDA L.

Evaluation of Organic Chemicals

There are no QA/QC issues associated with the analytical data, and the data are of good quality and
suitable for data assessment. Table D-10 in Appendix D provides the complete data set.

Methoxychlor was detected in three samples at concentrations of 0.027 mg/kg (location 54-05148),
0.028 mg/kg (location 54-05143), and 0.063 mg/kg (location 54-05145) (Figure B-8). The concentrations
detected are approximately one to three times the EQL (0.02 mg/kg). No other organic chemicals were
detected in the sediment samples. Table E-3 in Appendix E provides more details on the organic
chemical analyses. Methoxychlor was retained as a COPC in channel sediments at MDA L.

B-3.1.2 Subsurface Core Samples

A total of 96 subsurface core samples were collected from 10 boreholes at MDA L (Figure B-6). These
samples were analyzed for TAL metals and cyanide, pesticides/PCBs, herbicides, VOCs, SVOCs, and
radionuclides. Not every sample was analyzed for every constituent, as described below. Core samples
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from six boreholes (54-01001 through 54-01006) were drilled to investigate the vapor plume east of
MDA L; 94 core samples from these boreholes were screened only for VOCs and moisture by an on-site
mobile chemical laboratory. Two deep characterization boreholes (54-01015 and 54-01016) were drilled
at an angle to investigate the potential presence of vapor-phase contaminants at depth below MDA L; the
core samples from these boreholes were analyzed for moisture, VOCs, and tritium. The remaining eight
boreholes (54-01007 through 54-01014) were drilled in the vicinity of the disposal units (i.e., pit,
impoundments, and shafts) and were analyzed for all constituents, except herbicides in core samples
from boreholes 54-01010 through 54-01014. Core samples were not collected from two additional
boreholes drilled in 1995. Borehole 54-01017 was designed as the extraction well for the pilot vapor
extraction test, and borehole 54-01018 was an additional pore-gas monitoring borehole. Table B-8
summarizes the subsurface core samples collected during the Phase | RFI and the requested analyses
for each sample.

Inorganic Chemical Comparison with Background

Subsurface core sample data for inorganic chemicals (Table B-8) were obtained from the eight boreholes
(54-01007 through 54-01014) in the vicinity of the disposal shafts, impoundments, and pit at MDA L
(Figure B-6). Five (out of 67) mercury and cyanide analyses were rejected because the holding times had
been exceeded, and four out of 67 arsenic and selenium results were rejected because of low analyte
recovery from a QC sample. The low recovery indicates potentially unacceptable accuracy in the results
for arsenic and selenium. Many results for the inorganic chemicals were qualified J (estimated) because
of evidence of variable efficiencies of extraction from the soil matrix or very low reported concentrations
relative to DLs. J-qualified data are usable for decision making but carry higher analytical uncertainty than
unqualified data. Overall, except for the rejected data, the data are of good quality and are sufficient for
data assessment.

Analytical results for the samples collected from Qbt 2 were compared with BVs for Qbts 2, 3, and 4, and
samples from Qbt 1v and Qbt 1g were compared with BVs for those units (LANL 1998, 59730). Table
B-12 provides a summary of the frequency of detected inorganic chemicals above background. Figure
B-9 shows the locations and concentrations of inorganic chemicals detected above BVs in subsurface tuff
at MDA L. Analytical results were plotted by depth in each borehole to identify patterns potentially
associated with a release and migration through a fractured medium (Appendix E, Table E-4, Figures E-3
and E-4). Table D-11 in Appendix D provides the complete data set.

The data review indicates that barium, chromium, cobalt, copper, manganese, nickel, uranium, and zinc
are elevated compared with Laboratory BVs and are retained as COPCs in subsurface tuff at MDA L.

Radionuclide Comparison with BVs or FVs

Core samples from seven boreholes (54-01010 through 54-01016) were analyzed for tritium, and five
core samples from borehole 54-01009 were analyzed for isotopic plutonium and isotopic uranium (Table
B-8). The analytical result from one of 48 core samples analyzed for tritium was rejected because of a
laboratory error. A number of the analytical results are J qualified (estimated) because laboratory QC
indicators identified more variability in the analytical results than normally expected. With the exception of
one (of 48) rejected sample, the radionuclide results from subsurface tuff at MDA L are of good quality
and sufficient for data assessment. Naturally occurring uranium isotopes were compared to Laboratory
sitewide BVs from the appropriate tuff strata (LANL 1998, 59730). Fallout radionuclides (plutonium-238,
plutonium-239, and tritium) were evaluated on the basis of detection status (i.e., if a fallout radionuclide is
detected, it is evaluated further).
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Data indicate that tritium was detected in 22 of 48 core samples and at several depths in boreholes
54-01010, 54 -01011, 54-01013, and 54-01015. The concentrations ranged from nondetect to 11.6 pCi/g1
(196 pCi/mL) in borehole 54-01010. Uranium-234 and -238 were detected at low concentrations less than
or equal to the BVs of 0.14 pCi/g and 1.93 pCi/g, respectively. Therefore, tritium is the only radionuclide
identified as a COPC in the core samples. Table B-13 summarizes the frequency of detected
radionuclides above BVs for the subsurface core samples. Table B-14 presents the detected tritium
concentrations by subsurface sample. Figure B-7 presents the sample locations and results for the
radionuclides detected above BV/FV concentrations in sediment and tuff.

Evaluation of Organic Chemicals

A total of 96 core samples collected from 10 boreholes were analyzed for VOCs. Sixty-seven core
samples collected from the eight boreholes drilled in the vicinity of the disposal shafts and pits (54-01007
through 54-01014) were also analyzed for SVOCs, pesticides, and PCBs. Thirty-eight core samples
collected from three boreholes (54-01007 through 54-01009) in closest proximity to the disposal shafts
were also analyzed for herbicides.

Forty VOC results were qualified as not detected (U) because the results were less than 5 or 10 times the
concentrations detected in the method blank. Six results were qualified as estimated (J or UJ) because
the surrogate recoveries associated with these analytes were low. Eleven results were qualified as
estimated (J) for acetone and 2-butanone because the results were less than the practical quantitation
limit (PQL) but greater than the method detection limit (MDL). Two results were qualified as estimated (J)
because the holding time was exceeded. Overall, the data are of good quality and sufficient for data
assessments.

Six SVOC results were qualified as estimated (J or UJ) because the holding time had been exceeded.
Two results were qualified as estimated (J) because the results were less than the PQL, but greater than
the MDL. Three results were rejected (R) and could not be used for data assessment because the
surrogate recoveries associated with the analytes were low (10%). Overall, except for the rejected data,
the data are of good quality and are sufficient for data assessment.

Herbicides were not detected in any of the subsurface core samples from MDA L. Fifteen VOCs were
detected in core, most at trace concentrations (i.e., less than or slightly above the EQLs). Concentrations
greater than EQLs were detected at boreholes beneath Pit A (54-01010 and 54-01011), between Pit A
and Shafts 1 through 28 (54-01009), and at the east end of the array of Shafts 1 through 28 (54-01007
[Figure B-10]).

' 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 that the core
material be ground to a fine mesh before the water 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 at
MDA environments by using sorbent materials to extract and retain in situ subsurface water samples from pore gas.
Disposal of tritium per se is not recorded in the disposal logbooks; however, chemicals containing hydrogen
disposed of at MDA L could have contained tritium. Vacuum pump oils would be a likely source. The activity of
tritium is low, indicating tritium-contaminated material may have gone into MDA L and not sent to MDA G as
radioactive material.
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Two pesticides, Aroclor-1260, and three SVOCs were detected in one to four samples at several
sampling depths in tuff. Aroclor-1260 was reported in one sample from borehole 54-01010 at a
concentration (0.313 mg/kg) about 70 times greater than the sample EQL (0.0044 mg/kg). Methoxychlor
was detected above the EQL in one sample in borehole 54-01010 (0.0756 mg/kg versus the EQL of
0.0226 mg/kg), and the pesticide dichlorodiphyldichloroethane (DDD) was detected in two samples at
concentrations marginally above to approximately three times the EQL (0.0044 mg/kg) in borehole
54-01011. In borehole 54-01009, bis(2-ethylhexyl)phthalate was detected at one sampling depth beneath
Pit A at a concentration of 0.8 mg/kg compared to its EQL of 0.6 mg/kg. Di-n-butyl phthalate was reported
at concentrations one to three times its EQL (0.44 mg/kg) at three nonconsecutive sampling depths.
Pentachlorophenol was detected at concentrations three to ten times the EQL (1.2 mg/kg) at two
sampling depths below Impoundment B (Figure B-10).

In summary, several organic chemicals were reported in the subsurface media near Pit A and Shafts 1
through 28. The organic chemicals were detected primarily at concentrations near or below the EQLs at
only a few depths. Although some VOCs were detected in the core samples at concentrations
approximating EQL values, these measurements were unreliable because VOCs do not adsorb to tuff.
Therefore, the nature and extent of the VOC plume at MDA L was better defined using the pore-gas
sampling results (see below) than the core results. The sporadic nature of the detections of SVOCs,
Aroclor-1260, and pesticides does not indicate a release and has not been evaluated further.

The frequency and range of concentrations for the detected organic chemicals is given in Table B-15.
Figure B-10 presents the sample locations for the detected organic chemicals. Table D-14 in Appendix D
presents the complete data set.

B-3.1.3 Pore-Gas Samples
VOC Flux Measurements (EMFLUX®)

Twenty VOCs were detected in 102 EMFLUX® samples collected in 1993 and 1994 (Truijillo et al. 1998,
58242). Flux measurements were taken only in areas not covered by asphalt, which include perimeter
and hillside locations. The detected VOCs include acetone, benzene, bromobenzene, 2-butanone, carbon
tetrachloride, chlorobenzene, chloroform, chloromethane, 1,1-dichloroethane, 1,2-dichloroethane,
1,1-dichloroethene, 1,2-dichloropropane, ethylbenzene, n-propylbenzene, PCE, toluene, TCA, TCE,
Freon 113, and xylene. Fewer VOCs were detected in the 1994 samples from the hillsides and were
limited to acetone, chlorobenzene, chloroform, 1,1-dichloroethane, 1,1-dichloroethene, methylene
chloride, PCE, toluene, TCA, TCE, Freon 113, and xylene. The highest surface flux measurements were
found in samples collected in 1993 from the mesa top for TCA, PCE, and TCE. Freon 113 and acetone
were also detected in many samples at relatively low levels compared to the three main VOCs: TCA,
TCE, and PCE. The 1994 EMFLUX® data from the hillsides indicate much lower surface flux than those
measured on top of the mesa in 1993; the most prevalent VOCs in the 1994 data were also TCA, PCE,
and TCE. The compound 1,1-dichloroethene was also detected at a relatively high frequency in the 1994
samples on the north slope of the mesa. Freon 113 was detected frequently in the 1994 data set,
although at low levels in samples collected on the southern slope of the mesa.

A plot showing the TCA surface flux results at MDA L is provided in Figure B-11. Flux measurements with
values less than or equal to 3.1 ng/mzlmin are represented as a small triangle. These are very near the
detection limit of the method.
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VOCs in Pore Gas

Pore-gas monitoring methodologies have evolved over time. Appendix G provides a history of the
monitoring methodologies, including the current monitoring program. In general, the methods and
resulting data quality have improved steadily. For this HIR, the pore-gas monitoring data collected prior to
and during 1996 are used only semi-quantitatively to assess the history of MDA L’s subsurface vapor-
phase VOC plume. The data collected from 1997 to the present have been subjected to rigorous QA/QC,
both in field collection and in laboratory analysis. During each round of quarterly sampling, an equipment
blank is collected to identify whether laboratory contamination has affected analytical results, a field
duplicate is collected to determine if the analytical instrument is within precision limits, and a performance
evaluation sample of calibration gases is collected to determine if calibration gases used for the B&K
instrument are at the concentration listed on the gas cylinder.

The pore-gas monitoring data for MDA L indicate TCA is the primary VOC, followed consistently in
abundance by TCE. The complete pore-gas data set is included in Appendix D, Table D-11. The
frequency of detection and range of concentrations for sampling from 1997 through 2001 are presented in
Table B-16. VOCs are retained as COPCs in subsurface pore gas at MDA L.

Table B-17 presents the maximum detected concentration for each VOC from the fourth quarter FY 1999
SUMMA™ canister sampling results, and the location of that sample (borehole and port depth). This data
set is representative of the results from the sampling protocol in place prior to FY 2000 when the purpose
of sampling was to determine the nature and extent of the VOC plume. Table B-18 provides similar
information from the first quarter FY 2002 SUMMA™ canister sampling results, which are representative
of the post-2000 pore-gas sampling protocol where the purpose of the sampling is to determine trends in
plume concentration in the source area and at the boundaries of the plume.

Analysis of the pore-gas monitoring data indicates vapors from the two shaft fields (1 through 28 and 29
through 34) are compositionally different, indicating two unique sources. The two sources consist largely
of TCA, but the relative concentrations of lesser compounds are different. The two source areas are
referred to as the northwest source area and the southeast source area.

Tritium Surface Flux Chamber Measurements

The 1993 and 1994 tritium flux chamber data indicate that vapor-phase tritium contamination in ambient
air is widespread near MDA L (Eklund 1995, 56033). However, these locations (Figure B-4) are not in
close proximity to any known subsurface tritium sources. The tritium fluxes calculated from these samples
are provided in Table B-6. Tritium is identified as a COPC in ambient air.

B-3.1.4 Ambient Air

Measured concentrations of selected aromatic and halogenated hydrocarbons at ambient air sampling
locations 4 and 5 (Figure B-3) are shown in Tables B-19 and B-20. Only organic chemicals that were
consistently detected in four or more samples are presented. The data set collected at the Bandelier
National Monument for the analytes listed in these tables is shown in Table B-21. VOCs are identified as
COPCs in ambient air.

B-3.1.5 Summary of COPCs at MDA L

Table B-22 summarizes the results of the data review and lists all COPCs at MDA L for channel
sediments, ambient air, subsurface tuff, and pore-gas samples. For each COPC, or group of COPCs, the
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table identifies the analytes retained and the ones eliminated from further consideration in the HIR, and
the rationale for the decision.

B-4.0 DATA INTERPRETATION AND IDENTIFICATION OF DATA GAPS

Information presented in Sections B-1.0, B-2.0, and B-3.0 is summarized and interpreted in this section to
describe the current understanding of the nature and extent of environmental contamination at MDA L.
Based on this interpretation, data gaps related to the nature and extent of environmental contamination at
MDA L are identified. The information provided here is summarized in Section 4.1 of the IWP where it
forms the basis for the proposed sampling activities in Section 4.2 of the IWP.

B-4.1 Nature and Extent of Contamination in Channel Sediments

Inorganic chemicals: No inorganic chemicals were detected above sediment BVs in the drainage channel
at MDA L (Figures B-2, E-1, and E-2). However, the analytical detection limits for cadmium, selenium, and
silver exceeded the sediment BVs (Table B-10; LANL 1998, 59730), and these inorganic chemicals are
retained as COPCs. The analytical DLs were approximately twice the BVs, and there are no known
historical surface releases of metals at MDA L.

Radionuclides: Plutonium-238 was the only radionuclide detected above BV/FV concentrations in the four
channel sediment samples collected downgradient from MDA L (Table B-11). Although the detected
concentration (0.011 pCi/g) is above the sediment FV of 0.006 pCi/g, there is no historical documentation
of a surface release at MDA L.

Organic chemicals: Methoxychlor was detected in three of four sediment samples (locations 54-05143,
54-05145, and 54-05148) with a maximum concentration of 0.063 mg/kg (Figure B-8), which is
approximately three times the EQL of 0.02 mg/kg. Similar to results of the MDA H RFI, the presence of
methoxychlor is attributed to routine application of this pesticide at operating areas throughout TA-54 and
not the result of past waste disposal practices (LANL 2002, 73270).

Data Gaps Related to Channel Sediments

Since Phase | RFI data showed that plutonium-238 and methoxychlor were detected in low
concentrations, a supplemental channel sediment will be sampled at the interface of the alluvial
sediments and bedrock to collect data where all the sediments accumulated over the years.

B-4.2 Nature and Extent of Contamination in Air

The data from ambient air samples near MDA L indicate that TCA and TCE are being emitted from the
vadose zone plume. Other VOCs detected in MDA L ambient air samples but not detected in flux
measurements include dichlorofluoromethane, chloromethane, n-hexane, trichlorofluoromethane,
methylene chloride, benzene, toluene, and xylene.

Data Gaps Related to Air

An evaluation of the tritium and VOC Phase | RFI data for air at MDA L does not indicate any data gaps
are present relative to identifying the nature and extent of contamination. Facility waste operations
monitor the personnel who have been involved in ongoing waste management activities. These data are
sufficient to assess for risk in a future report.

