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TA-49 Sites Inside the NES Boundary Investigation Work Plan

EXECUTIVE SUMMARY

This investigation work plan presents the investigation activities at solid waste management units
(SWMUs) and areas of concern (AOCs) located at Technical Area (TA) 49 within the nuclear
environmental site (NES) boundary. The purpose of this work plan is to (1) complete the Resource
Conservation and Recovery Act facility investigation by defining the nature and extent of potential
contamination at the sites included in this work plan, (2) obtain general site characterization data for the
evaluation of remedial alternatives, and (3) establish a long-term site-specific monitoring network. This
work plan addresses only those sites at TA-49 that are within the boundaries of a Hazard Category-2
NES. This NES contains an underground radionuclide inventory exceeding U.S. Department of Energy
STD-1027 thresholds.

TA-49 sites will be investigated under two separate work plans in accordance with the March 1, 2005,
Compliance Order on Consent (the Consent Order): the TA-49 sites within the NES boundary (this
document) and the TA-49 sites outside the NES boundary. TA-49 sites within the NES boundary include
11 SWMUs and AOCs, several of which comprise Material Disposal Area (MDA) AB. The U.S.
Environmental Protection Agency approved Area 11, AOC 49-009, for no further action; therefore, the site
is not included in this work plan.

Ten SWMUs and AOCs are included in this work plan. However, (surface) soil contamination at

AOC 49-008(c) is deferred per Table V-2 of the Consent Order. Therefore, no surface investigation

will be conducted at AOC 49-008(c). Subsurface investigations will be conducted at all sites, including
AOC 49-008(c). This work plan also includes one site (SWMU 49-003) that is not deferred. SWMU 49-003
is contained within the boundaries of AOC 49-008(c), which is deferred per Table IV-2 of the Consent
Order. SWMU 49-003 is a subsurface leach field with no surface expression. Although this work plan
does include subsurface sampling for the SWMU 49-003, it does not propose sampling for the
encompassing deferred site, AOC 49-008(c).

To facilitate the discussion of these sites and the corresponding proposed activities, the SWMUs and
AOCs included in this work plan are subdivided according to their locations and operational histories into
the following six areas.

e Area 1: SWMU 49-001(a), experimental shafts
e MDA AB:

% Area 2: SWMU 49-001(b), experimental shafts; and SWMU 49-001(g), contaminated
surface soil

*,

% Area 2A: 49-001(c), experimental shafts

*,

% Area 2B: 49-001(d), experimental shafts

e Area 3: SWMU 49-001(e), experimental shafts
e Area 4: SWMU 49-001(f), experimental shafts

e Area 11: SWMU 49-003 and AOC 49-008(c), leach field, associated drainlines, and an area of
potential soil contamination

e Area 12: AOC 49-008(d), Bottle House, and Cable Pull Test Facility
The main activities associated with the investigations are (1) conducting geodetic and geophysical
surveys to locate SWMUs and AOCs and associated subsurface structures, historical sampling locations,

and proposed sampling locations; (2) conducting radiological surveys of surface radiation; (3) sampling
surface and subsurface soil; and (4) drilling boreholes and performing subsurface sampling.
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TA-49 Sites Inside the NES Boundary Investigation Work Plan

1.0 INTRODUCTION

Los Alamos National Laboratory (LANL or the Laboratory) is a multidisciplinary research facility owned by
the U.S. Department of Energy (DOE) and managed by Los Alamos National Security, LLC. The
Laboratory is located in north-central New Mexico approximately 60 mi northeast of Albuquerque and

20 mi northwest of Santa Fe. The Laboratory covers 40 mi® of the Pajarito Plateau, which consists of a
series of fingerlike mesas separated by deep canyons containing perennial and intermittent streams
running from west to east. Mesa tops range in elevation between 6200 and 7800 ft above mean sea level
(amsl).

The Laboratory’s Environmental Programs (EP) Directorate, formerly the Environmental Restoration
Project, is participating in a national effort by DOE to clean up sites and facilities formerly involved in
weapons research and development. The goal of the EP Directorate is to ensure that past operations do
not threaten human or environmental health and safety in and around Los Alamos County, New Mexico.
To achieve this goal, the EP Directorate is currently investigating sites potentially contaminated by past
Laboratory operations. The sites under investigation are designated as either solid waste management
units (SWMUSs) or areas of concern (AOCs).

The SWMUs and AOCs addressed in this investigation work plan are potentially contaminated with both
hazardous and radioactive components. The New Mexico Environment Department (NMED), pursuant to
the New Mexico Hazardous Waste Act (HWA), regulates cleanup of hazardous wastes and hazardous
constituents. DOE regulates cleanup of radioactive contamination, pursuant to DOE Order 5400.5,
“Radiation Protection of the Public and the Environment,” and DOE Order 435.1, “Radioactive Waste
Management.” Information on radioactive materials and radionuclides, including the results of sampling
and analyses of radioactive constituents, is voluntarily provided to NMED in accordance with DOE policy.

Corrective actions at the Laboratory are subject to the March 1, 2005, Compliance Order on Consent
(the Consent Order) issued pursuant to the New Mexico HWA, New Mexico Statutes Annotated (NMSA)
1978, § 74-4-10, and the New Mexico Solid Waste Act, NMSA 1978, § 74-9-36(D). This work plan
describes work activities that will be executed and completed in accordance with the Consent Order as
well as those activities needed to meet DOE requirements for radiological contamination.

Technical Area (TA) 49 sites within the nuclear environmental site (NES) boundary include

11 SWMUs and AOCs, several of which comprise Material Disposal Area (MDA) AB (Table 1.1-1). The
U.S. Environmental Protection Agency (EPA) approved one site, AOC 49-009, for no further action (NFA);
therefore, the site does not require additional action under the Consent Order and is not included in this
work plan. The remaining SWMUs and AOCs are included in this work plan and include

SWMUs 49-001(b), 49-001(c),49-001(d), 49-001(g), 49-001(a), 49-001(e), 49-001(f), 49-003, and

AOCs 49-008(c) and 49-008(d). In this work plan, SWMUs 49-001(b), 49-001(c), 49-001(d), and
49-001(g) are referred to as MDA AB; however, historically, MDA AB also included SWMUs 49-001(a),
49-001(e), and 49-001(f).

Soil contamination at AOC 49-008(c) is deferred per Table IV-2 of the Consent Order. Therefore, no
surface investigation is proposed at AOC 49-008(c). Subsurface investigations will be conducted at all
sites, including AOC 49-008(c). This work plan also includes one site (SWMU 49-003) that is not deferred.
SWMU 49-003 is contained within the boundaries of AOC 49-008(c), which is deferred per Table IV-2 of
the Consent Order. SWMU 49-003 is a subsurface leach field with no surface expression. Although this
work plan does include subsurface sampling for the SWMU 49-003, it does not propose sampling for the
encompassing deferred site, AOC 49-008(c).
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To facilitate the discussion of these sites and their corresponding proposed activities, the SWMUs and
AOCs included in this work plan are subdivided according to their locations and operational histories into
six areas.

e Area 1: SWMU 49-001(a), experimental shafts
¢ MDA AB:

% Area 2: SWMU 49-001(b), experimental shafts; and SWMU 49-001(g), contaminated
surface soil

% Area 2A: 49-001(c), experimental shafts
% Area 2B: 49-001(d), experimental shafts

e Area 3: SWMU 49-001(e), experimental shafts
e Area 4: SWMU 49-001(f), experimental shafts

e Area 11: SWMU 49-003 and AOC 49-008(c), leach field, associated drainlines, and an area of
potential soil contamination

e Area 12: AOC 49-008(d), Bottle House, and Cable Pull Test Facility (CPTF)

The site descriptions and operations as well as historical investigations are summarized for each SWMU
and AOC in the following sections and are included in detail in a separate historical investigation report
(HIR) (LANL 2007, 098492).

11 General Site Information

Technical Area 49, also known as the Frijoles Mesa site, occupies approximately 1280 acres along the
south-central boundary of the Laboratory. The mesa is centrally located on the Pajarito Plateau at an
average elevation of approximately 7140 ft amsl. The plateau is roughly midway between the Jemez
Mountains to the west and the White Rock Canyon of the Rio Grande to the east. TA-49 is located within
the Ancho, North Ancho, and Water Canyon Watersheds. The northern boundary of TA-49 is defined by
the edge of the Frijoles Mesa, which overlooks Water Canyon and forms the southern boundaries of
TA-15 and TA-37. State Highway 4 forms the southwest boundary of TA-49 as well as the Laboratory’s
boundary with Bandelier National Monument. The southeast boundary of TA-49 is formed by TA-39.
Table 1.1-1 lists the SWMUs and AOCs inside the TA-49 NES boundary.

A period of intense experimental activity at TA-49 took place from late 1959 to mid-1961, during which
hydronuclear and related experiments deposited significant amounts of plutonium, uranium, lead, and
beryllium in underground shafts. Thirty-five hydronuclear experiments and nine related calibration,
equation-of-state, and criticality experiments, all involving some fissile material, were conducted in
3-ft- or 6-ft-diameter shafts at depths ranging from 31 ft to 108 ft (Purtymun and Stoker 1987, 006688,
p. 2).

Areas 1, 2, 2A, 2B, 3, and 4 each contain subsurface test shafts used from 1959 to 1961 for underground
hydronuclear safety, tracer, and containment experiments. Area 11 is the site of a former radiochemistry

laboratory, associated leach field, and subsurface test-shot area. Area 12 includes the former

Bottle House and CPTF. Sporadic and noncontinuous areas of surface soil contaminated with hazardous
and radioactive materials have historically been associated with each area.

Figure 1.1-1 presents the location of TA-49 in relation to the Laboratory. Figure 1.1-2 illustrates the
location of each TA-49 SWMU and AOC.
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1.2 Investigation Scope and Objectives

This investigation work plan describes the sampling supplemental to the Resource Conservation and
Recovery Act (RCRA) facility investigation (RFI) work plan for Operable Unit (OU) 1144 (LANL 1992,
007670) for and Areas 1, 2, 2A, 2B, 3, 4, 11, and 12. This investigation work plan complies with
requirements specified in the Consent Order for the completion of TA-49 investigations as well as the
format requirements for investigation work plans. This investigation work plan presents the rationale for
the remaining surface and subsurface sampling and analyses for Areas 1, 2, 2A, 2B, 3, 4, 11, and 12.
This work plan will achieve the following objectives: (1) determine the nature and extent of contamination
in soil, sediment, surface water, and groundwater at TA-49; (2) obtain general site characterization data
for the evaluation of remedial alternatives; and (3) establish a long-term site-specific monitoring network.

2.0 BACKGROUND
21 Site Operational History

Before 1959, the Laboratory recognized there were potential safety problems with nuclear weapons in the
nation’s stockpile. These problems were related to the possibility of a significant nuclear yield because of
accidental detonation of the device’s high explosive (HE) component. The possibility of detonation during
the assembly stage or while the device was stored in the arsenal required further investigation.
Underground experiments were designed and conducted to assess this potential problem. Historical
aspects of the decision to conduct the experiments are described in a Laboratory report (Thorn and
Westervelt 1987, 006672, p. 1-3). The favorable environmental setting of Frijoles Mesa, combined with its
relatively remote location and the flat terrain that afforded desirable operational characteristics, led to
selection of the Frijoles Mesa site for the experiments. In fall 1959, TA-49 was created on Frijoles Mesa
and underground experiments were conducted through August 1961. The central portion of TA-49 was
devoted to the site of the underground experiments conducted in Areas 1, 2, 3, and 4 (Figure 1.1-2).

An unusual aspect of the hydronuclear safety experiments was that the use of special nuclear materials
(SNM) required extremely close accounting of the quantities of uranium, plutonium, lead, and beryllium.
The quantities and locations of these materials are known with an unusually high degree of

precision. Explosives used in the experiments consisted largely of TNT (2,4,6-trinitrotoluene); RDX
(hexahydro-1,3,5-trinitro-1,3,5-triazine); and HMX (1,3,5,7-tetranitro-1,3,5,7-tetrazocine). It is likely that
the explosives, except for a barium component used as an inert in explosives, were completely consumed
by the detonations. Based on the detailed historical information available, it is evident that other
chemicals were used in limited quantities at TA-49 (LANL 1992, 007670, p. 3-8).

The majority of TA-49 contaminants consist of buried radionuclides, lead, and beryllium. In 1986,
MDA AB was estimated to contain over 80% of the Laboratory’s inventory of buried transuranic material
by radioactivity content (LANL 1992, 007670, p. 7-17).

The primary historical use of TA-49 as a buffer zone for activities at adjacent firing sites (TA-15 and
TA-39) is expected to continue indefinitely according to the Laboratory’s Ten-Year Comprehensive Site
Plan (LANL 2001, 070210).

Currently, there are only a few small-scale on-site uses of TA-49. The Laboratory’s High-Power
Microwave Group occasionally uses the Day Room building (building 49-115) and its immediate vicinity
for equipment development and the roadway between Areas 10 and 12 as a microwave test range.
The Laboratory’s Hazardous Devices Team uses the Hazardous Devices Team Training Facility
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(building 49-113) and the associated HE magazine (structure 49-114) for small-scale explosives training
exercises.

Building 49-113 also houses the Laboratory’s Alternate Emergency Operations Center. This facility is
equipped with extensive communications systems and computers. In addition, the building is used for
routine classroom training and the Laboratory conducts electrical grounding measurements in a small
area immediately west of the Hazardous Device Team Training Facility.

The Laboratory also maintains the Bandelier Meteorological Station in the southeast portion of TA-49 as
part of its network of meteorological stations (LANL 1992, 007670, p. 3-12).

Past soil moisture-monitoring activities occurred in Area 2 of TA-49 on a quarterly basis, but moisture
data are no longer collected (LANL 2005, 092389). The Ancho Canyon Watershed is also monitored as
part of the Laboratory’s “2007 Interim Facility-Wide Groundwater Monitoring Plan” (IFGMP) (LANL 2007,
096665) and includes continuous monitoring of regional wells DT-5A, DT-9, and DT-10, which are located
within TA-49 (LANL 2007, 096665, p. 24).

2.2 Important Historical Events

Hydronuclear safety experiments (shots) were conducted in subsurface shafts between January 1960
and June 1961 (Thorn and Westervelt 1987, 006672, p. 5-6). Shot locations, type of shots executed, and
shot depths are illustrated in Figures 2.2-1 through 2.2-4 (Area 1; Areas 2, 2A, and 2B; Area 3; and

Area 4; respectively).

An unexpected contamination incident occurred during the hydronuclear safety experiments at MDA AB
in 1960 during the drilling and subsequent drifting of shaft 2-M (LANL 1992, 007670, p. 3-11). In
November 1960, the horizontal drift for shaft 2-M (Figure 2.2-2) was drilled toward the southwest and
intercepted contamination from the southeast-trending horizontal drift from shaft 2-L (completed for

shot 2-L). In December, contamination from shot 2-L was discovered around Area 2, found in Area 6, and
traced to shops at TA-3. During cleanup, contaminated equipment and soil were placed into shaft 2-M
(no shot was fired in 2-M, but the shaft is filled with contaminated materials). In January 1961, the surface
of Area 2 was capped with compacted clay and gravel after all the open shafts were filled with sand and
crushed tuff. In September 1961, the cap was extended 12.5 ft beyond the outermost shafts and paved
with 4 to 6 in. of asphalt to retard infiltration. The shaft 2-M contamination incident left near-surface
radionuclide contamination beneath the Area 2 asphalt pad. It is believed that this is the source of most or
all of the above-background levels of radionuclides historically observed in surface soil and drainage
areas around Area 2 (LANL 1992, 007670, pp. 7-26—7-27).

Other releases of radionuclides occurred in January 1960 at shaft 2-H, in March 1960 at shaft 2-S, and in
March 1961 at shaft 2B-H (Weir and Purtymun 1962, 011890). In all three cases, contamination was
controlled by covering contaminated soil with concrete pads (LANL 1998, 059166, pp. 6-7).

In 1970 and 1971, Area 11 radiochemistry structures were decontaminated, demolished, and removed
(LANL 1992, 007670, p. 6.2-6).

The second significant event at shaft 2-M occurred in March 1975 when it was discovered that the
asphalt pad over the backfilled shaft had collapsed, leaving an opening approximately 6 ft x 3 ft wide and
3 ft x 4 ft deep in the asphalt and underlying fill. An inspection of core hole CH-2 indicated that the water
level had risen to approximately 50 ft of standing water (approximately 450 ft below ground surface [bgs])
since the previous inspection (LANL 1992, 007670, p. 7-28). The hole in the asphalt may have formed in
late 1974 and collected snowmelt throughout the winter.
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In September 1976, the opening over shaft 2-M was filled with crushed rock and clay, and the entire

pad was repaved with another 4 to 6 in. of asphalt (Purtymun and Ahlquist 1986, 014722). Unfiltered
samples of the water bailed from core hole CH-2 in October 1977 and August 1978 yielded
concentrations of 1.7 to 3.1 pCi/L of plutonium-239. It was concluded that the opening in the asphalt pad
allowed water to collect, penetrate the pad, and contact subsurface contamination (possibly contaminated
backfill in shaft 2-M) (Purtymun and Stoker 1987, 006688, p. 14). The contaminated water presumably
moved through fractures to core hole CH-2 and traveled down the annular spacing between the casing
and the borehole (LANL 1992, 007670, p. 7-28). Another possibility is the enhanced infiltration caused by
the collapsed hole created saturated soil conditions that extended laterally to core hole CH-2 and traveled
down the annular spacing between the casing and the core hole. In this case, the source of the
contamination would be the soil rather than shaft 2-M. Core hole CH-2 was originally drilled to a diameter
of 4 in. and reamed to a diameter of 6.5 in. to facilitate logging (Zia Company 1960-1962, 098490); the
casing installed was 2-in. galvanized pipe (Weir and Purtymun 1962, 011890, p. 29). Because of the
annular spacing between the casing and core hole, downward flow may have been likely given saturated
soil conditions and the open space or loose backfill in the annular spacing.

In 1977, the La Mesa fire burned over much of TA-49, destroying essentially all remaining combustible
structures (LANL 1992, 007670, p. 3-10).

Several times from April to May 1979 and from April to June 1980, approximately 150 ft of standing water
was measured in core hole CH-2. During this period, water was bailed from core hole CH-2, and the
filtered water and suspended sediment were analyzed for isotopic plutonium. Concentrations ranged from
0.1 to 5.5 pCi/L for filtered water and from 0.54 to 0.72 pCi/g for suspended sediment (LANL 1992,
007670, p. 7-30).

In 1980, a study was performed in order to understand the observed accumulation of water in core hole
CH-2. This study involved drilling five test holes (TH-1, TH-2, TH-3, TH-4, and TH-5) at locations adjacent
to Areas 2, 2A, and 2B (Figure 2.2-5). The boreholes were drilled to depths that would provide moisture
monitoring of the tuff below the bottom of the shafts in Areas 2, 2A, and 2B. Cuttings from the holes were
logged and moisture content was determined at 5-ft drilling intervals. Three additional test holes (2A-O,
2A-Y, and 2B-Y) were drilled in unused, backfilled shot shafts. The boreholes were drilled through the
sand fill and into the underlying tuff. The boreholes were logged, and moisture content was determined
for the sand and tuff. The test holes were cased with 2-in. polyvinyl chloride (PVC) pipe to facilitate
neutron logging. Casing depths vary, depending on how much sloughing occurred when the auger was
pulled from the test hole (Purtymun and Ahlquist 1986, 014722, p. 16). Details for these boreholes are
summarized in Table 2.2-1.

