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EXECUTIVE SUMMARY

This work plan (WP) presents investigation activities required to complete the Resource Conservation and
Recovery Act (RCRA) facility investigation (RF!) of Material Disposal Area (MDA) T, Solid Waste
Management Unit (SWMU) 21-016(a)-99, at Technical Area (TA)-21 at the Los Alamos National
Laboratory (LANL or the Laboratory). This work plan also includes a summary description of sampling
activities and analytical results for the historical RFI at MDA T. The investigation activities described in
this WP are designed to address investigation objectives remaining after past RF| fieldwork was
conducted at MDA T.

MDA T is located within TA-21 on Delta Prime (DP) Mesa, south of the North Perimeter Road and DP
Canyon. The location is less than a quarter-mile east from the intersection of the North Perimeter Road
and DP Road. MDA T consists of 4 absorption beds and 64 shafts, constructed in the Tshirege Member
of the Bandelier Tuff, with depths ranging from approximately 4 to 65 ft below the original ground surface.
MDA T is fenced to restrict access and covers an area of 2.2 acres. The reglonal aquifer is approximately
1200 ft below the surface of the MDA.

RFI sampling activities, conducted from 1992 through 1997, include the following:

e Surface Soil and Fill. 360 samples were collected for the purpose of field screening and
fixed-laboratory analysis for radionuclides (analysis included one or more of the following:
gamma-emitting radionuclides by gamma spectroscopy, tritium, uranium isotopes, plutonium
isotopes, strontium-90, and americium-241), semivolatile organic compounds (SVOCs), volatile
organic compounds (VOCs), and inorganic chemicals.

e Subsurface Tuff. 33 vertical and 3 angled boreholes were drilled to collect tuff samples. Core
samples were collected every 5 ft and analyzed for SVOCs, and every 10 ft for radionuclides
(gamma-emitting radionuclides by gamma spectroscopy, tritium, strontium-90, americium-241,
total and isotopic uranium, and isotopic plutonium) and metals.

The objectives of the RFI at MDA T, as defined in the RFI Work Plan for Operable Unit 1106, were to
determine if a release of hazardous constituents and/or radionuclides had occurred and, if so, to establish
the nature and extent of such releases in the environment. Environmental data generated during historical
RFI sampling were analyzed in accordance with these objectives. These analyses consisted of
comparisons of site data with background concentrations in environmental media and the following
contaminant releases were identified:

e Americium-241, plutonium-238, and plutonium-239 were elevated with respect to background
values (BVs) in the surface soil and shallow subsurface extending to DP Canyon.

e Numerous metals were detected above BV in one or more samples in soil and subsurface tuff
samples collected from boreholes located in the disposal area. Elevated levels detected above
BV for cadmium, copper, and nickel were found near the influent fine for Building 035 and in a
sample from 5 to 10 ft at location 21-02547.

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

1. A site-wide radiation mapping survey is needed to document present surface conditions and to
help focus sample collection activities. Based on the ubiquitous low levels of radionuclides
present in soils within and surrounding TA-21 and the contaminants associated with MDA T, the
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DP Canyon slope area to be characterized, the MDA T disposal complex, and the areas 50 ft
outside the characterization study area should be surveyed using a Fidler detector coupled with a
global positioning system unit and gross gamma Nal detector.

2. Nature and extent data are needed for the DP Canyon slope. Fourteen locations will be sampled.
Samples will target the existing drainages where most of the surface flow would have
concentrated from MDA T site run-off. Additional samples will characterize the entire area and
allow for hazardous constituent and radiological evaluation.

3. Analytical data are needed to complete characterization of releases from the absorption beds and
shafts. Samples will be collected from the two angled and three vertical boreholes proposed
around and beneath the absorption beds and shafts. To better characterize the fracturing, the
angled boreholes will be continuously cored down to and through the top of the Cerro Toledo
interval of the Quaternary Bandelier tuff. Porosity, moisture content, permeability tests, and matrix
suction will be performed on core samples collected from the angled boreholes and the vertical
boreholes. Vapor samples using SUMMA canisters for VOCs and silica absorbents for tritium will
be collected from two depths in the deep angled boreholes and one deep vertical borehole in
order to document beneath the absorption bed and shafts. The presence of perched water and
bedrock fractures will also be evaluated in the deep boreholes.

4. Characterization of the area surrounding Building 257 and associated structures is needed. Three
vertical and three angled boreholes will be sampled for chemical and radiological constituents.
Tritium vapor will also be sampled to assess if ongoing operations have released tritium to the
subsurface.

5. Nature and extent must be defined for Building 035. Seven vertical boreholes are planned to
define nature and extent around the former structure. Boreholes need to be drilled and sampled
in the areas of elevated americium and plutonium near the southeast and southwest corners of
Building 035 to confirm the results of the 1994 sampling and provide the appropriate analytical
results. Step-out boreholes from the southeast and southwest corners of the building will also be
required.
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1.0 INTRODUCTION
1.1 General Site iInformation

Los Alamos National Laboratory (LANL or the Laboratory) is a multidisciplinary research facility owned by
the Department of Energy (DOE) and managed by the University of California. The Laboratory (Figure 1)
is located in north-central New Mexico approximately 60 miles northeast of Albuquerque and 20 miles
northwest of Santa Fe. The Laboratory site covers 40 square miles of the Pajarito Plateau, which consists
of a series of finger-like mesas separated by deep canyons containing perennial and intermittent streams
running from west to east. Mesa tops range in elevation between approximately 6200 and 7800 ft. The
Technical Area (TA)-21 industrial development is shown on Figure 2.

The Laboratory’s Risk Reduction and Environmental Stewardship—Remediation Services (RRES-RS)
project, formerly the Environmental Restoration (ER) Project, is participating in a national effort by the
DOE to clean up sites and facilities formerly involved in weapons research and development. The goal of
the RRES-RS Project is to ensure that DOE’s past operations do not threaten human or environmental
health and safety in and around Los Alamos County, New Mexico. To achieve this goal, the RRES-RS
project investigates sites that were potentially contaminated by past Laboratory operations. The Material
Disposal Area (MDA) T site including consolidated Solid Waste Management Unit (SWMU) 21-016(a)-99
(Figure 3) has both hazardous and radiological components and is comprised of SWMUs 21-016(a-c),
21-011(a,b,d,e.f,9.i,j), 21-011(c), and 21-010(a,h) and Areas of Concern (AOCs) C-21-002, 21-028(a),
C-21-034, C-21-035, C-21-036, C-21-037, 21-001, 21-011(h), C-21-005, C-21-007, C-21-003, C-21-009,
and C-21-012. A summary of the SWMUs and AOCs for MDA T is in Appendix B, Table B-1.

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

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

1.2 Investigation Objectives

The purpose of this proposed investigation is to meet investigation objectives identified from assessment
of the historical data for MDA T in order to determine the nature and extent of contamination as well as to
provide general site characterization data for Corrective Measures Evaluations.

This plan will

o describe the rationale for proposed data collection activities; and

¢ identify and propose appropriate methods and protocois for collecting, analyzing, and evaluating
data to finalize characterization efforts at MDA T.

The work plan (WP) presents information from the 1992, 1993—1994, and 1996—1997 field investigations
(Appendix B), used as a basis for developing additional field investigations to define the nature and extent
of site contamination and to characterize the site stratigraphy and structural elements.
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20 MDA TBACKGROUND

The following discussions in Sections 2.1 through 2.9 review historical and current characteristics of
MDA T. Refer to the attached historical investigation report (HIR) (Appendix B) for a complete review of
MDA T's structural and operational history.

21 Historic Features and Operational History

The operational history of consolidated SWMU 21-016(a)-99 is complex, beginning in 1945 with disposal
of industrial wastewater from the plutonium processing facility into absorption beds [SWMU 21-016(a)).
An industrial wastewater treatment plant (Building 035) [SWMU 21-010(a)] was constructed in 1952 to
improve the absorption characteristics of the wastewater. Building 035 included a citric acid tank, the
contents of which may have included perchlorates.

The absorption beds were in operation from 1945 to 1950. When the amounts of wastewater discharged
to the beds reached several thousand gallons per day, the beds became congested and were taken out
of service. Treated wastewater was then discharged to an outfall to Delta Prime (DP) Canyon at what is
now SWMU 21-011(k).

From 1952 to 1967, it was still possible for the absorption beds to receive wastewater, and small amounts
may have been discharged to them during this timeframe.

Two industrial wastewater treatment plants processed waste water in Buildings 035 (removed) and 257
(active). Plutonium-processing acid wastewater was treated and disposed of at MDA T along with process
wastewater from the tritium facility. Although Building 035 was decommissioned in 1967, pre-treatment of
wastewater from the Tritium Systems Test Assembly (TSTA) continues to be performed at Building 257
prior to disposing the water at TA-50.

In 1967, the new wastewater treatment plant (Building 257) [SWMU 21-011(a)], was completed and
replaced Building 035. With operations of Building 257 started, no further discharge of wastewater to the
beds occurred.

From 1968 to 1974, approximately 64 disposal shafts [SWMU 21-016(c)] were installed between the
disposal beds. Eight-ft diameter disposal shafts were installed and filled with cement-treated americium
waste. As these shafts were filled and capped, additional smaller (4-ft and 6-ft) diameter shafts were
installed between the larger shafts.

In 1974, a retrievable waste storage area was constructed to provide a method for temporarily storing
cement-treated transuranic waste in corrugated metal pipes. The retrievable waste storage area (RWSA)
[SWMU 21-016(b)] was 120 ft long, 24 ft wide, and 19 ft deep. The RWSA held a total of 227 corrugated
metal pipes (CMPs), which were removed in 1984 (69 pipes) and 1986 (158 pipes).

High-efficiency particulate air filter (HEPA)-equipped incinerators (called salamanders) burned
contaminated tricresyl phosphate (TCP) or tributyt phosphate (TBP) mixed with kerosene waste oil from
1964 to 1967 and 1970 to 1972,

The area of the absorption beds, disposal shafts, and RWSA were backfilled and the site was graded to
drain towards the north in 1986. No further waste disposal activities took place at SWMU 21-016(a)-99.
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2.2 Waste Inventory

Disposal shafts contain the only wastes remaining. All other contaminants represent contamination from
the various disposal activities, including operation of the absorption beds.

Radionuclides present at MDA T in nonretrievable waste disposal shafts are plutonium-238,
plutonium-239, plutonium-240, americium-241, uranium-238, and uranium-235. Each shaft varies in
composition and volume of waste. It is not always possible to define the inventory for a specific shaft.

Uncharacterized low-activity waste streams disposed in the shafts include wash-down solids, rinse solids,
and wash and rinse water. Values for these low-activity waste streams should be small. it appears that
the waste was generated as a result of processing a number of different feed materials, so there may be
considerable variability in the composition within a shaft as well as throughout the shaft complex.

Cement-treated waste has highly variable mass ratios of plutonium-239 to americium-241. On an activity
basis, more americium-241 is present than plutonium-239 in cement-paste waste. Overall, present day
mass ratios and activity ratios are estimated from data presented in Appendix B, Table B-1. Present day
inventory totals are estimated in Appendix B (Table B-9).