ER2003-0504 B-17 August 2003



MDA L Investigation Work Plan

B-4.3 Nature and Extent of Contamination in Subsurface Core

Inorganic chemicals: Barium, chromium, cobalt, copper, manganese, nickel, uranium, and zinc were
detected at concentrations above BVs in one or more borehole(s) in two out of three consecutive
sampling depths (Figures B-12, B-13, and B-14 and E-4 through E-8). The data indicate that a release
from subsurface waste disposal units occurred (Figure B-10). The nature and extent of the release is
reviewed in the following subsections by the specific impoundments, pit, and shafts.

Impoundments B, C, and D: Boreholes 54-01012, 54-01013, and 54-01014 were drilled to angle beneath
the three impoundments, respectively (Figure B-6). Concentrations of chromium and copper were
detected above their respective BVs at three consecutive sampling depths in core samples beneath
Impoundment B. Beneath Impoundment C, concentrations of copper were above BVs at three
consecutive sampling depths, and nickel concentrations exceeded BV at two out of three consecutive
sampling depths. Based on these results, it was concluded that copper and chromium have been
released from Impoundment B, and copper and nickel have been released from Impoundment C. In
borehole 54-01014, uranium was the only inorganic chemical detected at several consecutive sampling
depths. Samples collected from the unit 2/unit 1v interface contain uranium concentrations that are
slightly above the unit 2 BV (2.40 mg/kg) but below the unit 1v background value (6.22 mg/kg; see
Appendix K). The pattern indicates that a release of uranium from Impoundment D to the surrounding
subsurface tuff may have occurred. The vertical extent of inorganic chemical contamination is not
completely bounded beneath the impoundments.

Pit A: Boreholes 54-01010 and 54-01011 were drilled at an angle to pass beneath the eastern and
western portions of Pit A, respectively (Figure B-6). In borehole 54-01011, barium was detected in one
sample (138 mg/kg at 29.5 ft bgs) at approximately twice the BV (LANL 1998, 59730). In borehole
54-01010, cadmium, mercury, and uranium were detected above their respective BVs (LANL 1998,
59730) in one sample each, and chromium was detected above BV in two samples separated by four
sampling depths (Figure B-9). The results from the boreholes angled beneath Pit A show evidence of a
release, but the vertical extent of the release is defined beneath Pit A.

Shafts 1 through 28: This shaft field is located on the east end of MDA L and was evaluated by core
samples collected from boreholes 54-01007 and 54-01009. The pattern of inorganic chemical
concentrations detected in these boreholes indicates that a release has occurred. The primary
component of the release was copper, with smaller contributions from chromium, barium, and zinc. Nickel
was also detected above the BV (LANL 1998, 59730) in the lower tuff strata (units 1v and 1g).

Copper, chromium, barium, and zinc were detected in borehole 54-01007 at concentrations above their
respective BV values at 146 ft (LANL 1998, 59730) (Figure E-7, B-12, B-13, and B-14). Copper
concentrations were greater than BV in 10 of 13 core samples, often by more than a factor of 10.
Chromium concentrations were greater than BV (LANL 1998, 59730) in 5 of 13 samples but did not
exceed BV by more than a factor of two. Copper and chromium remained elevated at the deepest
sampling location (146 ft). Barium and zinc concentrations were more than twice their respective BVs in a
single core sample and at concentrations marginally above their BVs at two and four sampling depths
(some consecutive depths), respectively. Concentrations of barium and zinc decreased to less than their
respective BVs at the deeper sampling intervals. Distributions of copper, barium, and zinc in samples
taken from borehole 54-01009 were similar to those noted for borehole 54-01007. Based on this analysis,
the vertical extent of copper, chromium, and zinc has not been established.

Shafts 29 through 34: This shaft field is located on the west end of MDA L and was evaluated using data
from borehole 54-01008 (Figures B-12, B-13, and B-14), a vertical 150-ft borehole located about 20 ft to
the southeast of Shafts 29 through 34. Inorganic chemicals detected at concentrations above BVs
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included copper, zinc, and chromium. Copper concentrations exceeded the BV in a majority of the
samples (10 out of 12); concentrations detected were more than 10 times the BV. Zinc and chromium
were detected at three or more consecutive sampling depths at concentrations that exceeded their BVs
by a factor of 2 or less. Manganese and cobalt concentrations above their BVs were reported at two
consecutive sampling depths: manganese was marginally above its BV, and one cobalt concentration
was more than twice the BV. Results from core samples collected in borehole 54-01008 indicated the
release of inorganic chemicals from Shafts 29 to 34. The vertical extent of this release is not established.

Radionuclides: Core samples from seven boreholes were analyzed for tritium. Five shallow boreholes (up
to 60 ft bgs) were angled beneath Pit A and Impoundments B, C, and D (Figure B-6). Two deep, angled
boreholes (54-01015 and 54-01016) were drilled beneath Shafts 1 through 34 and Pit A (Figure B-6). The
tritium data samples results from the shallow boreholes beneath Pit A ranged from 0.03 pCi/g to

11.6 pCi/g, and concentrations decreased with depth. Tritium was detected at low concentrations in two
samples collected from the deep, angled boreholes; at 0.13 pCi/g at approximately 524 ft in borehole
54-01015; and at 0.001 pCi/g at approximately 593 ft in borehole 54-01016. These results indicate a
tritium release from MDA L and indicate that the vertical extent of the tritium contamination is bounded.
However, there are insufficient data to define the lateral extent of tritium contamination.

Organic chemicals: Twenty-two organic chemicals were detected in 127 core samples collected at
MDA L, most at trace concentrations (i.e., less than or slightly above the EQLSs). The higher
concentrations (i.e., concentrations greater than EQLs) were detected in the boreholes beneath Pit A
(boreholes 54-01010 and 54-01011), between Pit A and Shaft 28 (borehole 54-01009), and at the east
end of the array of Shafts 1 through 7 (borehole 54-01007 [Figure B-6]).

Two pesticides, Aroclor-1260, and three SVOCs were detected in one to four samples at several
sampling depths in tuff. Aroclor-1260 was reported in borehole 54-01010 at a concentration (0.313 mg/kg)
at a depth of 30 ft and was not detected in deeper samples. Methoxychlor was detected above the EQL in
a single sample collected at a depth of 59.5 ft in borehole 54-01010 at a concentration of 0.0756 mg/kg.
The pesticide DDD was detected in two samples in borehole 54-01011; DDD was not detected in deeper
samples from borehole 54-01011. In borehole 54-01010, bis(2-ethylhexyl)phthalate was detected in a
single sample at a depth of 30 ft beneath Pit A but was not detected in deeper samples. Di-n-butyl
phthalate was detected at four nonconsecutive sampling depths but was not detected at the bottom of the
borehole. Pentachlorophenol was detected at concentrations (13.0 mg/kg and 3.3 mg/kg) at two sampling
depths below Impoundment B and decreased with depth.

In summary, several organic chemicals were reported in the subsurface tuff near Pit A and Shafts 1
through 28. The SVOCs, pesticides, and Aroclor-1260 either decreased with depth or were detected at
low concentration at the bottom of the borehole, with no detects at shallower depths in the borehole.
VOCs were detected in the core samples at concentrations approximating EQL values; however, these
measurements cannot be used to define the extent because VOCs do not adsorb readily to tuff and are
transported mainly as vapor phase in the subsurface of MDA L. Therefore, the nature and extent of the
VOC plume at MDA L is better defined using pore-gas sampling results (see below) than the core sample
results. The nature and extent of the other organic chemicals detected do not indicate a release, have the
extent defined, and are not evaluated further.

Data Gaps Related to Subsurface Core

Phase | RFI core data for inorganic chemicals and tritium indicate releases to subsurface tuff have
occurred beneath Impoundments B, C and D and the two shaft fields, respectively. The number and
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locations of Phase | RFI samples of core are inadequate to support conclusions regarding the nature and
extent of contamination beneath the impoundments and shaft fields.

In addition to the analytical suites required for Phase | RFI core samples, additional suites may be
appropriate given the nature of the disposed waste at MDA L. Nitrates and perchlorate, which are very
soluble and susceptible to migration with infiltrating surface water, were not analyzed in the Phase | RFI
core samples. Nitrates are associated with fertilizers and are 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 L, analysis of
nitrates and perchlorate in core samples at MDA L is appropriate, and the absence of data for these
chemicals is a data gap. Some high explosive (HE) compounds are also relatively soluble in water and
subject to transport from the disposed waste. However, the presence of HE in appreciable quantities in
the disposed waste is unlikely because it has always been Laboratory policy to “flash™ (burn) HE-
contaminated material prior to disposal. However, inventory records for MDA L are incomplete, and with
the absence of HE data for the Phase | RFl is a data gap.

Information on the hydrogeologic properties and other physical characteristics of the vadose zone at
MDA L is minimal and is therefore identified as a data gap for completion of the future corrective measure
study (CMS) for MDA L. During the Phase | RFI, information on the moisture content of core was
collected only from a depth of approximately 271 ft bgs. Other relevant hydrogeologic information, as well
as information on the water content of core at greater depths in the vadose zone, is presently inferred
from data obtained elsewhere at TA-54. 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 an evaluation, usually performed using numerical models to simulate field conditions,
provides support for conclusions regarding the current nature and extent of contamination. It will also be
used in evaluating potential corrective measures to estimate 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 L. Some strata, specifically units of the Tshirege Member of the Bandelier Tuff, also contain
fractures that can act as conduits for 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
information on 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 L.

B-4.4 Nature and Extent of Contamination in Subsurface Pore-Gas and VOC and Tritium
Surface Flux

Pore-gas analytical results indicate that the highest concentrations of vapor-phase VOCs exist in close
proximity to the two source areas: the northwest source area and the southeast source area.
Concentrations of vapor-phase VOCs decrease in all directions from the two source areas. TCA has
consistently been the most prevalent VOC detected in pore-gas samples and is the best indicator of the
extent of the plume.
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The field-screening data obtained using the B&K multigas analyzer correlate well with the analytical
laboratory SUMMA™ canister data for the four compounds screened for (TCA, TCE, PCE, and

Freon 113) in the ppm concentration range. Figures B-15 and B-16 show the correlation of B&K
screening results to EPA Method TO-14 analytical results (SUMMA™ canister samples) for TCA and
TCE, respectively. The linear regression for SUMMA™ canister samples versus TCA indicates that the
B&K reads to within approximately 70% of the EPA Method TO-14 analytical results with a correlation
coefficient (°) of 0.87. For TCE, the B&K reads to within approximately 60% of the EPA Method TO-14
analytical results with an ¥ =0.9.In summary, B&K screening is a good indicator of actual pore-gas
concentrations in the ppm range and can be used to help define the extent of VOC contamination in the
ppm concentration range.

Figure B-17 shows contours of TCA concentration at MDA L based on quarterly B&K screening data
collected from FY 2000 through the first quarter of FY 2002. The figure shows projected 10, 100, and

500 parts per million by volume (ppmv) TCA contours, assuming a horizontal plane through the mesa at
an elevation of 6736 ft. is equal to a depth of 100 ft bgs. Figure B-17 also shows the location of
monitoring boreholes. Figure B-18 presents a cross section of the mesa, showing 10, 100, and 500 ppmv
TCA contours based on quarterly B&K screening data collected since FY 1999. Figure B-19 shows a
representative two-dimensional plot of the TCA concentration versus depth. Figure B-20 shows the extent
of the TCA plume, in relation to White Rock and nearby domestic production wells.

Figures B-17 and B-18 show the lateral and vertical extent by the 10-ppmv concentration contour.
Outside this contour, concentrations decrease noticeably to below the quantification capability of the B&K;
analytical results for samples collected from this region show TCA concentrations in the part per billion by
volume (ppbv) range. Since 1999, the long-axis plume aerial extent, defined by the 10 ppmv contour, has
fluctuated between 700 and 1000 ft. The short axis extent has not fluctuated significantly because of the
physical constraint of the mesa walls. Vertically, the maximum extent of the 10 ppmv TCA contour is
approximately 300 ft below the mesa top (pore-gas samples are monitored to a depth of 607 ft bgs). The
extent has not fluctuated significantly since 1999. The 10 ppmv TCA contour is approximately 650 ft
above the regional aquifer. Concentrations increase to a depth of approximately 85 ft below the MDA L
surface, followed by decreasing concentrations through the total depth of the plume.

A discussion of historical and current pore-gas sampling methodologies is provided in Appendix G.
Sampling and analytical methods have greatly improved since the late 1990s, resulting in consistent,
good quality data, from both the analytical chemistry and B&K screening. This allows some evaluation of
trends within the plume. The B&K results indicate a stable plume (Figures B-21, B-22, and B-23). Figure
B-20 shows the areal extent of the VOC plume with respect to surrounding facilities and the town of White
Rock; the outer edge of the plume is approximately two miles from the town of White Rock. The
SUMMA™ canister analytical results presented in Figures B-21, B-22, and B-23 show the organic
chemicals present in the highest concentrations. Figure B-21 shows data from vapor-monitoring borehole
54-02002, which is representative of the source areas. Figure B-22 depicts data from vapor-monitoring
borehole 54-02023, which is representative of a medium-to-low concentration zone of the plume. Figure
B-23 shows data from vapor-monitoring borehole 54-01015, which is representative of the plume at a
greater depth. As shown in the figures, the top 11 detected VOC concentrations have remained relatively
constant over time or have decreased slightly. Therefore, it is concluded that the plume is in a near
steady state.

Stauffer et al. (2002, 69794) modeled the plume evolution using a three-dimensional finite element
program. The full report is provided in Appendix |, and an in-depth review of the report along with studies
of passive and active venting is provided in Appendix J. The model assumed vapor diffusion emanating
from two source areas located at the two shaft fields at MDA L. The model was calibrated using the
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quarterly pore-gas monitoring data. The resulting modeled plume closely matches the shape,
concentration gradients, and extent of the plume as measured. Also, the model predicts that the plume
should be at or near steady state. This modeling supports the conclusion that the VOC plume exists
predominantly in the vapor phase, that the VOCs move by diffusion, and that the plume is stable. Stauffer
et al. (2002, 69794) also predicted plume evolution over a 50-yr period. If the assumed source remains
constant, the plume does not change appreciably during the simulation period, which further verifies the
stability of the plume. If a constant source were not assumed, the plume would gradually decrease in size
and concentration over time.

The following statements can be made with respect to the nature and extent of the VOC vapor plume at
MDA L based on pore-gas data:

e VOCs are transported from the source areas primarily in the vapor phase;
e TCA is the dominant contaminant, followed by TCE;
o the ratio of the major plume contaminants (TCA, TCE, and Freon 113) is 1:0.3:0.2;

o vertically, the plume extends between ground surface and the top of the basalt (approximately
300 ft bgs);

o laterally, the plume extends along the mesa about 1000 ft from the center of Area L, and
perpendicular across the mesa (approximately 450 ft from the center of Area L);

o the plume is changing very little in area or contaminant concentrations over time (1999 to the
present);

o the 11 VOCs detected most frequently have remained consistent over time, and the
concentrations of these VOCs have remained relatively constant or have decreased slightly over
time; and

¢ vapor diffusion modeling fits the measured geographic distribution of TCA concentration.

Based on this data set, the nature and extent of the VOC plume has been defined, and the current
monitoring network adequately encompasses the plume to evaluate changes over time.

Results of the surface VOC flux study conducted in 1994 show the surface expression or “fingerprint” of
the subsurface plume (Quadrel 1994, 63869; Figure B-11). The study was limited to non-asphalt covered
locations; therefore, the VOC flux data only exists for the perimeter of MDA L. The flux study does show
that the magnitude of surface flux is greatest near MDA L and decreases noticeably with distance from
the sources. The lateral extent of the VOC plume as defined by the surface flux data closely matches the
lateral extent defined by subsurface pore-gas measurements. The primary VOCs reported within the area
closest to the source areas (the disposal shafts) were TCA, PCE, TCE, Freon 113, and acetone, which
accounted for 33%, 30%, 27%, 6%, and 2% of the emissions, respectively.

Tritium flux data collected at MDA L indicate tritium transported in the vapor phase is diffusing from the
subsurface into the atmosphere; however, the sample locations are not in close proximity to any known
subsurface tritium sources. Tritium is a COPC. Because of the small number of samples and their poor
geographic distribution, no determination can be made about the lateral extent of tritium contamination in
the subsurface.
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Data Gaps Related to Subsurface Pore Gas

The concentrations and spatial extent of VOC vapors in subsurface tuff have been identified; however,
continued monitoring is required to track plume stability, migration, or the potential for a release from the
source area. One additional pore-gas monitoring borehole is required for long-term monitoring of the
western shaft fields. The extent of tritium is a data gap.
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Shafts Shafts Shafts Impoundments
Location: 1-28 29-34 1-28 Pit A Pit A B C D
Borehole: 54-1007 54-1008 54-1009 54-1010 54-1011 54-1012  54-1013  54-1014
0 0
I I T i T T
T T 3 - >
T =
-50 T - —50
2>k T
” +
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~100 A >k - —100
> >
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~150 1 - 150
Borehole
F6.1-16, TA-54 RFI RPT, 020100, PTM_Rev. for FB-12, MDA L IWP, 082503, cf
Figure B-12. Chromium concentrations (mg/kg) in borehole core samples at MDA L.