From 1980 to 1987, core holes CH-1, CH-2, CH-3, and CH-4 were monitored for standing water on an
annual basis. No standing water was detected during this period in any TA-49 core hole, including CH-2,
which had been bailed dry in June 1980 (LANL 1992, 007670, p. 7-30).

In 1981, the upper 2 ft of sand in the sand-filled shafts in Areas 2A and 2B was replaced with concrete
(LANL 1992, 007670, p. 7-30).

In May 1991, cracks were observed in the Area 2 asphalt pad. Inspection of core hole CH-2 indicated the
presence of approximately 100 ft of standing water. The cracks in the asphalt pad were resealed in
November 1991. Through the summer and fall of 1991 and spring of 1992, water-level measurements
collected on a monthly basis indicated that the water level remained stable. In December 1991,

a transducer was installed in core hole CH-2 for continuous monitoring of the water level. Data from
December 1991 to April 1992 indicated the water level in core hole CH-2 remained stable. The stability of
the water level is significant because it indicates that the response was very sluggish to both the intense
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rainfall that occurred throughout the summer of 1991 and the snowmelt in the spring of 1992. Water
analyses for a bailed sample from core hole CH-2 in May 1991 indicated measurable, but low
concentrations of plutonium-239/240 (LANL 1992, 007670, p. 7-34).

In 1994, a surface and subsurface RFI was conducted at MDA AB and Areas 1, 3, 4, 11, and 12. For the
subsurface RFI at Area 2, seven boreholes (four shallow and three deep) were drilled for hydrogeologic
characterization and for determining the nature and extent of contamination (LANL 1999, 070349).

The locations of the seven boreholes are presented in Figure 2.2-5. The four 10-ft-deep boreholes
(locations 49-02902, 49-02903, 49-02904, and 49-02905) were backfilled immediately after drilling and
sample collection had been completed. The two 150-ft-deep boreholes (locations 49-02906 and
49-02907) and one 700-ft-deep borehole (49-02901) were cased and left open for monitoring purposes.
The 700-ft-deep borehole (49-02901) was drilled approximately 100 ft to the southeast of the boundary of
Area 2, while the other six boreholes were drilled through the asphalt cover on Area 2. Results of the
1994 surface and subsurface RFls are summarized in sections 2.4 through 2.10 and in detail in section
3.0 of the HIR associated with this work plan (LANL 2007, 098492).

The Area 2 asphalt pad was removed during an interim measure (IM) implemented in 1998 in cooperation
with NMED (LANL 1999, 063919, p. 6). The area was covered with soil and gravel as part of stabilization
activities. The IM was conducted to address concerns arising from moisture accumulation beneath the
asphalt pad. The asphalt cap was replaced with an evapotranspiration (ET) cover that is 2.1 m thick in the
center tapering to 0 at the edges to control moisture migration. The cover is instrumented to monitor
moisture quarterly (LANL 2005, 092389).

In May 2000, the Cerro Grande fire burned the western and northern edges of TA-49, but did not burn
vegetation or remaining structures near MDA AB.

2.3 Conceptual Site Model

Releases at the TA-49 NES can be organized into three general categories: (1) deep inventory remaining
in place within the hydronuclear testing shaft areas (Areas 1, 2, 2A, 2B, 3, and 4); (2) highly localized
surface and near-surface contamination; and (3) minor inventories associated with supporting
experimental areas (Areas 11 and 12).

The presence of surface contamination is primarily attributed to the tracking of contaminated material
brought to the surface during the release event associated with the shaft 2-M incident (section 2.2) and,
to a lesser extent, is associated with localized operations at the testing and support areas. Surface
contamination observed during previous investigations indicates a sporadic heterogeneous distribution of
contaminants with a generally low correlation of radionuclide and inorganic chemical collocation. Primary
transport pathways focus on the potential for surface-water runoff and erosion by water and air. The mesa
setting at TA-49 provides a predominately flat topography, with the exception of SWMU 49-001(g), which
is located north of Area 2 on a slope toward Water Canyon. Historically, excavation and dispersion of
contaminated soil by burrowing animals has occurred at Area 2 but has been minimized since the
installation of the biobarrier as part of the IM activities performed at the site (section 2.5.1.4).

Permeability and dominant transport potential are variable for the stratigraphic units beneath TA-49
(Figure 2.3-1). Generalized characteristics for each are described below:

e The Tshirege Member of the Bandelier Tuff (Qbt) is characterized by low matrix permeability and
high fracture permeability where fractures are present. Fracturing is more abundant in the
upper cliff forming unit of Qbt 3 and characteristic of Qbt 2 (Broxton and Reneau 1995, 049726,
pp. 15-17). In borehole location 49-02901, it was noted that only a few irregular fractures are

October 2007 6 EP2007-0551



TA-49 Sites Inside the NES Boundary Investigation Work Plan

present in the first 35 ft and four subvertical fractures with mineral coatings from 243 to 255 ft bgs
within Qbt 2 (Stimac et al. 2002, 073391, p. 8).

e Pumiceous units such as the Tsankawi Pumice Bed (Qbt t), the Cerro Toledo interval (Qct), and
the surge bed at the base of Qbt 4 are characterized by low fracture permeability and high matrix
permeability.

¢ The Otowi Member of the Bandelier Tuff (Qbo) is a relatively homogenous ash-flow tuff unit and
is characterized by low fracture permeability and low matrix permeability.

The subsurface conceptual site model (CSM) at TA-49 includes the following key elements (LANL 1992,
007670, pp. 4-54—4-55).

e The transport of contaminants through the unsaturated zone to the regional aquifer is not a
pathway of immediate concern because of the very thick unsaturated zone and low percolation
rate at the site.

o The movement of contaminants by percolating water in the unsaturated zone is expected to occur
primarily as suspended solids.

e Although fractures may facilitate contaminant transport, this should occur only above critical water
content; therefore, matrix flow is expected to be the dominant transport mechanism.

¢ Unit contacts and characteristics (e.g., the surge bed at the base of Qbt 4, the vapor-phase notch
at the base of Qbt 1v-c, the Tsankawi Pumice Bed [Qbt t] and the Cerro Toledo interval [Qct]) can
strongly affect lateral flow.

o Significant saturated flow is unlikely, but transient, rather than steady conditions may describe the
near-surface conditions.

The hydronuclear shaft areas contain a low to moderate inventory of mobile contaminants and a large
inventory of strongly adsorbing contaminants. The necessary drivers for contaminant mobility in the
vadose zone include saturated or near-saturated conditions or a significant vapor phase. Neither of these
drivers are anticipated because of low present-day infiltration conditions across the site.

Moisture-monitoring data at TA-49 support the CSM under native conditions. Since 1959, the water
content of tuff in native areas has been measured in the unsaturated zone. Moisture content tends to be
very low, ranging from 5% and 10% by volume to depths of approximately 100 ft (Weir and Purtymun
1962, 011890; LANL 2005, 092389, pp. A-1-A-3). Near-surface water content measured from locations
within the boundary of the ET cover and former asphalt pad at MDA AB tend to be slightly higher, ranging
from 5% to 20% by volume to depths of approximately 30 ft (LANL 2005, 092389, pp. A-3—A-6).
Continuous moisture monitoring of the near-surface cover material at Area 2 shows that seasonal
impulses of water are readily removed in the spring and summer when ET is maximized.

Area 2, part of MDA AB, presents a unique situation where native conditions have been altered because
of the installation of an asphalt pad. The asphalt pad increased moisture accumulation at the site as
discussed in section 2.2. Therefore, the CSM for Area 2 includes a period of enhanced infiltration from
1961 to 1998 followed by a return to near-background conditions. However, the impact of increased
infiltration in shaft 2-M and standing water in the Area 2 core hole, CH-2, introduces uncertainty in the
moisture profile and potential for contaminant migration to depths of 500 ft or greater immediately
beneath shaft 2-M and core hole CH-2.

No substantial direct human exposure routes (other than those created by deliberate excavation of the
materials during remediation) have been identified for contaminants in deeply buried waste units at
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TA-49. The likelihood is high that future land use at TA-49 will not change significantly over the

100-yr period assumed for institutional control, and it will remain industrial. Table 2.3-1 provides the
industrial soil screening levels for TA-49. Over longer time frames, surface-water infiltration to
groundwater may be relevant because of the magnitude of the source term in MDA AB and Areas 1, 3,
and 4 (LANL 1992, 007670, p. 4-50).

2.31 Potential Receptors

A detailed discussion of potential receptors can be found in the “RFI Work Plan for OU 1144”

(LANL 1992, 007670, pp. 4-47—4-50). At present, the relevant human receptor of TA-49 contaminants is
an on-site worker. Contaminated surface soil, inhalation, dermal contact, external irradiation, and
incidental ingestion are identified as the most likely exposure pathways in this case.

Excavation and dispersal of contaminated soil by burrowing animals have occurred at MDA AB; thus,
burrowing animals are known biological receptors. Uptake and dispersion of soil contamination by plants
also may occur. In addition, such biological activity can lead to enhanced human exposure through direct
contact, inhalation, or ingestion. Dispersion of soil contamination into the atmosphere by wildfire is also a
potential pathway for human exposure.

24  Area1: SWMU 49-001(a), Experimental Shafts
241 Site Description

SWMU 49-001(a), known as Area 1, is an area of experimental shafts within MDA AB. Area 1 is
approximately 100 ft x 100 ft in area. Twenty-two shafts were drilled at Area 1 to depths ranging from
31 ft to 80 ft bgs. Ten of the 22 shafts were used for shot testing using radioactive materials, 5 of the
shafts were used for containment testing using HE only, 6 of the shafts were not used and were
backfilled, and 1 shaft was used as a gas expansion hole. Substantial amounts of lead generally were
present in the experimental packages, and small amounts of beryllium may have been used in some
experiments. Figure 2.2-1 presents the shaft locations, shaft depths, and shot types in Area 1 (LANL
2007, 098492).

242 1995 RFI

In 1995, a surface RFI was performed at Area 1, SWMU 49-001(a). Twenty surface-soil samples were

collected. All samples were submitted for laboratory analyses of gamma-emitting radionuclides. Ten of
the samples were submitted for laboratory analyses of inorganic chemicals, including total uranium and
isotopic plutonium (LANL 2007, 098492).

Decision-level data indicate uranium and zinc detected above background values (BVs) in Area 1. Total
uranium and zinc concentrations were detected above BVs and concentrations of plutonium-239/240
were detected above fallout values (FVs) (LANL 1998, 059730).

Concentrations and sampling locations of inorganic chemicals and radionuclides above BVs or FVs are
presented in Figures 2.4-1 and 2.4-2 and Tables 2.4-1 and 2.4-2.

The “Work Plan for OU 1144” proposed one 150-ft borehole, one 700-ft borehole, and one lateral
borehole beneath Area 1 (LANL 1992, 007670, pp. 7-66—7-69); however, the boreholes were not drilled
(LANL 2007, 098492).
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2.5  Areas 2, 2A, and 2B: SWMUs 49-001(b), 49-001(c), 49-001(d), and 49-001(g), MDA AB

In this work plan, SWMUs 49-001(b), 49-001(c), 49-001(d), and 49-001(g) are referred to as MDA AB.
However, historically, MDA AB also included SWMUs 49-001(a), 49-001(e), and 49-001(f). With the
exception of SWMU 49-001(g), all SWMUs are associated with hydronuclear and related experiments
conducted at TA-49 from late 1959 to mid-1961. These experiments were conducted in underground
shafts (typically 6 ft in diameter) drilled into the tuff at Areas 1, 2, 2A, 2B, 3, and 4 and involved the use of
HE and radioactive materials such as SNM (plutonium-239 and uranium-235). SWMU 49-001(qg) is a site
of contaminated surface soil associated with Area 2 activities (LANL 2007, 098492).

Before being used for hydronuclear experiments, some of the shafts were used to conduct containment
shots using HE without radioactive materials (LANL 1992, 007670, pp. 7-18—7-19). The containment
shots were designed to characterize tuff fracturing that resulted from the underground explosions and to
provide data needed to asses whether releases of radioactivity would occur because of experiments. This
included determining the required spacing between the experimental shafts so that contamination would
not be encountered when a new shaft was drilled adjacent to an existing used shaft. In one incident at
SWMU 49-001(b) (Area 2), contamination was encountered during drilling of a new shaft (LANL 2007,
098492).

Experimental packages that contained HE and radioactive materials were placed in the bottom of the
shafts, which were backfilled with sand or crushed tuff to provide containment and prevent release of
radioactivity (LANL 1992, 007670, pp. 7-19-7-20). Some experiments were configured to collect samples
of radioactive particulates entrained in the explosion-generated gases. For these experiments, short,
horizontal side drifts were installed at the bottom of the shafts, and pipes routed gases from the drifts to
sealed, steel sampling boxes near the surface. After exiting the sampling boxes, the gases were routed
back underground through shafts known as gas expansion holes. After an experiment, subsidence
caused by the explosion was backfilled with sand or crushed tuff. Shafts used in SNM experiments were
generally capped with concrete. If gas-sampling boxes were used, they generally were filled with concrete
and left in place. Sample pipes were disposed of in smaller (3-ft-diameter) boreholes known as pipe dump
holes (LANL 2007, 098492).

In 1987, the A411 survey was performed to investigate soil contamination at MDA AB and Areas 1, 3,
and 4 (Soholt 1990, 007510). Activities included collecting surface soil and vegetation samples from
MDA AB and Areas 1, 3, and 4. Samples collected in Area 1 indicated negligible surface contamination.
Results from samples collected in Areas 2, 2A, and 2B showed elevated levels of plutonium and
americium near the northeast corner of the asphalt pad at Area 2. Based on the contamination detected
at Area 2 during the A411 survey, additional soil and vegetation samples and radiological surveys were
conducted in September 1987 near the northeast corner of the asphalt pad. Results indicated
contamination in a drainage channel flowing from Area 2. Samples were collected from Area 3 from the
shaft area and from the area believed to have been used for burning contaminated structures; no
significant contamination was detected. At Area 4, samples were collected from the experimental shaft
grid and from a leveled area immediately southeast of the shaft area. Several discrete areas had elevated
levels of americium-241, plutonium-239/240 (LANL 2007, 098492).

The following sections present descriptions of the individual SWMUs within MDA AB and details
regarding the previous investigation activities at each of them.
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2.51 Area 2: SWMU 49-001(b), Experimental Shafts
2.51.1 Site Description

SWMU 49-001(b), known as Area 2, is an area of experimental shafts within MDA AB. Area 2 is
approximately 100 ft x 100 ft. This area was designed to contain a maximum of 25 shafts on a uniform
25-ft x 25-ft grid (25-ft shaft spacing). Twenty-two experimental shafts were drilled at Area 2. Four of
these, ranging from 52 to 68 ft deep, were used for containment shots or shots with small amounts of
uranium tracer. Sixteen shafts were used for other experiments involving radioactive materials. Twelve of
the 16 experiments involving radioactive materials used plutonium, 1 used uranium-235, and 3 used
uranium-238 as the principal radioactive materials. The experiments using plutonium also used
uranium-238 and, in some cases, uranium-235. Similarly, the experiment using uranium-235 also used
uranium-238. Most of the shafts used for shots with radioactive materials were 57 ft deep; one shaft was
78 ft deep. One 58-ft-deep shaft was backfilled without being used, and one 35-ft-deep shaft was used as
a gas expansion hole. Area 2 also contained five 3-ft-diameter x 30-ft-deep pipe dump holes. Some
experiments used downhole neutron sources that expended a total of a few curies of tritium. Some
experiments at Area 2 may have used liquid scintillation detectors containing organic chemicals, including
p-terphenylene, toluene, polystyrene, and zinc stearate. These organic chemicals should have been
consumed during the explosions. Substantial amounts of lead were typically present in the experimental
packages, and small amounts of beryllium may have been used in some experiments. Some experiments
used portable pulse neutron sources. Large portable concrete radiation shields provided shielding during
these experiments. Figure 2.2.2 presents the shaft locations and shot types in Area 2 (LANL 2007,
098492).

In 1961, an asphalt pad was placed over Area 2 in response to the release of radioactive contamination
during the drilling of shaft 2-M (previously described in section 2.2). In March 1975, the asphalt pad

was discovered to have collapsed over shaft 2-M, creating a hole approximately 6 ft long x 3 ft wide x 3 ft
to 4 ft deep in the asphalt and underlying fill. This hole apparently allowed snowmelt to enter core hole
CH-2, which is located approximately 10 ft from shaft 2-M. This infiltrating water apparently carried
contamination from shaft 2-M into core hole CH-2, and samples of water that accumulated in core hole
CH-2 contained plutonium-239. In September 1976, the opening over shaft 2-M was filled with crushed
rock and clay, and the entire pad covering Area 2 was repaved with another 4 to 6 in. of asphalt.
Monitoring from 1980 to 1987 showed no standing water in core hole CH-2 (LANL 2007, 098492).

In May 1991, cracks were noted in the asphalt pad with vegetation growing through some of these cracks,
and standing water was detected again in core hole CH-2 (LANL 1992, 007670, p. 7-34). In November
1991, these cracks were sealed with asphalt. Standing water continued to be detected in core hole CH-2
after the asphalt pad was repaired. The source of water in corehole CH-2 is believed to have originated
from the following scenario: during RFI activities in 1994, the soil layer beneath the asphalt pad was
observed to be saturated. The water was contaminated with plutonium-239 from shaft 2-M. Water flowed
down the annular spacing between the core hole CH-2 casing and the borehole (the casing was 2 in. in
diameter). The core hole was reamed to a diameter of 6.5 in. Downward flow in the annular spacing
between the casing and core hole may have occurred given saturated soil conditions and the open space
or loose backfill in the large annular spacing. Water entered the core hole CH-2 casing through the

20-ft slotted section at the bottom of the casing. The core hole CH-2 casing was removed and the core
hole was grouted in 1998 (LANL 2007, 098492).
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2.5.1.2 Surface RFI

In April 1993, 34 soil samples (0 to 6 in.) were collected around the asphalt pad and in the northeast
drainage of Area 2, SWMU 49-001(b). To establish background concentrations for the area, another nine
samples were collected from areas with known or possible contamination. Samples were submitted for
laboratory analyses of inorganic chemicals and radionuclides (LANL 1999, 070349, p. 9).

In 1994, a radiological field screening of surface soil in Area 2, SWMU 49-001(b), was performed using a
Violinist Il field instrument for detection of low-energy radiation. Soil was screened for plutonium-238,
americium-241, and cesium-137. Results of the field screening were compared against site background
concentrations (LANL 1999, 070349, p. 14).

In 1998, a low-energy gamma detection probe was used to conduct a radiological field screening survey
of Area 2, SWMU 49-001(b); Area 12, AOC 49-008(d); and the drainage following the road to the south
and stretching into the entrance of Water Canyon to the north. This survey was performed to determine
potential release and/or redistribution of radionuclides within and around Area 2, SWMU 49-001(b)
(LANL 2007, 098492).

2.5.1.3 Subsurface RFI

In 1994, seven RFI boreholes (four 10-ft boreholes, two 150-ft boreholes, and one 700-ft borehole)

were drilled at locations within and near the asphalt pad at Area 2 (LANL 1999, 070349). Borehole
location 49-02901 was drilled to a depth of 700 ft with a recovery to 692 ft. The primary objective of
borehole location 49-02901 was to evaluate the potential contaminant pathways for the near-surface and
the vadose zone to a depth of at least 700 ft (across the potential water-perching Tshirege Otowi contact)
(LANL 2007, 098492).