2.3 Relatlonship to Other SWMUs and AOCs

SWMU 21-011(k), north of MDA T, is the former outfall for Building 257 and underwent voluntary
corrective action in 2003. MDA A and the Generals Tanks, located to the west, are material disposal
areas for the former TA-21 plutonium processing area and otherwise unrelated to MDA T. Other SWMUs
near MDA T are associated with the former plutonium processing plant including SWMU 21-020(a), the
former baghouse location west of MDA T. Consolidated SWMU 21-022(b)-99 is southwest of MDA T and
comprises former plutonium processing facility waste lines and sumps. SWMU 21-012(b), located west of
MDA T, is an inactive dry well constructed in 1980 to receive boiler blowdown from the former TA-21
steam plant. ’

2.4 Historlcal Releases and Discharges

Accidental releases of contaminated materials into the surrounding environment have occurred during the
site’s operational history (Rogers 1977, 05707). Releases of contaminated material include accidental
spills during site operations, and airbormne releases as a result of buming radioactive contaminated oil.

Environmental release sites include contaminated areas in and around the absorption beds and shafts,
the bedrock under MDA T, and areas contaminated by spills and releases during treatment and disposal
activities.

A 1994 environmental drilling program investigating Building 035 (Stoopes 2003, 76089) detected
contamination near the location of former valve boxes adjacent to the building. Tanks and other liquid-
holding facilities at Building 035 had no secondary containment and floor sumps and drains were unlined
concrete. Leaks may have occurred at joints in buried cast iron and stainless steel pipes. Although the
external tanks at Building 257 have secondary containment, some of the containments include floor
drains extending to the surrounding site grade. The surrounding area at Building 257, where the
americium was unloaded, was not originally covered with asphalt. Unquantified spills that occurred during
tanker-truck transfer operations in the americium unloading area were reported (Sagez 2003, 76095,
76090). Sumps inside the building are unlined concrete and may leak. There are four AOCs associated
with Building 257 that all involved spills with cement-incorporated waste or other surface releases.
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Rogers (1977, 05707) states that it was still possible to release treated wastewater to Absorption Bed 4
as of July 1976. This report indicates that piping and valves were left in place to allow overflow from
Tanks 112 [SWMU 21-011(f)] and 113 [SWMU 21-011(g)] to reach the absorption bed and does not
indicate that spills occurred in that time frame. No record of a post-1967 release into Absorption Bed 4 is
known to exist. The RWSA had unquantified spills and leaks associated with operations. Two AOCs (C-
21-009 and C-21-012) are spills associated with the RWSA and the CMP filling operation. Spills, leaks,
and releases were reportedly cleaned up at the time, but residual waste contamination and contamination
from undetected leaks may exist.

Airborne releases caused by the salamander incinerators were overshadowed by releases from stacks
associated with the DP West Plutonium Processing Facility. Building 12 released several curies annually
of airborne particulate into the atmosphere, and MDA T is within the projected area of deposition. By
comparison, estimates of salamander releases from 1970, 1971, and 1972 total only 6.51 microcuries of
plutonium-239/240. Details of the releases from the salamanders are presented in Appendix B,

Section B-2.4.3.

2.5 Contaminant Transport Mechanisms
Potential transport mechanisms that may lead to exposure of potential receptors include

e vaporization and gaseous diffusion and advection of volatile organic compounds (VOCs) and
tritium in air;

e dissolution and/or particulate transport of surface contaminants during rainfall and snow meilt
runoff events;

e airborne transport of contaminated surface soils;

e continued dissolution and advective/dispersive transport of chemical and radiological
contaminants contained in absorption beds and subsurface soil and bedrock as a result of the
past wastewater disposal activities;

e Dbiotic perturbation and translocation of contaminants in subsurface waste and contaminated
media, including shallow soil and absorption bed material; and

o future migration of contaminants aiready migrated into the subsurface media.

251 Current Contaminant Potential Receptors
Potential receptors of possible contaminant transport include

e down-gradient groundwater users,
o site workers at MDA T and TA-21,
e trail users in the canyon beiow MDA T, and

¢ ecological receptors both on site and immediately surrounding the site.

2.6 Cufrent and Proposed Land Use

TA-21 is an industrial use area. The Laboratory does not anticipate that the land use at TA-21 will change
in the future.
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The disposal complex of the absorption beds and shafts will remain industrial areas under long-term
institutional control. Additional areas beyond the fence may also be retained as a buffer zone. Future
remediation requirements and options will require review and approval by the administrative authority.

2.7 Pre-RFl investigations

Historic investigations that occurred at MDA T are detailed in Appendix B, pp. B-12-B-34, Field
investigations began in 1946 with sampling to characterize the extent and sources of contamination at
MDA T and other locations around Los Alamos and included sampling of outfalls, manholes, and
wastewater flows. Additional effluent sampling focusing on the DP West plutonium processing facility,
including effluent draining from MDA T, took place in 1947 and 1948. These studies included field
instrument surveys for both alpha and gamma emitters and radioassay for uranium, plutonium, polonium,
and analysis for fluorine.

The first characterization effort for the absorption beds was in 1953 by the US Geological Survey. Five
test holes, ranging in depth from 13 to 20 ft, were drilled to collect soil samples. Analyses on the samples
included plutonium and ion exchange capacity. The results of the study concluded that no appreciable
horizontal migration of contamination had occurred and that plutonium had moved vertically downward to
the depth of 20 ft (Rogers 1977, 05707, p. T-19).

From 1959 to 1961, the US Army Corps of Engineers conducted a more detailed study of contaminant
migration at the absorption beds. A test pit (caisson) was excavated adjacent to Absorption Bed 1,
sidewalls were logged, soil and rock samples obtained, and instrumentation installed to sample matrix
saturation. In addition, six angled boreholes were drilled under Absorption Bed 1, ranging in depth from
76 to 99 fi. Plastic pipes were installed and gross alpha assays of the cuttings obtained. Experimental
absorption studies were conducted (Rogers 1977, 05707, p. T-19). For a detailed description of the
caisson and associated environmental testing, see Appendix B, Section B-2.2.

In 1967, additional borings were conducted at the absorption beds to collect soil and water samples
obtained for radioassay. Water samples were also obtained from the caisson installed in 1959 and two
DP Canyon test holes. Moisture contents of the tuff were measured. The study compared moisture
migration to that found in the previous study. Maximum concentrations of moisture had moved from a
depth of 12 ft in 1961 to 40 ft in 1967. Most of the plutonium in the tuff was retained in the upper 20 ft
(Purtymun 1967, 01009, p. 5).

Prior to excavation of the RWSA, additional boreholes were drilled in 1974. These boreholes encountered
paleochannel deposits at depths of 15 to 25 ft. Radioassay of cores was obtained and the results
indicated the presence of tritium, plutonium, americium, and cesium (Rogers 1977, 05707, p. T-28).

In 1978, a study of moisture migration was performed to augment the information from prior studies. The
study included two borings. An inventory of plutonium and americium-241 was obtained during volumetric
analysis of core from the boreholes. The distribution of plutonium and moisture was compared with values
obtained in 1953 and 1960. Plutonium was detected at a maximum depth of 99.5 ft and americium-241 at
101 ft (Nyhan et al. 1984, 06529, p. 6).

Shallow soil sampling and radiological characterizations were conducted in 1984 and 1986. Samples
were obtained at three shallow depths under 12 in. Results indicated that low levels of tritium,
plutonium-238, plutonium-239, and americium-241 were present across the entire site area and into DP
Canyon (Nyhan and Drennon 1993, 23248, p. 3-51).
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2.8 Phase | RFI Field Investigation Results

Resuits of the 1992, 1993, and 1994 sampling efforts, as well as the 1996—1997 field investigation of
surface soils at MDA T are used to evaluate existing site soil conditions to determine additional data
collection requirements. These characterization efforts have been previously reported in the operable unit
(OU) 1106 work plan, phase 1b (LANL 1995, 52350; LANL 1996, 70348). Detection results are presented
in the following tables and figures in Appendix B:

e Table B-23 presents radionuclide detections above background values (BVs) or fallout values
(FVs),

e Table B-24 presents detected resuits for organic chemicals;
e Table B-25 presents inorganic chemical results above BVs;

o Tables B-26 through B-28 present the frequency of detections for radionuclides, organic
chemicals, and inorganic chemicals; and

¢ Figures 4 through 10 present the organic chemical detections and the detections of radionuclides
and inorganic chemicals above background.

A field investigation conducted in 1992 (Appendix B, Figure B-38) represents the first RF! (LANL 1995,
52350, p. 2-1). The investigation included near-surface sampling to determine contamination caused by
air-borne contamination from filter buildings and other sources of air-borne releases. Surface and shallow
subsurface samples were collected and analyzed for organic chemicals, inorganic chemicals and
radionuclides including tritium, plutonium-238, plutonium-239, and americium-241. Results indicate
widespread existence of low-level radionuclides. The distribution pattern of contamination indicates that
the source of contamination is probably not limited to MDA T. Organic and inorganic chemicals were not
generally detected. Figures 4 and 6 and Appendix E, Table E-6, include the locations and contamination
encountered during the investigation. Survey locations and elevations are shown in Appendix E, Table
E-8. Shallow surface sampling data may not be representative of today’s site conditions due to ongoing
erosional, depositional and freeze/thaw processes.

Sampling events occurred in 1993 and 1994 (Figures 6 and 7). Additional surface sampling was
performed at study areas perceived to need additional definition of contamination, including the small
drainage into DP Canyon (LANL 1996, 70348). The results of this event were presented in an RFI| report
(LANL 1996, 70348). The second event included borings to define contamination around former Building
035 area. Samples were collected and analyzed for radionuclides, and organic and inorganic chemicals
as described for the 1992 sampling effort. Sample data are presented in Appendix E and are discussed in
Section 2.8 below.

A sampling and analysis plan (SAP) (LANL 1996, 54127.3) was developed and later modified in response
to a request for supplemental information from NMED (LANL 1997, 70036). The investigation was
conducted in 1996—1997 in order to obtain data in anticipation of preparing an RFI report. A detailed
summary of the investigation including a discussion of field activities, borehole logs, analytical results of
laboratory testing on samples obtained during field activities, and the results of two surface geophysical
investigations conducted to identify buried features including the paleochannel are presented in

Appendix B, pp. B-256-B-34. The purpose of the investigation was to define the nature and extent of
subsurface contamination resulting from past waste disposal practices at MDA T, including lateral extent
of absorption bed contamination and to define the physical limit of the paleochannel through the use of
surface geophysical methods. Sample locations and results are shown in Figures 8 through 10.
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28.1 Solls, Quaternary Alluvium (Paleochannel Deposits), and Fill

During disposal operations at MDA T, significant surface soil disturbance occurred. Excavated soil from
absorption bed construction was utilized for surface water control berms around the absorption beds
(Appendix B, p. B-2). During construction of the disposal shafts (Appendix B, p. B-3), waste soil (spoils)
from the augers was piled throughout the site. Excavation and backfilling of the RWSA further disturbed
site soils (Appendix B, p. B-3), as did the demoilition of Building 035. Regrading the surface of MDA T also
resulted in shallow soil disturbance (Appendix B, pp. B-6 and B-23). As a result of grading activities,
including backfilt of the RWSA, the depth to the bottom of the absorption beds are approximately 9 ft
below the current ground surface (see borehole logs of the 1996-1997 investigation, Appendix D).

Radionuclides analyzed include americium-241, plutonium-238, plutonium-239, uranium-234, uranium-
238, cesium-137, strontium-90, and tritium (1992, 1993, and 1994 sampling only). Figures 5 and 7
present a summary of samples exceeding maximum fallout/background concentrations for the various
radionuclides in surface soils and fili.