ER2003-0504

Concentrations are proportional to the area enclosed by the oval and plotted at
sampled depths (ft bgs) from the borehole. Symbol x indicates that the sample
concentration is greater than the maximum concentration observed in tuff (all
strata) at Laboratory background locations (13 mg/kg).
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Shafts Shafts Shafts Impoundments
Location: 1-28 29-34 1-28 Pit A Pit A B C D
Borehole: 54-1007 54-1008 54-1009 54-1010 54-1011  54-1012  54-1013  54-1014
0 9Ie 9Ie 0
_——— 4
>
-50 - x* - -50
1 x*
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Borehole

F6.1-17, TA-54 RFI RPT, 020100, PTM_Rev. for FB-13, MDA L IWP, 082503, cf

Figure B-13. Copper concentrations (mg/kg) in borehole core samples at MDA L.
Concentrations are proportional to the area enclosed by the oval and plotted at
sampled depths (ft bgs) within the borehole. Symbol x indicates that the sample
concentration is greater than the maximum concentration observed in tuff (all
strata) at Laboratory background locations (6.2 mg/kg).
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) Shafts Shafts Shafts Impoundments
Location: 1-28 29-34 1-28 Pit A Pit A C
Borehole: 54-1007 54-1008 54-1009 54-1010  54-1011 54-1012  54-1013  54-1014
0 0
_——— I S— -1 — —t— — —_—
_50 - —— - _50
g —F
_\C/ —
*% —_—e— i
D ————
—-100 -7 - —100
-1 ¢-
#
_—
-150 A - —150
Borehole

F6.1-18, TA-54 RFI RPT, 020100, PTM_Rev. for FB-14, MDA L IWP, 082503, cf

Figure B-14. Zinc concentrations (mg/kg) in borehole core samples at MDA L.
Concentrations are proportional to the area enclosed by the oval and plotted at
sampled depths (ft bgs) within the borehole. Symbol x indicates that the sample
concentration is greater than the maximum concentration observed in tuff (all
strata) at Laboratory background locations (74 mg/kg).
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Figure B-15.

Figure B-16.

August 2003

1,1,1-Trichloroethane (TCA)
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Trichloroethene (TCE)
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Borehole 54-02022, TCA Concentration

*
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Figure B-19.
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Pore-gas monitoring borehole 54-02022, TCA concentration versus depth.
Note the characteristic increase in concentration to approximately 100 ft below the
MDA L surface, followed by decreasing concentrations to the total depth of the

well.
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MDA L Investigation Work Plan

Table B-1
Dimensions, Dates of Operation, and Capacity of Pit and Impoundments at MDA L
Dimensions (ft) Total Capacity
Impoundment/Pit (width x length x depth) Period of Use Months Used (ftd)
A 200x12x 12 1950s-12/78 >228 28,800
B 60 x 18 x 10 1/79-6/85 78 7560
C 35x12x10 7/85-12/86 18 2940
D 75x18 x 10 1972-1984 156 9450
Table B-2
Dimensions of Disposal Shafts at MDA L
Diameter Depth Diameter Depth
Shaft (ft) (ft) Shaft (ft) (ft)
1 3 60 18 8 60
2 3 60 19 8 60
3 3 60 20 3 60
4 3 60 21 3 60
5 3 60 22 3 60
6 4 60 23 4 60
7 3 60 24 4 60
8 3 60 25 6 60
9 3 60 26 6 60
10 3 60 27 4 60
11 8 60 28 4 60
12 4 60 29 6 65
13 8 60 30 6 65
14 3 60 31 6 61
15 3 60 32 4 15
16 3 60 33 6 65
17 3 60 34 6 63
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Table B-3
Dates of Operation and Capacity for Disposal Shafts at MDA L
Period Months | Total Capacity Period Months | Total Capacity
Shaft of Use Used (ft3) Shaft of Use Used (ft3)
1 4/80-8/83 41 424 18 6/79-5/80 12 3016
2 2/75-6/79 53 424 19 4/80-4/82 25 3016
3 2/75-10/78 45 424 20 3/82-8/83 18 424
4 2/75-4/80 63 424 21 3/82—-12/84 46 424
5 2/75-5/77 28 424 22 3/82-8/83 18 424
6 6/75-5/79 48 754 23 4/82-2/84 23 754
7 6/75-5/79 48 424 24 4/82-3/84 24 754
8 6/75-5/79 48 424 25 9/82-4/85 32 1696
9 6/75-5/79 48 424 26 9/82-2/84 18 1696
10 6/75-5/79 48 424 27 1/83-1/85 25 754
11 1/78-6/79 18 3016 28 1/82—-4/85 40 754
12 1/78-6/79 18 754 29 12/83-7/84 1838
13 6/79-4/82 35 3016 30 12/83-4/84 1838
14 6/79—4/82 35 424 31 12/83-8/84 1725
15 6/79-4/82 36 424 32 3/84-8/84 188
16 6/79-4/82 35 424 33 3/84-1/85 11 1838
17 6/79-4/82 35 424 34 2/85-4/85 2 1781

Note: Information was taken from the OU 1148 work plan (LANL 1992, 07669, p. 5-106).
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Table B-6
Calculated Tritium Surface Flux
Concentration for Phase | RFI Samples Collected at MDA L
Emission Flux
Sample Location Collection Date (pCi/min/m2)

T1 1993 1.65

T2 1993 2.26

C11 1993 3.40

C29 1993 3.69

C30 1993 5.45*

S1 1994 2.90

S2 1994 19,500

S3 1994 28,600

*Higher of two duplicate samples.
Table B-7
Borehole Information
Declination
Borehole Year Depth | (degrees from Adjacent Current
ID Installed | (ftbgs) horizontal) Waste Disposal Unit Status
Phase | RFI
54-01001 | 1993 315 63.5 None Surface cap
54-01002 | 1993 310 69 None Surface cap
54-01003 | 1993 299 Vertical None Surface cap
54-01004 | 1993 340 Vertical None Surface cap
54-01005 | 1993 291 69 None Surface cap
54-01006 | 1993 320 65 None Surface cap
54-01007 | 1993 150 Vertical Shafts 1-6 Backfilled
54-01008 | 1993 150 Vertical Shafts 30-34 Backfilled
54-01009 | 1993 150 Vertical Shaft 27; Pit A Backfilled
54-01010 | 1994 60 45 Pit A Backfilled
54-01011 | 1994 50 55 Pit A Backfilled
54-01012 | 1994 50 55 Impoundment B Backfilled
54-01013 | 1994 50 55 Impoundment C Backfilled
54-01014 | 1994 50 55 Impoundments D and C Backfilled
54-01015 | 1995 530 61.5 None Pore-gas monitoring borehole
54-01016 | 1995 607 59.5 None Pore-gas monitoring borehole
54-01017 | 1995 159 Vertical None Surface cap
54-01018 | 1995 328 Vertical None Surface cap
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Table B-7 (continued)

Declination
Borehole Year Depth | (degrees from Adjacent Current
ID Installed (ft) horizontal) Waste Disposal Unit Status

Pre-RFI

54-02001 | 1986 200 Vertical Lead stringer shafts; shaft 33 | Buried

54-02002 | 1986 200 Vertical Shafts 7-11 Pore-gas monitoring borehole
54-02012 | 1985 42 Vertical Shafts 30-34 Pore-gas monitoring borehole
54-02013 | 1985 63 Vertical None Pore-gas monitoring borehole
54-02014 | 1985 86 Vertical Shafts 17-18 Pore-gas monitoring borehole
54-02015 | 1985 82 Vertical Shafts 3-5 Pore-gas monitoring borehole
54-02016 | 1985 82 Vertical Pit A Pore-gas monitoring borehole
54-02020 | 1986 200 Vertical None Pore-gas monitoring borehole
54-02021 | 1986 200 Vertical None Pore-gas monitoring borehole
54-02022 | 1986 197 Vertical None Pore-gas monitoring borehole
54-02023 | 1986 200 Vertical None Pore-gas monitoring borehole
54-02024 | 1986 200 Vertical None Pore-gas monitoring borehole
54-02025 | 1988 190 Vertical None Pore-gas monitoring borehole
54-02026 | 1988 215 Vertical None Pore-gas monitoring borehole
54-02027 | 1988 250 Vertical None Pore-gas monitoring borehole
54-02028 | 1988 250 Vertical None Pore-gas monitoring borehole
54-02029 | 1988 288 Vertical None Pore-gas monitoring borehole
54-02030 | 1989 243 Vertical None Pore-gas monitoring borehole
54-02031 | 1989 260 Vertical None Pore-gas monitoring borehole
54-02034 | 1988 300 Vertical None Pore-gas monitoring borehole
54-02087 | 19857? 86 Vertical None Pore-gas monitoring borehole
54-02088 | 1985? 86 Vertical None Pore-gas monitoring borehole
54-02089 | 19857? 86 Vertical None Pore-gas monitoring borehole

Note: The -01000 series boreholes are Phase | RFI characterization boreholes. The -02000 series boreholes are pre-RFI boreholes

drilled for pore-gas monitoring.
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ER2003-0504

Table B-9

Depths of Pore-Gas Sampling Ports in Boreholes at MDA L

Borehole Sample Port Depth

Number (feet from surface)
54-01015 45, 187, 350, 385, 435, 485, 525
54-01016 36, 188, 318, 390, 481, 533, 601
54-02001 20, 40, 60, 80, 100, 130, 140, 160, 180, 200
54-02002 20, 40, 60, 80, 100, 120, 140, 160, 180, 200
54-02012 7,27,42
54-02014 13, 31, 46, 86
54-02015 8, 31, 82
54-02016 7, 8,31, 82
54-02020 20, 40, 60, 80, 100, 130, 140, 160, 180, 200
54-02021 20, 40, 60, 80, 100, 130, 140, 160, 180, 200
54-02022 20, 40, 60, 80, 100, 120, 140, 160, 180, 197
54-02023 20, 40, 60, 80, 100, 120, 140, 160, 180, 200
54-02024 20, 40, 60, 80, 100, 120, 140, 160, 180, 200
54-02025 20, 60, 100, 160, 190
54-02026 20, 60, 100, 160, 200, 215
54-02027 20, 60, 100, 160, 200, 220, 250
24-02028 20, 60, 100, 160, 200, 220, 250
54-02029 20, 60, 100, 160, 200, 220, 260, 288
54-02030 20, 60, 100, 160, 200, 220, 243
54-02031 20, 60, 100, 160, 200, 220, 260
54-02034 60, 100, 160, 200, 220, 260, 300
54-02087 13, 31, 46, 86
54-02088 13, 31, 46, 86
54-02089 13, 31, 46, 86

Note: The -01000 series boreholes are Phase | RFI characterization boreholes.
The -02000 series boreholes are pre-RFI boreholes drilled for pore-gas

monitoring.
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Frequency of Detected Inorganic Chemicals
Above the Background Value in Channel Sediment Samples at MDA L

Table B-10

Frequency of | Frequency of
Detects Nondetects
Number | Number | Concentration | Background Above Above
of of Range® Value® Background Background
Analyte Media Analyses | Detects (mg/kg) (mg/kg) Value Value
Aluminum Sediment 4 4 2270 to 3940 15400 0/4 0/4
Antimony Sediment 4 0 [0.2 t0 0.21] 0.83 0/4 0/4
Arsenic Sediment 4 0 [0.78 to 1.5] 3.98 0/4 0/4
Barium Sediment 4 3 [37] to 65.7 127 0/4 0/4
Beryllium Sediment 4 0 [0.25 to 0.51] 1.31 0/4 0/4
Cadmium Sediment 4 0 [0.4 t0 0.67] 0.4 0/4 3/4
Calcium Sediment 4 4 1130 to 1830 4420 0/4 0/4
Chromium | Sediment 4 4 2t04.2 10.5 0/4 0/4
Cobalt Sediment 4 0 [1.4 to 2.6] 473 0/4 0/4
Copper Sediment 4 0 [3.6 to 4.7] 11.2 0/4 0/4
Iron Sediment 4 4 3540 to 4870 13800 0/4 0/4
Lead Sediment 4 4 7.3t015.3 19.7 0/4 0/4
Magnesium | Sediment 4 0 [506 to 872] 2370 0/4 0/4
Manganese | Sediment 4 4 138 to 224 543 0/4 0/4
Mercury Sediment 4 0 [0.02 to 0.02] 0.1 0/4 0/4
Nickel Sediment 4 0 [2.7 t0 3.8] 9.38 0/4 0/4
Potassium | Sediment 4 0 [545 to 805] 2690 0/4 0/4
Selenium Sediment 4 0 [0.6 to 0.64] 0.3 0/4 4/4
Silver Sediment 4 0 [2 to 2.1] 1 0/4 4/4
Sodium Sediment 4 0 [35.6 to 74] 1470 0/4 0/4
Thallium Sediment 4 0 [0.210 0.21] 0.73 0/4 0/4
Vanadium Sediment 4 0 [4.7 to 7.7] 19.7 0/4 0/4
Zinc Sediment 4 4 20.7 t0 30.3 60.2 0/4 0/4

aValues in square brackets indicate detection limits for nondetects.
b Sediment BVs obtained from LANL (1998, 59730).
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Table B-11
Frequency of Detected Radionuclides
Above the Background Value in Channel Sediment Samples at MDA L

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

Americium-241 | Sediment 4 4 0.004 to 0.009 0.04 0/4
Cesium-137 Sediment 4 2 [0.09] to 0.38 0.9 0/4
Cobalt-60 Sediment 4 0 [0.02 to 0.09] na® 0/4
Plutonium-238 | Sediment 4 4 0.003 to 0.011 0.006 1/4
Plutonium-239 | Sediment 4 4 0.01t0 0.017 0.068 0/4
Strontium-90 Sediment 4 4 -0.04 t0 0.12 1.04 0/4
Technitium-99 | Sediment 4 0 [0.2] to [0.2] na 0/4
Thorium-228 Sediment 4 4 1.26 to 1.92 2.28 0/4
Thorium-230 Sediment 4 4 1.12to 1.69 2.29 0/4
Thorium-232 Sediment 4 4 1.28 t0 1.84 2.33 0/4
Tritium Sediment 4 4 6.84E-03 to 3.30E-02 0.093 0/4
Uranium-234 Sediment 4 4 1.12 to 1.81 2.59 0/4
Uranium-235 Sediment 4 4 0.07to 0.1 0.2 0/4
Uranium-238 Sediment 4 4 1.37 to 2.03 2.29 0/4

aValues in square brackets indicate detection limits for nondetects.
b

Sediment background and fallout values obtained from LANL (1998, 59730).
¢ na = Not available.
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Table B-12

Frequency of Inorganic Chemicals Detected Above BV in Subsurface Core Samples at MDA L

Frequency of

Frequency of | Nondetects
Number | Number | Concentration | Background | Detects Above Above
Geologic of of Range Value Background Background
Analyte Unit | Analyses | Detects (mg/kg)? (mg/kg) Value Value

Aluminum Qbt 2 34 34 130 to 10000 7340 1/34 0/34
Aluminum Qbt 1g 4 4 563 to 1200 3560 0/4 0/4

Aluminum Qbt 1v 29 29 270 to 4700 8170 0/29 0/29
Antimony Qbt 2 34 1 [0.1t0 4.5] 0.5 0/34 1/34
Antimony Qbt 1g 4 0 [0.2100.3] 0.5 0/4 0/4

Antimony Qbt 1v 29 0 [0.12t0 0.3] 0.5 0/29 0/29
Arsenic Qbt 2 34 9 [0.2 to 1.6] 2.79 0/34 0/34
Arsenic Qbt 1g 4 1 [0.2t0 1.5] 0.56 0/4 2/4

Arsenic Qbt 1v 29 13 [0.2]to 1.7 1.81 0/29 0/29
Barium Qbt 2 34 11 3.5t0 138 46 3/34 0/34
Barium Qbt 1g 4 2 [16.4] to 44 25.7 1/4 0/4

Barium Qbt 1v 29 21 [3.4] to 44 26.5 8/29 029
Beryllium Qbt 2 34 7 [0.08] to 1.5 1.21 1/34 0/34
Beryllium Qbt 1g 4 2 [0.42]t0 1.6 1.44 1/4 0/4

Beryllium Qbt 1v 29 18 [0.22] t0 3.3 1.7 1/29 0/29
Boron Qbt 2 27 1 [1.7 t0 6.8] na’ 1/127 na