Two 150-ft-deep boreholes (locations 49-02906 and 49-02907) were drilled at or near locations 2-G and
2-R (Figure 2.2-5) to evaluate the subsurface conditions below the depths of the shafts and to augment
the existing moisture-monitoring holes, TH-1 through TH-5, around Area 2. Locations 2-G and 2-R were
proposed shot shaft locations that were not drilled. Locations 2-G and 2-R were selected because no
shots were conducted at these locations and the closest shots were approximately 25 ft away. Therefore,
detection of contaminants from nearby shots was unlikely, and these boreholes would confirm that the
lateral spread of contamination is limited to less than 25 ft (LANL 2007, 098492).

The 10-ft boreholes (locations 49-02902 through 49-02905) were drilled through the asphalt pad to
provide information on the distribution of contaminants in the soil/fill material, to confirm the thickness and
composition of the soilffill, and to quantify the distribution of moisture underneath the pad at the soil/tuff
interface. Fourteen samples at location 49-02902 were collected: four for gamma spectroscopy analyses;
seven for gross alpha, gross beta, and gross gamma analyses; one for tritium analysis; two for isotopic
plutonium analyses; four for metals analyses; nine for percent moisture determination; and two for total
uranium analyses. Nine samples at location 49-02903 were collected: four for gamma spectroscopy
analyses, gross alpha, gross beta, and gross gamma analyses; one for tritium analysis; two for isotopic
plutonium, and metals analyses (including total uranium); and nine for percent moisture determination.
Seven samples at location 49-02904 were collected: two for gamma spectroscopy, isotopic plutonium,
and metals analyses (including total uranium); three for gross alpha and gross beta analyses; two for
gross gamma analyses; one for tritium analysis, and six for percent moisture determination. Nine samples
at location 49-02905 were collected: two for gamma spectroscopy, isotopic plutonium and metals
analyses (including total uranium); four for gross alpha, gross beta, and gross gamma analyses; one for
tritium analysis; one for amerecium-241 analysis; and eight for percent moisture determination. Much of
the original 1994 sampling data for isotopic plutonium, uranium, and americium were rejected because of
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various laboratory analytical and reporting problems. During 1998, the decision was made to recollect
samples from the original core as close as possible to each of the original sampling locations and
intervals (LANL 2007, 098492).

In March 1998, a shallow subsurface screening investigation was conducted beneath the asphalt pad at
MDA AB (LANL 1999, 070349, p. 14). The investigation was undertaken in preparation for possible
earth-moving activities associated with the removal of the asphalt. Twenty-nine shallow borings were
advanced beneath the asphalt pad. Based on radiological field-screening results, 20 soil samples were
collected and analyzed from the 29 shallow borings. During the field investigation, the locations of the
concrete caps (if present) covering the shot shafts were located beneath the asphalt pad to create a
reference grid of the area (LANL 2007, 098492).

In May 1998, soil samples were collected beneath the Area 2 asphalt pad for a tritium screening
analyses. Twenty-eight samples were collected from locations above each shaft and at shallow borehole
locations on the pad. In June 1998, three locations were sampled and field screened for HE around shaft
2B-H directly beneath the cement cap. The samples were collected from 2 to 4 in. bgs depending on the
thickness of the cement at the surface (LANL 2007, 098492).

Samples were collected and submitted for laboratory analyses for gamma-emitting radionuclides, tritium,
isotopic plutonium, isotopic uranium, volatile organic compounds (VOCs), semivolatile organic
compounds (SVOCs), and metals. No organic chemicals were detected in the samples submitted for VOC
and SVOC analyses. One cadmium concentration was detected above BVs and several radionuclide
concentrations were detected above BVs or FVs (LANL 2007, 098492).

Sampling locations and sample analytes detected above BVs are presented in Figures 2.5-1 through
2.5-3. Tables 2.5-1 and 2.5-2 provide the concentrations of radionuclides above BVs and inorganic
screening-level results. Results indicate that americium-241, plutonium-238, plutonium-239/240
concentrations were detected above BVs at SWMU 49-001(b) (LANL 2007, 098492).

2.5.1.4 Interim Measures

A stabilization plan was prepared for implementing IMs at SWMUs 49-001(b), 49-001(c), 49-001(d), and
49-001(g) (LANL 1998, 059166). These activities were primarily designed to stabilize contamination
beneath the asphalt cap and prevent further releases associated with moisture infiltration or biological
intrusion. From August 1998 to February 1999, the following activities took place.

e Core hole CH-2 and the two 150-ft RFI boreholes (locations 49-02906 and 49-02907) were
plugged and abandoned.

e The existing asphalt cap was removed.
e The site was regraded with crushed tuff.

o Atopsoil ET cover was placed over the site, and the ET cover was seeded with shallow-rooting
grasses.

¢ Erosion controls and biological intrusion barriers were installed, and the security fence around the
site was replaced (LANL 1999, 063919, p. 1).

During the IM activities performed in 1998, 13 shallow boreholes were drilled into tuff along the western
and southern perimeter of MDA AB to provide information on the subsurface stratigraphy. Forty-eight
samples were collected from these 13 boreholes and submitted for laboratory analyses of inorganic
chemicals, radionuclides, and percent moisture. The IM involved the removal of the asphalt pad overlying
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MDA AB. Upon removal, composite samples of asphalt were collected from each of the four corners and
from the center of the pad location and were submitted for laboratory analyses of inorganic chemicals and
radionuclides. Surface-soil samples were collected from the soil immediately below the asphalt pad at
each shaft location and from 6 additional locations for a total of 28 samples. These samples were
analyzed for tritium and soil moisture (LANL 1999, 063918; LANL 1999, 063919; LANL 1999, 063920).

2.5.1.5 Best Management Practices
In 1998 and 1999, best management practice activities were conducted at Area 2 including

¢ installation of a run-on diversion channel to the west of Area 2,

¢ removal of the asphalt cover over Area 2,

e surface regrading of Area 2 to eliminate ponding,

e grouting and abandonment of core hole CH-2 and the two 150-ft-deep RFI boreholes,

e installation of an ET cover (as part of the IM) composed of crushed tuff monofill and covered with
a steel mesh biobarrier,

¢ installation of a silt fence surrounding the ET cover to control both erosion and contaminant
transport, and

o seeding the ET cover with shallow-rooting grasses (LANL 1999, 063920).

251.6 Moisture Monitoring

Following the 1998 removal of the asphalt pad and installation of the ET cover at Area 2, a moisture-
monitoring system was installed to evaluate moisture content and relative changes within and beneath
the new cover material. During February 2000, three shallow neutron-logging access tubes were installed
through the ET cover, each to a depth of 15 ft bgs. Four time-domain reflectometry (TDR) probes were
also installed in the ET cover at two depths within two locations (0.5 and 6 ft bgs at one location and

0.5 and 10 ft bgs at the second location) (LANL 2005, 092389). The TDR probes collected measurements
every 12 hours to an automated data logger. The four neutron-logging access tubes were monitored
monthly until 2003 when NMED approved bimonthly monitoring (LANL 2005, 092389). Additionally, eight
neutron access holes surrounding Area 2 were monitored bimonthly (monthly until the first quarter of
fiscal year [FY] 2002) for moisture content. Six additional access holes located across the TA-49 site,
where bimonthly monitoring began in the fourth quarter of 2003, provided a more comprehensive data set
describing moisture trends across TA-49 (LANL 2005, 092389). Figure 2.5-4 shows the locations of
neutron access holes, TDR probes, the cover, and the gopher barrier boundary. Table 2.5-3 provides the
corresponding depths of the TDR probes within the array. Moisture monitoring at TA-49 was suspended
after the last monitoring event in November 2005 to address NES operational requirements and has not
resumed (LANL 2007, 098492).

Neutron access hole 2A-Y has had a small quantity of standing water in the bottom since neutron logging
began in 2000. Because of the wet winter from 2004 to 2005, the water column in this neutron access
hole rose to a depth of nearly 3 ft. The water was bailed and a sample was submitted on June 27, 2005,
to the Sample Management Office (SMO) for radionuclide analyses (gross alpha, gross beta, gamma
spectroscopy). The gross beta measured 37.01 pCi/L and no other radioactivity was detected (LANL
2005, 092389, p. 9). The gross beta result most likely represents the presence of naturally occurring
radionuclides because there is a lack of corresponding radionuclides detected in the water sample. The
detected gross beta activity in the water is below the EPA maximum contaminant level (MCL) of 50 pCi/L
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gross beta. When 2A-Y was neutron logged on September 28, 2005, 1 ft of water column was present in
the borehole (LANL 2005, 092389, p. 9; LANL 2007, 098492).

2.5.2 Area2A: SWMU 49-001(c), Experimental Shafts
2.5.21 Site Description

SWMU 49-001(c), known as Area 2A, is an area of experimental shafts within MDA AB (Figure 2.2-2).
Area 2A is adjacent to the west side of Area 2 [SWMU 49-001(b)] and is approximately 100 ft x 30 ft.

Six experimental shafts were installed in this area in a single row and spaced 25 ft apart. These shafts
were installed after Area 2 was closed in response to the contamination release at shaft 2-M. Four shafts
in Area 2A were used for experiments involving radioactive materials. Plutonium was used in three of
these shafts and uranium-235 was used in one. The shafts used for shots with radioactive materials were
57 ft and 58 ft deep. Two shafts, both 58 ft deep, were backfilled without being used for shots. Lead
typically was present in the experimental packages, and small amounts of beryllium may have been used
in some experiments (LANL 2007, 098492).

2522 1994 RFI

In 1994, six surface-soil samples were collected from SWMU 49-001(c) as part of the surface RFI.
Screening-level data were obtained from the results of laboratory analyses for gamma-emitting
radionuclides, gross alpha, gross beta, isotopic plutonium, and inorganic metals analyses (Figures 2.5-1
through 2.5-3). Several total uranium concentrations were detected above BVs (LANL 2007, 098492).
Results are presented in Tables 2.5-4 and 2.5-5.

2.5.3 Area2B: SWMU 49-001(d), Experimental Shafts
2.5.3.1 Site Description

SWMU 49-001(d), known as Area 2B, is an area of experimental shafts within MDA AB. Area 2B is
south of Area 2 and is approximately 200 ft x100 ft. Shafts at Area 2B were aligned on a staggered grid
with 11 shafts installed and another 15 proposed but not drilled. Six shafts were used for experiments
with radioactive materials. Plutonium was used as the principal material in five of these shafts, which
ranged from 57 ft to 58 ft deep, and uranium-235 was used in the other shaft, which was 78 ft deep.

One 60-ft-deep shaft was used as a gas expansion hole, and four other shafts (three 58 ft deep and one
78 ft deep) were backfilled without being used. Two pipe dump holes were installed approximately 100 ft
south of the shaft area. Substantial amounts of lead were typically present in the experimental packages,
and small amounts of beryllium may have been used in some experiments. Figure 2.2-2 presents the
shaft locations and shot types in Area 2B.

2.53.2 1994 RFI

In 1994, six surface-soil samples were collected from four locations in SWMU 49-001(d) as part of the
surface RFI. Screening-level data were obtained from the results of laboratory analyses for gamma-
emitting radionuclides, isotopic plutonium, and metals. Mercury was the only inorganic chemical detected
above BV. Several radionuclides were also detected above BVs or FVs (LANL 2007, 098492). Results
are presented in Tables 2.5-6 and 2.5-7.
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254 Area2: SWMU 49-001(g), Contaminated Surface Soil
2.54.1 Site Description

SWMU 49-001(g) is an area of soil contamination located to the north of SWMUs 49-001(b) and
49-001(c), resulting from the transport of surface and near-surface radionuclide contamination associated
with the shaft 2-M incident at Area 2 (discussed in section 2.2). SWMU 49-001(qg) is the area of

highest runoff and erosion potential, located on a slope that runs from the mesa top to the bottom of
Water Canyon (LANL 2007, 098492).

2542 1994 RFI

During the 1994 RFI activities, 10 surface-soil samples were collected from SWMU 49-001(g) at depths of
0 to 0.5 ft and submitted for laboratory analyses for gamma-emitting radionuclides, isotopic plutonium,
and metals. Screening-level analyses detected cadmium, mercury, and total uranium concentrations
above BVs. Plutonium-239/240, cesium-137, plutonium-238, potassium-40, radium-226, and thorium-232
concentrations were detected above BVs or FVs (LANL 2007, 098492). Tables 2.5-8 through 2.5-9 show
the results and Figure 2.5-5 shows sampling locations.

2.6 Area 3: SWMU 49-001(e), Experimental Shafts
2.6.1 Site Operational History

SWMU 49-001(e), known as Area 3, contains experimental shafts occupying approximately

100 ft x 100 ft. Area 3 was used exclusively to develop confinement and sample-recovery techniques that
were used in the other experimental areas. Thirteen shafts were drilled in a grid-like pattern in Area 3.
Seven of the 13 shafts were shot with a tracer, 4 of the shafts were used for containment shots, and the
remaining 2 shafts were backfilled without being used (LANL 2007, 098492). Figure 2.2-3 presents the
shaft locations and shot types in Area 3.

2.6.2 1995RFI

During the 1995 RFI activities, 20 surface-soil samples were collected from 0 to 0.5 ft at

SWMU 49-001(e). All samples were submitted for laboratory analyses for gamma-emitting
radionuclides. Ten samples were submitted for laboratory analyses for metals and isotopic plutonium
(LANL 2007, 098492). Inorganic chemical results are presented in Table 2.6-1, and sampling locations
and concentrations of sample analytes detected above BVs are presented in Figures 2.6-1 and 2.6-2.

Decision-level results indicate that copper, lead, total uranium, and zinc concentrations were detected
above BVs. All radionuclide concentrations were below BVs or FVs (LANL 2007, 098492).

The “RFI Work Plan for OU 1144” proposed one 150-ft borehole at Area 3; however, the borehole was
not drilled (LANL 1992, 007670, p. 7-66; LANL 2007, 098492).

2.7  Area 4: SWMU 49-001(f), Experimental Shafts
271 Site Operational History

SWMU 49-001(f), known as Area 4, is the site of experimental shafts within MDA AB (Figure 2.2-4).
Area 4 occupies approximately 100 ft x 125 ft. Area 4 was designed to contain 25 shafts on a uniform
grid. Twenty-one shafts were drilled in Area 4. Thirteen shafts were shot with radioactive material, one
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shaft was used for containment testing, one shaft was used as a gas expansion hole, three shafts were
used as pipe dump holes, and the remaining three shafts were not used and were backfilled (LANL 2007,
098492).

272 1995RFI

During the 1995 RFI activities, 20 surface-soil samples were collected from 0 to 0.5 ft within Area 4. All
samples were analyzed for gamma-emitting radionuclides. Ten samples were submitted for analyses of
metals (including total uranium), and isotopic plutonium (LANL 2007, 098492).

In one sample from location 49-04019, the highest concentrations of antimony, arsenic, barium, beryllium,
cadmium, chromium, cobalt, magnesium, nickel, potassium, selenium, silver, thallium, and vanadium
recorded at TA-49 were detected. In all other samples, cadmium, lead, nickel, total uranium, and zinc
concentrations were detected above BVs in one sample each. Copper was detected in four samples
(LANL 2007, 098492).

Americium-241, plutonium-238, and plutonium-239/240 concentrations were detected above FVs in
samples collected at SWMU 49-001(f) (LANL 2007, 098492). Tables 2.7-1 and 2.7-2 show the results and
Figures 2.7-1 and 2.7-2 show the sampling locations and concentrations above BVs.

The RFI proposed one 150-ft borehole at Area 4; however, the borehole was not drilled (LANL 1992,
007670, p. 7-66; LANL 2007, 098492).

2.8 Area 11: SWMU 49-003, Leach Field and Associated Drainlines
2.8.1 Site Operational History

SWMU 49-003 is an inactive leach field and associated drainlines in Area 11 (Figure 2.8-1). The leach
field was associated with radiochemistry operations conducted in a laboratory and change house
(building 49-15). The radiochemistry operations were associated with hydronuclear experiments
conducted at TA-49 from 1960 to 1961. SWMU 49-003, a leach field, was located approximately 20 ft to
25 ft east of former building 49-15. SWMU 49-003 connected to the building by a drainline. The leach field
was reportedly constructed of vitrified clay pipe installed in gravel bedding. The building 49-15 laboratory
was used to analyze samples collected during the experiments conducted in the shafts at Areas 2, 2A,
2B, and 4. The estimated total volume of materials discharged to the leach field was less than 50 gal. of
organic chemicals and less than several hundred gallons of water. The radiochemistry structures in
Area 11 were decontaminated, demolished, and removed in 1970 and 1971 (LANL 1992, 007670,

pp. 6-2—6-6; LANL 2007, 098492).

2.8.2 1995RFI

In 1995, a Phase | RFI was conducted in Area 11 that included the collection of 25 surface-soil samples
from SWMU 49-003. Twelve shallow (less than 4.3 ft deep) subsurface samples were collected from

12 locations in the leach field. All samples were submitted for laboratory analyses for gamma-emitting
radionuclides. Thirteen surface soil and six subsurface samples were submitted for laboratory analyses
for metals (including total uranium) and isotopic plutonium (LANL 2007, 098492).

Inorganic chemical results from surface soil indicate cadmium and uranium concentrations above BVs.
Inorganic chemical results from subsurface soil and rock indicate aluminum, antimony, arsenic, barium,
beryllium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, nickel, selenium,
uranium, and vanadium concentrations were detected above BVs. Radionuclides detected above FVs in
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surface soil include americium-241, plutonium-238, and plutonium-239/240. Radionuclides detected or
detected above BVs or FVs in subsurface soil and rock include cesium-137, europium-152,
plutonium-238, and plutonium-239/240 (LANL 2007, 098492).

Sampling locations and concentrations detected or detected above BVs or FVs are presented in
Figures 2.8-2 through 2.8-4. Results are presented in Tables 2.8-1 and 2.8-2.

2.9 Area 11: AOC 49-008(c), Area of Potential Soil Contamination
291 Site Operational History

AOC 49-008(c) consists of contaminated soil within Area 11 (Figure 2.8-1) (LANL 1992, 007670, p. 6-2).
Small-scale containment experiments were conducted in 13 underground shafts located on the west side
of Area 11. The shafts were drilled to a depth of 12 ft and lined with 10-in.-diameter steel casing. HE was
placed in the shafts, which were backfilled to contain the explosions. Small amounts of irradiated
uranium-238 tracer were used in some experiments. The structures in Area 11 were decontaminated,
demolished, and removed in 1970 and 1971. Some contamination was detected in sinks, ducts, and
blowers in building 49-15. Contaminated debris was removed and disposed at TA-54, and
uncontaminated debris (approximately 2160 ft°) was taken to the open burning/landfill area at Area 6,
SWMU 49-004 (LANL 2007, 098492).

29.2 1995RFI

Eight surface-soil samples and three subsurface soil and rock samples were collected from eight
locations within Area 11. The subsurface samples were collected from boreholes advanced to a depth of
12 ft, which corresponded to the depth of the small-scale shot test shafts. Samples were collected from
depths 7 to 12 ft bgs within the boreholes and were field screened for radioactivity. The samples were
submitted to a laboratory for gamma-emitting radionuclide analyses. Three surface soil and three
subsurface soil and rock samples were submitted for metals analyses. Two surface soil and three
subsurface soil and rock samples were submitted for isotopic plutonium. Three subsurface soil and rock
samples were submitted for total uranium and SVOCs analyses. Two subsurface rock samples were
submitted for explosive residues analysis (LANL 2007, 098492).