Organic analysis was performed to detect the presence of VOCs and semivolatile organic compounds
(SVOCs) in soil and fill samples. VOC samples were performed on the samples collected from the area of
Building 035. Polychlorinated biphenyls (PCBs) were not analyzed for because MDA T has no history of
processes or facilities that stored or used PCB or PCB-contaminated oils (Appendix B, pp. B-1-B-11).

2.8.2 Subsurface Tuff

Bandelier Tuff lies directly below the site surface soils under MDA T. Results of the 1994 borehole
investigation and the 1996—1997 field investigation are used to assess the knowledge of the nature and
extent of contaminants in the subsurface bedrock. Subsurface tuff samples were collected around and
below absorption beds, disposal shafts, and the RWSA. The investigation results are presented in
Appendix B, pp. B-23—-B-34. The 1994 boreholes focused on sampling in and around former Building 035,
with boreholes extending only a few feet into bedrock. The 1996—1997 boreholes provide nearly all
environmental data collected on tuff samples. Field borehole logs are contained in Appendix D. Although
the purpose of the 1996—1997 field program was to collect environmental samples for testing, the
boreholes were also logged using geotechnical criteria (Appendix B, p. B-26), including logging of
fractures encountered in the samples.

The samples collected during the 1994 and 1996—1997 field-sampling programs were analyzed for target
analyte list (TAL) metals and are summarized in Appendix B. Figure 8 shows the results of inorganic
concentrations in samples that exceed background values in tuff.

Radionuclides analyzed in soil and tuff include americium-241, plutonium-238, plutonium-239,
uranium-234, uranium-238, cesium-137, strontium-90, and tritium. Tritium analyses are limited to samples
collected in 1994. Figures 7 and 9 present a summary of samples exceeding maximum
fallout/background concentrations for the various radionuclides.

Organic analysis was performed in 1996 and 1997 to detect the presence of VOCs and SVOCs in tuff.
Figure 10 presents the location and concentrations detected in samples of MDA T tuff samples. The
drilling and sampling around Building 035 resulted in the analysis of two VOC samples in tuff.

2.8.3 Laboratory-Wide Site BVs

Background values for inorganic compounds and FVs or BVs for radionuclides are shown on the data
tables presented in Appendix E. The Laboratory-wide background determination, “Inorganic and
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Radionuclide Background Data for Soil, Canyon Sediment, and Bandelier Tuff at LANL" (LANL 1998,
59730) presents details of BVs and their derivation. The BVs are used to determine contaminant values
on figures presented in the following section on data interpretation.

2.8.4 Historic Subsurface Flow Regime

During operation of the disposal beds from 1945 through 1967, approximately 18 million gallons of acidic
wastewater from the plutonium processing facilities at TA-21 was sent to the four absorption beds,
creating a saturated flow regime in the soil and tuff directly below the absorption beds as depicted in
Appendix B, Figure B-9, Because the tuff matrix was near or at saturation for a considerable depth (refer
to various historic investigations, Appendix B, pp. B-12-B-15 and B-17-B-19), the paleochannel and
bedrock fracture flow wouid potentiaily form preferential flow paths for both moisture and contaminant
migration from the absorption beds.

Early investigations provide evidence of significant alteration of the bedrock, with clay developing
immediately below the absorption beds. Early studies indicate saturation at greater depth than the
movement of radionuclides, as a result of geochemical attenuation (Appendix B, p. B-14).

29 Data Evaluation

Data evaluation presents discussions regarding the nature and extent of contamination identified in
analytical results collected in the 1992, 1993—-1994, and 1996—-1997 sampling campaigns. Data are
reviewed for four distinct areas:

o The DP Canyon slope area is reviewed separately since it is not a part of the MDA T consolidated
SWMU 21-016(a)-99 and also because contaminants that may be present are the result of
secondary transport (i.e., runoff and air deposition) rather than planned MDA T operations.

o Buildings 035 and 257 are considered individually because they were/are discrete facilities.

o The RWSA, disposal shafts, and absorption beds are discussed as a single-site element in terms
of nature and extent due to the fact that they are immediately adjacent to one another and
received similar waste streams. Additional justification for considering the RWSA, disposal shafts,
and absorption beds together is provided at the start of Section 2.8.3.

Based on the data review of off-site and on-site laboratory analytical results presented in Appendix B,
Section 3.14, Appendix E, Section 2.7 above, data summaries, and evaluation of the status of the
physical site conditions, this section identifies the additional data needed to establish the nature and
extent of environmental contamination at MDA T. Results for all the samples collected from 1992 through
1997 from off-site fixed laboratory analyses were used for final decision making. The 1992—-1894 data,
including on-site laboratory data, were used in conjunction with the 19961997 data when evaluating the
best location and type of additional data collection activities. On-site analyses are not presented in
figures.

The following items present conclusions of data needs to assess nature and extent of contamination,
including
¢ surface soil contamination (DP Canyon and MDA T proper);

¢ depth and extent of radiological and chemical contamination transported by saturated infiltrating
water during absorption bed operation (both matrix and fracture flow);

o depth and extent of contamination from shafts; and
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¢ depth and extent of contamination at Buildings 035 and 257 was not developed beyond that
previously identified for Building 035 during the 1993-1994 field investigation.

Historic data provide evidence that MDA T was used only for disposal of radiologically contaminated
wastewater and americium raffinate sludge (Appendix B, pp. B-1-B-12). No evidence of processing or
disposal of high explosives (HE) exists at MDA T.

Furans, PCBs, and dioxins at MDA T are considered to possibly result from the stack emissions from
incineration of radiologically contaminated waste oils in the salamander incinerators between 1964 and
1972. Based on historic evidence provided by Laboratory record drawings of the former and present
facilities at and near MDA T, there are no other suspected sources for PCB contamination at the MDA T
area. There is a potential for a diffuse presence in the large volume of process wastewater placed into the
environment from the absorption bed disposal operation.

29.1 Data Review of DP Canyon Slope
29.1.1 Nature and Extent of Contamination in Tuff, Soil, and Sediment - DP Canyon Area

The slope area below MDA T is subject to ongoing erosional and depositional processes. Previous
sample collection on the slope was performed in the 1992 and 1993—1994 sampling events. These
events did not collect samples deeper than 1.0 ft and so nature and vertical extent cannot be defined
using these data. Because of the unstable nature of surface soils, new samples will be collected from the
DP Canyon slope area for characterization. The discussion below deals with the nature of contamination
identified based on the previous sampling performed in 1992 and 1993—1994. The locations of the 1992
and 1993-1994 surface samples are presented in Appendix B, Figure B-38.

No previous sampling effort sampled outcrops of tuff or subsurface tuff because the airborne and
waterborne contaminant pathways present resuit in shallow contamination not likely to reside in the tuff,
unless concentrated absorption occurred such as at SWMU 21-011(k). Contamination may be expected
to extend along the drainages where sediment trapped between bedrock outcrops occurs.

29.1.1.1 Inorganic Chemicais

Concentrations above BVs for inorganic chemicals were detected in the 1992 and the 1993—1994 field
investigations (Figures 4 and 6). Because of the shallow sampling depth (no samples deeper than 1.0 ft),
the verticai extent of contamination is not well defined.

Inorganic chemicals including lithium, strontium, cadmium, nickel, total uranium, and zinc were identified
in soil samples collected from the DP Canyon slope (Figures 4 and 6). Lithium and strontium have no
background to compare to but maintain consistent ranges in the data and are representative of the nature
of the soils in the area of the DP Canyon slope. Cadmium was identified uniformly across the area of the
slope at concentrations of less than 1.5 mg/kg.

Nickel was identified at location 21-01664 (0-0.5 ft, 19.4 mg/kg). This is the only occurrence on the slope
and is not thought to be representative of a release from MDA T. This is supported by the fact that, as
discussed below, widespread above-background concentrations of nickel are not observed in the soils
within MDA T.

Elevated concentrations of zinc are observed at locations 21-01860 through 21-01862 and 21-02568,
which are all located at the northernmost portions of the drainage leading to the DP stream channel.
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Concentrations range from 82.4 mg/kg at location 21-02568 (0.5~1.0 ft) down to 56.8 mg/kg at 21-01860
(0.25-0.5 /).

Total uranium was detected above background at locations 21-01861 (0.5-1.0 ft), 21-01862 (0.5-1.0 ft),
and 21-02568 (0—0.25 ft) at 2.48 mg/kg, 1.92 mg/kg, and 2.05 mg/kg, respectively.

2.9.1.1.2 Radionuclides

Past radiological surveys indicate widespread surface contamination at low levels (Appendix B, pp. B-21
and B-22). The current understanding of surface radiological contamination is dated, with the last
characterization performed in 1992. Based on the 1992 and 1993-1994 field investigations, radiological
near-surface contamination is present throughout the DP Canyon slope area. Contamination extends to
the limits of the MDA T disposal area for plutonium-238, plutonium-239, and americium-241 (Figures 5
and 7).

Plutonium-238 is detected throughout the DP Canyon slope area. The highest concentrations of
plutonium-238 are found in the northernmost samples within the drainage leading to the DP stream
channel (location 21-01862, 4.05 pCi/g at 0-0.25 ft). Plutonium-239 is also present throughout the site.
Unlike plutonium-238, plutonium-239 shows a more uniform distribution across the slope area, but has a
maximum concentration of 28.51 pCi/g at location 21-01642 from 0-0.5 ft. Americium-241 is present
throughout the slope area and the highest concentrations are present in the lower portion of the drainage
near the DP stream channel. The maximum americium-241 concentration observed on the DP Canyon
slope area is 7.404 pCi/g at location 21-02568 from 0.5-1.0 ft.

The depth to which radiological contamination extends is not defined by the shallow sampling performed.

2.9.1.1.3 Organic Chemicals

Organic chemicals in DP Canyon soils include SVOCs located at shallow depth in the side drainage near
DP Canyon drainage. These contaminants are commonly found in industrial areas and associated with
paving and traffic. Likely sources include the North perimeter road and paved areas upgradient of the DP
site that drain to the subject drainage. Review of the 1993-1994 field investigation (not shown on figures)
(locations 21-01860, 21-01861, 21-01862, 21-01868, and 21-01869) identified potential organic
contamination at depths of 0—0.25 ft and location 21-02568 at depths of 0.5—1 ft. The expected lateral
extent of the contamination is defined by the drainage because of the low probability that overland flow
occurs outside the drainage.

29.1.2 Data Requirements Related to the DP Canyon Slope

Previous sampling of the DP Canyon slope area identified SVOCs, inorganic and radiological constituents
above background (Appendix E). Analyses for VOCs were not performed. Results from 1996 and 1997 do
not show MDA T to be a viable source for VOC contamination to the DP Canyon slope. Therefore,
sampling will not be conducted for VOCs in the slope area. Since the slope area soils are not stable,
previously collected samples may not be representative of current site conditions. Surface and shallow
subsurface samples need to be collected to define nature and extent for the DP Canyon slope area.

Samples will target the existing drainages where most of the surface flow was concentrated from the MDA
T site runoff. Additional samples are needed throughout the area of the slope to characterize for chemical
and radiological constituent evaluation. Sample location selection will be biased to areas of elevated
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radionuclide levels as identified in the walkover radiation survey. Details of DP Canyon slope sampling
can be found in Section 4.2.