Boron Qbt 1g 3 0 [3to4.1] na 0/3 na

Boron Qbt 1v 20 0 [1.7 t0 3.9] na 0/20 na

Cadmium Qbt 2 34 2 [0.04]t0 1.4 1.63 0/34 0/34
Cadmium Qbt 1g 4 0 [0.3 to 0.64] 0.4 0/4 2/4
Cadmium Qbt 1v 29 1 [0.27]t0 1.7 04 1/29 4/29
Calcium Qbt 2 34 9 [203] to 79000 2200 1/34 3/34
Calcium Qbt 1g 4 1 [784 to 3100] 1900 0/4 1/4
Calcium Qbt 1v 29 16 [565 to 3100] 3700 0/29 0/29
Chromium Qbt 2 34 24 [0.5] to 57.8 7.14 4/34 0/34
Chromium Qbt 1g 4 3 04t04.3 2.6 1/4 0/4
Chromium Qbt 1v 29 27 0.6t04.38 2.24 14/29 0/29
Cobalt Qbt 2 34 10 [0.51 to 3.9] 3.14 1/34 1/34
Cobalt Qbt 1g 4 2 0.7t0 24 8.89 0/4 0/4
Cobalt Qbt 1v 29 20 [0.5] to 6.1 1.78 4/29 2/29
Copper Qbt 2 34 16 [0.63] to 370 4.66 15/34 0/34
Copper Qbt 1g 4 4 17.3t0 180 3.96 4/4 0/4
Copper Qbt 1v 29 24 [0.64] to 190 3.26 21/29 1/29
Cyanide (total) | Qbt 2 30 1 [0.00005] to 0.96 0.5 1/30 na
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Table B-12 (continued)

Frequency of

Frequency of | Nondetects
Number | Number | Concentration | Background | Detects Above Above
Geologic of of Range Value Background Background
Analyte Unit | Analyses | Detects (mg/kg)® (mglkg) Value Value
Cyanide (Total) | Qbt 1g 4 0 [0.00005 to 0.21] 0.5 0/4 na
Cyanide (Total) | Qbt 1v 28 0 [0.00005 to 0.34] 0.5 0/28 na
Iron Qbt 2 34 34 1020 to 10000 14500 0/34 0/34
Iron Qbt 1g 4 4 1450 to 5000 3700 1/4 0/4
Iron Qbt 1v 29 29 2550 to 9700 9900 0/29 0/29
Lead Qbt 2 34 30 121013 11.2 1/34 0/34
Lead Qbt 1g 4 3 3t 7.1 13.5 0/4 0/4
Lead Qbt 1v 29 27 3.5t020 18.4 1/29 0/29
Magnesium Qbt 2 33 52 to 1300 1690 0/33 0/33
Magnesium Qbt 19 4 [59 to 309] 739 0/4 0/4
Magnesium Qbt 1v 28 21 [48.5] to 730 780 0/28 0/28
Manganese Qbt 2 34 34 79to 770 482 1/34 0/34
Manganese Qbt 19 4 4 149 to 210 189 1/4 0/4
Manganese Qbt 1v 29 29 156 to 460 408 4/29 0/29
Mercury Qbt 2 30 2 [0.02] to 0.16 0.1 2/30 0/230
Mercury Qbt 1g 4 0 [0.02 to 0.1] 0.1 0/4 0/4
Mercury Qbt 1v 28 0 [0.02 to 0.1] 0.1 0/28 0/28
Molybdenum Qbt 2 30 3 0.3t0[5.9] na 3/30 na
Molybdenum Qbt 1g 4 1 0.7 to [6.2] na 1/4 na
Molybdenum Qbt 1v 28 9 0.3to0 [5.9] na 9/28 na
Nickel Qbt 2 34 7 [1.3]t0o 17.3 6.58 3/34 0/34
Nickel Qbt 1g 4 1 [2]to 2.6 2 1/4 2/4
Nickel Qbt 1v 29 7 [1.3]to 22.4 2 7/29 4/29
Potassium Qbt 2 34 10 120 to 1000 3500 0/34 0/34
Potassium Qbt 1g 4 2 [220 to 777] 2390 0/4 0/4
Potassium Qbt 1v 29 22 140 to [754] 6670 0/29 0/29
Selenium Qbt 2 24 3 [0.2] to 1 0.3 1/24 14/24
Selenium Qbt 1g 4 0 [0.2 10 0.43] 0.3 0/4 2/4
Selenium Qbt 1v 26 1 [0.2 t0 0.67] 0.3 0/26 4/26
Silver Qbt 2 34 0 [0.06 to 2.2] 1 0/34 1/34
Silver Qbt 1g 4 0 [0.3 to 1.1] 1 0/4 1/4
Silver Qbt 1v 29 0 [0.3t02.2] 1 0/29 1/29
Sodium Qbt 2 34 13 [135] to 2100 2770 0/34 0/34
Sodium Qbt 1g 4 2 [256] to 720 4350 0/4 0/4
Sodium Qbt 1v 29 23 150 to 1090 6330 0/29 0/29
Thallium Qbt 2 34 1 [0.1t0 0.62] 1.1 0/34 0/34
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Table B-12 (continued)

Frequency of
Frequency of | Nondetects
Number | Number | Concentration | Background | Detects Above Above
Geologic of of Range Value Background Background
Analyte Unit | Analyses | Detects (mglkg)® (mglkg) Value Value
Thallium Qbt 1g 4 0 [0.2t0 0.3] 1.22 0/4 0/4
Thallium Qbt 1v 29 0 [0.12 t0 0.4] 1.24 0/29 0/29
Uranium Qbt 2 24 24 0.601 to 9.54 2.4 12/24 0/24
Uranium Qbt 1v 5 0.628t0 5.9 6.22 0/5 0/5
Vanadium Qbt 2 34 [0.8]t0 9.5 17 0/34 0/34
Vanadium Qbt 1g 4 2 0.7t0 1.7 4.59 0/4 0/4
Vanadium Qbt 1v 29 21 0.8t045 4.48 1/29 0/29
Zinc Qbt 2 34 34 12 to 240 63.5 4/34 0/34
Zinc Qbt 1g 4 4 34.3 to 140 40 3/4 0/4
Zinc Qbt 1v 29 29 23.7 to 160 84.6 7129 0/29

a
Values in square brackets indicate detection limits for nondetects.

na = Not available.

Table B-13

Frequency of Detected Radionuclides Above BV or Detects
(for Fallout Radionuclides) in Subsurface Samples at MDA L

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

Plutonium-238 | Qbt 2 1 0 [0.003 to 0.003] n/a” 01
Plutonium-238 | Qbt 1v 4 0 [0 to 0.004] n/a 0/4
Plutonium-239 | Qbt 2 1 0 [0.001 to 0.001] n/a 0/1
Plutonium-239 | Qbt 1v 4 0 [-0.001 to 0.005] n/a 0/4
Tritium Qbt 2 24 16 [-1.95E-02] to 11.63 n/a 16/24
Tritium Qbo 0 [-5.50E-02 to 3.91E-02] n/a 0/5
Tritium Qbt 1v 4 5.30E-02 to 0.34 n/a 4/5
Tritium TCB® 14 2 [-9.9E-04] to 0.13 n/a 2/14
Uranium-234 | Qbt 2 1 1 1.617 to 1.617 1.98 0/1
Uranium-234 | Qbt 1v 4 4 1.953 to 2.479 3.12 0/4
Uranium-235 | Qbt 2 1 0 [0.084 to 0.084] 0.09 0/1
Uranium-235 | Qbt 1v 4 0 [0.075 to 0.144] 0.14 0/4
Uranium-238 | Qbt 2 1 1 1.733t0 1.733 1.93 0/1
Uranium-238 | Qbt 1v 4 4 22410 2.777 3.05 0/4

aValues in brackets indicate detection limits for nondetects

b n/a = Not applicable.

¢ TCB = Tertiary Cerros del Rio basalts.
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Table B-14
Summary of Tritium Concentrations in Subsurface Samples at MDA L
Sample ID Location ID Depth (ft) Geologic Unit Concentration (pCi/g)
AAB6794 54-01010 8.60-10.00 Qbt 2 0.16
AAB6797 54-01010 18.70-20.00 Qbt 2 0.17
AAB6808 54-01010 18.70-20.00 Qbt 2 0.33
AABG798 54-01010 28.80-30.00 Qbt 2 11.63
AAB6802 54-01010 37.50-40.00 Qbt 2 0.71
AABG6787 54-01010 48.80—49.50 Qbt 2 0.14
AAB6800 54-01010 58.80-59.50 Qbt 1v 0.34
AABG6790 54-01011 8.80-9.60 Qbt 2 0.03
AABG6785 54-01011 18.50-19.80 Qbt 2 0.08
AAB6796 54-01011 28.80-29.50 Qbt 2 0.70
AABG789 54-01011 38.80-40.00 Qbt 2 0.33
AABG6788 54-01011 49.40-50.00 Qbt 1v 0.32
AABG6809 54-01013 17.50-18.00 Qbt 2 0.09
AAB6799 54-01013 27.50-28.50 Qbt 2 0.12
AAB6810 54-01013 36.00-37.00 Qbt 2 0.09
AABG6792 54-01013 48.00-50.00 Qbt 1v 0.14
AAB6784 54-01014 28.60-29.40 Qbt 2 0.09
AAB6793 54-01014 41.20-42.10 Qbt 2 0.06
AAB6805 54-01014 41.20-42.10 Qbt 2 0.04
AAB6781 54-01014 49.00-50.00 Qbt 1v 0.05
AACO0721 54-01015 502-503 TCB* 0.13
AACO777 54-01016 594.1-596.8 TCB 0.001
*TCB = Tertiary Cerros del Rio basalts.
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Table B-15
Frequency of Detected Organic Chemicals in the Subsurface Samples at MDA L
Geologic | Number of | Number of | Concentration Range? EQLP Frequency
Analyte Unit Analyses | Detects (mg/kg) (mg/kg) | of Detects
Acetone Qbt 2 31 7 [0.01] to 2.1 0.06 7/31
Acetone Qbo 6 1 [0.022 to 0.043] 0.06 1/6
Acetone Qbt 1v 21 6 [0.01]t0 0.7 0.06 6/21
Aroclor-1260 Qbt 2 34 1 [0.013] to 0.313 0.033 1/34
Bis(2-ethylhexyl)phthalate | Qbt 2 31 1 [0.14]t0 0.8 0.59 1/31
Butanone[2-] Qbt 2 31 4 [0.01]t0 4.8 0.027 4/31
Butanone[2-] Qbt 1v 21 5 [0.01]to 0.88 0.027 5/21
DDD[4,4'-] Qbt 2 34 2 [0.00067] to 0.0114 0.004 2/34
Dichloroethane[1,2-] Qbt 2 31 3 [0.005] to 0.02 0.006 3/31
Dichloropropane[1,2-] Qbt 2 31 1 [0.005] to 0.01 0.006 1/31
Methoxychlor[4,4'-] Sediment 4 2 [0.0171] to 0.063 0.022 2/4
Methoxychlor[4,4'-] Qbt 1v 29 1 [0.00067] to 0.076 0.027 1/29
Methyl-2-pentanone[4-] Qbt 1v 21 2 [0.01 to 0.022] 0.027 2/21
Methylene chloride Qbt 2 31 3 [0.005] to 0.014 0.028 3/31
Pentachlorophenol Qbt 2 31 2 [0.83] to 13 1.2 2/31
Tetrachloroethene Qbt 2 31 1 [0.005] to 0.009 0.007 1/31
Trichloroethane[1,1,1-] Qbt 2 31 2 [0.005] to 0.015 0.006 2/31
Trichloroethene Qbt 2 31 3 [0.005] to 0.008 0.006 3/31
aVaIues in square brackets indicate detection limits for nondetects.
EQL is the maximum EQL reported for the organic chemical.
Table B-16
Frequency of VOCs Detected in Pore Gas at MDA L
Second Quarter FY 1997 through First Quarter 2002
Media | Number of | Number of | Concentration® | EQL | Frequency of
Analyte Type Analyses | Detects (ppbv) (ppbv) Detects
Acetone Pore gas 197 34 0.5-[1100000] |5 34/197
Acetonitrile Pore gas 153 3 1.8-[210000] 1 3/153
Acetophenone Pore gas 74 1 [5]-[10000] 0.2 1/74
Acrolein Pore gas 153 0 [1.2]-[110000] |0.5 0/153
Acrylonitrile Pore gas 153 2 [1.2]-[110000] |0.5 2/153
Benzene Pore gas 206 72 0.13-[42000] 0.2 72/206
Benzonitrile Pore gas 74 5 1.2-[10000] 0.5 5/74
Benzyl chloride Pore gas 170 0 [0.47]-[42000] |0.2 0/170
Bromodichloromethane Pore gas 196 1 [0.471-[42000] |0.2 1/196
Bromoform Pore gas 197 7 [0.47]-[42000] |0.2 71197
Bromomethane Pore gas 206 8 [0.471-[42000] |0.5 8/206
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Table B-16 (continued)

Media | Number of | Number of | Concentration® | EQL | Frequency of
Analyte Type Analyses | Detects (ppbv) (ppbv) Detects
Butadiene[1,3-] Pore gas 196 2 [0.47]-[42000] |0.2 2/196
Butane[n-] Pore gas 153 65 [0.48]-[42000] |0.2 65/153
Butanol[1-] Pore gas 197 3 [1.2]-{110000] |0.5 3/197
Butanone[2-] Pore gas 197 1 [1.2]-[110000] |0.5 1/197
Butene[1-] Pore gas 74 39 [1.6]-2950 0.2 39/74
Butene[cis-2-] Pore gas 74 37 [0.19]-8550 0.2 37/74
Butene[trans-2-] Pore gas 74 28 [0.15]-[1000] 0.2 28/74
Carbon disulfide Pore gas 197 6 [0.12]-[42000] |0.2 6/197
Carbon Tetrachloride Pore gas 206 115 0.47-[42000] 0.2 115/206
Chloro-1,3-butadiene[2-] Pore gas 73 2 [0.5]-[1000] 0.2 2/73
Chloro-1-propene[3-] Pore gas 152 [0.471-[42000] |0.2 0/152
Chlorobenzene Pore gas 207 49 0.04-[42000] 0.2 49/207
Chlorodibromomethane Pore gas 196 3 0.4-[42000] 0.2 3/196
Chlorodifluoromethane Pore gas 189 31 [0.47]-[42000] |0.2 31/189
Chloroethane Pore gas 206 36 [0.47]-[42000] |0.5 36/206
Chloroform Pore gas 206 153 [0.26]-46700 0.2 153/206
Chloromethane Pore gas 206 16 [0.82]-[110000] | 0.5 16/206
Cyclohexane Pore gas 197 66 0.44-[73000] 0.5 66/197
Cyclohexanone Pore gas 74 1 [51-[10000] 0.2 1/74
Cyclopentane Pore gas 74 46 0.12-1340 0.2 46/74
Cyclopentene Pore gas 74 13 0.2-[1000] 0.2 13/74
Decane[n-] Pore gas 78 0 [0.47]-{42000] na’ 0/78
Dibromoethane[1,2-] Pore gas 169 11 [0.47]-[42000] |0.2 11/169
Dibromomethane Pore gas 79 [0.47]-[42000] |na 0/79
Dichloro-1,1,2,2- Pore gas 169 [0.47]-[42000] |0.2 3/169
tetrafluoroethane[1,2-]
Dichlorobenzene[1,2-] Pore gas 207 2 0.2-[42000] 0.2 2/207
Dichlorobenzene[1,3-] Pore gas 207 [0.47]-[42000] |0.2 0/207
Dichlorobenzene[1,4-] Pore gas 207 22 [0.2]-[42000] 0.2 22/207
Dichlorodifluoromethane Pore gas 169 117 [2.4]-[42000] 0.2 117/169
Dichloroethane[1,1-] Pore gas 205 171 0.81-287000 0.2 171/205
Dichloroethane[1,2-] Pore gas 206 99 0.22-240000 0.2 99/206
Dichloroethene[1,1-] Pore gas 206 195 3.4-49000 0.2 195/206
Dichloroethene][cis-1,2-] Pore gas 206 24 [0.47]-[42000] |0.2 24/206
Dichloroethene[trans-1,2-] Pore gas 195 27 [0.47]-[42000] |0.2 27/195
Dichloropropane[1,2-] Pore gas 206 91 [0.471-144000 |0.2 91/206
Dichloropropene[cis-1,3-] Pore gas 206 2 [0.47]-{42000] |0.2 2/206
Dichloropropene[trans-1,3-] Pore gas 205 1 [0.47]-[42000] |0.2 1/205
ER2003-0504 B-71 August 2003



MDA L Investigation Work Plan

Table B-16 (continued)