Inorganic chemical results from surface-soil samples indicate cobalt, manganese, and uranium
concentrations were detected above BVs. Inorganic chemical results from subsurface soil and rock
samples indicate antimony, calcium, and uranium concentrations were detected above BVs. Two
subsurface samples collected from depths of 0 to 3 ft bgs and from 7 to 12 ft bgs yielded detections of
bis(2-ethylhexyl)phthalate and di-n-octylphthalate. Radionuclide results from surface-soil samples indicate
the concentration of plutonium-239/240 was detected above FVs. Radionuclide results from subsurface
soil and rock samples indicate plutonium-238 and plutonium-239/240 concentrations were detected
(LANL 2007, 098492).

Sampling locations and concentrations of sample analytes detected above BVs are presented in
Figures 2.8-2 through 2.8-4 and results are presented in Tables 2.9-1 through 2.9-3.

294 AOC 49-009: Area 11, Suspected Underground Fuel Tank

The EPA has approved AOC 49-009 for NFA (EPA 2005, 088464). AOC 49-009 was thought at one time
to be an underground storage tank, but Laboratory records show that it was actually an aboveground tank
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holding butane. The tank was taken to a salvage yard in September 1971 and found to contain no
significant levels of chemical or toxic contamination (Eller 1991, 055331).

210 Area12: AOC 49-008(d), Bottle House and CPTF
2.10.1 Site Operational History

AOC 49-008(d) is an area of contaminated soil located within Area 12 (Figure 2.10-1), which is located
immediately east of MDA AB. Area 12 was used in 1960 and 1961 to conduct confinement experiments
related to the hydronuclear experiments conducted at MDA AB. These experiments involved HE
detonations in sealed metal bottles. The bottles measured up to 5 ft in. diameter x 16 ft long and were
placed in a 10-ft-diameter x 30-ft-deep underground shaft during the experiments. Building 49-23
constructed over the shaft was known as the Bottle House. Approximately 26 confinement experiments
were conducted at Area 12 (LANL 1992, 007670, p. 6.6-3).

After the confinement experiments at Area 12 ceased, Area 12 was used to conduct tests to determine
the strength of cables used in other experiments. The CPTF, building 49-121, was constructed
approximately 60 ft south of building 49-23 in the early or mid-1960s to perform these tests (LANL 1992,
007670, p. 3-9). The shaft in building 49-23 was backfilled with crushed tuff, and a hydraulic system was
installed in the building. Underground hydraulic lines were run to building 49-121. The total fluid capacity
of the hydraulic system is estimated to have been less than 10 gal. (LANL 2007, 098492).

All structures at Area 12 have been removed. The site is used occasionally to support microwave
experiments that involve portable equipment (LANL 2007, 098492).

210.2 1995 RFI

The Phase | RFI was conducted for AOC 49-008(d) in 1995 at three specific areas: the soil inside and
around the former Bottle House (building 49-23), the soil around the former CPTF (building 49-121), and
a small area of stained soil approximately 80 ft south of the CPTF. Radiation surveys were conducted at
each of these areas, and radiation was not detected above screening values around the CPTF or at the
stained-soil site. However, four radiation survey points around the Bottle House showed radiation levels
above screening values. Soil samples were collected from the three areas of investigation (LANL 2007,
098492).

Near building 49-23, surface-soil samples were collected from 16 locations and 3 shallow surface
samples (0.5 to 1 ft bgs) were collected from 3 of these locations. All samples were field screened for
radioactivity and submitted for analyses of gamma-emitting radionuclides. Samples from six of the surface
locations and three of the subsurface locations were submitted for analyses of metals and isotopic
plutonium. One surface sample, collected near the location of the hydraulic system in the Bottle House,
was submitted for analyses of SVOCs and polychlorinated biphenyls (PCBs) (LANL 2007, 098492).

Near the CPTF, eight surface-soil samples were collected from four locations. All samples were field
screened for radioactivity. One sample from each location, plus a field duplicate, was submitted for
analyses of gamma-emitting radionuclides and SVOCs. In addition, one sample from each location was
submitted for analysis of PCBs (LANL 2007, 098492).

At the stained-soil site, two surface samples were collected from one location. Both samples were field
screened for radioactivity. One sample was submitted for analyses of gamma-emitting radionuclides and
SVOCs. The other sample was submitted for analysis of PCBs (LANL 2007, 098492).

October 2007 18 EP2007-0551



TA-49 Sites Inside the NES Boundary Investigation Work Plan

Inorganic chemical results from surface-soil samples indicate cadmium, copper, lead, sodium, six
uranium, and zinc concentrations were detected above BVs. Inorganic chemical results from subsurface
samples indicate cadmium and uranium concentrations were detected above BVs. A surface-soil sample
collected from 0 to 0.5 ft bgs had detected concentrations of alpha-BHC, alpha-chlordane, and gamma
chlordane. Radionuclide results from surface-soil samples indicated the concentration of
plutonium-239/240 was detected above FVs. Radionuclide results from subsurface samples indicate
americium-241, plutonium-238, and plutonium-239/240 concentrations were detected. Uranium-234,
uranium-235, and uranium-238 concentrations were detected above BVs in surface-soil samples

(LANL 2007, 098492).

Screening-level data were obtained for americium-241, gamma-emitting radionuclides gross alpha and
gross beta, isotopic plutonium, metals (including total uranium), and PCBs. Several metals, including
barium, cadmium, lead, mercury, nickel, and uranium concentrations were detected above their
respective BVs. PCBs were not detected and no radionuclide concentrations were detected above BVs or
FVs (LANL 2007, 098492).

Sampling locations and concentrations are presented in Figures 2.10-2 through 2.10-4 and summarized
in Tables 2.10-1 through 2.10-6.

2.10.3 Voluntary Corrective Actions

In 1997 and 1998, three voluntary corrective actions (VCAs) were conducted at AOC 49-008(d). These
VCAs consisted of radiological field screening in conjunction with soil sampling to remove isolated
contamination (LANL 1997, 056923, p. 17).

The initial VCA at AOC 49-008(d) was conducted to remove soil contaminated with uranium-234,
uranium-235, and/or uranium-238 above cleanup levels (LANL 1997, 056923, p. 17). Confirmatory
samples revealed contamination still present in the soil above cleanup levels (LANL 2007, 098492).

A supplemental low-level gamma radiation survey of surface soil around the Bottle House was conducted
in April 1998 (LANL 1998, 062405). Of 2000 measurements taken, 8 measurements were above

9000 counts per min (cpm) (9140 to 32,200 cpm), which was considered above background. All of these
detections were near areas where soil was removed during the 1997 VCA (LANL 2007, 098492).

In November 1998, a remedial action was conducted during which all brushy vegetation was removed
and a preexcavation radiological survey was conducted on a 3-ft x 3-ft grid that repeated some of the
locations covered in the April 1998 survey. Radiological screening results were used to identify areas for
additional soil removal, and soil was removed to a depth of 12 in. A postexcavation radiological survey
was conducted in which three more locations were found that exceeded screening-action levels.
Additional small amounts of soil were removed at these locations (LANL 1998, 062405).

Additional confirmatory sampling was conducted from the areas of the highest radiological survey
measurements and from randomly selected locations. Analyses were performed on these samples
for isotopic uranium. One of these confirmatory samples exceeded cleanup level for uranium-238
(270 pCi/g). Following the confirmatory sampling, soil-removal areas were backfilled with clean
crushed tuff, covered with a thin layer of topsoil, and seeded (Wilson 1999, 066470.426).

Cleanup of site construction materials was completed on January 19, 1999. Two fenced-off exclusionary
radiological areas remain, one around the primary site of soil removal and one near the historical latrine,
which may have been used for material disposal (LANL 1999, 063920).
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211 Materials Testing Results and Additional Investigations
2111 Materials Testing Results

Approximately 150 soil samples were collected from the cores of various wells, core holes, and testing
shafts drilled at TA-49 from 1959 to 1961. Tests performed measured strength assessments, thermal
conductivity, specific heat, particle-size distribution, density, specific gravity, moisture content, porosity,
and permeability (Weir and Purtymun 1962, 011890). Table 2.11-1 provides the results of these tests.

2.11.2 Investigations at Borehole Location 49-02901

In November 1997, the casing in borehole location 49-02901 was removed, and permeability,
anemometry, and caliper measurements were made throughout the open borehole. The anemometry and
permeability measurements were intended to provide a better understanding of the airflow characteristics
of the tuffs at depths projecting well below the adjacent canyon floors. Borehole location 49-02901 was
instrumented with both a straddle packer measurement system, which provided air permeability
measurements along the length of the borehole, and an open borehole anemometry measurement
system, which measured the air production zones in the borehole under vacuum extraction conditions.
Results of the study indicated high borehole production of air in areas of high permeability.
Measurements near the bottom of the borehole are suspect because the borehole was enlarged beyond
the sealing range of the packers (Wykoff et al. 1998, 098069; LANL 2007, 098492). Figure 2.11-1
presents the results of the study.

In December 1997, a sensor bundle with thermocouple psychrometers, gypsum blocks, and platinum
resistance temperature detectors was installed in the borehole to measure matric potential and
temperature at 11 depths. The sensors were pushed against the borehole walls using an inverting
membrane liner (SEAMIST). Average matric potential and temperature measurements from this test
(Mason and Lowry 1998, 098323) are presented in Figure 2.11-2.

Core data were collected from borehole location 49-02901 and from boreholes in other MDAs at the
Laboratory to provide total head gradients with depth. These data indicate that water flow is
generally downward, but with gradient reversals that may be caused by atmospheric venting through
boreholes or exposure to canyon walls. Gradient reversals present barriers to downward aqueous
transport of contaminants. Figure 2.11-3 shows water content profiles from the 700-ft-deep borehole
location 49-02901 and from the 150-ft-deep borehole locations 49-02906 and 49-02907 (Neeper and
Gilkeson 1996, 070104, pp. 427-432).

211.3 Geophysical Investigations

In 1993, a high-performance ground-penetrating radar survey was conducted at Area 2 (Hoeberling and
Rangel 1994, 098277). The ground-penetrating radar survey was conducted to verify that the six planned
Area 2 borehole locations were clear of subsurface structures that might indicate undocumented
contaminated areas. The survey was also conducted to verify the locations of the hydronuclear test
shafts. The ground-penetrating radar survey found that the location for one of the planned 150-ft RFI
boreholes generated a strong ground-penetrating radar reflection, indicating either buried objects or a
zone of high water content and high clay content. The location for borehole 49-02907 was moved
approximately 3 ft to the west and 8 ft to the south of the initially proposed borehole location (Hoeberling
and Rangel 1994, 098277).

In March 1998, an additional geophysical survey was conducted using field magnetics and
electromagnetics to identify unreinforced concrete and metal structures and debris in the subsurface of
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Area 2 to a depth of 8 to 10 ft. The survey indicated that there were 21 geophysical anomalies in the
subsurface of Areas 2, 2A, and 2B (Sirles 1998, 066497). The survey results will be used to avoid buried
objects during subsequent subsurface activities.

2.11.4 Chloride and Stable Isotope Investigations

Water fluxes have been estimated based on chloride and stable isotope analyses from core collected
from the 700-ft-deep borehole (location 49-02901) and from a 139-ft-deep borehole located near
groundwater well DT-10, known as TDBM-1. Chloride-based flux estimates range from 0.01 to 0.2 yr/m3
for the zone above the Qbt 1v-Qbt 1g contact (also known as the vapor-phase notch) for both boreholes.
These low flux rates are likely the result of evaporative removal of water in the mesa. Heavy stable
isotope values from borehole location 49-02901 support this interpretation. Flux estimates range from
0.24to 1 yr/m3 for the zone below the Qbt 1v-Qbt 1g contact in borehole location 49-02901. These deeper
rates may represent past conditions during the late Pleistocene and early Holocene epochs (Newman

et al. 1997, 059371).

Chloride profiles for the two boreholes showed similar behavior in the top 30 ft. Below the 30 ft depth,
TDBM-1 shows a greater accumulation of chloride in unit 3 than borehole location 49-02901, which
indicates that water moved more slowly near TDBM-1. The difference in chloride concentrations and flux
rates is probably caused by higher evaporation rates at TDBM-1 because of its location close to the side
of Frijoles Mesa. The chloride bulges in both profiles are consistent with deep, as opposed to surface,
evaporation effects, and water is being removed from the mesa through vertical or horizontal fractures or
through high-permeability zones that are exposed on the mesa sides. In addition, isotopically heavy water
occurs in borehole location 49-02901 below a depth of 50 ft, which is indicative of deep evaporation
(Newman et al. 1997, 059371; LANL 2007, 098492).

2.11.5 Area 2 Modeling Investigation

The flow and transport of dissolved uranium, dissolved cesium, and colloidal particles under various
infiltration conditions were simulated at Area 2. Simulation times were 39 yr (1960 to 1999) for conditions
that represent increased subsurface fluxes resulting from the presence of the cracked asphalt cover.
Under infiltration conditions of 6 yr/m3 (assumed for most of Area 2 because of the cracked asphalt pad),
virtually no migration of either dissolved or colloidal uranium or dissolved cesium is predicted. Under
infiltration conditions of 39 yr/m> (assumed for shaft 2-M and core hole CH-2 because of the collapsed
asphalt pad), migration of uranium does occur. The dissolved uranium plume spread from its original
diameter of 15 ft to about 40 ft. However, the total mass of dissolved uranium available for transport is
limited by its low solubility. Uranium may also be transported as colloidal-sized particles that were formed
during the hydronuclear safety experiments. It is expected that such particles are quite large compared
with the water-filled pores in the subsurface and (approximately 99%) would not migrate (Birdsell et al.
1999, 098068; LANL 2007, 098492).

2.11.6 Non-RFI Surface Activities

Twelve sediment-sampling locations were established at MDA AB as part of the Environmental
Surveillance Program (LANL 1996, 054769). The sediment-sampling program at Area 2 was initiated by
the Environmental Studies and Assessment Group in 1979. Two of the sediment locations, AB-2 and
AB-3, are located in drainage areas to the northeast and northwest of Area 2 (Figure 2.11-4).
Radionuclide analyses conducted annually at these stations since 1979 have included tritium,
cesium-137, plutonium-238, plutonium-239, gross alpha, gross beta, gross gamma, and total uranium.
Two additional isotopes, americium-241 and stronium-90, were added in 1992 (LANL 2007, 098492).
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The data indicate that AB-3 had levels of plutonium-238 and plutonium-239 greater than the other

11 stations; the majority of the analyses were above Laboratory sediment BVs (LANL 1998, 059730). All
other radionuclides show a decreasing trend over time (LANL 1996, 054769). No other significant trends
were observed with respect to the data. The data are summarized for sediment collection stations AB-2
and AB-3 in Table 3.8-3 of the HIR associated with this work plan (LANL 2007, 098492).

2.11.6.1 Environmental Surveillance Surface Soil and Vegetation Sampling, 1987 and 1991

The initial surface-soil investigation at Area 2 was conducted by the Environmental Surveillance Group in
1987 (Soholt 1990, 007510). This investigation was also referred to as the A411 survey.

Forty-five samples were collected. The study indicated that contaminant concentrations to the south and
west of the pad were at or slightly above BVs. Several sampling locations immediately adjacent to the
asphalt pad showed plutonium-238, plutonium-239, and americium-241 concentrations above BVs. Later
sampling at Area 2, including the additional 1987 study and the 1991 sampling effort described below,
confirmed the levels reported (LANL 2007, 098492).

An additional 20 soil samples were collected from the area northeast of the pad in September 1987.
Radionuclides detected above background included gross alpha and plutonium-239. Beryllium was also
detected above BV in one sample.

In March 1991, 12 samples of pocket gopher soil diggings from the northeast corner of the pad were
collected and analyzed for radionuclides (LANL 1992, 007670, p. 7-37). Results indicated that
contamination had washed a short distance along the northeast drainage area toward Water Canyon;
plutonium-238, plutonium-239, and americium-241 concentrations were detected in the drainage area
and northeast corner (24, 43, and 38 pCi/g, respectively). Gopher diggings at the same location were
resampled in April 1991(LANL 1992, 007670, p. 7-37). Elevated gross alpha activity (1200 pCi/g) was
noted; however, isotopic analyses did not correlate with the earlier sampling event (LANL 1992, 007670).
Additional analyses indicated no detected VOC, SVOC, or PCB concentrations (LANL 2007, 098492).

Forty-nine vegetation samples were collected from the 20 locations. Four types of vegetation were
sampled including chamisa, goldenweed, mullein, and false tarragon. Results detected americium-241,
plutonium-238, plutonium-239, cesium-137, uranium, lead, and beryllium. The mean concentration of
plutonium-239 and americium-241 in the ash samples from all 49 samples including the 4 types of
vegetation were 0.50 and 0.23 pCi/g of ash, respectively. In summary, the 1987 and 1991 studies
indicated that the most elevated radionuclide levels with respect to background in surface soil were
concentrated in the northeast corner of Area 2. The available information also indicated that these
contaminants appeared to be associated with the excavation of contaminated soil beneath and adjacent
to the asphalt pad because of gopher activity (LANL 2007, 098492).

3.0 SITE CONDITIONS

31 Topography

The sites within the NES boundary are located in the center of TA-49 where the topography is quite flat;
therefore, surface-water runoff and erosion are minimal. No perennial sources of water at or near the site
exist. No established runoff channels exist and surface water is expected to occur as sheet flow during
strong rainfall events or rapid snowmelt. Run-on control is provided by drainage ditches along the roads
within TA-49 (LANL 2007, 098492).
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Soil at MDA AB, Area 11, and Area 12 has been disturbed. The soils were originally composed of
Hackroy Series and Eutroboralf soil. The soil is intermixed with patches of bedrock, which occurs
predominantly near the edges of the mesa east of developed TA-49 areas. Hackroy soil is classified as
Alfisols, in part reflecting the clayey subsurface horizon, and is described in “Soil Survey of Los Alamos
County, New Mexico” as follows: “The surface layer of the Hackroy soil is a brown sandy loam, or loam,
about 10 cm thick. The subsoil is a reddish brown clay, gravelly clay, or clay loam about 20 cm thick. The
depth to tuff bedrock and effective rooting depth is 20 to 50 cm. (Nyhan et al. 1978, 005702)” Typic
Eutroboralf soil is a fine loamy soil that consists of deep, well-drained soil formed in material weathered
from tuff (LANL 2007, 098492).

3.2 Subsurface Conditions

The subsurface hydrology at TA-49 is dominated by unsaturated conditions. The top of the regional
saturated zone occurs approximately 1170 ft bgs at deep test well DT-5A near the center of MDA AB.
The upper 800 ft of the unsaturated zone is within the Bandelier Tuff (LANL 1992, 007670, p. 4-18).

Relatively small volumes of water move beneath mesa tops on the Pajarito Plateau under natural
conditions because of low rainfall, high evaporation, and efficient water use by vegetation. During wetter
years, vegetal growth is enhanced and is capable of removing larger volumes of available moisture.
Atmospheric evaporation may extend within mesas, further inhibiting downward flow (Rogers and
Gallaher 1995, 049824, p. 27). Water content in the unsaturated zone within the tuff has been measured
monthly or bimonthly since 2000. The water content in the unsaturated zone tends to range from

5% to 10% by volume under natural conditions (LANL 2005, 092389, pp. A-1-A-3). Water content
measured at locations within the boundary of the ET cover and the former asphalt pad at MDA AB is
slightly higher, ranging from 5% to 20% by volume (LANL 2005, 092389, pp. A-3—A-6). Continuous
moisture monitoring of the near-surface cover material at Area 2 shows that seasonal impulses of water
are readily removed in the spring and summer when ET is maximized (LANL 2007, 098492).