2.9.2 Data Review of Absorption Beds, Shafts, and the RWSA Area
2.9.2.1 Nature and Extent of Contamination for the Absorption Beds, Shafts, and RWSA Area

The disposal shafts were installed between the absorption beds, and installation records (Appendix B,
Table B-2) indicate that contamination was already present in the bedrock and soils. The material
disposed in the shafts was cement treated or encased in cement-treated raffinate waste. installation of
the disposal shafts followed cessation of absorption bed operations. When the shafts were installed,
saturated conditions no longer existed and did not contribute to contaminant transport from the shafts. In
this setting, releases from the disposal shafts are expected only a short distance from each shaft (if at all)
and are masked by the similar contaminants from the prior absorption bed releases. Furthermore,
moisture monitoring adjacent to shafts in 1968 showed that hydration of the cement treated waste as it
cured actually drew moisture from the surrounding formation, indicating that releases from the shafts were
unlikely during curing (Appendix B, p. B-16).

The RWSA was excavated between Absorption Beds 1 and 3. It was later backfilled with imported fill
material following removal of the waste contained in the CMPs. Detections in the backfill would not be
related to MDA T processes and would be bounded by the physical excavation limits of the RWSA.
Detections at the base of the backfill material or in Qbt would be process-related releases either
associated with the waste contained in the CMPs or residual contamination from operation of the
absorption beds.

Since both the disposal shafts and the RWSA were constructed between the absorption beds and
represent a less mobile solid phase of waste, any release from these sources would be of limited extent
and surrounded by contamination released from the absorption beds. The contamination detected below
MDA T most likely migrated during active operation of the absorption beds, when saturated flow
conditions predominated directly below the absorption beds. The extent of contamination in the bedrock
matrix may be different from the extent found in fractures.

29.21.1 Inorganic Chemicals

Limited zinc and silver surface contamination is indicated by the 1992 and 1993-1994 field investigation
results for locations within the run-on control drainage (Figures 4 and 6). Lateral extent is bounded by the
drainage but vertical extent is not defined because samples were only collected from 0 to 0.5 ft. Lithium,
strontium, cadmium, nickel, beryllium, and thallium were identified in soil and fill throughout the area of
the beds, shafts, and the RWSA. Both lithium and strontium lack background data to compare to but
maintain consistent concentrations throughout the area and are representative of the natural of the fill and
soils at the site. Cadmium was identified in RWSA fill materials at 107 mg/kg and is bounded laterally in
all directions by values of less than 10 mg/kg. Beryllium was identified in soilffill at one location (21-
01615) at 124 mg/kg. Thallium was detected at locations 21-05054 and 21-05058 in fill material. Thallium
is bounded vertically at both locations. Thallium was not detected above background in any other soil/fill
samples collected at the site.

A number of inorganic chemicals were detected above background in the 1996-1997 samples (Figure 8).
Lateral extent is not defined. Vertical extent has been defined by less than BVs in deeper samples except
for the following:
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o Copper exceeds both the background value and range of background concentrations (LANL
1998, 59730) at location 21-05075 (8.9 mg/kg at 69.5-70 ft) and 21-05056 (11.4 mg/kg at 49.5—
50 ft).

e Chromium exceeds the background value at location 21-05061 (2.4 mg/kg at 189.5—190 ft), but is
within the range of background concentrations (LANL 1998, 59730).

e Lead exceeds both the background value and the range of background concentrations (LANL
1998, 59730) at location 21-05062 (21.5 mg/kg at 70-70.5 ft).

The operational history of the absorption beds indicates these as a potential source of perchlorate
inorganic contamination.

2.9.21.2 Radlonuclides

Radionuclides are present in and around the absorption beds, including plutonium-238, plutonium-238,
americium-241, strontium-90; cesium-137, uranium-234, uranium-235, and uranium-238 (Figures 7 and
9). Elevated levels of plutonium and americium are indicated for the absorption beds based on analytical
data obtained from samples immediately above and below the absorption cobble layer. However, due to
the cobble-sized material, samples of the potentially highest contamination within the absorption beds
were not obtained in the 1996—1997 field investigation. Samples of absorption bed materials (in gravel
just above the cobble layer) exhibit plutonium-239 as high as 230,600 pCi/g (location 21-05053 at 9.5—
10.0 ft) and likely represents values within the cobble layer because both the cobbles and gravel became
saturated by process water entering the beds during operations. Volumetrically, the level of contamination
in the gravel may exceed that of the cobble bed because of the disparity of the particle sizes between the
two materials.

The lateral extent of radiological contamination of the absorption bed area is defined by the decreasing
trend in contamination away from the edge of the absorption beds. At a distance of approximately 30 ft,
the levels of contamination have dropped to less than 10 pCi/g. The single exception is north of
Absorption Bed 4 where location 21-05074 (83.2 pCi/g americium-241 at 0.8-1.3 ft) shows an increase
from location 21-05073 at approximately the same depth (2.6 pCi/g americium-241 at 2.5-3 ft). This
increasing trend may be related to the spili that took place from Absorption Bed 4 and requires further
lateraf definition.

In individual 1996-1997 boreholes, vertical decreasing trends are observed. Boreholes 21-05053,
-05054, -05059, -05060, -05061, -05063, -05071, and -05074 have no radionuclide detections above
background in the deepest samples {Figure 9). The remaining boreholes show decreasing trends to
levels of less than 10 pCi/g in the deepest samples. The deepest sample that detected radionuclide
contamination was at location 21-05051 below Absorption Bed 1 (1.14 pCi/g strontium-90 at 149.5-150
ft). This sample represents the contamination in the matrix of the bedrock media. Vertical extent for the
tuff matrix is defined in all locations either by nondetections of decreasing trends for the area of the
absorption beds and shafts.

Where borehole logs provide sufficient information, fractured intervals can sometimes be shown to have
increased levels of radionuclides relative to surrounding samples obtained in the tuff rock matrix. The
deepest fracture sample that contained radiological contamination was at location 21-05053 (2870 pCi/g
plutonium-239 at 60-60.7 ft). Also, location 21-05053 from 48 to 60 ft and location 21-05054 at 35 ft have
spikes in the levels of radionuclides to levels in excess of 1000 pCi/g. Although there was a fracture
sample taken from a deeper depth that did not contain radiological contamination, the nature of fracture
flow is such that this may not be representative of the deepest contamination in fractures at the site. It is
concluded that the depth of contamination in the fractures below MDA T is indeterminate at this time.
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Within the RWSA, americium-241 was identified at location 21-05057 at a concentration of 210,000 pCi/g
and is attributed to a reported spill of americium raffinate waste because the americium is 75 times the
concentration of plutonium-239. This rate is higher than seen in the absorption beds. The release is
bounded vertically by the samples below and is constrained laterally by the RWSA excavation. This is
supported further by the surrounding boreholes where americium-241 concentrations are approximately
two orders of magnitude lower.

Examination of the potential for a preferential lateral pathway through coarse-grained deposits of the
paleochannel defined by the 2003 geophysical investigation in Appendix B, p. B-33, of this document and
the 1996—-1997 borehole logs (Appendix D) indicates that radionuclides did not migrate a significant
lateral distance along the base of the paleochannel. Samples at locations 21-05052 at 26-27 ft, 21-05071
at 34-34.5 ft, and 21-05059 at 31.5-32 ft, upstream and downstream of the disposal beds respectively,
did not detect elevated levels of radiological contaminants above 2.64 pCi/g plutonium-239 (location
21-05059 at 31.5-32 ft). Nor were there elevated levels of radiological contamination detected in the
bedrock samples collected directly below the paleochannel at these locations. The elevated americium
contamination at location 21-05057 has been related to spills within the RWSA and is not indicative of
preferential contaminant transport in the paleochannel. Based on this, no nature and extent issues require
further investigation as they relate to the paleochannel at MDA T.

29.21.3 Organic Chemlcals

A map showing organic chemicals detected in field samples obtained from the soils under the site is
shown in Figure 10. Shallow sampling of soils over the absorption beds and to the north of the absorption
beds indicate low levels of organic contamination. Lateral extent is poorly defined.

Boring 21-05057, located in the RWSA, encountered organic contamination in the backfill used to fill the
area after removal of the CMPs. Organic detections continued to a depth of 20 ft in fill material and no
further detections were found in native materials to a total depth of 50 ft. The original excavation limits
form the lateral extent of the contamination. The lateral limit is further defined by the physical presence of
the adjacent absorption beds. Organic contamination was not detected in deeper samples obtained in
soils and tuff below the bottom of the RWSA.

29.2.2 Data Requirements Related to the MDA T Absorption Beds, Disposal Shafts, and RWSA
29.2.21 Absorption Beds and Disposal Shafts

Analytical results from drilling and sampling conducted in 1996 and 1997 showed decreasing vertical and
lateral trends within the Qbt 3 and Qbt 2 matrix below and around the absorption beds. Releases from the
disposal shafts are minor in comparison to the releases from the absorption beds (which surround the
shafts) for the following reasons.

o The process of cement hydration during the curing process was shown to draw moisture into the
shafts (Appendix B, p. B-16).
¢ Following curing, the solidified state of the waste severely limits potential migration.

¢ Inadvertent drilling of borehole 21-05062 into one of the disposal shafts during the 1996-1997
sampling showed that within 8 ft of the shaft, no increase in contamination levels were seen in the
sample data.

o Releases from the absorption beds were more mobile than from the shafts since large volumes of
water under saturated conditions carried contamination.
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Because the inventory within the shafts contains the same constituents as were released from the
absorption beds, differentiating between sources would be speculative at best. However, an attempt to
identify if migration out of the shafts has taken place will be made. Analysis targeting the unique
chemistry of the cement in the shafts is needed. Analyses of samples from two planned boreholes (4 and
5) located between beds 1 and 2 and the shaft field (see Section 4.5) for soil pH, bicarbonate (HCO3 ),
and carbonate (CQ;) are needed to determine if any chemical signature is present in the subsurface tuff
from the cement stabilized waste in the shafts. The complete suite of sample analysis is listed in the
tables presented in Section 4. Analytical results will be used to determine if a correlation exists between
the chemical signature of the cement and contaminant concentrations. Section 4.5 describes the borings
and lists the analytical suites for the two boreholes associated with the absorption beds and shafts.

As discussed previously, nature and extent within the Qbt 2 and Qbt 3 matrixes have been defined for the
releases from the absorption beds and shafts. Analyses for pH, perchlorate, tritium, total uranium, isotopic
uranium, and americium-241 by alpha spectroscopy (gamma spectroscopy was used in 1996—1997) were
not performed on the samples submitted from the 1996—1997 event. Samples will be collected as
discussed in Section 4.0, including the above analyses, from the two angled boreholes and one deep
vertical borehole proposed beneath the MDA T disposal complex and are discussed further in Sections
29.3.2 and 4.5).

29.2.2.2 Data Requirements Related to Fracture Characterization

Sampling activities in 1996—1997 identified contamination within fractures at depth and laterally away
from the absorption beds. Since it is impractical to define extent of contamination in a fracture, systematic
characterization of fracturing is required to assist in evaluation of the role fractures played in transport of
contamination at MDA T. To better characterize the fracturing, two angled boreholes will be continuously
cored down to and through the top of the Cerro Toledo interval of the Quaternary Bandelier tuff (see
Section 4.5). Angle boreholes have the best chance of intersecting the vertical fractures that dominate the
Bandelier Tuff. Orientation of angled boreholes in a general east-west direction further enhances this
opportunity. Fracture density will be defined by recording the rock quality density (RQD) in recovered
cores during borehole logging. Borehole logging methods and RQD are described in detail in Section 4.
Logging of borehole fractures using a borehole image processing system (BIPS) tool (or equivalent) will
also be performed. Fixed lab analytical samples will be collected as discussed in Section 4.5.