Media Number of | Number of | Concentration® | EQL | Frequency of
Analyte Type Analyses | Detects (pphv) (ppbv) Detects
Diethyl Ether Pore gas 153 26 [1.2]-[110000] |0.5 26/153
Dimethylbutane[2,2-] Pore gas 74 40 [0.12]-[1000] 0.2 40/74
Dimethylbutane([2,3-] Pore gas 74 32 [0.5]-2370 0.2 32/74
Dimethylpentane[2,3-] Pore gas 69 33 [0.14]-1888 0.2 33/69
Dioxane[1,4-] Pore gas 118 [3.3]-[35000] 1 2/118
Dodecane[n-] Pore gas 79 [0.47]-[42000] |na 0/79
Ethanol Pore gas 118 10 1.8-58000 0.5 10/118
Ethyl acrylate Pore gas 74 1 4-[10000] 0.2 1/74
Ethyl tert-butyl ether Pore gas 74 3 0.8-[10000] 0.2 3/74
Ethylbenzene Pore gas 207 27 0.22-[42000] 0.2 27/207
Ethyltoluene[4-] Pore gas 7 0 [8.6]-[8600] na 0/7
Hexachlorobutadiene Pore gas 207 [0.05]-{42000] |0.2 5/207
Hexane Pore gas 196 59 0.1-[42000] 0.2 59/196
Hexanone[2-] Pore gas 197 2 [1.2]-[110000] |0.5 2/197
Hexene[cis-3-] Pore gas 74 [0.5]-[1000] 0.2 7174
Hexeneltrans-2-] Pore gas 74 6 [0.5]-[1000] 0.2 6/74
Isobutane Pore gas 74 56 1.13-3290 0.2 56/74
Isooctane Pore gas 74 51 0.02-2230 0.2 51/74
Isopentane Pore gas 73 55 0.4-1010 0.2 55/73
Isoprene Pore gas 74 12 [0.5]-[1000] 0.2 12/74
Isopropylbenzene Pore gas 153 9 [0.47]-[42000] |0.2 9/153
Methacrylonitrile Pore gas 74 0 [51-[10000] 0.5 0/74
Methanol Pore gas 197 22 [2.4]-[2100000] | 10 22/197
Methyl methacrylate Pore gas 74 0.05-[10000] 0.2 4/74
Methyl tert-butyl ether Pore gas 197 [1.2]-[110000] |0.2 4/197
Methyl-1-butene[3-] Pore gas 74 22 0.2-[1000] 0.2 22/74
Methyl-1-pentene[2-] Pore gas 74 13 [0.5]-[1000] 0.2 13/74
Methyl-1-pentene[4-] Pore gas 74 14 [0.5]-[1000] 0.2 14/74
Methyl-2-butene[2-] Pore gas 74 29 0.05-[1000] 0.2 29/74
Methyl-2-pentanone[4-] Pore gas 197 7 [1.2]-[110000] |0.5 71197
Methylcyclohexane Pore gas 74 56 0.2-3530 0.2 56/74
Methylcyclopentane Pore gas 74 65 [0.22]-3180 0.2 65/74
Methylene chloride Pore gas 206 174 0.31-660000 0.2 174/206
Methylheptane[2-] Pore gas 74 18 [0.02]-[1000] 0.2 18/74
Methylheptane[3-] Pore gas 74 17 [0.01]-[1000] 0.2 17/74
Methylhexane[2-] Pore gas 72 18 [0.01]-[1000] 0.2 18/72
Methylhexane[3-] Pore gas 74 41 [0.13]-3980 0.2 41/74
Methylpentane[2-] Pore gas 74 53 [0.171-2330 0.2 53/74
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Table B-16 (continued)

Media Number of | Number of | Concentration® | EQL | Frequency of
Analyte Type Analyses | Detects (pphv) (ppbv) Detects
Methylpentane[3-] Pore gas 73 57 0.2-2360 0.2 57/73
Methylstyrene[alpha-] Pore gas 153 2 0.3-[42000] 0.2 2/153
Naphthalene Pore gas 79 1 [0.471-[42000] |na 1/79
n-Heptane Pore gas 195 27 [0.47]-[42000] |na 27/195
Nitrobenzene Pore gas 74 [5]-{10000] 0.2 1/74
Nitropropane[2-] Pore gas 74 2 0.8-[10000] 0.2 2/74
Nonane[1-] Pore gas 153 14 [0.3]-[42000] 0.2 14/153
Octane[n-] Pore gas 153 17 [0.471-[42000] |0.2 17/153
Pentane Pore gas 152 61 [0.68]-[110000] | 0.5 61/152
Pentene[1-] Pore gas 74 18 [0.08]-[1000] 0.2 18/74
Pentene[cis-2-] Pore gas 74 16 0.2-[1000] 0.2 16/74
Pentene[trans-2-] Pore gas 74 15 0.3-[1000] 0.2 15/74
Pinene[alpha-] Pore gas 74 9 [0.5]-[1000] 0.2 9/74
Pinene[beta-] Pore gas 74 7 [0.5]-[1000] 0.2 7174
Propanol[2-] Pore gas 118 9 0.6—48000 0.5 9/118
Propionitrile Pore gas 74 0 [5]-[10000] 0.5 0/74
Propylbenzene[1-] Pore gas 153 7 0.4-[42000] 0.2 7/153
Propylene Pore gas 117 45 [1.51]-[35000] |0.2 451117
Styrene Pore gas 207 6 [0.47]-[42000] |0.2 6/207
Tetrachloroethane[1,1,2,2-] Pore gas 207 9 [0.47]-[42000] |0.2 9/207
Tetrachloroethene (PCE) Pore gas 207 193 0.95-1130000 (0.2 193/207
Tetrahydrofuran Pore gas 118 15 [3.3]-36600 0.2 15/118
Toluene Pore gas 206 73 0.41-[42000] 0.2 73/206
Trichloro-1,2,2- Pore gas 206 201 1.5-400000 0.2 201/206
trifluoroethane[1,1,2-] (Freon 113)
Trichlorobenzene[1,2,4-] Pore gas 207 7 [0.47]-{42000] |0.2 71207
Trichloroethane[1,1,1-] (TCA) Pore gas 206 204 7.2—6970000 0.2 204/206
Trichloroethane[1,1,2-] Pore gas 206 28 [0.47]-[42000] |0.2 28/206
Trichloroethene (TCE) Pore gas 206 205 2.4-2600000 0.2 205/206
Trichlorofluoromethane Pore gas 169 147 2-81000 0.2 147/169
Trimethylbenzene[1,2,4-] Pore gas 207 16 [0.04]-[42000] |0.2 16/207
Trimethylbenzene[1,3,5-] Pore gas 207 7 [0.47]-[42000] |0.2 7/207
Trimethylpentane[2,3,4-] Pore gas 74 17 0.4-[1000] 0.2 17/74
Undecane[n-] Pore gas 79 1 [0.47]-[42000] |na 1/79
Vinyl acetate Pore gas 197 5 [1.2]-[110000] |0.5 5/197
Vinyl chloride Pore gas 205 38 0.08-[42000] 0.2 38/205
Xylene (total) Pore gas 85 6 [0.49]-[42000] |na 6/85
Xylene[1,2-] Pore gas 207 38 0.3-[42000] 0.2 38/207
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Table B-16 (continued)

Media Number of | Number of | Concentration® | EQL | Frequency of
Type Analyses | Detects (ppbv) (ppbv) Detects
Xylene[1,3-] Pore gas 74 26 0.4-4470 0.2 26/74
Xylene[1,3-]+xylene[1,4-] Pore gas 48 3 [0.47]-{27000] |na 3/48
aValues in square brackets indicate detection limits for nondetects.
na = Not available.
Table B-17

Maximum Pore-Gas Concentrations in the
Fourth Quarter of FY 1999 (EPA Method TO-14) at MDA L

Well Port Depth Maximum Concentration
Number (ft) (ppmv)°

1,1,1-Trichloroethane (TCA) 54-02012 28 2600
Trichloroethene (TCE) 54-02012 28 2100
Methylene Chloride 54-02012 28 190
Trichloro-1,2,2-trifluoroethane[1,1,2-] (Freon 113) 54-02089 31 160
Tetrachloroethene (PCE) 54-02012 28 120
Dichloroethane([1,1-] 54-02012 28 82
Trichlorofluoromethane (Freon 11) 54-02002 180 36
Chloroform 54-02002 180 14
Toluene 54-02002 180 9.9
Dichlorodifluoromethane 54-02034 160 0.044

a Listed in order of decreasing concentration.
ppmv = Parts per million by volume.
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Table B-18

Maximum Pore-Gas Concentrations in the First Quarter of FY 2002 (EPA Method TO-14) at MDA L

Well Port Depth Maximum Concentration
Compound® Number (ft (ppmv)°
1,1,1-Trichloroethane (TCA) 54-02002 100 390
Trichloroethene (TCE) 54-02002 100 78
Ethanol 54-02002 100 58
Trichloro-1,2,2-trifluoroethane( Freon 113) 54-02002 100 49
Methanol 54-02009 62 35
Methylene chloride 54-02002 100 23
Trichlorofluoromethane (Freon 11) 54-02002 100 18
1,2-Dichloropropane 54-02002 100 16
2-Propanol 54-02002 100 16
Tetrahydrofuran 54-02002 100 13
Chloroform 54-02002 100 9.4
Carbon tetrachloride 54-02030 100 8.9
Tetrachloroethene (PCE) 54-02002 100 7.4
1,1-Dichloroethane 54-02002 100 6.8
Toluene 54-02002 100 5.6
m,p-Xylene 54-02002 100 2.3
Dichlorodifluoromethane 54-02021 100 0.35
Tetrachloroethene (PCE) 54-02023 153 0.26
Benzene 54-01015 385 0.003
a Listed in order of decreasing concentration.
ppmv = parts per million by volume.
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Table B-19
Air Concentrations of Selected VOCs at MDA L, Location 4
Ambient Concentration (ppbv)
voC 6/16/94 | 6/17/94 | 6/29/94 | 6/30/94 | 7/28/94 | 8/01/94 | 8/02/94 | 8/03/94
Chlorodifluoromethane 0.6 0.2 0.3 0.6 ND* ND ND ND
Chloromethane 0.3 0.3 ND 0.6 ND 0.3 ND ND
Dichlorodifluoromethane 0.4 0.4 0.4 0.4 0.3 0.4 0.06 0.07
n-hexane ND ND ND ND 0.2 0.3 0.3 0.5
Trichlorofluoromethane 0.2 0.2 0.1 0.1 0.1 0.2 0.05 0.03
Freon 113 0.04 0.05 0.03 0.06 ND 0.06 ND ND
TCA 0.7 0.4 0.9 0.4 1.0 0.7 0.5 0.4
Benzene 0.2 0.1 0.2 0.2 0.2 0.4 0.4 0.6
Carbon tetrachloride 0.1 0.06 0.06 ND 0.06 0.07 0.05 0.08
Trichloroethene ND 0.1 0.06 ND 0.3 0.1 0.07 ND
Toluene 0.2 0.1 0.2 0.2 0.4 1.0 0.8 0.9

*ND = Not detected.

Table B-20
Air Concentrations of Selected VOCs at MDA L, Location 5
Ambient Concentration (ppbv)

VoC 6/16/94 6/17/94 6/29/94 6/30/94 7/28/94 | 8/01/94 | 8/02/94 | 8/03/94
Chloromethane 0.3 0.3 ND* 0.7 ND 0.7 ND 0.2
Dichlorodifluoromethane 0.5 0.3 0.3 0.4 0.2 0.4 0.06 04
Trichlorofluoromethane 0.2 0.2 0.2 0.2 0.09 0.3 0.08 0.2
Methylene chloride 1.6 0.4 1.3 1.2 0.6 1.0 1.7 0.9
Freon 113 0.2 0.1 0.1 0.3 0.07 0.4 0.2 ND
TCA 15.2 6.0 8.6 4.0 0.6 1.0 0.8 24
Benzene 0.2 0.2 0.2 0.2 0.2 0.3 0.2 0.2
Carbon tetrachloride ND 0.1 ND 0.05 0.05 0.1 ND 0.07
Trichloroethene ND 0.2 0.1 0.03 0.1 ND 0.06 0.1
Toluene 0.3 0.2 0.3 0.6 0.3 0.2 0.3 0.2
Xylene ND ND 0.1 0.2 0.2 0.09 0.1 ND

*ND = Not detected.
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Air Concentrations of Selected VOCs at

Table B-21

Bandelier National Monument, Location 3 (Background)

Background Ambient Concentration (ppbv)

VOoC 6/16/94 | 6/17/94 | 6/29/94 | 6/30/94 | 7/28/94 | 8/01/94 | 8/02/94 | 8/03/94
Chlorodifluoromethane ND* ND ND ND ND ND ND ND
Chloromethane ND 0.4 ND 0.6 ND ND ND ND
Dichlorodifluoromethane 0.3 0.3 0.3 0.4 0.2 0.3 ND ND
n-hexane ND ND ND ND ND ND ND ND
Trichlorofluoromethane 0.1 0.1 0.1 0.05 0.07 0.09 0.03 ND
Methylene chloride ND ND ND ND ND ND ND ND
Freon 113 ND ND ND 0.04 ND ND 0.03 ND
TCA 0.1 0.1 0.08 ND 0.04 0.03 ND ND
Benzene ND 0.2 ND 0.02 ND 0.1 0.1 0.2
Carbon tetrachloride ND 0.05 0.04 ND 0.04 0.03 ND ND
Trichloroethene ND 0.05 ND ND ND ND ND ND
Toluene ND ND 0.1 ND 0.1 0.1 0.2 0.1
Xylene ND ND ND ND ND 0.1 ND ND

*ND = not detected.
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Table B-22
Summary of Data Review Results
Appendix D
Analyte Medium COoPC? Rationale Table

Inorganic chemicals Sediment No Inorganic chemical data were either less D-2.0-1
(except cadmium, than the BVs or not different from
selenium, and silver) background data sets
Cadmium Sediment Yes Elevated DLs > BV
Selenium Sediment Yes Elevated DLs > BV
Silver Sediment Yes Elevated DLs > BV
Inorganic chemicals Tuff No Inorganic chemical data were either less D-2.0-5
(except for barium, cobalt, than the BVs or not different from
copper, chromium, background data sets
manganese, nickel,
uranium, and zinc)
Barium Tuff Yes Detected above BV in 11 samples
Cobalt Tuff Yes Detected above BV in 5 samples
Copper Tuff Yes Detected above BV in 40 samples
Chromium Tuff Yes Detected above BV in 19 samples
Manganese Tuff Yes Detected above BV in 6 samples
Nickel Tuff Yes Detected above BV in 11 samples
Uranium Tuff Yes Detected above BV in 12 samples
Zinc Tuff Yes Detected above BV in 14 samples
Radionuclides (except Sediment, No Radiological data were either less than the D-2.02,
tritium and plutonium) ambient air, BVs or not detected D-2.0-4,

pore gas, tuff D-2.0-6
Tritium Ambient air, tuff | Yes Tritium was detected in these media

Sediment No Not detected above sediment BV
Plutonium-238 Sediment Yes Detected above sediment BV in one sample
Organic chemicals D-2.0-4
VOCs Tuff Yes Detected in the media

Ambient air Yes Detected in the media

Pore gas Yes Detected in the media
SVOCs Air/pore gas D-2.0-7

Tuff No Detected but extent defined
Pesticides D-2.0-3
Methoxychlor Tuff No Detected but extent defined

Sediment Yes Detected in 3 sediment samples
DDD Tuff No Detected but extent defined
PCBs D-2.0-3
Aroclor-1260 Tuff ‘ No ‘ Detected but extent defined
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APPENDIX C QUALITY ASSURANCE/QUALITY CONTROL PROCESS

The data evaluation and qualification for the samples taken at Material Disposal Area (MDA) L are
discussed below. Only samples qualified for various reasons are mentioned for inorganics, organics and
radionuclides.

For inorganics, 68 samples were qualified. Forty-five samples were qualified as estimated (J/UJ) for the
following reasons. All of the samples are usable for data assessment. In ten samples, the recoveries in
the matrix spike were low. In 24 samples, recoveries for the internal analytical laboratory control samples
(LCS) were low. In 6 samples the recoveries for silver were high in the LCS sample and for 5 samples the
recoveries for copper in the matrix spike were high.

Twenty-three samples were qualified as rejected (R) and are not usable in risk assessment for the
following reasons. Nine samples analyzed for selenium were rejected because the quality control (QC)
sample results were high (>200%). Five samples for arsenic and selenium were rejected because the
recoveries in the QC samples were low (<10%). The other 9 samples were rejected because the holding
time had been exceeded.

The following discussion on VOCs and SVOCs applies to both analytical data and screening data. Data
on VOCs and SVOCs from boreholes (locations) 54-01001 through 54-01006 and 54-01009 are
screening level data from an on-site mobile chemical laboratory.

For organics, 59 samples for volatile organics (VOCs) were qualified and all qualified data are usable in
data assessment. Forty samples were qualified as not detected (U) because the results were less than
5/10 times the analytes found in the method blank. Six samples were qualified as estimated (J/UJ)
because the surrogate recoveries associated with these analytes were low. Eleven samples were
qualified as estimated (J) for acetone and 2-butanone because the results were less than the practical
guantitation limit (PQL) but greater than the method detection limit (MDL). Two were qualified as
estimated (J) because the holding time had been exceeded.

Eleven semivolatile organic (SVOCs) samples were qualified, and eight samples can be used for data
assessment. Six samples were qualified as estimated (J/UJ) because of the holding time had been
exceeded. Two were qualified as estimated (J) because the results were less than the PQL but greater
than the MDL. Three samples were rejected (R) and are not usable for data assessment because the
surrogate recoveries associated with the analytes were low (10%).

For pesticides/polychlorinated biphenyls (pest/PCBs), two samples were qualified as estimated (J/UJ)
because the holding time had been exceeded. These data can be used in data assessment.