3.21 Geology

A detailed description of the geology and regional setting of TA-49 can be found in Chapter 4 of the
“RFI1 Work Plan for OU 1144” (LANL 1992, 007670, pp. 4-32—4-41).

Technical Area-49 lies on the east side of the Jemez Mountains volcanic field and on the west perimeter
of the Espafiola Basin of the Rio Grande rift. Factors that may affect the actual geometry and distribution
of subsurface units beneath TA-49 include abrupt lateral and vertical facies variations in rock units,
significant relief on paleotopographic surfaces on which rock units were deposited, and fault offsets in the
older units that are masked by younger rocks. Exposed rock near TA-49 is comprised entirely of the
Tshirege Member of the Bandelier Tuff (LANL 1992, 007670 p. 4-33; LANL 2007, 098492).

In 1959, the stratigraphy of TA-49 was mapped using three deep test wells: DT-5A, DT-9, and DT-10
(Weir and Purtymun 1962, 011890, pp. 21-39). Later that year, four core holes (CH-1, CH-2, CH-3, and
CH-4) provided additional information for mapping the stratigraphy of MDA AB. Early studies used the
1960s nomenclature (Weir and Purtymun 1962, 011890, pp. 91-153). The rock column (from youngest to
oldest) beneath TA-49 consists of the following:

e Approximately 640 to 670 ft of the Tshirege Member of the Bandelier Tuff, which was divided into
six units, based mainly on physical and mineralogical characteristics imparted by cooling. The
units include multiple rhyolitic ignimbrite flow units, a widespread pyroclastic surge bed up to
several feet thick, and numerous thin discontinuous surge deposits.
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e Approximately 200 ft of the Otowi Member of the Bandelier Tuff (the Otowi Member also includes
up to 91 ft of the Guaje Pumice Bed).

o Approximately 500 to 600 ft of deposits consisting of interbedded Puye Formation conglomerates,
Tschicoma Formation latites, and quartz latites.

e Approximately 50 to 90 ft of the Totavi Lentil conglomerate (of the Puye Formation) with
characteristic quartzite cobbles and other typical Precambrian lithologies.

¢ An undetermined thickness (at least 290 ft) of undivided silistones and sandstones of the
Santa Fe Group (LANL 2007, 098492).

A hydrogeologic report on TA-49 describes what now appears to be unusual stratigraphic relationships
based upon the current understanding of the stratigraphy. Some of the disputed layers and issues include
the Guaje Pumice Bed and the Tschicoma Formation quartz latites. Many of the discrepancies are
caused by variations in nomenclature for different units, but few of the discrepancies have been traced to
misidentification of the lavas source (Paliza Canyon Formation, Tschicoma Formation, and/or Cerros del
Rio basalts) (Weir and Purtymun 1962, 011890).

In 1995, a revised stratigraphic nomenclature for the Bandelier Tuff was proposed to provide guidance for
the consistent use of rock names to support a common stratigraphic framework for discussing the
influence of geology on contaminant transport (Broxton and Reneau 1995, 049726).

In 1994, a 700-ft-deep borehole (location 49-02901) was drilled southeast of Area 2 to provide
supplementary information to the geologic map of TA-49. A report was published that detailed the
petrologic log of borehole location 49-02901 using both geologic field observations of adjacent canyons
and geologic logs from location 49-02901 (Stimac et al. 2002, 073391, p. 1). The report concluded the
following.

e The exposed bedrock stratigraphic sequence in Water Canyon is restricted to units of the
Tshirege Member of the Bandelier Tuff. The Tshirege Member is a multiple-flow ash-flow sheet
that forms a series of step-like vertical cliffs and sloping ledges along canyon walls. Canyon
exposures immediately north of the borehole consist of, in ascending order, Qbt 1g, Qbt 1v,
Qbt 2, Qbt 3, and Qbt 4 of the Tshirege Member of the Bandelier Tuff.

e The borehole extended beneath the level of adjacent canyon floors; therefore, several unexposed
units were discovered. These unexposed units included, in descending order, the Tsankawi
Pumice Bed, tephras and volcaniclastic sediment of the Cerro Toledo interval, and the Otowi
Member of the Bandelier Tuff. The bottom of the borehole coincided with the Otowi Member.

e Examination of moisture content indicates some lithologic control. The most prominent features of
the moisture data indicate an abrupt increase in moisture content at the transition of the glassy
(Qbt 1g) to devitrified (Qbt 1v) Tshirege Member and at the Tsankawi Pumice Bed. The difference
in moisture content between the Qbt 1g layer and the Qbt 1v layer may represent a preferential
path for groundwater movement at the layer interface.

The stratigraphy encountered in borehole 49-02901 is presented in Figure 3.2-1.

In 1995, geologic logs, construction records, and locations of wells drilled in Los Alamos were compiled in
“Geologic and Hydrologic Records of Observation Wells, Test Holes, Test Wells, Supply Wells, Springs,
and Surface-Water Stations in the Los Alamos Area” (Purtymun 1995, 045344). In this report, the
geologic logs of wells were updated to reflect the most current geologic nomenclature (Broxton and
Reneau 1995, 049726).
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3.3 Summary of Excavations
3.31 Shafts

The test shafts drilled for hydronuclear safety experiments at MDA AB were 6 ft and 3 ft in diameter and
from 31 ft to 142 ft in depth. The shafts in Areas 1, 2, 3, and 4 are located in a grid pattern with

25-ft spacing on center. The design of the experimental layout was based on preliminary tests that
indicated that the explosive tests would not disperse radioactive material beyond a 15- to 20-ft radius
centered on the shaft in the subsurface (LANL 2007, 098492).

The shot itself was encased in lead, which accounts for the largest weight of all the contaminants. Iron
and steel cable, aluminum materials, and piping associated with the test shots are also in the shafts.
Radioactive materials used in the downhole testing included plutonium, uranium-235, and uranium-238.
Since 1961, the shafts have been inactive except for monitoring and maintenance activities associated
with the concrete pads located over the shots (LANL 2007, 098492).

3.3.1.1 Area 1

Twenty-two shafts were drilled at Area 1 (Figure 2.2-1). Ten of the 22 shafts were used for shot testing
using radioactive materials; 5 of the shafts were used for containment testing with explosives only; 6 of
the shafts were never used and backfilled; and 1 shaft was used as a gas expansion hole. The shafts at
Area 1 are between 31 and 80 ft deep (LANL 2007, 098492).

3.3.1.2 Areas 2, 2A, and 2B

Forty-six shafts were drilled in Areas 2, 2A, and 2B (Figure 2.2-2). Twenty-nine of the shafts were used
for shot testing using radiological materials; these shafts are between 35 and 78 ft deep. Seven smaller
shafts were used for disposal of potential contaminated debris and other materials; these shafts were

3 ft wide x 30 ft deep. Two of the shafts were drilled for purposes of trapping gases expelled from the test
shots. One shaft used for containment testing had dimensions of 6 ft x 53 ft. Seven shafts were not used
and were backfilled (LANL 2007, 098492).

3.31.3 Area3

Thirteen shafts were drilled in a grid-like pattern in Area 3 (Figure 2.2-3). Seven of the shafts were shot
with a tracer, four of the shafts were used for containment shots, and the remaining two shafts were not
used and backfilled (LANL 2007, 098492).

3.314 Aread

Twenty-one shafts were drilled in Area 4 (Figure 2.2-4). Thirteen of the shafts were shot with radioactive
material, one was used for containment testing, one was used as a gas expansion hole, three were used
for disposal of debris, and the remaining three shafts were not used and backfilled (LANL 2007, 098492).

3.3.1.5 Area11

At Area 11, 13 10-in.-diameter x 12-ft-deep vertical steel-cased boreholes were used for small-scale
containment experiments (Figure 2.8-1). In some of these shots, irradiated uranium-238 tracer was used.
Neptunium-239 has a half-life of 2.3 d and has decayed to negligible levels of plutonium-239. Some of the
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shot shafts also may have contained small quantities of lead. Some shafts probably were backfilled
partially with concrete at the conclusion of the experiments (LANL 1992, 007670, p. 6.2-3).

3.3.1.6 Area12

At Area 12, a large shaft, 30 ft deep x 10 ft diameter, was located beneath the Bottle House and used in
1961 for small-scale containment experiments (Figure 2.10-1). When the containment experiments were
concluded, the Bottle House shaft was backfilled with crushed tuff (LANL 1992, 007670, p. 6.6-3).

3.3.2 Drainlines

Radiochemistry operations were performed in Area 11 in building 49-15. A drainline was installed from
the southwest portion of the radiochemistry building to a leach field located a few feet to the east. The
drainage system from the radiochemistry building was most likely constructed of vitrified clay pipe laid in a
gravel matrix (Eller 1991, 055331).

3.4 Exploratory Borings and Monitoring Wells

This section provides a history of each borehole or well drilled at TA-49 that have not been previously
described in section 2. Table 2.2-1 lists the completion details and current status of each borehole and
well at TA-49 drilled to a depth greater than 15 ft. Figure 3.4-1 shows the locations of these boreholes
and wells within TA-49.

In 1959 and 1960, five deep test wells (DT-5, DT-5A, DT-5P, DT-9, and DT-10) were drilled through
Frijoles Mesa. Three deep test wells (DT-5A, DT-9, and DT-10) were drilled into the regional aquifer and
are currently used as groundwater monitoring wells. The boreholes were drilled to determine the
thickness of the tuff and volcanic sediment, to determine the hydrologic characteristics of the regional
aquifer, and to test for the presence of perched water (none was found) (LANL 2007, 098492). The
construction of the three groundwater monitoring wells is presented in Figure 3.4-2.

During the initial site characterization in 1959 and 1960, four core holes (CH-1, CH-2, CH-3, and CH-4)
were drilled beneath MDA AB and cased with 2-in. galvanized pipe. These core holes, which range in
depth from about 300 ft (CH-3 and CH-4) to 500 ft (CH-1 and CH-2), were drilled in the centers of the four
main experimental areas to detail the geologic and hydrologic characteristics of the underlying tuff. The
surface geology of the area was mapped and correlated with subsurface geology as determined from logs
of the test wells and other holes (LANL 2007, 098492).

In 1960, three additional boreholes (Alpha, Beta, and Gamma) were drilled for geologic information.
Alpha was drilled just east of MDA AB, Beta was drilled into the floor of Water Canyon, and Gamma was
drilled into the floor of Ancho Canyon (LANL 2007, 098492).

In 1980, a study was conducted to understand the observed accumulation of water in core hole CH-2.
The study involved drilling five test holes (TH-1, TH-2, TH-3, TH-4, and TH-5) at locations adjacent to
Areas 2, 2A, and 2B. The boreholes were drilled to depths that would provide moisture monitoring of the
tuff below the bottom of the shafts in Areas 2, 2A, and 2B. Cuttings from the test holes were logged, and
moisture content was determined over 5-ft drilling intervals. Three additional test holes (2A-O, 2A-Y, and
2B-Y) were drilled in unused, backfilled shot shafts. The boreholes were drilled through the sand fill and
into the underlying tuff. The boreholes were logged, and moisture content was determined in the sand
and tuff. The test holes were cased with 2-in. PVC pipe to facilitate neutron logging. The casing depths
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vary, depending on how much cave-in occurred when the auger was pulled from the test hole (Purtymun
and Ahlquist 1986, 014722, p. 16).

3.5 Exploratory and Monitoring Well Boring Geophysical Logging

Stratigraphic diagrams have been derived from borehole logs of deep test wells DT-5A, DT-5P, DT-9, and
DT-10; core holes CH-1, CH-2, CH-3, and CH-4; and boreholes Alpha, Beta, and Gamma and are
presented in Figures 3.5-1 through 3.5-11. These diagrams display the stratigraphy using both the old
1960s nomenclature and the more recent nomenclature (Broxton and Reneau 1995, 049726).

3.6 Groundwater Conditions
3.6.1 Alluvial Groundwater

In 1990, three shallow monitoring wells were installed in Water Canyon downgradient of TA-49. No
perched water zones were encountered during drilling activities. Springs and seeps are known to occur in
the lower reaches of Water and Ancho Canyons, far downgradient of TA-49 (near the Rio Grande), but
none have been identified within the boundaries of TA-49 (LANL 2007, 098492).

Lateral groundwater flow occurs between stratigraphic permeability barriers within the Bandelier Tuff.
Lateral discharges from canyon walls or canyon bottoms provide a possible route for contaminant
transport. However, this is not plausible given the average annual rainfall and infiltration quantities seen
at TA-49 (LANL 1992, 007670, p. 4-21).

3.6.2 Perched Intermediate Groundwater

The three test wells (DT-5A, DT-9, DT-10) and other boreholes drilled within TA-49 have not indicated the
presence of perched water in tuff or volcanics above the regional aquifer in spite of the presence of
potential perching beds (Purtymun and Stoker 1987, 006688, p. 8). Perched groundwater beneath TA-49
has also not been indicated during subsurface moisture monitoring conducted at TA-49 from 2000 to
2005. The absence of perched water indicates that no recharge to the regional aquifer occurs through the
Pajarito Plateau near TA-49 (Purtymun and Stoker 1987, 006688, p. 8).

3.6.3 Regional Groundwater

Deep groundwater beneath TA-49 is part of the regional aquifer that serves all of the municipal and
industrial water use in Los Alamos County (Purtymun 1984, 006513). Little to no recharge occurs through
the mesa tops of the Pajarito Plateau to the regional aquifer (LANL 2007, 098492).

The annual general facility information report provides updates to the topographic, geologic, and
hydrologic data as it becomes available. Figure 3.6-1 shows the elevation of the top of the regional
aquifer and groundwater flow direction at the Laboratory (LANL 2007, 095364).

Beneath TA-49, the potentiometric surface of the regional aquifer lies completely within the Puye
sediment and the Cerros del Rio basalt. The groundwater moves eastward discharging into the

Rio Grande through seeps and springs (Purtymun et al. 1980, 006048). Aquifer tests performed in the
three deep test wells at TA-49 found the average groundwater velocity to be 345 ft/yr in the upper 490 ft
of the aquifer. The gradient on the upper surface of the aquifer is about 40 to 60 ft/mi beneath the western
and central part of the plateau. It steepens to 80 to 120 ft/mi as groundwater moves into less permeable
sediment of the Tesuque Formation (Purtymun and Ahlquist 1986, 014722).
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Well DT-5A has presented an approximate 4-ft water-level decline from 1960 to 1964. This decline was
attributed to pumping of supply wells located to the north. Well DT-9 recorded a 3-ft water-level drop over
a 21-yr period from 1960 to 1982. At well DT-10, water levels dropped 0.5 ft/yr from 1960 to 1967. These
drops in water level reflect the normal deep groundwater level trend for the region (Purtymun and Ahlquist
1986, 014722).

3.7 Surface-Water Conditions

Runoff and infiltration are the critical components that influence the surface hydrology at TA-49. These
mechanisms are the predominant pathways by which contaminants could be mobilized and transported
from the site. There is no current evidence of a hydraulic connection between the surface water and

groundwater at TA-49. The surface hydrology features relevant to TA-49 (LANL 1992, 007670) include

e areas and pathways of surface-water runoff and sediment deposition;

e rates of soil erosion, transport, and sedimentation;

¢ locations and sizes of areas of disturbed and undisturbed surface soil in drainages;
o infiltration versus runoff ratios;

o presence and effectiveness of sorptive media and/or hydraulic properties in retarding infiltration of
water-borne contaminants; and

o fate of infiltrating water on mesa tops (Purtymun and Ahlquist 1986, 014722; and Weir and
Purtymun 1962, 011890).

3.71 Surface-Water Runoff

Surface-water runoff potentially carries contaminants into surface water that drains off-site. The direction
of surface-water runoff from Frijoles Mesa flows either northward into Water Canyon, eastward into a
tributary canyon to Ancho Canyon, or southward into Ancho Canyon (LANL 2007, 098492).

Runoff from summer storms on the Pajarito Plateau typically reaches a maximum discharge in less than
2 h and has a duration of less than 24 h (Purtymun et al. 1990, 006992). When the discharge rate is high,
the runoff can carry large masses of suspended and bed-load sediment as far as the Rio Grande. Spring
snowmelt occurs at a less intense rate (e.g., over a period of several weeks to months compared with a
24-h period). This lower flow rate also results in the movement of sediment but with less surface erosion
than during the summer storms. Both Ancho Canyon and Water Canyon, downgradient of TA-49,
experience ephemeral flow caused by runoff during the intense summer storms and snowmelt events.

3.7.2  Surface-Water Quality

Surface-water quality data have been collected for approximately 30 yr at the Beta borehole surface-
water station in Water Canyon (about 2000 ft north of MDA AB), in Water and Ancho Canyons at
State Highway 4, and sporadically in drainages leading from MDA AB following intense rainfall events.
No contamination of surface water at these locations by TA-49 contaminants has been identified in the
30 yr of monitoring (LANL 1992, 007670, p. 4-45; LANL 2006, 093925).
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3.7.3 Surface-Water Infiltration

Surface-water infiltration provides a potential mechanism by which contaminants may move into the
subsurface (LANL 1992, 007670, p. 4-13). Surface-water infiltration studies conducted at Pajarito Canyon
have indicated that infiltration through mesa-top soil into the tuff is not significant (LANL 2007, 098492).
Surface-water infiltration pathways at TA-49 include

e native or disturbed soil,
e intact tuff,
e backfilled shafts, and

e fracture systems and boreholes.

Evapotranspiration processes limit the transfer of water to the Bandelier Tuff. The characteristics of the
tuff (naturally low moisture content and high porosity) provide a large storage capacity for infiltrating fluids
and likely prevent infiltrating liquids from penetrating the thick unsaturated zone at TA-49 (LANL 1992,
007670, p. 4-14).

3.8 Institutional Controls

The current institutional controls include a fence with a locked gate and security patrols of the area.
Access to MDA AB requires sign-in at a manned station within TA-49. These controls are expected to
remain in effect throughout the institutional control period.

4.0 PROPOSED ACTIVITIES

Investigation activities outlined in the following subsections will provide additional data needed to define
the lateral and vertical extent of contamination at Areas 1, 2, 2A, 2B, 3, 4, 11, and 12. The investigation
activities will provide data specified in Section IV.C.4.c.i of the Consent Order to characterize the sites
within the TA-49 NES boundary.

41 Investigation Objectives

Upon review of the “RFI Work Plan for OU 1144” (LANL 1992, 007670) and documentation of RFI
activities to date, it was determined that insufficient data exist to determine the nature and extent of
contamination at MDA AB and Areas 1, 3, 4, 11, and 12. The data gaps identified include the following:

e no data for subsurface characterization of Areas 1, 3, and 4;

o insufficient determination of potential contaminant migration caused by standing water in core
hole CH-2;

e insufficient data to determine the vertical extent of subsurface contamination at Areas 11 and 12;

e insufficient data to determine the lateral extent of surface contamination at MDA AB, and Areas 1,
3,4,11,and 12; and

e overland corridors used for the transport of equipment and personnel between Area 5 and the
testing and support areas have not been previously investigated and are included in this plan for
surface investigation. (Area 5 is the central control area and is included in the work plan for TA-49
sites outside the NES boundary [LANL 2007, 098522] and is not included in this work plan.)
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Additionally, insufficient data exist to characterize the hydrogeology at MDA AB. Specific hydrogeologic
data needs, which define the potential of contaminant migration, include

e evaluation of fractures as potential transport pathways,
e determination of the presence of perched water beneath MDA AB, and

e characterization of the lateral extent of the pyroclastic surge bed (base of unit Qbt 4).

These data needs must be addressed to characterize the potential for surface and subsurface migration
of contaminants.