2.9.2.2.3 Data Requirements Related to Hydrogeologic Properties

Documentation of the hydrogeologic properties of the tuff units above the Cerro Toledo interval is needed.
Porosity, moisture content, permeability tests, Kd, and matrix suction wiill be performed on core samples
collected from the deep angled boreholes and the deep vertical boreholes beneath the disposal complex
(boreholes 1, 2, and 3). Samples will be taken from all geologic units encountered (Qbt 3, Qbt 2, and
Qct). Details of the hydrogeologic sampling are discussed in Section 4.6 below.

In order to supplement borehole test results, tuff matrix geophysics will also be performed. Neutron and
gamma source logs, natural gamma, caliper, and BIPS logs will provide moisture, porosity, lithology,
borehole condition, and fracture information that will augment data interpretation.

29.2.2.4 Data Requirements Related to Subsurface Tritium and VOC Vapor

Sampling of subsurface pore gas for vapor phase VOCs and tritium has not been performed beneath
MDA T. Vapor samples using SUMMA canisters for VOCs and silica gel absorbents for tritium will be
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collected from two depths in the deep angled boreholes in order to document whether vapor-phase
plumes are present beneath MDA T.

2.9.2.2.5 Data Requirements Related to the Buried MDA T Operational Surface

Regrading of the MDA T disposal area has resulted in disturbance and burial of the original operational
surface. Focused sampling of this original surface has not been performed. Focused sampling of the
operational surface is needed because overflows from the absorption beds and spills during filling
operations at the disposal shafts would have been surface releases. Burning of waste oils in the
salamanders is the only process at MDA T that may have resulted in a release of dioxins and furans.
Surface accumulation of airborne stack emissions from the adjacent plutonium processing plant area may
also be present. The operational surface of MDA T would be the most likely affected horizon from the
burning activities. Collection of samples from the buried operational surface would determine if a release
of dioxins or furans resulted from the burning of waste oils at MDA T. All boreholes to be drilled within
MDA T will sample within the operational surface where it can be identified in recovered cores.

29.2.2.6 Data Requirements Related to Perched Water

No boreholes have been advanced to sufficient depths to assess whether perched water zones are
present above the Qbt 2-Cerro Toledo interval contact. One vertical and two 45-degree-angled boreholes
are planned to depths that will reach the Cerro Toledo interval.

29.3 Data Review of Buliding 035 Area
2.9.3.1 Nature and Extent of Contamination for Building 035 Area
29.3.1.1 Inorganic Chemicals

Samples collected in 1993-1994 sampling at Building 035 identified aluminum, barium, cadmium, copper,
lead, lithium, molybdenum, nickel, selenium, silver, strontium, uranium, and zinc as potential
contaminants exceeding background (Figure 6). Of these inorganic chemicals, only cadmium, copper,
and zinc exceeded the range of background at locations 21-02547 and 21-02609. Nickel was also
detected above background at locations 21-02541. Lithium and strontium have no established
background concentrations, but were detected at location 21-01628 at approximately the same
concentrations observed across the MDA T site and are representative of the natural soils. Total uranium
was detected above background around the east, west, and south sides of the building (locations
21-02535, 21-02536, 21-02543, 21-02546, and 21-02609), as well as in the footprint of the building at
location 21-02538. The nature and extent of inorganic chemical contamination has not been defined in
any location since multiple depths were not sampled or decreasing trends were not observed.

2.9.3.1.2 Radionuclides

Soil contamination was detected at the location of buried tanks and valve boxes removed with the
demolition of Building 035 near the southwest comer of the building (locations 21-02546, 21-02547,
21-02609, and 21-02610) (Figure 7). This was the location of a valve box (Structure 21-093; Appendix B,
Figure B-7) on the influent lines from the plutonium processing facility. Other boring samples detected
contamination in soils located below the former floor slab of the building (locations 21-02538 and
21-02539) and may be a result of unlined sumps and floor drains shown in the record drawings (LANL
2003, 81175). Americium-241 was detected in soils below and surrounding the floor slab near the
southeast end of the building (location 21-02541) where americium raffinate treatment occurred. Nature
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and extent is not defined for radionuclides since samples at multiple depths were not collected, or
decreasing trends were not observed in the results.

2.9.3.1.3 Organic Chemicals

Nature and extent for organic chemicals has not been defined for Building 035. While the 1993—-1994 field
investigation found no organic chemicals, only data for SVOCs in the soils near Building 035 were
generated. A single borehole was advanced in the building footprint during the 1996—1997 drilling, but no
samples for organic chemicals were collected.

29.3.2 Data Requirements Associated with Building 035

Samples from previous investigations were collected and tested for inorganic chemicals, SVOCs, VOCs,
and radionuclides. No organic chemicals were detected. Cadmium, calcium, copper, lithium, nickel,
uranium, and zinc were detected above background in soil and fill. The 1994 sampling event also
detected americium-241, plutonium-239, and plutonium-238 above fallout concentrations near the
southwest and southeast corners of the former building. The septic tank and drain field have not been
sampled and the manner in which the septic tank was left in place has not been confirmed.

The existing data set identified elevated levels of radionuclides in soil and fill materials within the building
footprint, along the south side, at the west end, and the southeast corner of the building site.

Additional focused sampling and analysis at the locations of the tanks and buried pipes associated with
the building is needed, combined with step-out sample locations to determine lateral extent to the south of
the building site. Boreholes located near the highest levels of contamination detected by 1994 data are
required to confirm vertical and lateral extent. The existing data set indicates that sampling will continue
below the soil-tuff contact.

A borehole associated with the septic tank and drain field will be located, drilled, and sampled as
discussed in Section 4 to confirm that operational releases to the drain field did not occur. The drain field
has been targeted because it is the intended discharge point from the tank. The results from the drain
field are the most conservative representation of any release from the system, because the drain field
received a larger volume of liquids than a release from a leaking tank.

The top of the septic tank must be uncovered and the state of abandonment confirmed. If waste is
present, the volumes of the liquid and solid phases will be estimated and a representative set of waste
characterization samples will be collected.

Boreholes need to be drilled and sampled in the areas of elevated americium and plutonium near the
southeast and southwest corners of Building 035 to confirm the results of the 1994 sampling and provide
analyticat results. Step out boreholes from the southeast and southwest corners of the building will also
be required.

Drilling and sampling at the location of a citric acid tank, a potential source of perchlorates adjacent to the
east end of the north wall of Building 035, should also be performed. Details of the proposed drilling and
sampling are presented in Section 4.5.
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tanks of the treatment circuit were replaced with new tanks in 1970. This facility currently operates to
partially treat wastewater from the TSTA. The plant wastewater processing circuit includes a clarifier, a
flocculator tank, process tanks, filters, pumps and sumps, and chemical holding tanks. Drawings indicate
that all externally located tanks have some form of secondary containment (Appendix B).

A complex of utility lines and corridors course through MDA T, mainly between Buildings 035 and 257 and
the TSTA. General utility lines also pass through the site. A corridor of acid waste lines runs underground
from the northwest corner of Building 257 over to the southwest of Building 035. Waste drainlines also run
from the northwest comner of Building 257 over to effluent tanks 112 and 113 to the north. An acid-waste
line runs southeast then northeast from Building 035 over to the effluent tanks. An acid-waste line also
runs from the southwest corner of Building 035, under Building 257, and east out of MDA T. A natural gas
line runs east-west under Building 257 and along the south side of 035. Main water lines run just south of
the MDA T fence line, with feeder lines north to Buildings 035 and 257. Aboveground electrical lines run
just north of the MDA T fence line, splitting to the south between Buildings 035 and 257, and to the east
over tanks 112 and 113 and along the north side of Building 257. Underground electrical lines run
between Buildings 035 and 257. Prior to initiation of field activities, extensive work wili be required to
locate abandoned and existing utility piping and lines. \

311 Solls

In general, soils can be considered thin and poorly developed on the mesa surface; they tend to be sandy
in texture near the surface and more clay-like beneath the surface. More highly developed soil profiles
exist on the north-facing slopes; they tend to be richer in organic matter. Soil profiles on the south-facing
slopes tend to be poorly developed. A discussion of the soils in the Los Alamos area can be found in
Section 2.2.1.3 of the ER project installation work plan (LANL 1998, 62060.4, pp. 2-21). The original soils
in the vicinity of MDA T were poorly developed, as is typical of soils derived from Bandelier Tuff and
formed under semiarid climate conditions (Nyhan et al. 1978, 5702, pp. 24-25). At TA-21, natural or
undisturbed surface soil cover is limited because of plant operations, disposal unit installations, and fill
cover construction. The present-day surface of MDA T is predominantly fill (crushed tuff) and imported
topsoil. The graded fluvial sediments in the shallow subsurface paleochanne! under the disposal complex
area (Section 3.2.1) consist of fine to coarse-grained sands with varying amounts of pebbles and gravels.
These sediments exhibited cross-bedding along an excavation wall exposed during construction of the
RWSA. A basal layer of dacite to rhyolite boulders was found in most of the boreholes drilled through the
paleochannel during the 1996—-1997 field investigation (Appendix B).

A maijority of the MDA T fenced area has gone through a series of reworking and regrading events
throughout its operational history. The absorption beds were excavated and built with gradational fill; the
shafts were drilled, lined, and filled; the RWSA was excavated, packed with temporary storage
containers, backfilled, then cleared out and backfilled again. Final regrading of the disposal area took
place around 1986 with fill soil (approximately 5 to 6 ft deep) placed over the original surface of the
MDA T absorption beds, shafts, and the RWSA to facilitate positive drainage across the site.

A geomorphic study (Broxton et al. 1995, 58207, pp. 65-92) of TA-21 divides DP Canyon into four
segments that reflect the lithologic variations of the Bandelier Tuff. The two upper segments are relevant
to the scope of this plan. The top segment begins upstream of MDA T and is expressed below the site as
steep-sided walls cut into the Tshirege upper unit 3 resistant (moderately welded) zone with colluvial
boulder piles along the base of the walls. The second upper segment is characterized by a relatively flat,
wide depositional plain on either side of the stream channel, bordered by colluvial boulder piles. This
feature resulted from erosional cutting into the less welded, lower part of Tshirege unit 3 and the
underlying Tshirege nonwelded unit. It contains extensive deposits of sediments from upper DP Canyon
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29.4 Data Review of Building 257 Area
2.9.4.1 Nature and Extent of Contamination for Building 257 Area

The nature and extent of soil contamination at Building 257 is undefined by past investigations. The
processes involved at Building 257 were similar to those performed at Building 035 and isotopes of
plutonium and uranium, americium-241, strontium-90, cesium-137, inorganic chemicals, and SVOCs are
anticipated. Additionally, ongoing operations at Building 257 pre-treated tritium-contaminated wastewater
from the TSTA facility. These ongoing operations could potentially have resulted in a release of tritium to
the environment. Because of the operational nature of the facility, reconnaissance-level sampling is called
for to confirm the nature of any contamination present associated with Building 257.

29.42 Data Requirements Associated with Buliding 257

No subsurface tuff characterization samples have been collected in the area of Building 257. Since
Building 257 is an active facility, reconnaissance borings from beneath the building, the associated
holding tanks, and around the building will be collected.