For herbicides, four samples were qualified as rejected (R) because the recoveries for the analyte,
Dicamba, in the QC samples were low (<10%). These data cannot be used in data assessment.
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APPENDIX E STATISTICAL RESULTS FOR CHEMICAL ANALYTICAL DATA
E-1.0 INTRODUCTION

This appendix provides detailed statistical evaluations to support Section B-4.0 (data review) and Section
B-5.0 (nature and extent) To support the data review and nature and extent, the statistical analyses
include summary statistics, exploratory data analyses, spatial plots, and background comparisons.

The plots and evaluation results for Material Disposal Area (MDA) L at Technical Area 54 of Los Alamos
National Laboratory (the Laboratory or LANL) are presented in Section E-3.0. This section is organized by
categories of sampling media and analytical suites. Separate sections are presented for each medium
(channel sediments and subsurface tuff). The analytical data consist of inorganic chemicals (metals and
cyanide), radionuclides, and organic chemicals (volatile organic compounds [VOCs], semivolatile organic
compounds [SVOCs], polychlorinated biphenyls [PCBs], pesticides, and herbicides).

E-2.0 OVERVIEW OF STATISTICAL ANALYSES

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

E-2.1 Summary Statistics

The summary statistics are calculated and presented as tables in Appendix B of this report. For values
reported as detected, summary statistics include both the minimum and maximum reported
concentrations, median, and arithmetic average concentrations. These values provide some indication of
the central tendency and skew of the concentration distribution. For data sets containing values reported
as undetected, the summary table includes the minimum and maximum reported detection limits (DLs) or
estimated quantitation limits (EQLS).

E-2.2 Exploratory Data Analyses

The graphical analyses include box plots and borehole profiles. These analyses provide a visual
representation of the data and aid in determining the presence of outliers or other anomalous data that
might affect statistical results and interpretations. Specifically, the plots allow a visual comparison among
distributions of concentrations for different analytes. 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) to evaluate the
statistical results. Unless otherwise noted, the nondetects are included in plots at their reported DL or
EQL.

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
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 the data may be
evaluated for their potential to be outliers. When box plots are presented from more than two groups, the
box representing the baseline or background set is the leftmost box; unless otherwise noted, the
remaining boxes are arranged in ascending order by group medians. Often, the concentrations are
plotted as points overlaying the box plot. When a data set contains both detected concentrations and
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nondetected results, reported as DLs, the detected concentrations are plotted as x’s and the nondetected
results are reported as 0’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 contamination has been bounded (decreasing trend).

E-2.3 Comparisons Between Distributions

Comparisons between data sets that might represent different concentration distributions, such as site
data and Laboratory background data, are performed using a variety of statistical methods. For
background comparisons, these methods begin with a simple screening comparison of site-specific data
with an upper tolerance limit (UTL) estimated from the background data (UTL [95, 95] or the 95% upper
confidence bound on the 95th quantile). UTLs are used to represent the upper end of concentration
distribution and are also referred to as background values (BVs). When appropriate, BV comparisons are
followed by statistical tests that evaluate potential differences between the distributions. These tests are
used for testing hypotheses about data from two potentially different distributions. One specific example
would be the test of the hypothesis that site concentrations are elevated above background levels.

E-3.0 MDA L ANALYTICAL DATA
E-3.1 Surface Soil and Sediments

Runoff from MDA L is concentrated into a single drainage to the north. The drainage includes multiple
braided channels traversing a 50- to 65-ft-wide area of a colluvial slope on the floor of a tributary of
Cafada del Buey. These channels begin in one area along the MDA L fence and diverge below the cliffs
on the north side of Mesita del Buey. Eight locations were selected for sediment sampling; these locations
included areas with coarse sediment deposition upslope and areas with finer sediment deposition on the
lower slopes (LANL 1996, 54462, Figure 1-11). The samples were field screened for gross alpha, beta,
and gamma radiation to bias sample selection. A total of four samples (the sample with the highest gross
alpha and gross beta, the sample with the highest gross gamma, and two other samples) were submitted
for analysis of target analyte list (TAL) metals, PCBs, pesticides, and radionuclides. All results from the
sediments are used without qualification except for tritium, which was qualified J (estimated) because of
results from the blind quality control (QC) sample were outside acceptance limits.

E-3.1.1 Inorganic Chemicals in Sediment

The concentrations of inorganic chemicals for the four channel sediment samples were compared to
Laboratory-wide sediment BVs (LANL 1998, 59730). No inorganic chemical was detected above its
sediment BV. Three inorganic chemicals (cadmium, selenium, and silver) were not detected but have DLs
larger than their respective sediment BVs. The inorganic chemical results are summarized in Table B-10
in Appendix B.

Box plots comparing the distribution of inorganic chemical concentrations in MDA L channel sediment
samples to the concentrations from Laboratory background sediment samples support the conclusion that
inorganic chemicals do not differ from background (Figure E-1). The inorganic chemicals with elevated
DLs (cadmium, selenium, and silver) are identified in Appendix B as COPCs in sediment.
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E-3.1.2 Radionuclides in Sediment

The channel sediment samples were analyzed for radionuclides. The detected concentrations for
americium-241, cesium-137, tritium, plutonium-238, plutionium-239, radium-226, and strontium-90 were
compared to sediment fallout values (FVs); the isotopes in the uranium and thorium decay chains were
compared to BVs for these naturally occurring radiochemicals (LANL 1998, 59730). A summary of the
radionuclide activities is presented in Table B-11 in Appendix B, including a separate summary for
detected results and DLs for nondetects, the frequency of detection, and the frequency at which detected
radionuclides exceed BVs or FVs.

Plutonium-238 was the only detected radionuclide (0.011 pCi/g) above the sediment BV of 0.006 pCi/g.
The background comparison tests concluded that the plutonium-238 concentration is above sediment
background.

E-3.1.3 Organic Chemicals in Sediment

Channel sediment samples were analyzed for pesticides and PCBs. One pesticide (methoxychlor) was
detected in two of the four samples at concentrations of 0.028 mg/kg (location 5405143) and 0.063 mg/kg
(location 54-05145). The concentrations were about two to three times above the sample EQL of 0.017
mg/kg.

E-3.2 Subsurface Tuff

One hundred and eighty-four samples of subsurface core were collected from 16 (RFI boreholes at
MDA L. The locations of the boreholes relative to the disposal structures are shown in Figure B-6,
Appendix B. The core samples were analyzed for TAL metals, cyanide, pesticides/PCBs, herbicides,
VOCs, SVOCs, and radionuclides. However, not all samples were analyzed for every suite. Six of the
boreholes were drilled to investigate the vapor plume east of MDA L; the core samples from these
boreholes were analyzed only for VOCs. Two deep characterization boreholes were drilled at an angle
from pads on Mesita del Buey to investigate the possibility of vapor-phase contaminants at depth below
MDA L; the core samples from these boreholes were analyzed only for VOCs and tritium.

The eight boreholes drilled in the vicinity of the disposal units (i.e., disposal pit, impoundments, and
shafts) were analyzed for all, or a majority of, the suites depending on the location of the borehole. The
subsurface tuff investigation was intended to support the characterization of releases from a local source
term (waste structures) either through a relatively uniform, homogeneous substratum (general dispersal in
a volume through a subsurface medium) or through a heterogeneous fractured substratum. Evidence of a
release through a uniform medium would include the consistent presence of concentrations greater than
BVs (i.e., at two or more consecutive sampling depths). Evidence of migration through a fractured
medium might include intermittent detects of several analytes within a borehole, or across boreholes, as
fractures were occasionally intersected.

E-3.2.1 Inorganic Chemicals in Tuff

Subsurface core data for inorganic chemicals were obtained from the eight boreholes in closest proximity
to the disposal units. Some of these data were rejected. Five out of the 67 mercury and cyanide analyses
were rejected because holding times were substantially exceeded, while 4 out of 67 arsenic and selenium
results were rejected because of low analyte recovery from a QC sample in the batch. The analytical
results for the inorganic chemicals were compared to the BVs from the appropriate tuff strata of
Laboratory-wide background data (LANL 1998, 59730). Inorganic chemicals with detected concentrations
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greater than the BVs were barium, copper, chromium, manganese, mercury, nickel, uranium, and zinc.
Some inorganic chemicals had concentrations that were just greater than BVs, and a few inorganic
chemicals were reported as nondetects with DLs larger than BVs. A summary of the results for the
inorganic chemicals, separated by the tuff strata, is given in Table B-12 in Appendix B.

Sample concentrations were compared with BVs and evaluated by borehole. Barium, chromium, cobalt,
copper, nickel, uranium, and zinc were detected at concentrations above their BVs in one or more
borehole(s) at consecutive sampling depths or were detected above BVs in two out of three consecutive
sampling depths. These data indicate a subsurface release from a disposal unit. Other inorganic
chemicals that were detected at a single location or at random (i.e., in samples taken from two or three
different boreholes at different sampling depths) with concentrations above BVs are less likely to indicate
a release. This section discusses the releases of certain inorganic chemicals in some boreholes by
disposal unit and by borehole.

All concentrations above their BV are discussed and shown in [Figures E-2 through E-7]. The figures
show the borehole profile or pattern of concentrations by depth below ground surface (bgs) for the
sampled cores within the individual boreholes. Detected concentrations (filled circles) and DLs for
nondetects (open circles) are plotted at the midpoint of the sample depth interval (ft bgs). The unit-
specific BVs are displayed in the figures as dotted lines.

Impoundments B, C, and D: Boreholes 54-01012, 54-01013, and 54-01014 were drilled at an angle
beneath Impoundments B, C, and D, respectively. Analytical results were used to look for evidence of a
release from these disposal units. The borehole locations relative to the impoundments are shown in
Figure B-6 in Appendix B. Borehole profile plots show the angle of the boreholes and subsurface
locations of the sampled cores relative to the disposal unit specified.

Impoundments B and C were used to dispose of liquid electroplating wastes. The analytical results for
boreholes 54-01012 and 54-01013 are consistent with their operational records; inorganic chemicals
detected above background in core samples include chromium, copper, and nickel. Concentrations of
chromium and copper above their respective BVs were detected at three consecutive sampling depths in
core samples from 54-01012 beneath Impoundment B (Figure E-2). Copper and nickel were similarly
detected in 54-01013 beneath Impoundment C (Figure E-3, top row). In 54-01013, the detected
concentrations for copper are above the BV at three consecutive sampling depths, while nickel
concentrations exceeded the BV at two out of three consecutive sampling depths in borehole 54-01013.
These results indicate that copper and chromium have been released from Impoundment B, and copper
and nickel have been released from Impoundment C.

In borehole 54-01012 (Impoundment B) the patterns for other inorganic chemicals above their BVs were
less indicative of a release. There were single detected concentrations of beryllium, cadmium, cyanide,
mercury, and uranium, scattered among the different depth intervals (Figure E-2).

In borehole 54-01013 (Impoundment C), cadmium and chromium were detected above their BVs in a
single sample at the deepest sampling interval. For both inorganic chemicals, the concentrations at this
depth are similar to the concentrations (and reported DLs) of the samples at depths directly above it (i.e.,
sample concentrations do not represent an increase). The sampled core interval falls immediately below
the Tshirege unit 2/unit 1v interface, but the BVs for these two units differ. In both cases, the sample
concentrations at the interface fall between the BVs for the different units. The BV for cadmium in Qbt 1v
is a nominal DL because there were no Laboratory background data for cadmium from that tuff unit. In
contrast, cadmium was analyzed in background samples from Qbt 2 tuff, and had a BV of 1.63 mg/kg.
The results for cadmium and chromium do not indicate a release from Impoundment C.
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Borehole 54-01014 was drilled between Impoundments C and D at an angle to pass beneath
Impoundment D. Uranium was the only inorganic chemical detected above its BV at several consecutive
sampling depths (Figure E-3, bottom row). The concentrations of uranium are slightly above the Qbt 2
BV. The pattern may indicate natural variability, or it may indicate that a release of uranium at low
concentrations to the surrounding subsurface tuff occurred from Impoundment D. There were also single
detects of nickel and copper above their BVs at different sampling depths. Nickel was reported in the
shallowest sampling depth between Impoundments C and D. The copper concentration above the BV
was not replicated in the field duplicate sample (a second core taken from the same depth interval). The
copper and nickel data do not indicate releases from Impoundment D.

Pit A: Boreholes 54-01009, 54-01010, and 54-01011 were drilled to characterize subsurface media near
Pit A. Boreholes 54-01010 (at —45 degrees) and 54-01011 (at —55 degrees) were drilled at an angle to
pass beneath the eastern and western portions of Pit A, respectively. Borehole 54-01009 was drilled
vertically on the south side of Pit A near the west end. As shown in Figure B-6 of Appendix B, borehole
54-01009 is about 20 ft south of Pit A and is nearly equidistant between the pit and Shafts 1 through 28. If
a release had occurred from Pit A, the placement of borehole 54-01009 could be used to bound the
lateral extent of the release. Instead, the results from 54-01009 are different from those beneath Pit A but
similar to results from borehole 54-01007 at the other end of Shafts 1 through 28. The similarity of
borehole results from 54-01007 and 54-01009 might be expected based on the knowledge that Shafts 1
through 22 received uncontained liquid waste with no absorbents added. The results for borehole
54-01009 are discussed in the section on Shafts 1 through 28 below.

Analytical results from the boreholes angled beneath Pit A do not provide evidence of a release. Borehole
54-01011 had only one inorganic chemical (barium) detected in one sample at approximately twice the
BV of 26.5 mg/kg for Qbt 1v (Figure E-4, bottom row). The detected concentrations of barium at all other
sampling depths in this borehole were below BV. The analytical results for borehole 54-01010 indicate the
presence of inorganic chemicals at concentrations above BVs at random depths (Figure E-4, top row).
Three of the borehole 54-01010 sample concentrations (cadmium, uranium, and chromium) come from
core samples collected just above or just below the unit 2/unit 1v interface, and the reported
concentrations were between the BVs for the two strata. The chromium concentration in the sample
collected from unit 2 was above the unit 2 BV but within the range of concentrations reported for the
Laboratory background data (0.25 to 13.0 mg/kg [LANL 1998, 59730]).

Shafts 1 through 28: Both boreholes 54-01007 and 54-01009 are more than twice as deep as disposal
Shafts 1 through 28. Both boreholes are vertical and are 25 to 30 ft from the nearest disposal shaft. The
pattern of inorganic chemical concentrations in these boreholes provides evidence of a release. The most
likely source of the release is the shafts. The primary component of the release is copper, with smaller
contributions from chromium, barium, and zinc. Nickel was also detected above its BV in the lower tuff
strata (Units 1v and 1g).

The distributions of copper, barium, and zinc in samples collected from borehole 54-01009 (Figure E-5)
are similar to those noted for borehole 54-01007 (Figure E-6). The copper concentrations are much larger
than the BVs in approximately half of the samples, while barium and zinc were reported at concentrations
above the BVs in a few samples. Single samples had concentrations of beryllium, chromium, and
manganese that were slightly above their BVs. The beryllium and manganese reported in a core sample
were collected just below the unit 1v/unit 1g interface at concentrations between the BVs for the two tuff
strata. Nickel was detected above its BV of 2 mg/kg, a nominal DL, in one of ten samples in borehole
54-01007 and in seven of nine samples in borehole 54-01009 in unit 1v or unit 1g samples, but all the
results were below the unit 2 BV (6.58 mg/kg).
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Borehole 54-01007 was drilled about 30 ft south of the southeastern corner of Shafts 1 through 28.
Analysis of core samples detected copper, chromium, barium, and zinc at concentrations above their BVs
(Figure E-6). Copper concentrations were greater than the BV in 10 of 13 samples, often by more than a
factor of 10. Chromium concentrations were greater than its BV in 5 of 13 samples but did not exceed
background by more than a factor of 2. Copper and chromium remained elevated at the deepest sampling
depth (146 ft bgs). Barium and zinc concentrations were more than twice their BVs in a single sample and
at concentrations slightly above their BVs in two and in four sampling depths (some consecutive depths),
respectively. The concentrations of barium and zinc decreased to less than their BVs at the deeper
sampling intervals.

Aluminum, lead, and manganese were detected in samples from borehole 54-01007 at concentrations
that exceeded their BVs in a single sample or in two core samples at nonconsecutive sampling depths

Shafts 29 through 34. Borehole 54-01008 is a vertical 150-ft borehole located about 20 ft to the southeast
of Shafts 29 through 34. The borehole was drilled to characterize the subsurface media in the vicinity of
these shafts. The inorganic chemicals reported at concentrations above background include copper, zinc,
and chromium (Figure E-7). Copper concentrations exceeded its BVs in the majority of the samples (10
out of 12); several concentrations were more than 10 times the BV for copper. Zinc and chromium were
detected at three or more consecutive sampling depths at concentrations exceeding their BVs by a factor
of two or less. Manganese and cobalt concentrations were also above their BVs at two consecutive
sampling depths. Manganese was marginally above its BV; one of the five cobalt concentrations with
values above its BV was more than double its BV. Other inorganic chemicals with single detected
concentrations above the BVs include barium, beryllium, iron, and lead.