The sampling proposed in this investigation work plan will define the nature and extent of surface and
subsurface contamination at MDA AB and Areas 1, 3, 4, 11, and 12 and the potential for migration of
those contaminants. This approach has been developed to refine the surface and subsurface
investigations prescribed in the “RFI Work Plan for OU 1144” (LANL 1992, 007670) while satisfying the
requirements of Section IV.C.4.c of the Consent Order. The data collected will allow the completion of the
MDA AB investigation report in which recommendations for MDA AB and Areas 1, 3, 4, 11, and 12 will be
made.

4.2 Site Surveys

Before the initiation of investigation activities, the locations of all subsurface shafts and structures will be
verified. Existing documentation (engineering drawings, surveys, site and aerial photos) and site
inspections will be evaluated against current coordinates in the Laboratory’s geographic information
system database. Geodetic surveys will be conducted using existing surface expressions to correlate and
verify the locations of disposal units, current and former monitoring locations, structures, and fence lines.
Additional surveys such as ground-penetrating radar or electromagnetic surveys may be used to refine
and augment locations and dimensions of structures and utilities.

4.3 Surface Investigations

Previous surface investigations have identified sporadic low-level contamination in surface soil of
radionuclides and inorganic chemicals (summarized in section 2.4 of this document and in detail in
section 3.0 of the TA-49 NES HIR [LANL 2007, 098492]). The surface investigation strategy presented in
this work plan will focus on defining the lateral and vertical extent of surface contamination at MDA AB
and Areas 1, 3, 4, 11, and 12, while providing additional data to define the nature of contaminants
present. Although surface sampling is specified by section 1V.C.4.c.iii.8 of the Consent Order over

the small shot area and radiochemistry building footprint in Area 11, AOC 49-008(c) is deferred per
Table 1V-2 of the Consent Order. Therefore, no surface sampling for AOC 49-008(c) is proposed in this
work plan.

4.3.1 Surface Sampling

The strategy for characterizing the nature and extent of surface contamination will combine systematic
screening sampling with systematic and criteria-based biased analytical sampling. The results of previous
sampling campaigns are used to establish a systematic sampling array in surrounding areas of previously
detected inorganic chemicals or radionuclides (LANL 1999, 070349). Discrete samples will be collected
from 0 to 6 in. and 6 to 18 in. on a 25-ft x 25-ft systematic grid that extends a minimum of 100 ft from the
outermost concentrations above BVs or FVs. Each array consists of three categories of samples based
on the proximity to previous concentrations in excess of BVs or FVs. The categories are described below.
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Soil samples will be collected using methods described in section 5.3.1. Dry decontamination methods
will be used between sampling locations to avoid generation of liquid waste and to minimize the
investigation-derived waste (IDW).

In order to characterize the nature and extent of contamination, two types of data will be collected from
each grid array: (1) field-screening analyses will be conducted to determine gross alpha and gross beta
levels and (2) laboratory analyses to obtain decision-level data will be conducted to determine the nature
and confirm the extent of contamination in surface soil. Two grab samples, one each from 0 to 6 in. and
6 to 18 in., will be collected from each sample location.

Screening samples will be collected for gross alpha and gross beta analyses. These samples will
be used to delineate locations with potential radiological contamination. To ensure quick
turnaround of data, gross alpha and gross beta samples will be screened at an on-site mobile
radiological trailer or a local radiological laboratory. Sufficient sample material will be collected
from each interval during sampling for subsequent submission of samples for laboratory
analyses.

Laboratory samples will be collected for gamma spectroscopy, isotopic americium, isotopic
plutonium, isotopic uranium, and target analyte list (TAL) metals. Analytical suites and methods
are presented in Table 4.3-1. Results will be obtained based on two criteria: (1) previously
defined contamination and (2) threshold values based on gross alpha and gross beta screening
analyses. The threshold for conducting laboratory analyses is 25 pCi/g gross alpha radiation and
50 pCi/g gross beta radiation. Appendix C provides the basis for gross alpha and gross beta
thresholds.

Three categories of sampling locations are proposed within each sampling array:

Category 1: All sampling locations near historical detects of metals or radionuclides above BVs or
FVs. For Category 1 sampling locations, the following samples will be collected:

o

% Screening samples. Discrete samples from 0 to 6 in. and 6 to 18 in. from all Category 1
sampling locations will be submitted for gross alpha and gross beta analyses.

7
*

Biased laboratory samples. All Category 1 samples will be submitted for analyses of
gamma spectroscopy, isotopic americium, isotopic plutonium, isotopic uranium, and TAL
metals. Samples from Area 12 will also be submitted for analyses of VOCs, SVOCs, and
PCBs. Samples from Area 11, SWMU 49-003, will be submitted for analyses of
iodine-129, strontium-90, and technetium-99.

7
*

Criteria-based biased samples. Discrete samples from 0 to 6 in. and 6 to 18 in. from all
Category 1 sampling locations for which gross beta exceeds 50 pCi/g will be submitted
for analyses of iodine-129, stronium-90, and technetium-99.

Category 2: Sampling locations within 50 ft of Category 1 locations. For Category 2 locations, the
following samples will be collected:

®,

% Screening samples. Discrete samples from 0 to 6 in. and 6 to 18 in. from all Category 2
sampling locations will be submitted for gross alpha and gross beta analyses. Sufficient
material will be collected from each interval for subsequent laboratory analyses based on
criteria-based or systematic location selection.

7
*

Systematic samples. Discrete samples from 0 to 6 in. and 6 to 18 in. from approximately
20% of Category 2 sampling locations will be submitted for laboratory analyses for
gamma spectroscopy, isotopic americium, isotopic plutonium, isotopic uranium, and TAL
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®
*

metals. Samples from Area 12 will also be submitted for analyses of VOCs, SVOCs, and
PCBs. Samples from Area 11, SWMU 49-003, will be submitted for analyses of
iodine-129, strontium-90, and technetium-99. Category 2 systematic sampling locations
have been preselected to provide spatial coverage around historical detections above
BVs and FVs.

Criteria-based biased analytical samples. Discrete samples from 0 to 6 in. and 6 to 18 in.
from all Category 2 sampling locations for which gross alpha exceeds 25 pCi/g will be
submitted for analyses of gamma spectroscopy, isotopic americium, isotopic plutonium,
isotopic uranium, and TAL metals. Sampling locations for which gross beta exceeds

50 pCi/g, will be submitted for analyses of iodine-129, strontium-90, and technetium-99.
Samples from Area 12 will also be submitted for analyses of VOCs, SVOCs, and PCBs.

e Category 3: Sampling locations approximately 50 ft to 100 ft from Category 1 locations. Initial
Category 3 sampling locations are spaced 50 ft apart across rows with locations staggered
between rows to provide for spatial coverage. For Category 3 locations, the following samples will
be collected:

®,
0.0

7
*

7
*

7
*

4.3.2 Area 1

Screening samples. Discrete samples from 0 to 6 in. and 6 to 18 in. from all Category 3
sampling locations will be submitted for gross alpha and gross beta analyses. Sufficient
material will be collected from each interval for subsequent laboratory analyses based on
systematic or criteria-based selection.

Systematic samples. Discrete samples from 0 to 6 in. and 6 to 18 in. from approximately
10% of Category 3 sampling locations will be submitted for analyses of gamma
spectroscopy, isotopic americium, isotopic plutonium, isotopic uranium, and TAL metals.
Samples from Area 12 will also be submitted for analyses of VOCs, SVOCs, and PCBs.
Samples from Area 11, SWMU 49-003, will be submitted for analyses of iodine-129,
strontium-90, and technetium-99. Category 3 systematic sampling locations have been
preselected to provide spatial coverage around historical detections above BVs and FVs.

Criteria-based biased analytical samples. Discrete samples from 0 to 6 in. and 6 to 18 in.
from all Category 3 sampling locations for which gross alpha exceeds 25 pCi/g will be
submitted for analyses of gamma spectroscopy, isotopic americium, isotopic plutonium,
isotopic uranium, and TAL metals. Sampling locations for which gross beta exceeds

50 pCi/g will be submitted for analyses of iodine-129, strontium-90, and technetium-99.
Samples from Area 12 will also be submitted for analyses of VOCs, SVOCs, and PCBs.

If a Category 3 sample exceeds either of the criteria-based threshold values, all adjacent
unsampled 25 ft grid locations will be submitted for gross alpha or gross beta analyses.
The grid will be expanded at 25 ft increments to allow for complete characterization of
extent of contamination. Any additional sampling locations exceeding gross alpha or
gross beta thresholds will be submitted for appropriate laboratory analyses.

Figure 4.3-1 illustrates the surface-sampling grid pattern to be used for Area 1. Sixteen Category 1
samples will be collected from grid locations near historical detections above BVs or FVs in the shaft
area. One hundred twenty Category 2 samples will be collected for gross alpha and gross beta analyses,
and a minimum of 24 samples will be submitted for laboratory analyses (additional samples may be
submitted for analyses based on the gross alpha and gross beta results). Eighty-four Category 3 samples
will be collected for gross alpha and gross beta analyses, and a minimum of 18 samples will be submitted
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for laboratory analyses (additional samples may be submitted for analyses based on the gross alpha and
gross beta results).

4.3.3 Areas 2, 2A, and 2B (MDA AB), and Area 12

Figure 4.3-2 illustrates the surface-sampling grid pattern to be used for Areas 2, 2A and 2B (MDA AB)
and Area 12. These areas are combined because of their proximity to one another. Additional Category 3
sampling locations are added west of Area 2 to determine whether contamination occurs because of
surface runoff toward the drainage (section 4.3.5). Ten Category 1 samples will be collected for gross
alpha and gross beta analyses from grid locations near historical detections above BVs or FVs in

Area 12; all samples will be submitted for laboratory analyses. Contaminated surface soil in MDA AB has
already been removed and replaced with an ET cover and no samples will be collected within that area.
One hundred eighty-four Category 2 samples will be collected for gross alpha and gross beta analyses,
and a minimum of 38 samples will be submitted for laboratory analyses (additional samples may be
submitted for analyses based on the threshold value results). Two hundred twenty-eight Category 3
samples will be collected for gross alpha and gross beta analyses, and a minimum of 44 samples will be
submitted for laboratory analyses. Additional samples may be submitted for laboratory analyses based on
the gross alpha and gross beta threshold values.

4.3.4 Area 3

Figure 4.3-3 illustrates the surface-sampling grid pattern to be used for Area 3. Twenty Category 1
samples will be collected for gross alpha and gross beta from grid locations near historical detections
above BVs or FVs in the shaft area; all samples will be submitted for laboratory analyses. One hundred
sixteen Category 2 samples will collected for gross alpha and gross beta analyses, and a minimum of
24 samples will be submitted for laboratory analyses (additional samples may be submitted for analyses
based on the threshold value results). Eighty-four Category 3 samples will be collected for gross alpha
and gross beta analyses with a minimum of 18 samples submitted for analyses. Additional samples may
be submitted for laboratory analyses based on the gross alpha and gross beta threshold values.

4.3.5 Area 4

Figure 4.3-4 illustrates the surface-sampling grid pattern to be used for Area 4. Sixteen Category 1
samples will be collected for gross alpha and gross beta analyses near historical detections above BVs
and FVs; all samples will be submitted for laboratory analyses. One hundred twenty-two Category 2
samples will collected for gross alpha and gross beta analyses, and a minimum of 24 samples will be
submitted for laboratory analyses (additional samples may be submitted for analyses based on the
threshold value results). Eighty-four Category 3 samples will be collected for gross alpha and gross beta
analyses, and a minimum of 18 samples will be submitted for laboratory analyses. Additional samples
may be submitted for analyses based on the gross alpha and gross beta threshold values.

4.3.6 Sediment in Drainage Channels

Sediment in drainages will be sampled to determine the nature and extent of contamination potentially
transported from TA-49 SWMUs and AOCs into drainages and canyons downgradient of the sites within
the NES boundary. Each drainage has been divided into reaches based on runoff and drainage features
(major streams and ephemeral drainages) and potential contributing sources of contamination. Within
each reach, sampling locations have been selected to evaluate upper-, middle-, and lower-reach
conditions. Figure 4.3-5 shows the drainages and the approximate locations of the 49 sediment samples.
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In order to provide a snapshot of contaminant distribution within each drainage feature at TA-49, samples
will be collected along a transect perpendicular to the channel at each location including one location in
the center of the channel, two locations perpendicular to the direction of flow, and one location on each
side of the active channel along the transect. A survey of each drainage channel will be conducted before
sampling to identify zones of sediment accumulation near each sampling location. If a sediment
accumulation zone is less than 6 ft in width (perpendicular to flow), the outer samples will be collected
from the outer edge of the accumulation zone. Discrete samples will be collected from each transect
location from 0 to 6 in. and 6 to 18 in. to obtain gross alpha and gross beta results and to obtain
laboratory analyses for gamma spectroscopy, isotopic americium, isotopic plutonium, isotopic uranium,
TAL metals, and PCBs.

The South Canyons Investigation Work Plan (LANL 2006, 093713) addresses the potential to transport
contamination from TA-49 SWMUs and AOCs by surface water into Water and Ancho Canyons. The
canyon alluvial sediment at TA-49 will be investigated as part of this work plan.

4.3.7 Overland Corridors

Review of aerial photographs have revealed linear features that indicate potential overland corridors
extending radially from the central control area (Area 5) to MDA AB and Areas 1, 3, and 4 (Purtymun and
Stoker 1987, 006688). These corridors likely served as direct transportation routes for equipment and
cabling during the testing period. Surface-soil investigations along these corridors will be performed to
evaluate the nature and extent of contamination resulting from the use of these corridors during historical
operations. Figure 4.3-6 shows the approximate location of the corridors as determined by a review of
historical aerial photos and approximate locations of the 45 samples to be collected. Before sampling, a
field survey will be conducted to map each corridor and select sampling locations. At each sampling
location, grab samples spaced 10 ft apart will be collected along a transect with the middle sample being
located at the approximate center of the corridor. Discrete samples will be collected from 0 to 6 in. and

6 to 18 in. for gross alpha and gross beta screening and for submittal to a laboratory for gamma
spectroscopy, isotopic americium, isotopic plutonium, isotopic uranium, and TAL metals analyses. If a
gross alpha or beta result exceeds the threshold value, all adjacent unsampled 10-ft grid locations will be
sampled. The grid will continue to be expanded based on screening results to ensure the complete
characterization of the extent of contamination. Additional samples may be submitted for laboratory
analyses based on the gross alpha and gross beta threshold values.

4.4  Subsurface Investigations
4.41 Areas 2, 2A, and 2B (MDA AB): SWMUs 49-001(b), 49-001(c), and 49-001(d)

The subsurface investigation at MDA AB will address two objectives: (1) vadose-zone characterization
and (2) design and installation of a monitoring system based upon the results. The drilling activities will be
conducted in the following order to allow the design optimization of each subsequent drilling phase.

4411 Deep Borehole

One vertical core hole will be advanced within Area 2 to the base of the Guaje Pumice Bed
(approximately from 900 to 950 ft depth). The core hole will be located near shaft 2-R north of the
abandoned 150-ft borehole location 49-02906. Borehole location 49-02906 was chosen because

Shaft 2-R was planned but not drilled, and borehole location 49-02906 was successfully drilled (i.e., did
not encounter contamination).
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Shaft 2-R presents an optimal location for a deep core hole because it is adjacent to shaft 2-M and core
hole CH-2 and will allow characterization within the region of highest historically observed infiltration in
Area 2 while avoiding potential contamination in the blast radius of adjacent plutonium shot shafts.

Objectives of the deep borehole include

e characterization of contamination in the vadose zone beneath Area 2;

e characterization of the surge bed at the base of Qbt 4 (at anticipated depths of 60 to 80 ft) as a
potential contaminant pathway that may coincide with the base elevation of the surrounding
shafts;

e characterization of moisture and potential contaminant distributions at unit contacts and within
higher permeability units (e.g. the vapor-phase notch at the base of Qbt 1v-c, Qbt t, and Qct);

¢ determination of the moisture profile adjacent to and below shaft 2-M and core hole CH-2 with
particular emphasis on geologic contacts and higher permeability zones (e.g. surge deposits and
welding breaks)

e determination of the presence of perched intermediate groundwater beneath Area 2;
e determination of the geophysical and hydrogeologic properties of the subsurface beneath Area 2;

e characterization of the high permeability zones observed at depths of 285 to 300 ft bgs during the
previous drilling of core hole CH-2 and well DT-5A;

e determination of the potential contact between the Tshirege and Otowi Members of the Bandelier
Tuff to act as a hydraulic barrier (encountered at approximately 600 ft bgs in nearby borehole
location 49-02901); and

e completion of the borehole as a moisture-monitoring or vapor-monitoring well based on
monitoring results.

The borehole will be advanced to the base of the Guaje Pumice Bed (approximately 900 to 950 ft bgs)
using drilling methods appropriate for achieving the 900 ft depth. Based on the stratigraphy encountered
in nearby well DT-5A, stratigraphic units potentially present at this depth include the Otowi Member, the
Guaje Pumice Bed, and the upper Puye Formation.

If intermediate perched water is encountered, drilling will immediately cease to avoid penetrating the
perched unit. The depth to water will be sounded and a groundwater sample will be collected if sufficient
water is present. A temporary well will be installed and NMED will be notified of the presence of perched
water. A perched groundwater well installation and monitoring plan will be submitted to NMED for review
and approval before permanent well installation.

If perched water is not encountered, the borehole will be advanced as planned to 900 ft. Upon
completion, an appropriate moisture-monitoring or vapor-monitoring well installation and sampling plans
will be submitted to NMED for review and approval before permanent well installation.

If radiological contamination is encountered, drilling will immediately cease and NMED will be notified.
The drilling of the borehole in the area will be reevaluated and a collaborative decision will be made to
relocate the borehole.
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44.1.2 Perimeter Boreholes

Following completion of the deep borehole and review of all data, four additional vertical boreholes will be
drilled along the perimeter of Areas 2, 2A, and 2B. Boreholes will be no closer than 20 ft from any shot
point; the reported maximum fracture zone is a 10- to 15-ft radius from a shot point (LANL 1992, 007670,
p. 7-16). Preliminary locations are presented in Figures 4.4-1; however, the final locations of these
boreholes may be revised pending the results of field verification surveys and/or to achieve optimal lateral
bounding of subsurface contamination at MDA AB. Each borehole will be advanced to a minimum depth
of 130 ft bgs, which is 50 ft below the deepest shaft at Areas 2, 2A, and 2B, or 25 ft below the deepest
detected contamination based on field screening, if beyond the minimum depth.

Objectives of the perimeter boreholes include

e characterization of lateral and vertical contamination beneath MDA AB and definition of the
MDA AB lateral subsurface footprint;

e characterization of the surge bed (base of Qbt 4) at anticipated depths of 60 to 80 ft, which may
coincide with the base elevation of the surrounding shafts;

e determination of the moisture profile along the perimeter of MDA AB at depth; and

e completion as a moisture-monitoring or vapor-monitoring well based on subsurface sampling
results.

Pore-gas samples will be collected from each borehole using a single straddle packer in advance of the
drill bit during borehole advancement to isolate discrete depths (minimum 10-ft intervals) within the
borehole as determined by field screening. These samples will be submitted for analyses of VOCs and
tritium.

Upon completion and sampling of each borehole, a moisture-monitoring well will be installed. If
vapor-phase contamination is confirmed by laboratory analyses, a temporary well will be installed and a
vapor-monitoring well installation and sampling plan will be submitted to NMED for review and approval
before well installation is completed.