Since the operations at the building involved treating wastewater with similar contaminants as were
disposed of in the shafts and the absorption beds, analysis for Building 257 will be consistent with the rest
of MDA T sampling. Additionally, current operations at Building 257 deal primarily with tritiated water from
the TSTA facility. The three vertical boreholes (10, 11, and 12) will be sampled for tritium to assess if
ongoing operations have released tritium to the subsurface. Details of the proposed drilling and sampling
are summarized in Section 4.3.

3.0 EXISTING SITE CONDITIONS
3.1 Surface Conditions

MDA T consists of a disposal area with absorption beds and buried shafts, RWSA, two industrial
wastewater treatment plants located in Buildings 035 (inactive and removed) and 257 (active), two office
trailers, associated buried piping, and the surrounding surface features that may have been impacted by
operations at these facilities. The disposal complex of shafts and beds is enclosed by a chain-link fence.
MDA T is within the boundary of TA-21 (Figures 2 and 3). The general elevation of MDA T ranges
between 7130 ft and 7140 ft above sea level, with a slight downward slope across the site from south to
north.

According to the geomorphic studies at DP Mesa and Vicinity report (Broxton et al. 1995, 58207, pp. 68—
69), the location of TA-21 was at one time part of a braided drainage system on the westemn end of
Pajarito Plateau originating in the Sierra de los Valles. At present, possible signatures of this geologic
setting include shallow paleochannel deposits beneath MDA T that have been defined by previous drilling
studies and augmented by recent geophysical studies at the site. The geomorphology report also states
that these tributary stream systems and their canyons (including DP Canyon) developed prior to incision
of Los Alamos Canyon and that minimal cliff retreat has occurred in these canyons since then. The report
goes on to say that exposure of most of the MDAs on DP Mesa through cliff retreat is improbable over
periods exceeding 10,000 years.

Completed in 1967, the industrial liquid waste treatment facility in Building 257 replaced the one located
in Building 035. The new plant includes a process acid wastewater treatment circuit, an americium
raffinate treatment circuit, and a pugmill circuit. The original batch waste treatment tanks and storage
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and from the adjacent canyon walls. Runoff from three of the five MDAs (including T) at TA-21 flows into
this segment.

3.1.2 Surface Water

The area overlying the disposal structures at MDA T is relatively flat with a gentle slope toward

DP Canyon to the north. There were two diversion ditches, one on the east end, and one on the west end
of MDA T to channel surface flow away from the site. Storm water and snowmeit runoff from the site is
now primarily by sheet flow across the site to the north, along with water from the west perimeter ditch,
which collects along the ditch between the north side of the site and North Perimeter Road. Runoff then
passes through culverts under the road and continues down tributaries cut into the south sidewall of DP
Canyon into the depositional plain adjacent to the DP stream channel. The Laboratory’s RRES-RS project
has developed a procedure to assess sediment transport and erosion concerns at individual SWMUs
(LANL Standard Operating Procedure [SOP] 2.01). it provides a basis for prioritizing and scheduling
action to control erosion of potentially contaminated soils at specific SWMUs. The procedure is a two-part
evaluation. Part A is a compilation of existing SWMU analytical data, site maps, and knowledge-of-
process information. Part B is an assessment of erosion and sediment transport potential at the SWMU.
Erosion potential is numerically rated from 1 to 100 using a matrix system. SWMUs that score greater
than 60 have a high erosion potential. MDA T has score of 30.3, indicating a low erosion potential. The
surface water assessment was conducted in June of 1998. The calculated erosion matrix score includes
for site setting, a runoff score of 46, and a run-on score of 11.

3.2 Subsurface Conditions
3.2.1 Stratigraphy

DP Mesa consists of Bandelier Tuff overlain by a thin layer of alluvium. The Bandelier Tuff unit is
subdivided into three members, in ascending order, the Guaje, the Otowi, and the Tshirege. MDA T is
situated in the Tshirege Member, which is a compound cooling unit divided into four distinct cooling units
(labeled 1 through 4 in ascending order), approximately 340 ft thick, consisting of Units 3, 2, 1v, and 1g
(Broxton et al. 1995, 58207.1, pp. 45-51). Bedrock directly underlying the site is cooling unit 3 of the
Upper Tshirege, a dliff forming, and nonwelded to partially welded tuff. Below DP Mesa the Otowi and
Tshirege Members are separated at about 340 ft bgs by the Cerro Toledo interval, an approximately

10- to 40-ft-thick sequence of volcaniclastic sediments deposited in braided stream systems. The basal
Guaje Pumice Bed occurs under DP Mesa at approximately 535 ft bgs. This feature separates the
Bandelier Tuff from the underlying clastic fanglomerate sediments of the Puye Formation. Bandelier Tuff
is overiain by 0 to 20 ft of alluvium. Alluvium, which is generally thickest near the center of the mesa and
thin to absent at the mesa edge, consists of poorly sorted, clay-rich sand and gravel. Much of the alluvium
contains angular to subrounded lithic clasts of the Tschicoma volcanic rocks, and crystals of feldspar,
quartz, and biotite and other ferromagnesian minerals derived from the Tschicoma Formation.

Previous investigations at MDA T revolved around sampling of the disposal units at the surface, within the
structures (absorption beds and the RWSA), and below the structures into the lower Tshirege Formation.
Localized affects of historic absorption bed activities were evident as high moisture contents were noted
at and proximally below the beds (Appendix B).

The resuit of the deeper borehole data from the 1996 and 1997 study indicates the cessation of fracture
evidence in core as the borings passed through the lower section of Tshirege unit 3 and into unit 2.
According to the Wohletz fracture study at TA-21 (Broxton et al. 1995, 58207, pp. 19-30), fracture
characteristics of unit 2, which was the focus of their study, are very similar to previous fracture studies of
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unit 3, allowing for extrapolation of resuits to the rocks directly below TA-21. A fracture zone of increased
fracture density, possibly related to the Pajarito Fault system, runs with a northerly strike under MDA V,
which is roughly 1000 ft west of MDA T. Although previous studies at MDA T have not documented
fracture occurrences in unit 2, one would assume that they do exist. The Wohletz report suggests that
slant (angled) boreholes drilled in the direction S48E and N-S would optimize fracture intersections in the
upper vadose zone under the MDAs of TA-21.

3.22 Reglional Hydrogeologic Conditions

The proposed hydrogeologic conceptual model for the Pajarito Plateau (LANL 1998, 59599, p. § of
Groundwater Protection Strategy) predicts absorption of water into the subsurface and subsequent
transport of water, vapor, and solutes through the upper regions of the vadose zone and is heavily
influenced by surface conditions such as topography, surface water flow, and microclimate. According to
model predictions, movement through deeper layers, including the regional aquifer, is slightly influenced
by surface conditions and influenced more by hydraulic characteristics of aquifer rocks, regional
groundwater flow patterns, and stresses induced by water supply production.

The general elevation above sea level (asl) at MDA T is 7140 ft. The regional aquifer was encountered at
5870 ft asl in R-7 upstream from TA-21, at 5850 ft asl in Otowi-4 on the east end base of DP Mesa, and
at 5835 ft asl in R-8 downstream from TA-21.

3.2.21 Absorption

Surface and near-surface conditions (topography, precipitation, surface runoff) controif the absorption of
water into the subsurface and the transport of contaminants in the shallow subsurface. In this respect, the
climate behavior of mesas and canyons forming the Pajarito Plateau differ from one another (LANL 1998,
59599.1, pp. 2-26). Mesas are generally dry, both on the surface and within the bedrock that forms the
mesa. Canyons range from wet to relatively dry; the wettest canyons contain continuous streams and
perennial groundwater in the canyon-bottom alluvium. Dry canyons have only occasional stream flow and
may lack alluvial groundwater.

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

The region beneath the ground surface and above the regional aquifer is called the vadose (unsaturated)
zone. The natural source of moisture in the vadose zone is precipitation, most of which is removed as
runoff, evaporation, and transpiration (LANL 1997, 63131.1). The subsurface movement of the remaining
moisture (often referred to as recharge) is predominantly vertical in direction and is influenced by
properties and conditions of the vadose zone.

The geologic property of the Bandelier Tuff that most influences the fiuid flow in the unsaturated zone is
the degree of welding (i.e., compaction). Compaction occurs in the tuff after empactment when glassy
pyroclasts (pumices and shards) deform due to the combined effects of overburden pressures from the
tuff column and the presence of residual gases and high temperatures. Compaction and cooling history of
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the tuffs varied vertically and laterally across the plateau as different subunits were emplaced at different
temperatures, and as distance from source and paleotopography controlled the thickness of deposits. In
addition, the Tshirege Member is characterized by a number of vertical welding breaks which represent
brief periods of cooling between deposition of the subunits. Welded tuffs tend to have less matrix porosity
and more fractures than nonwelded tuffs. Fractures in welded tuffs may include relatively close-spaced
cooling joints and as well as tectonic fractures. Although nonwelded tuffs also have fractures, they are
generally less abundant than in welded tuff.

Several competing effects determine moisture content and fluid flux in welded, devitrified tuff. While water
moves slowly through the unsaturated tuff matrix, it can move relatively rapidly through fractures if nearly
saturated conditions exist (LANL 1997, 63131). A gravimetric water content of 38% is the value for
saturation in Bandelier Tuff. The overall saturation levels measured from boreholes passing through and
under the absorption beds at MDA T are relatively low. From 0 to 35 ft bgs the gravimetric water content
was measured at values between 5% and 25%. At depths from 35 to 100 ft bgs the values averaged
around 10%. Some elevated values with depth (greater than 35 ft) could be attributed to fracture fill that
had relatively higher gravimetric values than the surrounding tuff (Nyhan et al. 1984, 06529.1, pp. 10-11).
At these saturation levels, most of the fractures beneath the site are expected to be completely dry, and
the water will exist in the tuff matrix only. Only in situations when substantial absorption occurs from the
ground surface, as would be the case under absorption beds, will the fractures become wet and conduct
water. However, modeling studies predict that when fractures disappear at contacts between stratigraphic
subunits, when fracture fills are encountered, or when coatings are interrupted, fracture moisture is
absorbed into the tuff matrix (Soll and Birdselt 1998, 70011, pp. 193-202).

3.2.2.2 Perched Intermediate Waters

Observations of perched intermediate water are rare on the Pajarito Plateau. Perched waters are thought
to form mainly at horizons where medium properties change dramatically, such as at paleosol horizons
with clay or caliche found in basalt and voicanic sediment sequences. The Cerro Toledo interval (~340 ft
bgs/6840 ft asl), Guaje Pumice Bed (~630 ft bgs/6510 ft asl), and the Puye Formation (~660 ft bgs/

6480 ft asl) are local examples. The Cerro Toledo was drilled through at Well LADP-4, located north of
MDA T in DP Canyon, but water was not observed. LADP-3 was drilled at an elevation (~6755 ft asl) that
is below the elevation of the Cerro Toledo interval. Perched intermediate waters have been observed in
some locations on the plateau near MDA T, such as at LADP-3 to the south in Los Alamos (LA) Canyon
(in the Guaje at ~6430 ft asl), R-7 (in the Puye at ~8420 ft asl), and Otowi-4 (in the Puye at ~6380 ft asl).
Other wells drilled over the years near the site have not encountered intermediate saturation zones. It is
not known whether perched water bodies are isolated or connected and to what degree they may
influence travel times and pathways for contaminants in the vadose zone. The absence of basalt flows in
LADP-4 may have left that area without a “pooling” barrier to promote intermediate aquifer development.
Purtymun (1995, 45344, p. 28) discusses the existence of three perched aquifers in the Los Alamos area.
They are located in the midreach of Pueblo Canyon, the midreach of Los Alamos Canyon, and in the
lower reach of Pueblo Canyon and its junction with Los Alamos Canyon.