E-3.2.2 Radionuclides in Tuff

Tuff core samples from seven boreholes were analyzed for tritium. The seven boreholes included the five
shallow (vertical depths to 60 ft) holes angled beneath the Pit A and Impoundments B, C, and D
(boreholes 54-01010 through 54-01014) and two additional deep boreholes (54-01015 and 54-01016)
drilled at an angle from Cafada del Buey to the north. Borehole 54-01015 passes beneath Pit A at a
depth of about 470 ft and terminates beneath the array of Shafts 1 through 28 at a vertical depth of about
600 ft. Borehole 54-01016 terminates beneath Shafts 29 through 34 at a vertical depth of about 550 ft.
Analytical results for 1 of 46 tritium samples were rejected because of a laboratory error. With the
exception of the one rejected sample, the tritium results from the MDA L boreholes are useable.

The tritium results for the shallow boreholes (54-01010 through 54-01014) ranged between 0.1 pCi/mL
and 196 pCi/mL. The samples with the highest concentrations (13.1 pCi/mL and 196 pCi/mL) were
collected at depths between 20 and 25 ft below Pit A. The concentrations at deeper depths (35 to 45 ft)
below Pit A decreased to approximately 5 pCi/ml. The tritium results in the deep boreholes (54-01015 and
54-01016) were variable primarily because of low (<2%) moisture content in the samples collected. Low
moisture tends to increase analytical counting error and accuracy of the dilution factor that multiplies the
final result. With the exception of a single detect of 1.5 pCi/mL, all the samples with moisture contents
greater than about 2% for the deep boreholes were reported at low DLs (less than 0.5 pCi/mLl).

Figure E-8 shows the tritium results by borehole. The largest concentration (196 pCi/mL from borehole
54-01010) is omitted from the plot so as to better depict the differences in results at lower concentrations;
the omitted concentration is more than 10 times greater than the largest concentration shown in the
figure. The tritium results from samples with low moisture content are plotted as triangles, and the results
from greater moisture content are plotted as circles. Low moisture content was reported only in samples
from the deep boreholes. The results based on sample moisture content of greater than 2% (circles) are

August 2003 E-6 ER2003-0504



MDA L Investigation Work Plan

clustered at the low end of the concentration range. The results based on samples with lower moisture
content (triangles) are scattered across the full range of concentrations and include most of the largest
results reported for the deep boreholes.

A tritium plume beneath MDA L is evident from the sampling results. The concentrations of tritium are
highest (13 to 196 pCi/mL) at a depth between 20 and 25 ft beneath Pit A and are not detected or
detected at concentrations of less than about 5 pCi/mL in all boreholes and all other sampling depths.
The results from the deep boreholes provide some evidence that tritium contamination is restricted to the
vicinity of MDA L.

Five core samples from borehole 54-01009 were analyzed for five radionuclides (plutonium-238, -239 and
uranium-234, -235, and -238). The naturally occurring uranium isotopes were compared to Laboratory-
wide BVs from the appropriate tuff strata. Plutonium-238 and -239 were evaluated on the basis of
detection status. Uranium-235 was detected in a single sample at a concentration that is essentially equal
to its BV. The plutonium isotopes were detected at trace concentrations (below the minimum DL). The
results are not indicative of a release from MDA L. A summary of the radionuclide concentrations is
presented in Table B-13 in Appendix B.

E-3.2.3 Organic Chemicals in Tuff

Borehole core samples were analyzed for SVOCs, pesticides, PCBs, herbicides, and VOCs. Core from all
16 boreholes was analyzed for VOCs. The eight boreholes drilled in the vicinity of the disposal units
(54-01007 through 54-01014) were analyzed for SVOCs, pesticides, and PCBs, in addition to the VOCs at
an off-site contract laboratory. The exception is samples from borehole 54-01009. These samples were
submitted to an on-site mobile chemical laboratory for VOC and SVOC analysis. The three boreholes
closest to the disposal shafts (54-01007 through 54-01009) were also analyzed for herbicides.

No herbicides were detected in any samples. Detected organic chemicals included 4 SVOCs, 1 PCB, 2
pesticides, and 15 VOCs; most concentrations were less than or equal to three times their EQLS. The
only notable exception was Aroclor-1260, which was detected at a concentration more than 10 times its
EQL. The most frequently detected VOCs were acetone and 2-butanone, which are common laboratory
contaminants. A summary of the detected organic chemicals is presented in Table B-15 in Appendix B.

Twenty-two organic chemicals were detected, most at negligible concentrations (i.e., less than or slightly
above their EQLS). The larger concentrations (i.e., concentrations above their EQLS) were detected in
borehole samples beneath Pit A (54-01010 and 54-01011), between Pit A and the array of Shafts 1
through 28 (54-01009), and at the east end of the array of Shafts 1 through 28 (54-01007).

Two pesticides, Aroclor-1260, and three SVOCs were detected at a few sampling depths. Only
Aroclor-1260 was reported in borehole 54-1010 at a concentration (0.313 mg/kg) that was much greater
than its sample EQL (0.0044 mg/kg). Methoxychlor was detected at different sampling depths in borehole
54-01010, and dichlorodiphenyldichloroethane (DDD) was detected in a single sample at a concentration
(0.00588 mg/kg), marginally above the EQL (0.0044 mg/kg) in borehole 54-01011.
Bis(2-ethylhexyl)phthalate was detected at a concentration (0.8 mg/kg), which was 25% greater than its
EQL (0.6 mg/kg) at one sampling depth beneath Pit A. Pentachlorophenol was detected at concentrations
that were more than three times the EQL at two sampling depths below Impoundment B (in borehole
54-01012).

Detected VOCs were more widespread but generally occurred at low concentrations (less than or near
the EQLS). Six VOCs (bromobenzene, dibromomethane, 1,2-dichloropropane, 4-isopropyltoluene,
tetrachloroethene) were reported as detected in a single sample (borehole 54-01003 on the mesa top
outside the perimeter of MDA L) at concentrations less than or equal to their reported EQLs. One VOC
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(1,3-dichloropropane) was detected below the EQL in two boreholes (54-01003, 54-01005) on the mesa
to the east of MDA L. Acetone was detected at low concentrations in the majority of the boreholes (12 of
16) but was detected at concentrations more than 10 times its EQL (0.06 mg/kg) in four samples from
54-01007 (at the east end of Shafts 1 through 28). The VOCs below Pit A included trichloroethane (0.008
and 0.015 mg/kg) and trichloroethene (three samples at 0.008 mg/kg), methylene chloride at
approximately twice its EQL (0.010 to 0.014 mg/kg) in two samples, and 1,2-dichloroethane at
concentrations more than three times its EQL (0.018 and 0.020 mg/kg) in two samples. Between Pit A
and Shafts 1 through 28 (borehole 54-01009), 1,2-dichloroethane was detected in a single sample at a
concentration slightly above its EQL (0.0093 mg/kg) and 1,3-dichlorobenzene was detected once (at
0.011 above its EQL (0.005 mg/kg), and 4-methyl-2-pentanone was detected in two samples at
concentrations that were up to three times its EQL (0.034 and 0.078 mg/kg) in two samples.

In summary, organic chemicals were reported in the subsurface media near Pit A and the array of Shafts
1 through 28. The organic chemicals detected at concentrations lower than the EQLSs are less reliably
guantified because VOCs may be lost in tuff media samples during sample and analysis.
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The concentration of 196 pCi/ml at 54-01010 is not shown. Triangles are used for
samples with low (less than 2%) moisture content; circles are used when moisture
content is greater than 2%. Solid symbols (filled triangles or circles) are used for
detects; open symbols (outline of triangles or circles) are used for nondetects.
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APPENDIX F REGULATORY HISTORY AND DOCUMENTS

This appendix describes the regulatory history and status of solid waste management units (SWMUs) and
areas of concern (AOCs) at Technical Area (TA-)54, Area L, one of which is addressed in this
investigation work plan. This information is presented because TA-54, Area L, is comprised of a number
of active and inactive waste management units, some of which are subject to corrective action while
others are subject to other regulatory programs.

The operable unit (OU) 1148 Resource Conservation and Recovery Act (RCRA) facility investigation
(RFI) work plan included five AOCs in TA-51 and 46 SWMUs and AOCs in TA-54 (LANL 1992, 7669).
Most SWMUs and AOCs in TA-54 are associated with waste management Areas G, H, J, and L. Table F-
1 identifies the SWMUS and AOCs associated with Area L, provides brief descriptions of the sites, and
identifies the appropriate regulatory program for managing and closing the sites.

The 13 SWMUs and AOCS listed in Table F-1 can be placed into the following categories:

e sites for which no further action (NFA) was recommended and approved [SWMU 54-001(c), AOC
54-008, AOC 54-015(g), and AOC 54-015(i)];

e active sites that will be investigated and, if necessary, cleaned up by the Risk Reduction and
Environmental Stewardship Division—Remediation Services (RRES-RS) in accordance with the
corrective action requirements of the Hazardous and Solid Waste Amendments (HSWA) Module
(Module VIII) of the Los Alamos National Laboratory (LANL or the Laboratory) Hazardous Waste
Facility Permit [SWMU 54-006 and SWMU 54-012(b)];

e sites that will undergo RCRA closure under the Laboratory’s Hazardous Waste Facility Permit
[SWMU 54-001(a), SWMU 54-001(b), AOC 54-001(e), AOC 54-002, AOC 54-009, and AOC
54-014(a)]; and

e an active site that manages polychlorinated biphenyls (PCBs) will be closed in accordance with
requirements of the Toxic Substances Control Act [(TSCA) AOC 54-001(d)].

SWMU 54-006 (in the second category) consists of inactive subsurface waste management units that are
collectively referred to as material disposal area (MDA) L and are the subject of the investigation
described in this investigation work plan. The other SWMU in the second category and the SWMUs and
AOC:s in the other three categories are not within the scope of this investigation work plan, and the
disposition of these sites is presented in Table F-1.

The process for investigating MDA L was initially described in the OU 1148 RFI work plan (LANL 1992,
7669) and has been subsequently modified by other documents. The chronology of documents is
presented below.

1. April 23, 1993. The US Environmental Protection Agency (EPA) issued a notice of deficiency
(NOD) for the RFI work plan for OU 1148 (Reiter 1993, 6743).

2. July 27, 1993. The Laboratory submitted revised Appendix A to OU 1148 RFI work plan to the US
Department of Energy-Los Alamos Area Office (DOE-LAAO) for transmittal to EPA (Tiedman
1993, 22430). This appendix consisted of a revised pilot extraction study plan for treatment of the
volatile organic compound (VOC) plume beneath MDA L.

3. August 25, 1993. EPA approved the revised Appendix A to the OU 1148 RFI work plan (Honker
1993, 30522).
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4. October 19, 1993. The the Laboratory held a conference call with the EPA Region 6 office to
discuss proposed modifications to the OU 1148 RFI work plan. The Laboratory and EPA
personnel discussed changes to the Laboratory-proposed drilling plan at MDA L and received
verbal approval from EPA to drill boreholes 54-1007, 54-1008, and 54-1009 to 150 ft rather than
to the 300-ft and 500-ft depths proposed in the RFI work plan. These changes and the approval
were later referenced in a June 1994 proposal for work plan modifications (Item 10).

5. November 1, 1993. DOE-LAAO submitted proposed modifications to the approved pilot extraction
study plan to EPA (Taylor 1993, 30249). These modifications addressed changes to drilling near
MDA L.

6. November 15, 1993. The New Mexico Environment Department (NMED) submitted technical
comment memorandum for the OU 1148 RFI work plan (Swanton 1993, 63981).

7. November 23, 1993. DOE-LAAO submitted responses to the NOD for the OU 1148 RFI work plan
to EPA (Vozella 1993, 30327).

8. December 14, 1993. EPA approved the OU 1148 RFI work plan, as modified by the November
23, 1993, NOD response (Davis 1993, 38812). The approval concurred with the no further action
(NFA) recommendations for potential release sites (PRSs) 54-001(c), 54-008, 54-015(g), and
54-015(i), but indicated that a Class Ill permit modification would be necessary to remove SWMU
54-001(c) from the HSWA Module.

9. April 21, 1994. The Laboratory documented minutes of conference call discussions with EPA
Region 6 on April 8, 1994, concerning proposed modifications to the OU 1148 RFI work plan
(Glatzmaier 1994, 35207). These discussions related to channel sediment sampling at TA-54
MDAs, deep borehole drilling beneath MDA L, and passive air sampling using the EMFLUX®
system. EPA concurred with proposed modifications except those addressing passive air
sampling.

10. June 8, 1994. The Laboratory submitted proposed modifications to the OU 1148 RFI work plan to
DOE-LAAO for transmittal to EPA. These modifications addressed channel sediment sampling,
deep borehole sampling, passive air sampling, and existing vapor well sampling at MDA L. These
modifications had been previously discussed with EPA, but the modification request was never
formally transmitted to EPA by DOE-LAAO.

11. July 18, 1994. EPA approved use of EMFLUX® passive air-sampling method for estimating
extent and semiqualitative nature of vapor-phase plumes. This approval was based on a draft
report of passive soil gas sampling performed at OU 1148, dated May 3, 1994, that was
submitted to EPA for review.

12. March 28, 1995. The Laboratory submitted a permit modification request to NMED for PRSs
requested for NFA (LANL 1995, 45365). Request included SWMU 54-001(c), which was listed in
the HSWA Module, and AOCs 54-008, 54-015(g), and 54-015(i), which were not listed in the
HSWA module.

13. October 11, 1995. DOE-LAAO concurred with the NFA determination for non-HSWA units
contained in the March 1995 permit modification request (Taylor 1995, 50023). This concurrence
included AOCs 54-008, 54-015(g), and 54-015(i).
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14. December 10, 1996. NMED submitted a notice of determination on permit modification requests
for units proposed for NFA (Dinwiddie 1996, 55815). This notice concurred that SWMU 54-001(c)
was suitable for a Class Il permit modification.

15. February 27, 1996. The Laboratory submitted the “RFI Report for Channels Sediment Pathways
from MDAs G, H, J, and L, TA-54" to the EPA (Jansen and Taylor 1996, 54462).

16. September 23, 1997. NMED approved the RFI report for channels sediment pathways from
MDAs G, H, J, and L, TA-54 (Dinwiddie 1997, 63982).

17. December 23, 1998. NMED approved a Class Il permit modification for removal of 99 SWMUs
from HSWA Module (Kelley 1998, 63042). The permit modification included removal of SWMU
54-001(c).
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Table F-1

Status of Potential Release Sites at TA-54 Area L

Active Waste
PRS HSWA PRS | Management
Number Unit Type (YIN) Areas (Y/N) Regulatory Status
54-001(a) | Radioactive mixed Y Y Active mixed waste storage area currently
waste storage area operated under RCRA interim status. Unit will be
permitted in next revision to the Laboratory’s
Hazardous Waste Facility Permit. Unit will be
closed under RCRA closure requirements for
permitted storage units.
54-001(b) | Hazardous waste N Y Active hazardous waste storage area currently
storage area operated under the Laboratory’s Hazardous
Waste Facility Permit. Unit will be closed under
RCRA closure requirements for permitted storage
units.
54-001(c) | Storage tank and Y N Unit was never used for management of solid
containment berm (Removed) | (Removed) |waste. Unit was recommended for NFA in RFI
work plan and was removed from HSWA Module
in December 1998.
54-001(d) | PCB waste storage N Y Active PCB waste storage area operated under
area EPA TSCA authorization. Unit will be closed
under TSCA closure requirements for storage
units.
54-001(e) | Hazardous waste N Y Active hazardous waste storage area currently
storage area operated under the Laboratory’s Hazardous
Waste Facility Permit. Unit will be closed under
RCRA closure requirements for permitted storage
units.
54-002 Hazardous waste N Y Active hazardous waste storage area currently
storage area operated under the Laboratory’s Hazardous
Waste Facility Permit. Unit will be closed under
RCRA closure requirements for permitted storage
units.
54-006 Subsurface waste Y N Site is being addressed under RCRA corrective
disposal (pit, shafts, action.
impoundments)
54-008 Sanitary sewage N Y Tanks are permitted holding tanks operated
holding tanks under NMED Liquid Waste Disposal Regulations.
Unit was recommended for NFA in RFI work
plan. EPA and DOE concurred with NFA
recommendation and unit has been
administratively closed.
54-009 Hazardous waste N N Tanks were operated under the Laboratory’s
storage/treatment (Removed) | Hazardous Waste Facility Permit and were
tanks closed at risk without approved closure plan. Unit
will be formally closed under RCRA following
submittal of RCRA closure plan.
54-012(b) | Former site of drum Y N Site is being addressed under RCRA corrective
compactor action.
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Table F-1 (continued)

Active Waste
PRS HSWA PRS | Management
Number Unit Type (YIN) Areas (Y/N) Regulatory Status
54-014(a) | Mixed waste storage N Y Active mixed waste storage area currently
shafts operated under RCRA interim status. Unit will not

be added to the Laboratory’s Hazardous Waste
Facility Permit. RCRA closure plan has been
submitted to NMED for closure of unit.