4.4.1.3 Directional Borehole

The drilling of a directional (horizontal) borehole beneath MDA AB is contingent upon conditions
observed during drilling of the deep borehole (section 4.4.1.1). If radiological contamination is identified
below the depth of the deepest experimental shaft, moisture content is observably elevated, or
intermediate perched water is encountered in the deep borehole, NMED will be notified. The horizontal
borehole may be drilled based on a collaborative decision made between the Laboratory and NMED.

If drilled, this borehole will provide additional fracture characterization, characterization of lateral extent of
contamination and/or elevated moisture levels within the vadose zone beneath MDA AB and long-term
monitoring capability in support of a final remedy.

This borehole is sited as entering the side of the canyon northeast of Area 2 in a tributary of Water
Canyon. The borehole would enter the side of the canyon from the east to northeast and trend south to
southwest. The borehole is designed to travel horizontally below Area 2 at a depth based on the results
from the drilling of the deep borehole. The anticipated location of this horizontal borehole is presented in
Figure 4.4-2.
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44.2 Areas 1, 3, and 4 (Experimental Shafts): SWMUs 49-001(a), 49-001(e), and 49-001(f)

No data exist for the subsurface characterization of potential contamination at Areas 1, 3, and 4. No type
of site cover or other surface modification has been implemented at Areas 1, 3, and 4; therefore, no
adverse moisture impacts are anticipated.

The subsurface investigation activities at Areas 1, 3, and 4 share a common approach. Four vertical
boreholes will be drilled along the perimeter of each area. Boreholes will be no closer than 20 ft from any
shot point; the reported maximum fracture zone is a 10- to 15-ft radius from a shot point (LANL 1992,
007670, p. 7-16). Locations are presented in Figures 4.4-2 through 4.4-4; however, the final locations of
these boreholes may be revised pending the results of field verification surveys. Each borehole will be
advanced to a minimum depth of 50 ft bgs below the deepest shaft at each area or 25 ft below the
deepest detected contamination based on field screening if beyond the borehole minimum depth.

Objectives of the perimeter boreholes are

e characterization of potential vertical and lateral contamination beneath Areas 1, 3, and 4 and
definition of the lateral subsurface footprint for each area;

e characterization of the surge bed (base of Qbt 4) at anticipated depths of 60 to 80 ft;
o determination of the moisture profile along the perimeter of Areas 1, 3, and 4 at depth; and

e completion as a moisture-monitoring or vapor-monitoring well as indicated by results.
The maximum shaft depth and minimum borehole depth at each area are as follows:

e at Area 1, the maximum shaft depth is 85 ft bgs, corresponding to a minimum borehole depth of
135 ft bgs;

e at Area 3, the maximum shaft depth is 142 ft bgs, corresponding to a minimum borehole depth of
192 ft bgs; and

e at Area 4, the maximum shaft depth is 108 ft bgs, corresponding to a minimum borehole depth of
158 ft bgs.

Pore-gas samples from boreholes at each of the experimental shaft areas will be collected using a single
straddle packer in advance of the drill bit during borehole advancement to isolate discrete depths
(minimum 10-ft intervals) within each borehole. Samples will be submitted for analyses of VOCs and
tritium. Upon completion and sampling of each borehole, a moisture-monitoring well will be installed. If
vapor phase contamination is confirmed by laboratory analyses, a temporary well will be installed and a
vapor-monitoring well installation and sampling plan will be submitted to NMED for review and approval
before well installation is completed.

4.4.3 Area11: SWMU 49-003, Leach Field and Associated Drainlines

An attempt will be made to locate the leach field drainlines using the appropriate method presented in
section 4.2. Four vertical boreholes will be advanced at the locations of the drainlines to a minimum depth
of 20 ft bgs or 5 ft below the deepest detected contamination based on field screening if beyond the
minimum depth. The objective of these boreholes is to characterize vertical contamination beneath the
leach field. Borehole locations are presented in Figure 4.4-5.
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444 Area11: AOC 49-008(c), Area of Potential Soil Contamination

Two vertical boreholes will be advanced at the small-scale shot area, AOC 49-008(c). One borehole will
be drilled to intersect the surge bed (base of Qbt 4) at approximately 60 to 80 ft bgs, and one borehole
will be drilled to a minimum depth of 35 ft bgs or 10 ft below the deepest detected contamination based
on field screening if beyond the minimum depth. The borehole locations are presented in Figure 4.4-5.
Objectives of these boreholes include

e characterization of vertical extent associated with the small-scale shot area,
e characterization of the surge bed (base of Qbt 4) at anticipated depths of 60 to 80 ft, and

e determination of the moisture profile beneath the small-scale shot area.

If field moisture measurements indicate conditions observed in native tuff, the boreholes will be
abandoned in accordance with the methods presented in section 5.2.4. Pore-gas samples will be
collected using a single straddle packer in advance of the drill bit during borehole advancement to isolate
discrete depths (minimum 10-ft intervals) within two boreholes at the small scale shot area. Samples will
be submitted for analyses of VOCs and tritium. If vapor-phase contamination is confirmed by laboratory
analyses, a temporary well will be installed and a vapor-monitoring well installation and sampling plan will
be submitted to NMED for review and approval.

The footprint of the former radiochemistry building will be located using the methods presented in
section 4.2. Five vertical boreholes will be advanced within the footprint of the radiochemistry building.
The boreholes will be advanced to a minimum depth of 10 ft bgs or 5 ft below the deepest detected
contamination based on field screening if beyond a depth of 10 ft. The objective of the boreholes is to
characterize the vertical extent of contamination beneath the former radiochemistry building.

An attempt will be made to locate the drain and/or sump at the former radiochemistry building using the
appropriate method presented in section 4.2. One vertical borehole will be advanced to a minimum depth
of 10 ft bgs below the base of the drain and/or sump or 5 ft below the deepest detected contamination
based on field screening if beyond a depth of 10 ft. The objective of the borehole is to characterize
potential vertical contamination beneath the former radiochemistry building drain.

445 Area12: AOC 49-008(d), Bottle House and CPTF, Area of Potential Soil Contamination

The former Bottle House and CPTF will be located using the appropriate method presented in section 4.2.
One vertical borehole will be advanced at a location within 10 ft of the former Bottle House to a minimum
depth of 120 ft bgs. This depth corresponds to 90 ft below the base of the Bottle House shaft (30 ft bgs).
One vertical borehole will be advanced to a minimum depth of 120 ft bgs beneath the location of the
former CPTF. Figure 4.4-6 presents the borehole locations. Objectives of these boreholes include the
following:

e characterization of vertical extent of contamination beneath the Bottle House and CPTF, and

e characterization of the surge bed (base of Qbt 4) at anticipated depths of 60-80 ft in the Bottle
House borehole, if present.

If field moisture measurements are indicative of conditions generally observed in native tuff, the boreholes
will be abandoned in accordance with the methods presented in section 5.2.4. Pore-gas samples will be
collected using a single straddle packer in advance of the drill bit during borehole advancement to isolate
discrete depths (minimum 10-ft intervals) within the borehole at the Bottle House. Samples will be
submitted for analyses of VOCs and tritium. If vapor-phase contamination is confirmed by laboratory
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analyses, a temporary well will be installed and a vapor-monitoring well installation and sampling plan will
be submitted to NMED for review and approval.

44,6 Drilling Plan

Advancement of boreholes at MDA AB and Areas 1, 3, and 4 will be achieved by auger to refusal then by
the air-rotary drilling method.

Air rotary is the preferred drilling method based on the following.

o Field experience indicates the need to airlift cuttings out of the boreholes to maintain access for
future monitoring system installation.

o Drill bit control is a priority to achieve drilling goals and avoid highly contaminated zones around
shots.

e Casing advance methods, only available through air rotary, provide better control than with
augering.

e Air rotary is the only method capable of coring to depths up to 900 ft.

e Air rotary allows for engineered control of dust and cuttings, minimizing worker exposure to
potential hazards.

Air rotary, hollow-stem auger, hand-auger drilling, or a combination of these methods may be used for the
boreholes proposed at Area 11 and Area 12.

Boreholes will be drilled in order of difficulty (from simple to complex) to optimize lessons learned and
minimize risk to workers, the public, and the environment. Drilling activities should start at Area 11,
followed by Area 12, Area 3, Area 1, Area 4, and Areas 2, 2A, and 2B (MDA AB). A site-specific borehole
drilling order for MDA AB is presented in section 5.2.1.

All core samples will be field screened for gross alpha, gross beta, and gross gamma activity before
release and shipment to the SMO and an analytical laboratory. Additionally, field screening for VOCs will
be performed for subsurface samples collected from Areas 11 and 12 per section IV.C.4.c.iii of the
Consent Order.

447 Sampling Plan

Core sampling will be conducted from ground surface to total depth (TD) in all boreholes to describe
subsurface stratigraphy, investigate downward migration of surface contamination, and to determine the
extent of subsurface contamination associated with each area. All boreholes will be continuously cored to
TD. One core barrel sample will be collected from every 10 ft of drill core at MDA AB and Areas 1, 3, and
4 and from every 5 ft of core at Areas 11 and 12. Additional samples will be collected from the following
intervals:

e atfractures;
e at the soil/tuff interface, tuff samples;
o at the depth immediately below the base of the disposal unit or facility structure;

e at first encounter with geologic units of different lithology, structural or textural characteristics, or
relatively higher or lower permeability;

EP2007-0551 39 October 2007



TA-49 Sites Inside the NES Boundary Investigation Work Plan

e From soil or rock types more likely to sorb or retain contaminants than the surrounding lithology,
field determination;

e at first encounter with shallow or intermediate saturated zones, if present;
e atintervals suspected of being source or contaminated zones; and

e at the maximum depth of each boring.

The number of samples and intervals for each borehole are presented in Table 4.4-1. All samples will be
field screened for gross alpha, gross beta, and gross gamma activity, and screening for VOCs will be
performed for subsurface samples collected from Areas 11 and 12 as detailed in section 5.0.

448 Analysis Plan

The selection of core samples to be submitted to an analytical laboratory will be based on the following
criteria:

e The sample exhibiting the highest field screening detection

e The sample obtained from the maximum depth in each boring that displays field screening
evidence of contamination

e The sample located at the base of a disposal unit or facility structure
e The sample obtained from the maximum boring depth or total depth (TD) of each borehole

o VOC detections at Areas 11 and 12 only

Additional core samples may be selected based on field observations (such as the presence of fracturing,
staining, observable elevated moisture content) or to assess key lithologic or permeability characteristics
(e.g., the surge bed at the base of Qbt 4 and the contact between the Tshirege and Otowi Members of the
Bandelier Tuff).

All core samples will be submitted to an analytical laboratory and analyzed for explosive compounds,
perchlorate, TAL metals, cyanide, isotopic americium, isotopic plutonium, isotopic uranium, and tritium.
Subsurface samples from Areas 11 and 12 submitted to an analytical laboratory will also be analyzed for
VOCs and SVOCs. Core samples from Area 11, SWMU 49-003, will also be submitted for analyses of
iodine-129, strontium-99, and technetium-99. Core samples collected from the CPTF borehole at Area 12
will be submitted to an analytical laboratory for analyses of total petroleum hydrocarbon diesel-range
organics.

All new boreholes penetrating the surge bed (exceeding depths of approximately 60 ft) will be subject to
geophysical testing, including borehole video, neutron logging, and natural gamma. If borehole video
indicates diameter variations, calipers will be used to measure the borehole diameter at depth.
Air-permeability measurements will be collected from the deep borehole at Area 2; from one borehole at
Areas 1, 3, and 4; and from the deep boreholes at Areas 11 and 12.

Vapor-phase samples will be collected during drilling from the perimeter boreholes at MDA AB and one
borehole at each Area 1, 3, and 4; from two boreholes at Area 11; and from one borehole at Area 12 to
determine if vapor-phase contamination is present. Tritium and VOC pore-gas samples will be collected
from the intervals prescribed in Table 4.4-1 and at TD.

Selected core samples from the deep borehole at Area 2 will be analyzed for stable isotopes (oxygen and
hydrogen) and anions (chloride and bromide) to provide information on infiltration rates.
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Selected core samples from the 17 vertical boreholes at Areas 1, 2, 2A, 2B, 3, and 4 will be analyzed for
hydrogeologic properties such as unsaturated hydraulic conductivity, permeability, and van Genuchten
hydraulic properties. Representative samples will be collected from each unit based on field
determinations and in areas with more contamination. All 17 boreholes will penetrate the surge bed
(base of Qbt 4) if laterally present in each location and in Qbt 3. Based on the stratigraphy encountered in
nearby well DT-5A, stratigraphic units potentially present at this depth include the Otowi Member, the
Guaje Pumice Bed, and the upper Puye Formation.

A summary of proposed boreholes and sampling is presented in Table 4.4-1. Analytical methods are
presented in Table 4.4-2.

Groundwater samples, if encountered during drilling, will be collected and submitted for analyses as
presented in Table 4.4-3. No surface-water samples will be collected as part of this work plan.

449 Groundwater Monitoring

Two regional groundwater monitoring wells will be installed to provide information for refining groundwater
flow direction, characterizing the potential for present-day contamination from MDA AB, and providing for
long-term monitoring for the potential impact of MDA AB on regional groundwater. Each of the two wells
will be located downgradient from MDA AB. One of these planned wells is R-30, which was proposed as
part of the “South Canyons Investigation Work Plan” (LANL 2006, 093713). However, R-30 will now be
drilled in the context of this investigation. The number and final locations of new regional groundwater
monitoring wells will be assessed in consultation with NMED after data on contaminant and moisture
distributions are evaluated for the deep borehole drilled at Area 2. All plans for the installation of new
regional groundwater monitoring wells will be submitted to NMED for approval.

Additionally, R-27, drilled in Water Canyon in 2005, will be evaluated for suitability as an additional
downgradient monitoring well. The existing DT-series wells provide composite groundwater-level data;
however, the construction materials and long screen lengths (up to 220 ft) limit the usefulness of the
analytical data for monitoring purposes and for determining the flow gradients beneath MDA AB.

Perched-intermediate well R-27i is being installed as part of the “South Canyons Investigation Work Plan”
(LANL 2006, 093713, p. 52) to monitor beneath Water Canyon. R-27i will target a perched zone that was
penetrated in the Puye Formation above the Cerros del Rio basalt while during drilling of R-27.

4.5 Investigation-Derived Waste

All IDW generated during field-investigation activities may include, but is not limited to, drill cuttings;
contaminated soil; contaminated personal protective equipment (PPE), sampling supplies, and plastic;
fluids from the decontamination of PPE and sampling equipment; and all other waste that has potentially
come into contact with contaminants

All IDW generated during the TA-49 field-investigation activities will be managed in accordance with
applicable standard operating procedures (SOPs). These SOPs incorporate the requirements of all
applicable EPA and NMED regulations, DOE orders, and Laboratory implementation requirements (LIRs).
Appendix B details the IDW management plan.
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5.0 INVESTIGATION METHODS

A summary of investigation methods to be implemented is presented in Table 5.0-1. The SOPs used to
implement these methods are available on the Laboratory Environmental and Remediation Support
Services Division web page at http://www.lanl.gov/environment/all/ga.shtml.

Summaries of the field investigation methods are provided below. Additional procedures may be added
as necessary to describe and document quality-affecting activities.

Chemical analyses will be performed in accordance with the analytical statement of work (LANL 2000,
071233). Accredited contract laboratories will use the most recent EPA- and industry-accepted extraction
and analytical methods for chemical analyses for analytical suites.

5.1 Field Surveys

The following sections describe the field surveys that will be conducted at Areas 1, 2, 2A, 2B, 3, 4, 11,
and 12.

511 Geodetic Surveys

Geodetic surveys will be conducted by a land surveyor in accordance to the latest version of SOP-03.11,
“Coordinating and Evaluating Geodetic Surveys,” to locate historical structures and to document field
activities such as sampling and excavation locations. The surveyors will use a Trimble GeoXT hand-held
global positioning system (GPS) or equivalent for the surveys. The coordinate values will be expressed in
the New Mexico State Plane Coordinate System (Transverse Mercator), Central Zone, North American
Datum 1983. Elevations will be reported as per the National Geodetic Vertical Datum of 1929. All GPS
equipment used will meet the accuracy requirements specified in the SOP.

5.1.2 Geophysical Surveys

Geophysical surveys may be performed at selected sites to verify the location, dimensions, TD, base
profile, topography, low elevation point, and downslope end of each shaft at Areas 1, 2, 2A, 2B, 3, 4, 11,
and 12 if such cannot be determined using as-built construction drawings and boring logs. The surveys
will verify locations determined from engineering drawings, site reconnaissance, and geodetic surveys
and refine assessments of the subsurface structures. Geophysical methods employed may include
electromagnetic, gravity, and ground-penetrating radar as appropriate to effectively delineate the
materials or feature being surveyed.

5.1.3 Radiological Surveys

Radiological field surveys will be conducted at Areas 1, 2, 2A, 2B, 3, 4, 11, and 12 using appropriate field
instrumentation for gross alpha and gross beta detection. The surveys will be conducted on a 25-ft grid as
presented in section 4.3. Samples exceeding 25 pCi/g alpha or 50 pCi/g beta will be sent for laboratory
analyses.
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5.2 Subsurface Characterization
5.21 Drilling Methods for Boreholes

Boreholes at Areas 1, 2, 2A, 2B, 3, 4, 11, and 12 will be drilled by hollow-stem auger, air-rotary, or
hand-auger methods as indicated in section 4.4.6. A brief description of these methods is provided below.
More information can be found in SOP-04.01, “Drilling Methods and Drill Site Management.” Selected
boreholes will be geophysically logged with caliper, camera, neutron, and natural gamma tools according
to the current versions of SOP-04.04, “Contract Geophysical Logging,” and SOP-07.05, “Subsurface
Moisture Measurements Using a Neutron Probe.”

5.211 Hollow-Stem Auger

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

5.21.2  Air Rotary

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

5.21.3 Hand Auger

Hand augers may be used to bore shallow holes (0 to 15 ft). The hand auger is advanced by turning or
pounding the auger into the soil until the barrel is filled. The auger is removed and the sample is dumped
out. Motorized units (for one or two operators) may be used and can reach depths up to 30 ft under
certain conditions.
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5.2.2 Groundwater Monitoring Well Installation

Section IV.C.4.c.vi of the Consent Order requires installation of one groundwater monitoring well, which
intersects intermediate perched groundwater, if such groundwater is present beneath the site. If perched
groundwater is encountered, this well will be completed as a single-completion well in accordance with
the current versions of SOP- 5.01, “Well Construction,” and SOP-5.02, “Well Development.” A plan for
construction of the well will be submitted to NMED for approval before construction begins.

5.2.3 Vapor-Monitoring Well Installation

No vapor-monitoring wells are currently planned. Vapor-phase samples will be collected from selected
boreholes as proposed in section 4.4.8 and in accordance with the procedure presented in section 5.3.4.
Vapor-monitoring wells will be installed if vapor-phase contamination is confirmed by field screening
results. Before vapor well construction, a vapor-monitoring and sampling plan will be submitted to NMED
for approval.

5.24 Borehole Abandonment

All boreholes will be abandoned according to the most recent version of SOP-5.03, “Monitoring Well and
RFI Borehole Abandonment,” except those identified for completion as vapor-monitoring wells, moisture-
monitoring wells, or groundwater monitoring wells, by one of the following methods.

e Shallow boreholes, with a TD of 20 ft or less, will be abandoned by filling the borehole with
bentonite chips and subsequently hydrated. Chips will be hydrated in 1 to 2 ft lifts. The borehole
will be visually inspected while the bentonite chips are being added to ensure that bridging does
not occur.

e Boreholes greater than 20 ft in depth will be pressure-grouted from the bottom of the borehole to
the surface using the tremie pipe method. Acceptable grout materials include cement or bentonite
grout, neat cement, or concrete.