No perched water was observed under MDA T during previous drilling events, although the boreholes
were less than 200 ft bgs in depth (to an elevation of ~6940 ft asl). The deepest borehole drilled to date
near the area was the 2800 ft deep Otowi-4 (~3830 ft asl).

3.2.2.3 Reglonal Aquifer

The main aquifer in the Los Alamos area rises westward from the Rio Grande within the Santa Fe Group
into the Puye Formation beneath the central and western portion of the Pajarito Plateau. Depth of the
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aquifer decreases from about 1200 ft bgs along the western margin of the plateau to about 600 ft bgs
along the eastern margin. The main aquifer is separated from the alluvium and perched water in the
volcanics by 350 to 620 ft of tuff and volcanic sediments.

40 SCOPE OF ACTIVITIES

The main purpose of this investigation is to satisfy the objectives defined in Section 1.2 of this work plan.
The radiological surveys, drilling, and sampling activities will be tailored to address the specific
investigation objectives identified in Section 2.8. Regrading fill placement, erosion control projects, and
other structural improvement activities are not required for the investigation. Drilling will be employed
during investigations at MDA T for a number of reasons, including the following:

o to establish lateral extent with shallow angled and vertical boreholes,
o to establish vertical extent with relatively deep angled and vertical borsholes,

e to collect subsurface moisture profile data, and

o to collect fracture characteristic data.

41 MDA T Fleld Investigations
Field investigations at MDA T will consist of the following activities:

o Two angled boreholes (1 and 2) and one vertical borehole (3) will extend into the Cerro Toledo
interval to analyze its potential role in vadose zone contaminant transfer. These boreholes, to be
located within the boundaries of the MDA T disposal area, are also intended to provide lateral
extent information.

o Shallower angle and vertical boreholes will be used to collect data around and under Building 257
and its associated structures, which have not undergone a comprehensive study. This
investigation will not attempt to define the contamination of or in its tanks, pipes, or other
structures due to current use.

e Surface and shallow subsurface sampling will also be used to collect data as defined from
previous investigations and to focus on locations of interest, such as the absorption beds,
disposal shafts, storage tanks, Building 035, and drainage paths into DP Canyon adjacent to the
site.

o Sampling intervals will follow set guidelines with respect to structure depth and location and to
field observations, including radiological screening and core analysis (Table 1).

o Sample intervals will include one each from the depth of the highest field screening detect, the
greatest depth of field screening detect, the depth immediately below any structure of concern
(beds, shafts, tanks, under buildings, etc.), and at total depth of borehole (Table 1).

e Characterization of fracturing and geotechnical properties of the subsurface media will be
conducted down through the Cerro Toledo/Qbt 2 contact.

The methods used to conduct each of these activities are identified and discussed in Section 5, and
Tables 1 and 2 provide summaries of the planned sample locations and investigation activities.
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4.1.1 Justification for Alternative Scope of Work

The proposed work scope contains differences from that presented in the November 26, 2002, NMED
Order. The proposed alternate work scopes are summarized in Table 3, along with a brief justification for
the alternate approach. The following subsections provide additional details related to the justifications for
alternate approaches referenced in Table 3.

41.2 Field Screening

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

Results of field investigations at MDA T from 1992 to 1997 indicate that the screening methods specified
in the Order, other than visual examination and radiological screening, would be ineffective and would
generate no useful information for the purpose of identifying samples to submit for laboratory analysis.
The limitations of field screening methods for various classes of analytes are discussed below.

41.21 VOCs

The headspace vapor screening procedure given in Section 1X.B.2.d of the Order calls for the sample to
be sealed in a bag or other container and equilibrated with the ambient air inside the container. The
concentration of VOCs in the headspace gas is then measured using a PID. The above procedure is
designed to identify samples having elevated concentrations of VOCs in the solid matrix. This procedure
is designed to cause VOCs associated with the solid phase to volatilize into the headspace, where they
can be detected using a PID.

The results of previous investigations at MDA T indicate that this procedure is not appropriate for the core
samples to be collected at MDA T because of the low concentrations observed in fixed laboratory
analyses results.

4122 XRF

XRF methods are not capable of detecting levels of metal contamination previously found at MDA T (near
or below background) and would not be useful as a guide to planned sample collection activities.

4123 HE

There are no documented processes, historical or present, that involve HE at MDA T. HE screening
would also not be useful for sampling guidance or for health and safety reasons.

41.3 Sample Analysis

At each borehole, surface samples collected will not be analyzed for VOCs. Analysis of dioxins and
furans will be only for samples taken at the operational surface. These chemicals only have an airborne
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release mechanism from the salamander burners and this horizon is the most likely to be contaminated.
(Item 14 in Table 3)

41.4 Groundwater Monitoring

Installation of regional groundwater monitoring wells and the sampling of groundwater wells in the area of
MDA T (Table 3, Items 18 through 22) are duplicative of existing work under the Hydrogeologic Work Plan
(HWP) (LANL 1998, 59599). These activities are not included in the scope of the SWMU 21-016(a)-99
work plan.

42 Sampling and Analysis for Site Surface Contamination

Initial activities concerning the site surface conditions would include surveys to delineate the focations of
various structures and possibly configurations of abandoned lines. A gross gamma radiation walkover
survey of MDA T and accessible areas outside the fencing would be completed in order to show that
surface contamination is generally TA-21 inclusive rather than MDA T site source specific. This walkover
survey will be followed by selected spade and scoop sampling on the canyon slope and potentially within
the MDA T boundary to characterize areas of elevated activities obseived in the walkover surveys. The
sampling will target areas with respect to the survey results, locations of interest based on previous
investigation results, and locations that could augment nature and extent studies to obtain data defining
site surface characteristics representative of present day site conditions. These surface samples would
most likely be taken from the 0.0 to 0.5-ft and 1.5-to 2.0-ft interval. Samples of the historical surface will
also be collected at the borehole locations if indicated by the walkover survey. Additional samples through
surface locations may be collected at deeper depths depending on the field screening results.

Analytic evaluations of the samples are summarized in Table 2. VOCs will not be analyzed for due to their
volatility. Surface sample analysis of dioxins and furans will not be done because of the past backfilling
and grading activities. Surface vapor sampling will be conducted over the absorption beds and the
disposal shaft complex if subsurface VOC contamination is detected.

4.3 Sampling and Analysis Actlvities In the DP Canyon Area and Shallow Soll Areas
Immediately Adjacent to MDA T Slite

MDA T is to function as a permanent repository of the existing shaft waste and absorption bed
contaminants. The original site surface received fill and underwent regrading after all disposal operations
ended. This minimizes the need to replace shallow surface data within the fenced area and sampling will
be focused per the following discussion. Sampling locations in areas immediately adjacent to the north
side of the MDA T site and the canyon slope down to the channel of DP Canyon will be based on a
number of criteria. Results of the walkover survey will be used to determine sampling locations and
resampling of previous sample locations will be used to define vertical and lateral extent. Sampling will
focus on locations where previous studies indicated elevated levels of SVOCs and radionuclides.

Figure 11 presents the sample locations along the southern edge of DP Canyon and downslope towards
the stream channel, again to address vertical and lateral extent issues. At the locations within the
depositional plain (30 through 32) in the canyon, a minimum of two samples (0.5 and 1.5 ft bgs) will be
collected. Additional sampling will be based on radiological field screening and previous sampling results.
Hand auger techniques will be used at these locations. Samples will be collected to assess effects from
operational spills and overflows that occurred during the operation of Absorption Bed 4. Sampling of tuff
bedrock wilt also occur as appropriate. Analytical suites of the samples are summarized in Table 2.
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44 Sampling and Analysis of Soils and Bedrock at Building 257

To assess the condition of soil and bedrock contamination associated with the industrial wastewater
treatment facility, Building 257, vertical and angled boreholes will be drilled around and underneath the
building and its associated structures (Figure 12). Three shallow vertical boreholes, 9 through 11, will be
located along the south, east, and west sides of Building 257 as part of the comprehensive study of that
buildings nature and extent. Additional borings for lateral extent may be installed based on results of initial
field screening. Three angled boreholes, 6 through 8 (45 degree/130—160 linear ft), will be situated to
avoid buried utilities and to provide sampling access under structures. These are oriented to intersect the
predominant trend of fractures at TA-21. Data will be collected with regard to operational effects, as well
as to investigate the vertical nature and extent effects of particular structures including the (partially below
grade) raw waste storage tanks, tanks 112 and 113, tanks 110 and 111, and the americium unloading
area. The buried pipes running to and from the building are not a part of the MDA T investigation. Analytic
suites of the samples are summarized in Table 2.

4.5 Sampling and Analysis at Building 035

Focused drilling at key locations around Building 035 (the north side and the southwest and southeast
corners of the building and step out locations west, east and south of the former building) will be used to
verify the 1993—1994 data and provide the overall nature and extent of contamination for this area of the
site soils. Boreholes 12 through 18 (Figure 13) will target particular locations around the footprint of
Building 035, including the valve box, storage tank, and septic leach field locations, to establish vertical
and lateral extent issues of previously detected elements, including radionuclides. Borehole 13 will be
located just east of Building 035, targeting the location of the septic tank and leach field for that building.
Previous sampling events did not have sample locations in this area. This borehole will also provide
lateral extent data along the eastern area of the building site. Boreholes 15, 16, and 18 will be used to
establish lateral extent along the area south of the building, and results can be compared to results
derived from borehole 21-05064 during the 1996—-1997 study. Records indicate that a citric acid tank was
located on the north side of Building 035. Borehole 12 will be located to characterize the north side of the
building and to provide information that could confirm the tank as a source of perchlorates. Borehole 14
will be placed at the east end of the building footprint to confirm activity levels found in previous
investigations. Borehole 17 will be located where acid waste lines, buried storage tank(s), and a valve box
associated with the fluid lines were located adjacent to the southwest corner of Building 035. Analytical
suites of the samples are summarized in Table 2.

4.6 Sampling and Analyslis for Absorption Bed Area/Shaft Area/RSWA Area

Investigation actlvities include driiling vertical and angled boreholes to define extent of contaminants in
the tuff matrix and to study comparative moisture profile data (Figure 14). Two angled boreholes and one
vertical borehole will be used to characterize fractures in Qbt 2 and Qbt 3, as well as to characterize
vertical extent of known contaminants from the absorption beds, disposal shafts, and the RWSA.
Boreholes 1 and 2 will be drilled as deep, angled holes (45 degree/~545 linear ft). These boreholes will be
situated with a north-northwest by south-southeast strike that will pass under the disposal area complex.
Borehole 3 will be situated north of Absorption Bed 4 and drilled as a vertical borehole. Ali three
boreholes are planned to pass through the Cerro Toledo interval. Air-rotary coring with a 5-in. bit and a
split barrel sampler will be used to ensure that the desired depth can be achieved and continuous core
can be collected for comprehensive subsurface studies, such as fracture analysis. These three boreholes
will provide a number of sample points for fixed laboratory analysis, adding to vertical and lateral extent
characterization within the vadose zone. Visual and structural analysis of the collected core, combined
with existing results, will be used to augment fracture characteristic analysis studies. Analytical suites of
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the samples are summarized in Table 2. Boreholes 4 and 5 will be auger cored down to about 100 ft bgs
and sampled CO3; and HCO, to identify chemical signatures of shaft-derived contamination and
absorption-bed-derived contamination.