54-015(g) | Former lead cask N N No releases occurred from storage activities at
storage area this site. Unit was recommended for NFA in RFI
work plan. EPA and DOE concurred with NFA
recommendation and unit has been
administratively closed.

54-015(i) | Former battery N N No releases occurred from storage activities at
storage area this site. Unit was recommended for NFA in RFI
work plan. EPA and DOE concurred with NFA
recommendation and unit has been
administratively closed.
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APPENDIX G HISTORY OF MONITORING FOR SUBSURFACE VOLATILE ORGANIC COMPOUND
PLUMES AT MATERIAL DISPOSAL AREA L

G-1.0 PORE-GAS MONITORING WELL NETWORK

A total of 32 monitoring boreholes are available for pore-gas monitoring and sampling at Technical Area
(TA) 54. Of these 32, 24 are available specifically for pore gas monitoring and sampling at MDA L. Details
on the installation and locations of the boreholes currently used for vadose zone monitoring at material
disposal area (MDA) L are described in Sections 2 and 3. Figure G-1 shows the location of the pore-gas
monitoring wells at MDA L. Detailed borehole logs including lithologies and well construction are
presented in Appendix H of this report. The depths of the pore-gas sampling ports are shown in Table G-
1.

G-2.0 METHODS OF PORE-GAS COLLECTION AND ANALYSIS

Methods of pore-gas collection and analysis have changed during the years of monitoring the vapor-
phase plume. Each change was an improvement over the previous method in terms of number of
analytes, precision, accuracy, and/or cost. A brief review is necessary to understand variations in
sampling results. Table G-2 lists the sampling methods used from 1988 to the present. Table G-3 lists the
analytical methods used for the different pore-gas analytes. Pore-gas sampling at the Laboratory is
governed by LANL-ER-SOP-06.31, current version, Sampling Sub-Atmospheric Air. The following
sections review the historic analytical methods used to measure volatile organic compounds (VOCs) in
pore gas.

Solvent Desorption Gas Chromatograph/Mass Spectrometer

In the solvent desorption gas chromatograph/mass spectrometer (SDGCMS) method, a positive-
displacement pump purges the borehole sampling lines and draws a pore-gas sample through a single-
sample ampule containing granulated activated charcoal as a sorbent. After the sampling line is purged of
one volume, the ampule is opened and connected in series with the well; an additional 1.2 L of pore gas
is pumped through the ampule. In the laboratory, the granulated charcoal is desorbed by solvent
extraction using carbon disulfide. The solute obtained by this extraction is analyzed by gas
chromatography/mass spectrometry (GCMS) for 12 analytes using the National Institute of Occupational
Safety and Health Volatile Sample Train (NIOSH VOST) method. Results of the SDGCMS sampling are
summarized in revised Appendix A of the operable unit (OU) 1148 work plan (LANL 1993, 22430).

Thermal Desorption Gas Chromatograph/Mass Spectrometer

Thermal desorption gas chromotograph/mass spectrometer (TDGCMS) is a method developed in 1993
because more precise results were needed for remediation designs (Neeper 1993, 55533). Forty-eight
analytes were analyzed by TDGCMS. This method uses two glass sample tubes with three specified
sorbent beds in each tube instead of the single ampules of granulated activated charcoal used in the
SDGCMS method. The sorbents can be chosen to maximize absorption of the chemicals expected to be
present. To obtain representative pore-gas samples, at least two headspace volumes are purged from the
line to each monitor port before sampling. After purging, the gas line to the sampling port is never opened
to the atmosphere but directed to the sampling unit by switching valves. The gas flow is split such that
one sample tube receives 10 times more pore gas than the other. In addition to increasing the dynamic
range of the measurement, the TDGCMS method uses an integrating mass flow meter to measure the
volume accurately.
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One tube was sampled at 10 mL/min, and the other tube was sampled at 100 mL/min. The method used
for analysis was a modified US Environmental Protection Agency (EPA) Method TO-1/TO-2, which
specifies a flow of 30- to 50-mL/min. At flow rates higher than 50-mL/min, light volatile compounds such
as vinyl chloride will pass through the absorbent trap. The low flow-rate tube data (10 mL/min) can be
used with greater confidence because even though the flow rate is not proper for collecting heavier
compounds, breakthrough and loss of the lighter compounds does not occur.

For these results the laboratory used liquid injections for all gas chromotograph/mass spectrometer
(GCMS) calibrations of gaseous samples. The EPA method requires dynamic calibration, that is, the
calibration of an analytical system using gas standards introduced into the analytical system in the same
manner as the samples. The calibration standards are identical or very similar to the samples to be
analyzed.

Photoacoustic Radiometry

Beginning in the third quarter of calendar year 1993, the former ER Project, now Risk Reduction and
Environmental Stewardship—Remediation Services (RRES-RS), adopted an infrared technique, called
photoacoustic radiometer (PAR), as a screening method to monitor the vapor plume. Although specific
ports in selected monitoring wells are still analyzed by GCMS, the PAR is used to monitor each sampling
port in each borehole. Since the first quarter of 1998, PAR has been used to screen all wells at all depths.
The PAR technique uses a Bruel & Kjaer (B&K) model 1302 infrared field-screening instrument to
measure up to five analytes at a time at each port. The results are reliable and immediately available in
the field. Through 1999, samples from the port in each well that has the highest total concentration of
VOCs (using PAR) are then analyzed by the GCMS method. During this period, the sampling program
targeted the maximum concentration of the plume. Beginning in 2000, samples were collected from a
defined list for analysis by the GCMS method to address data gaps that remained for defining the nature
and extent of contamination. The methodology and analyte list for the PAR screening has changed since
1993. The current procedure requires purging each sample port with a pump until carbon dioxide levels
have stabilized at levels representative of subsurface pore gas. The carbon dioxide concentration is
measured with an in-line carbon dioxide detector. The B&K gas analyzer is then used to measure the
concentrations of 1,1,1-trichloroethane (TCA), trichloroethene (TCE), tetrachloroethene (PCA), and
Freon 11. In addition, the B&K measures the pore gas carbon dioxide and water vapor concentration.

Tedlar Bag Sampling and GCMS Analysis

The multiple-port monitoring boreholes at MDA L have sampling ports located over a great range of
depths. Consequently, the gas impedance in sampling lines to discrete ports varies over a factor of about
300. To sample and analyze those ports with high impedance, a lung box was employed to fill Tedlar
sample bags with the pore gas. Using PAR, the pore gas was analyzed directly from the Tedlar bag. The
same Tedlar bag (containing the pore gas) was submitted for GCMS analysis of 60 chemicals. Analysis
was done within eight hours. The Tedlar bag GCMS method was used during the first quarter of 1996.
Dynamic calibration was not employed for these samples. The quality assurance (QA) audit of this
technique resulted in a shut down of the pore-gas program because of sampling and analytical
deficiencies.

SUMMA™ Canisters and GCMS Analysis

Since 1997, pore-gas samples have been collected using SUMMA™ canisters with analysis by GCMS by
EPA Method TO-14. Through fiscal year (FY) 2000, SUMMA™ canister samples were drawn from the
port with the highest contaminant concentration (determined by field screening every port with the PAR
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field instrument). Starting in FY 2001, a defined list of ports were sampled using SUMMA™ canisters for
GCMS analysis by EPA Method TO-14. The defined list of ports is provided in the annual report at the
end of each fiscal year. The 2001 list was defined at the end of the fourth quarter of 2000, and the 2002
list was defined at the end of the fourth quarter of 2001. The defined list of ports was based on an
evaluation of past data for data needs with respect to nature and extent.

Currently samples are collected in SUMMA™ canisters from 12 boreholes each quarter. This protocol has
been in place since the EPA approved amended Appendix A of the OU 1148 work plan. Of the 12
boreholes sampled, 7 are at MDA L (Figure G-1), 2 are located at MDA G, and 3 are discretionary
samples collected from the remaining wells at either MDA L or MDA G. In addition to the required
SUMMA sampling, all available ports in the available boreholes are screened with a B&K model 1302
infrared field-screening instrument.

Most recently, the quarterly pore-gas monitoring has focused on

¢ identifying changes in contaminant concentrations at the perimeter of the well-characterized
plume at MDA L as an indicator of outward plume behavior,

¢ identifying changes in the source area as an indicator of new releases, and

e addressing data needs for estimating nature and extent.

Field quality assurance (QA) samples include a duplicate sample drawn from one well, an equipment
blank of zero air or nitrogen drawn through the sampling apparatus in the working area, and a sample of a
known calibration gas. Laboratory QA for the EPA Method TO-14 gas chromatography includes internal
surrogates, replicates, blanks, laboratory control samples, and reference standards.

G-3.0 PORE-GAS MONITORING RESULTS
G-3.1 Quarterly Monitoring Results (Pre-1993)

Characterization and monitoring of the MDA L vapor plume began in the mid-1980s. Results of MDA L
monitoring before the RFI began in 1993 are presented in this section.

Plume Composition as Determined by Pre-1993 Data

Analytical results on discrete pore-gas samples collected from the monitoring well network for MDA L
from 1985 to 1988 are presented in a report by Trent (1990, 12557). Revised Appendix A to the OU 1148
work plan summarizes analytical results on pore-gas samples collected at MDA L during the period 1988
to 1992 and states that “the principal vapor phase organic compounds, listed in descending order of
concentration, were 1,1,1-trichloroethane (TCA), trichloroethene (TCE), carbon tetrachloride, chloroform,
tetrachloroethene (PCE), toluene, and benzene. Other contaminants that have been detected but at much
lower concentrations include chlorobenzene, xylenes, and 1,2,4-trimethylbenzene. In addition to having
the greatest concentration, TCA also exhibits the greatest lateral and vertical extent in the organic
chemical vapor plume. The measured concentrations of TCA are almost an order of magnitude greater
than values measured for TCE, the contaminant of second highest concentration.” The SDGCMS method
was used to measure 12 VOCs in the pore gas.
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G-3.2 QUARTERLY MONITORING RESULTS (POST-1993)
Plume Composition as Determined by 1993-1996 Data

Before 1993, pore-gas samples for the MDA L plume were analyzed for only 12 chemicals. In the first
quarter of 1996, using the Tedlar bag GCMS method, pore-gas samples were analyzed for 60 chemicals.
In the first quarter of 1996, the total number of chemicals detected was 21. The compound TCA was the
dominant analyte; PCE, and trichlorotrifluoroethane (Freon 113) were next in abundance. Prior to 1993,
Freons had not been detected because they were not included in the analytical suite. QA deficiencies
were identified in the analytical methods used during this period and the results should be used for
comparison purposes only.

Plume Composition as Determined by 1997 — Present Data

Beginning in 1997, the pore-gas sampling and analyses methodology were greatly improved to provide
guantitative analytical results that could be used to define nature and extent of contamination and track
plume behavior over time. The pore-gas screening and sampling adhered to strict procedures, and
stringent QA was required of analytical laboratories conducting the EPA Method TO-14 organic analysis.

The latest analytical data available for MDA L are the first quarter FY 2002 SUMMA™ canister analyses.
Through the fourth quarter of 1999, the SUMMA™ samples were collected from ports with the highest
detected concentrations based on field screening with the B&K. Beginning in 2000, the SUMMA™
samples were collected according to a predefined schedule developed to address data gaps regarding
the nature and extent of contamination. The SUMMA™ samples after 1999 do not necessarily represent
maximum plume concentrations. For maximum concentration comparison purposes, Table G-4 and G-5
show the maximum detected concentrations for each chemical and their locations for the first quarter of
1997 and fourth quarter of 1999, respectively. Table G-4 also includes a large number of compounds,
whereas Table G-5 shows a fairly limited number of compounds. This difference results primarily from
more rigorous data validation procedures since 1997, which limits the actual number of detected
compounds. The entire set of the SUMMA™ canister data is included in Appendix D.

The SUMMA™ analytical data collected since 1997 are of sufficient quality to define the nature of the
subsurface VOC contamination at MDA L. However, spatially, the SUMMA™ analytical data are limited
and cannot be used to fully define extent. To define extent the pore-gas screening data are used. The
pore-gas screening data have been collected from every functional port in every available pore-gas
monitoring well since 1997 and provides a very extensive extent data set. As presented in Section 2 of
this IWP, the B&K screening data correlates well with the SUMMA™ analytical data. Figure G-2 shows
the lateral and vertical extent for TCA as defined by the B&K screening data for each quarter since 1999.

G-4.0 REFERENCES

The following list includes all references cited in this attachment. Parenthetical information following each
reference provides the author, publication date, and a record identification (ER ID) number, when
available. These numbers can be used to locate copies of the actual documents at the RRES-RS
Records Processing Facility.

LANL (Los Alamos National Laboratory), July 1993. “Pilot Extraction Study Plan for the Organic Vapor
Plume at MDA L,” Los Alamos, New Mexico. (LANL 1993, 22430)

Neeper, D. A, February 12, 1993. "Quarterly Pore Gas Sampling at TA-54," Los Alamos National
Laboratory memorandum MEE-13:93-099, Los Alamos, New Mexico. (Neeper 1993, 55533)
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Trent, B., November 1, 1990. “Update on Analysis of Area L,” Los Alamos National Laboratory
memorandum EES-5:90-718 to A. Barr, Los Alamos, New Mexico. (Trent 1990, 12557)
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Figure G-2. Aerial and cross section views of the TCA plume at MDA L for the first quarter 1999
through fourth quarter 2001
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MDA L Pore Gas Sampling
3rd Quarter - 1999
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Figure G-2 (continued). Aerial and cross section views of the TCA plume at MDA L for the first
quarter 1999 through fourth quarter 2001
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1st Quarter - 2000
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Figure G-2 (continued). Aerial and cross section views of the TCA plume at MDA L for the first
quarter 1999 through fourth quarter 2001
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MDA L Pore Gas Sampling
3rd Quarter - 2000
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Figure G-2 (continued). Aerial and cross section views of the TCA plume at MDA L for the first
quarter 1999 through fourth quarter 2001
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MDA L Pore Gas Sampling
1st Quarter - 2001
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Figure G-2 (continued). Aerial and cross section views of the TCA plume at MDA L for the first
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MDA L Pore Gas Sampling
3rd Quarter - 2001
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Figure G-2 (continued). Aerial and cross section views of the TCA plume at MDA L for the first

quarter 1999 through fourth quarter 2001
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Table G-1
Sample Port Depths in 1000- and 2000-Series Boreholes
Well Sample Port Depth Well Sample Port Depth

Number (ft from surface) Number (ft from surface)
54-01015 45, 187, 350, 385, 435, 485, 525 54-02025 20, 60, 100, 160, 190
54-01016 36, 188, 318, 390, 481, 533, 601
54-02001 20, 40, 60, 80, 100, 130, 140, 160, 180, 200
54-02002 20, 40, 60, 80, 100, 120, 140, 160, 180, 200 | 54-02026 20, 60, 100, 160, 200, 215
54-02012 7,27,42, 54-02027 20, 60, 100, 160, 200, 220, 250
54-02014 13, 31, 46, 86 54-02028 20, 60, 100, 160, 200, 220, 250
54-02015 8, 31, 82 54-02029 20, 60, 100, 160, 200, 220, 260, 288
54-02016 7,8,31,82 54-02030 20, 60, 100, 160, 200, 220, 243
54-02020 20, 40, 60, 80, 100, 130, 140, 160, 180, 200 | 54-02031 20, 60, 100, 160, 200, 220, 260
54-02021 20, 40, 60, 80, 100, 130, 140, 160, 180, 200 | 54-02034 60, 100, 160, 200, 220, 260, 300
54-02022 20, 40, 60, 80, 100, 120, 140, 160, 180, 197 | 54-02087 13, 31, 46, 86
54-02023 20, 40, 60, 80, 100, 120, 140, 160, 180, 200 | 54-02088 13, 31, 46, 86
54-02024 20, 40, 60, 80, 100, 120, 140, 160, 180, 200 |54-02089 13, 31, 46, 86

Table G-2
Chronology of Sampling and Analysis Methods
Analysis Analytes

Time Frame Sampling Method Laboratory Method Method (number)
1988-1993 Single ampule GAC? | Fixed laboratory analytical method SDGCMS 12
1993-1996 Twin tube Tenax Fixed laboratory analytical method TDGCMS® 48
1993-present | Directly in real time Field screening method PAR? 5
1996-1997 Tedlar Bag Fixed laboratory analytical method | GCMS 60

(used only once)

1997—present | SUMMA™ Fixed laboratory analytical methods EPA® TO-14 |63

® QO O T

GAC = granulated activated charcoal.

PAR = photoacoustic radiometer.

EPA = Environmental Protection Agency.

ER2003-0504

SDGCMS = solvent desorption gas chromatograph/mass spectrometer.

TDGCMS = thermal desorption gas chromatograph/mass spectrometer.
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