The use of backfill materials such as bentonite and grout will be documented in a field logbook with
regard to volume (calculated and actual), intervals of placement, and additives used to enhance
backfilling. All borehole abandonment information will be provided in the investigation report.

5.3 Sample Collection
5.3.1 Surface Samples

While surface and shallow subsurface samples will be collected during drilling activities, the most
common method for collecting these predominantly soil and sediment samples will be consistent with
SOP-06.09, “Spade and Scoop Method for the Collection of Soil Samples.” Stainless-steel shovels,
spades, scoops, and bowls will be used for ease of decontamination. Decontamination will be completed
using a dry decontamination method with disposable paper towels and over-the-counter cleaner, such as
Fantastik or equivalent. Disposable tools made of polystyrene or Teflon will also be used, if necessary. In
some cases, for deeper sample intervals, hand-augering tools, including power augers, will be used to
collect shallow subsurface samples if geologic material conditions permit. The tools to be used and their
applicability are described in the current version of SOP-06.10, “Hand Auger and Thin-Wall Tube
Sampling.” If the surface location is at bedrock, an axe or hammer and chisel will be used to collect
samples.
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Soil and sediment samples will be field screened as described in the following sections and placed in the
appropriate sample container(s) as grab samples collected with hand augers, scoops, or chiseling
devices in accordance with the sampling guidance document and appropriate SOPs (SOP-01.01 through
SOP-01.08).

5.3.2  Subsurface Samples

Following the current version of SOP-06.24, “Sample Collection from Split-Spoon Samplers and Shelby
Tube Samplers,” and SOP-06.26, “Core Barrel Sampling for Subsurface Earth Materials,” subsurface
samples will be collected from core extracted in a split-spoon core barrel. Samples collected for chemical
analyses will be placed in the appropriate sample containers depending on the analytical method
requirement in accordance with the current version of SOP ENV-DO-206, “General Instructions for Field
Investigations.” The analytical suites for the samples from each borehole will vary according to the data
requirements as described in sections 4.4-7 through 4.4-8 of this work plan.

Quality assurance/quality control (QA/QC) samples will include field duplicate samples, rinsate blanks,
equipment blanks, trip blanks, and reagent blanks. These samples will be collected following the current
version of SOP-01.05, “Field Quality Control Samples,” and will comply with a frequency of 10% of total
samples collected for field duplicates and rinsate blanks. Trip blanks will be supplied and remain with
analytical samples when collecting samples for VOC analyses. QA/QC samples are used to monitor the
validity of the sample collection procedures.

Following the current version of SOP-12.01, 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.
Additional samples will be collected from the rock matrix adjacent to the fracture sample material, thus
allowing for comparison.

Field documentation will also include detailed borehole logs for each borehole drilled. The borehole logs
will document the matrix material in detail and will include the results of all field screening; fractures and
matrix samples will be assigned unique identifiers. All field documentation will be completed in
accordance with the current version of SOP-12.01.

5.3.3  Groundwater Samples

Perched intermediate groundwater may be encountered while the deep borehole at Area 2 is advanced. If
saturation is encountered as a borehole advances, drilling will be stopped to determine whether sufficient
water volume is available for analyzing the water quality. Generally, the total water volume required for an
analytical sample is approximately 0.5 to 1 L. If this minimum volume of groundwater cannot be collected,
the borehole will be advanced to the targeted depth or until saturation is encountered again and the
process is repeated, or until the required TD is achieved. A porous cup lysimeter or absorbent membrane
will be installed at the depth of saturation to monitor the zone if the borehole is completed for monitoring.
Insufficient water-sample volumes from discrete depths will not be composited to make up the required
volume for screening analysis.

If a sufficient volume exists, a groundwater sample will be collected and analyzed for TAL metals,
explosive compounds, anions, VOCs, SVOCs, perchlorate, radionuclides (by alpha and gamma
spectroscopy), alkalinity, nitrates, total organic carbon, total inorganic carbon, and total dissolved solids at
a Laboratory-certified analytical laboratory. Typically, results of groundwater screening samples are
available within 48 h. During this time, the borehole may be advanced to the targeted depth, and the
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perched zone (and subsequent perched zones encountered during drilling) will be isolated to prevent
downhole migration.

Geophysical logging will be conducted according to SOP-04.04, “Contract Geophysical Logging,” and
SOP-05.07, “Operation of LANL Owned Borehole Logging Trailer.” Geophysical logging will determine the
thickness of the zone of saturation and the characteristics of the perching horizon. A monitoring well
design will be submitted to NMED for approval. Following approval of the design, the well will be installed,
and a groundwater-monitoring plan will be included in the investigation report or in the appropriate annual
update of the IFGMP (LANL 2007, 096665).

Groundwater samples from developed wells will be collected in accordance with SOP-06.01, “Purging
and Sampling Methods for Single Completion Wells.” After a groundwater sample has been collected and
processed, aliquots of the sample are placed in appropriate containers and preserved according to

SOP ENV-DO-206, “Sample Container and Preservation.” Requirements for sample volume,
containerization, hold times, and detection limits are provided in the analytical services statement of work
(LANL 2000, 071233).

5.4 Field-Screening Methods

The primary field-screening methods to be used on subsurface samples include (1) visual examination,
(2) radiological screening, and (3) headspace vapor screening for VOCs using a photoionization detector
(PID).

5.41 Radiological Screening

Radiological screening will target gross alpha-, beta-, and gamma-emitting radionuclides. Field screening
will be conducted within 1 in. of the sampled material by a radiation control technician. All radiological
screening will be conducted using an Eberline E-600 radiation meter with an SHP-380AB alpha/beta
scintillation detector, or equivalent. This equipment consists of a dual phosphor plate covered by two
mylar windows housed in a light-excluding metal body. The phosphor plate is a plastic scintillator for the
detection of beta emissions and is thinly coated with zinc sulfide for detecting alpha emissions. The
operational range varies from trace emissions to 1 million disintegrations per min.

Local background levels will be collected, at a minimum, twice daily, once in the morning and once in the
afternoon. If more than one site is visited in a day, background levels will be calculated before work
begins at each new site. Background will be measured from 10 locations surrounding the site and from
known or suspected areas of radiological contamination. An average will be calculated to determine the
local background level for the site. Radiological field screening will be conducted in accordance with
SOP-10.14, “Performing and Documenting Gross Gamma Radiation Scoping Surveys.” All local
background checks, background ranges, and calibration procedures will be documented daily in the field
logbook in accordance with the current version of SOP MAQ-011, “Logbook Use and Control.”

Boreholes completed using mechanical drilling methods will be advanced 25 ft beyond elevated
field-screening results for field screen. If elevated field-screening results are recorded within 10 ft of the
target depth, the borehole will be advanced using mechanical drilling methods in 5-ft intervals until no
elevated field-screening results are recorded over a 10-ft interval.
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5.4.2 Vapor Screening for VOCs

Organic vapor screening of subsurface core will conducted using a MiniRAE 2000 portable VOC monitor
model PGM-7600 PID, or equivalent, and will be equipped with an 11.7-electron volt lamp and sensitivity
reading to 1 part per million (ppm). Before each day’s fieldwork begins, the PID will be calibrated to the
manufacturer’s standard for instrument operation (all daily calibration results will be documented in the
field logbook). Field screening for VOCs will be accomplished by headspace analysis at 5-ft intervals in
each borehole in accordance with SOP-06.33. The maximum value and ambient air temperature will be
recorded in the field borehole or test pit log for each sample. A VOC field-screening result that exceeds
the ambient background measurement is defined as greater than 2 times the measured background
value.

5.4.3 Laboratory Analytical Methods

The analytical suites required for laboratory analyses vary by area as specified in section 4.5.8 and
summarized in Table 4.5-1. All laboratory analytical suites are presented in the statement of work for
analytical laboratories (LANL 2000, 071233). Sample collection and analyses will be coordinated with the
SMO.

5.4.4 Equipment Decontamination

Equipment for drilling and sampling will be decontaminated before and after drilling and sampling
activities (as well as between boreholes) to minimize the potential for cross-contamination.
Drilling/exploration equipment that may come into contact with the borehole will be decontaminated by
steam cleaning, hot-water pressure washing, or by another method before drilling each new boring. All
sampling and measuring equipment, including but not limited to, stainless-steel sampling tools, split-barrel
or core samplers, well developing or purging equipment, groundwater quality measurement instruments,
and water-level measurement instruments, will be decontaminated in accordance with SOP-01.08, “Field
Decontamination of Drilling and Sampling Equipment.” The equipment will be pressure-washed with a
high-density polyethylene liner on a temporary decontamination pad. Cleaning solutions and wash water
will be collected and contained for proper disposal. Decontamination solutions will be sampled and
analyzed to determine the final disposition of the wastewater and the effectiveness of the
decontamination procedures. All parts of the drilling equipment, including the undercarriage, wheels,
tracks, chassis, and cab will be thoroughly cleaned. Air filters on equipment operating in the exclusion
zone will be contaminated, removed, and replaced before the equipment leaves the site. Sites identified
as radiological control areas based upon surface radiological surveys will have all equipment surveyed by
a Health and Safety Radiation Control Division technician before it is released from the site.

6.0 MONITORING AND SAMPLING PROGRAMS
6.1 Groundwater

Section IV.C.4.c.viii of the Consent Order requires monitoring and sampling of the wells associated with
MDA AB within the Water Canyon/Cafion de Valle and Ancho Canyon Watersheds containing alluvial,
intermediate, and regional groundwater as part of the IFGMP (LANL 2007, 096665). Based on the results
of the investigations in this work plan and after completing the installation of additional monitoring wells in
the Water Canyon/Caron de Valle and Ancho Canyon Watersheds, a watershed-specific groundwater-
monitoring plan will be submitted to NMED for review and approval. Upon NMED approval, the

EP2007-0551 47 October 2007



TA-49 Sites Inside the NES Boundary Investigation Work Plan

requirements of the monitoring plan will apply and supersede the requirements of the Water
Canyon/Cafion de Valle and Ancho Canyons Watershed sections of the IFWGMP (LANL 2007, 096665).

6.2  Air

A meteorological station located in the southeastern portion of TA-49 has provided data on air quality and
meteorology since 1987. Air monitoring station 23, located at the main gate to TA-49, and air monitoring
station 32, located in Area 12, measure levels of airborne radionuclides (tritium, uranium, plutonium, and
americium). During the 10-plus yr of operation of air-monitoring station 23, results have indicated tritium
concentrations above background on only a few occasions (Purtymun and Stoker 1987, 006688). These
events involved tritium levels far below existing air-quality guidelines and are attributed to releases
elsewhere at the Laboratory. Air-monitoring station 23 has detected levels of airborne plutonium and
americium just above background only during one quarterly sampling period. The concentrations detected
were below DOE action guidelines (LANL 1992, 007670 p. 4-44). It is highly probable that the airborne
radioactivity was derived from the transport of known low-level soil contamination in Area 2 during dry,
windy conditions. Air monitoring continues as part of the Laboratory’s annual environmental surveillance
program (LANL 2007, 098644).

A series of thermoluminescent dosimeter (TLD) stations located around MDA AB and a second array of
background TLDs near well DT-9 have measured penetrating radiation levels at TA-49 for many years.
The Laboratory’s annual environmental surveillance reports indicate that doses at TA-49 are
indistinguishable from regional background levels (LANL 2007, 098644).

6.3 Sediment and Surface Water

A sediment-sampling program was initiated by the Environmental Studies and Assessment Group in
1979. Twelve sediment stations were set up in and around TA-49 (Figure 2.11-4). Sediment sample
stations AB-2 and AB-3 are located in drainage areas to the northeast and northwest of Area 2. The
remaining 10 stations are scattered around TA-49 in drainage areas. Radiochemical analyses conducted
annually at these stations since 1979 have detected cesium-137, plutonium-238, plutonium-239/240,
gross alpha, gross beta, gross gamma, and total uranium. Americium-241 and strontium-90 were added
to the analytical suite in 1992. The most recent data reported is included in the 2006 Environmental
Surveillance Report (LANL 2007, 098644).

Surface-water gauging stations within TA-49 are monitored under the Federal Facilities Compliance
Agreement (FFCA) established to regulate stormwater discharges from SWMUs and AOCs (LANL 2006,
093925, p. 52). This monitoring will continue under the FFCA. Surface water and sediment sampling
locations for TA-49 are presented on Figure 2.11-4.

7.0 SCHEDULE

The scheduled notice date for NMED to approve this investigation work plan is February 28, 2008. Field
activities will not begin before approval of the work plan. The investigation report for SWMUs 49-001(a),
49-001(b), 49-001(c), 49-001(d), 49-001(e), 49-001(f), 49-001(g), 49-003, and AOC 49-008(d) is due
May 31, 2010.
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8.2 Map Data Sources

Data sources used in original maps created for this report are described below. Themes used in base
layouts for map creation are described first, followed by a separate table describing specialized themes.

8.2.1 Data Sources for Base Themes

Legend Item Data Source

2-ft elevation contour Hypsography, 2 Foot Contour Interval; Los Alamos National Laboratory, ENV
Environmental Remediation and Surveillance Program; 1991.

10-ft elevation contour Hypsography, 10 Foot Contour Interval; Los Alamos National Laboratory, ENV
Environmental Remediation and Surveillance Program; 1991.

100-ft elevation contour Hypsography, 100 Foot Contour Interval; Los Alamos National Laboratory, ENV
Environmental Remediation and Surveillance Program; 1991.

Fence Security and Industrial Fences and Gates; Los Alamos National Laboratory, KSL
Site Support Services, Planning, Locating and Mapping Section; 06 January 2004;
as published 10 September 2007.

Former Structure Former Structures of the Los Alamos Site; Los Alamos National Laboratory,
Environment and Remediation Support Services Division, EP2007-0587; 1:2,500
Scale Data; 17 September 2007.

Structure Structures; Los Alamos National Laboratory, KSL Site Support Services, Planning,
Locating and Mapping Section; 06 January 2004; as published 10 September 2007.

Paved road Paved Road Arcs; Los Alamos National Laboratory, KSL Site Support Services,
Planning, Locating and Mapping Section; 06 January 2004; as published 10
September 2007.

Unpaved road Dirt Road Arcs; Los Alamos National Laboratory, KSL Site Support Services,
Planning, Locating and Mapping Section; 06 January 2004; as published 10
September 2007.

TA boundary Technical Area Boundaries; Los Alamos National Laboratory, Site Planning &
Project Initiation Group, Infrastructure Planning Division; 19 September 2007.

8.2.2 Data Source Statements for Specialized Themes

Legend Item Data Source Figures
100-year floodpool (Post-Cerro Grande | Post Fire Floodplains; Los Alamos National Laboratory; ENV | 4.3-5
fire model) Water Quality & Hydrology Group; First edition, 17 May 2004.
Approximate sampling location Not a feature layer; Graphic layer intended to illustrate 4.3-5

approximate sampling sub-reaches for proposed sediment
sampling program.
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Legend Item Data Source Figures
Biointrusion barrier Polyline Feature, Western and Southern Extents of 2.2-2
Biointrusion Barrier Within ET Cover, TA-49 Area 2; 1:1,200 2.2-5
Scale Data; Apogen Technologies, 15 October 2007. ER ID 2.5-1
098702. 2.5-2
2.5-3
4.3-2
4.41
Borehole Features: 49-Alpha, 49-Beta, 49-Gamma - 2.2-5
Penetrations; Los Alamos National Laboratory, Environment 3.4-1
and Remediation Support Services, EP2007-0442; 1:2,500
Scale Data; 16 July 2007.
All Other Features -
Point Feature Locations of the Environmental Restoration
Project Database; Los Alamos National Laboratory,
Environment and Remediation Support Services Division,
EP2007-0613; 27 September 2007.
Core hole Point Feature Locations of the Environmental Restoration 2.2-1
Project Database; Los Alamos National Laboratory, 2.2-2
Environment and Remediation Support Services Division, 2.2-3
EP2007-0613; 27 September 2007. 2.2-4
Deep test well (monitoring well) Point Feature Locations of the Environmental Restoration 2.11-4
Project Database; Los Alamos National Laboratory, 3.4-1
Environment and Remediation Support Services Division,
EP2007-0613; 27 September 2007.
Ditch Polyline Feature, Delineation of Ditch North of TA-49, Area 5 | 4.3-2
and West of TA-49, Areas 2, 2A, and 2B; 1:1,200 Scale Data;
Apogen Technologies, 15 October 2007. ER 1D 098702.
Former asphalt pad Polygon Feature, Asphalt Pad Formerly Covering 2.2-2
Experimental Shafts, TA-49 Area 2; 1:1,200 Scale Data; 2.2-5
Apogen Technologies, 15 October 2007. ER 1D 098702. 2.51
2.5-2
2.5-3
4.4-1
Former structure (Area 11, Polygon Feature, Approximate Location of Building 49-15, 2.81
Radiochemistry Laboratory only) Former Radiochemistry Laboratory, TA-49 Area 11. 1:1,200 2.8-2
Scale Data; Apogen Technologies, 15 October 2007. ER ID 2.8-3
098702. 2.8-4
4.4-5
General SWMU or AOC location Not a feature layer; intended to illustrate extents of area- 1.1-2
(boundary not defined) specific map figures 2.5-4
4.3-5
Low-order stream Polyline Feature, lllustration of Approximate Location of First- | 4.3-5
order Drainages Proposed for Sediment Sampling, TA-49;
1:1,200 Scale Data; Apogen Technologies, 15 October 2007.
ER 1D 098702.
Moisture monitoring location Point Feature Locations of the Environmental Restoration 2.5-4
Project Database; Los Alamos National Laboratory,
Environment and Remediation Support Services Division,
EP2007-0613; 27 September 2007.
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Legend Item Data Source Figures
Pipe dump hole Point Feature, Approximate Locations of Pipe-Disposal 2.2-2
Boreholes, TA-49 Areas 2 and 4; 1:1,200 Scale Data; Apogen | 2.2-4
Technologies, 15 October 2007. ER 1D 098702.
Proposed borehole Point Feature, Approximate Locations Proposed for Vertical 4.4-1
Boreholes, TA-49; 1:1,200 Scale Data; Apogen Technologies, | 4.4-2
15 October, 2007. ER ID 098702. 4.4-3
4.4-4
4.4-5
4.4-6
Proposed directional borehole (with Point Feature, Approximate Locations Proposed for 4.4-1
associated path) Placement of Directional Boreholes, TA-49; 1:1,200 Scale
Data; Apogen Technologies, 15 October, 2007. ER ID
098702.
Polyline Feature, Approximate Subsurface Path of Proposed
Directional Boreholes, TA-49; 1:1,200 Scale Data, Apogen
Technologies, 15 October, 2007. ER ID 098702.
Proposed sampling location Point Feature, lllustration of Approximate Locations Proposed | 4.3-6
for Surface Soil Sampling Along Utility Corridors, TA-49 Areas
1, 2, 2A, 2B, 3, 4, and 5; 1:1,200 Scale Data; Apogen
Technologies, 15 October 2007. ER ID 098702.
Re-graded area Polygon Feature, Approximate Extent of 1998 Re-grading 2.2-2
Operations, TA-49 Areas 2, 2A, and 2B; 1:1,200 Scale Data; |2.2-5
Apogen Technologies, 15 October 2007. ER ID 098702. 2.5-1
2.5-2
2.5-3
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