These boreholes also provide an opportunity to collect geotechnical data to support transport modeling by
characterizing site-specific hydrogeologic properties at MDA T. These properties include saturated and
unsaturated hydraulic conductivity, chloride-ion concentration, porosity, bulk density, matrix potential (i.e.,
suction), and moisture content. A detailed profile of moisture content will ensure an adequate data set to
calibrate a neutron probe for moisture logging. Collecting a profile of matrix potential in combination with
the moisture content will provide data on the likely direction of moisture movement in the subsurface.
Estimates of saturated and unsaturated hydraulic conductivity also support modeling of liquid migration in
the vadose zone. Tuff samples for chloride-ion concentration support evaluation of the rates of water
infiltration and evaporation. These boreholes will also be used for moisture profile analysis and data
collection, using a neutron probe (at 1-ft intervals), to compare with the previous moisture data collection
events discussed in Appendix B.

4.7 Sampling and Analysis for Perched Water and Vadose Zone Characteristics

Three of the planned boreholes (1 through 3) will extend into the Cerro Toledo interval (~350 ft bgs) in
order to verify the assumption that there is no groundwater to that depth below MDA T. The analytical
suite in the deep borings will be expanded to include analyses for perchlorate. Following initial data
evaluation field logging and confirmation by geophysical procedures, installation of monitoring wells for
gas or water will proceed following approval by administrative authority.

Subsurface pore-gas samples will be collected from boreholes 1 through 18 following LANL-ER-SOP-
6.31. In each borehole, one sample will be collected at the depth in which the borehole is nearest the
targeted disposal unit, and the second sample will be collected at total depth (TD). Pore-gas samples will
be collected using a straddle packer to isolate discrete depths within the borehole. Each interval will be
purged prior to sampling until measurements of carbon dioxide and oxygen are stable and representative
of subsurface conditions. Subsurface pore-gas samples wili be collected in SUMMA canisters and
submitted for analysis of VOCs using EPA Method TO-14, and tritium samples will be collected in silica
gel samplers and submitted for tritium analysis using EPA Method 906.0. Although VOCs have not been
identified consistently in previous investigations, VOCs are being evaluated in pore gas to assure a
subsurface plume does not exist below MDA T. Pore-gas samples will be collected twice: once following
completion of drilling and a second time 30 days later.

Quality assurance/ quality control (QA/QC) samples for VOCs in pore-gas will consist of an equipment
blank and field duplicate for each sampling round. After sampling and purge decontamination, the
equipment blank will be collected by pulling zero gas (99.9% ultra high purity nitrogen) through the packer
sampling apparatus. This sample will be used to evaluate decontamination procedures. The field
duplicate sample will be used to evaluate the reproducibility of the sampling technique. A field duplicate
sample will also be collected for tritium. QA/QC samples will be collected in accordance with
LANL-ER-SOP-1.05.

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

o ER-SOP-1.01,Rev. 1 General Instructions for Field Investigations
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¢ ER-SOP-1.02, Rev.
o ER-SOP-1.03, Rev.
e ER-SOP-1.04, Rev.
o ER-SOP-1.05, Rev.
¢ ER-SOP-1.06, Rev.
¢ ER-SOP-1.08, Rev.
o ER-SOP-1.10, Rev.
o ER-SOP-3.11, Rev.
o ER-SOP-4.01, Rev.
e ER-SOP-4.04, Rev.

1
2
4
0
2
1
0
1

1
2

o ER-SOP-5.01, Rev.3

¢ ER-SOP-5.02, Rev.
e ER-SOP-5.03, Rev.
¢ ER-SOP-5.07, Rev.
o ER-SOP-6.01, Rev.
e ER-SOP-6.03, Rev.
o ER-SOP-6.09, Rev.
o ER-SOP-6.10, Rev.
o ER-SOP-6.14, Rev.
o ER-SOP-6.24, Rev.
¢ ER-SOP-6.26, Rev.
o ER-SOP-6.31, Rev.
e ER-SOP-7.05, Rev.

2
2
0
3
2
1
1
0
1
1
1
1

Sample Containers and Preservation

Handling, Packaging, and Transporting Field Samples
Sample Control and Field Documentation

Field Quality Control Samples

Management of ER Project Waste

Field Documentation of Drilling and Sampling Equipment
Waste Characterization

Geodetic Surveys

Drilling Methods and Drill-Site Management

Contract Geophysical Logging

Well Construction

Well Development

Monitoring Well and RFI Borehole Abandonment
Operation of LANL Owned Borehole Logging Trailer
Purging of Wells for Representative Sampling of Ground Water
Sampling Volatile Organics

Spade and Scoop Method for Collection of Soil Samples
Hand Auger and Thin Wall Tube Sampler

Sediment Material Collection

Sample Collection from Split-Spoon Samplers and Shelby Tube Sambler
Core Barrel Sampling for Subsurface Earth Materials
Atmospheric and Sub-Atmospheric Air Sampling

Subsurface Moisture Measurements Using a Neutron Probe

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

The SOPs listed above are available at the following Internet address:
http://erproject.lanl.gov/quality/user/sops.asp. Additional procedures may be added as necessary to
describe and document quality-affecting activities.

5.1  Drilling Methods

The deeper boreholes (1 through 3) will be drilled with a rotary drill rig capable of coring and deep
borehole production. The goal is to obtain data for vertical extent analysis and to carry out geotechnical
activities and sampling for fracture characteristic studies. Core will be radiologically screened, visually
inspected, and geologically logged. All drilling activities will refer to appropriate Laboratory guidance
documents and protocol to ensure health and safety issues are reviewed and addressed during field

operations.
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Each shallow borehole (4 through 18) will be continuously cored using 9 in. auger flights with a split barre!
sampler to TD. Samples will be collected at a minimum of two depths to establish vertical extent. Samples
may be collected at additional depths if radiological screening is above background. Shaliow boreholes
will be drilled down to the 40 to 50 ft bgs range in select areas for lateral extent data and in some cases,
such as at Building 257, angled down to 130 to 160 ft bgs in order to collect a comprehensive data set for
that area. Shallow boreholes (or hand-auger samples, as appropriate) will also revisit areas of interest
based on previous sample event results, such as the Building 035 footprint/area to collect additional
analyses not previously performed. Hand-auger boreholes will investigate the top of the DP Canyon slope
area along the north side of North Perimeter Road that was affected by Absorption Bed 4 overflows, and
along the south side slope of DP Canyon down to the stream channel.

The depth, angle, and sampling plans for each borehole and sampling location are described in Table 1.

The exact location of each borehole will be determined by a global positioning system (GPS) field survey
of pit and shaft boundaries, utility locates as part of the excavation permitting process, and other access

restrictive surface conditions.

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

5.2 Methods of Collecting Soil and Rock Samples

While surface samples will be collected during initial drilling activities, the most common method for
surface and shallow subsurface sampling is the spade and scoop method, covered in LANL-ER-SOP
6.09. Stainless steel shovels, spades, scoops, and bowls are used due to ease of decontamination.
Disposable tools made of polystyrene or Teflon can also be used if necessary. In some cases, hand-
augering tools can be used to collect shallow subsurface samples if geologic material conditions permit.
Tools used and their applicability is covered in LANL-ER-SOP 6.10. If the surface location is at bedrock,
an axe or hammer and chisel may be used in order to collect samples.

Surface samples will be field screened for health and safety purposes prior to collection, then placed in
ziplock bags and /or sample jars as composite grabs derived from hand augers, scoops, or chiseling
devices in accordance with the sampling guidance document and appropriate SOPs (see Section 5.0,
LANL-ER-SOP-1.01-1.08 series). Planned intervals would be 0.5 ft down to 1-2 ft or refusal. If field
radiological screening indicates activity beyond reach of standard surface methods, drilling may be an
option in order to define vertical extent.

Continuous core subsurface tuff samples will be analyzed, per LANL-ER-SOP 6.26, for lithologic and
structural features, removed from the split-barrel sampler, and placed into seam-sealed plastic sleeves or
protec-core heat sealed bags to preserve the core moisture content. Sample jars and/or ziplock bags will
be filled with discrete segments of the core. All samples (surface and subsurface) will then be shipped
through the sample management office (SMO) to fixed laboratories for analysis. The analytical suites for
each borehole and surface sample location are listed in Table 2.

Tuff samples will be collected at least every 10 ft in the deep boreholes (angled 1, 2, and 6 through 8; and
vertical 3) beginning beneath the target disposal units or structures. Boreholes 4 through 6, and 9 through
18, will be sampled at least every 5 ft beginning at the surface. Sample locations 19 through 32 will be
sampled from the ground surface continuously downward at 1-ft intervals to a depth of refusal. A
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minimum of two samples will be used for fixed laboratory analysis. Samples will also be collected from
intervals where contamination is suspected because of elevated field screening resuits and/or if visual
inspection identifies fractures or staining. If radiological contamination is detected using field-screening
methods at the locations TD, the boring will be advanced until contamination is no longer detected.
QA/QC samples will include field duplicate samples that will be collected following the applicable SOPs
listed in Section 5.0. To confirm decontamination procedures, rinsate blanks will also be collected.

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

5.3 Collection of Geotechnlcal Data

All boreholes will be cored continuously to total depth and geologically logged, including lithology,
apparent moisture, structural features (specifically fracture occurrence, orientation, and density), and core
recovery compared to interval drilled per LANL-ER-SOP 12.01 and LANL-ER-SOP 4.01. RQD can also
be documented in the field. The RQD is basically defined as the collective fength of core in excess of two
by four inches expressed as a percentage of total core drilled, giving you the percentage of solid core
obtained, which is dependant on the strength and number of discontinuities in the rock mass. Low
numbers reflect incompetent, heavily fractured, or sandy formations. High numbers indicate competent
formations. Brass sleeves will be used at boreholes 1, 2, and 3 in the relatively unconsolidated Cerro
Toledo interval to improve recovery and maintain structural integrity for geophysical characterization.
Samples for Kd analysis will be collected from a minimum of one open and one filled fracture in each
deep borehole.

Moisture content samples will be collected at 2.5-ft intervals and placed in glass sample jars. Samples for
saturated and unsaturated hydraulic conductivity, matrix potential, porosity, Kd, chloride analysis, and
bulk density will be collected once in soil, once in each tuff unit, and twice from the Cerro Toledo interval.
The samples collected from the Cerro Toledo interval will be selected from core to be representative of all
the textural intervals encountered. Analyses for saturated and unsaturated hydraulic conductivity,
porosity, and bulk density will be performed using analytical methods specified by contract requirements
of the Laboratory’s SMO. One field duplicate for every 20 geotechnical samples taken will be collected
and analyzed.

Competent boreholes will allow for geophysical logging runs performed by Water Quality and Hydrology
group (WQH), using the Laboratory borehole logging trailer per LANL-ER-SOP-5.07 and contract
geophysical logging per LANL-ER-SOP-4.04, which can provide additional data for tuff matrix (vadose
zone) characterization, such as porosity, saturation, and potential. Two boreholes (4 and 5) will be used
to perform neutron logs at 1-ft intervals for comparison to previous borehole moisture content studies
performed in the same area. The downhole camera can also be used to delineate lithologic contacts and
augment fracture characterization studies.

5.4 Potential Pore-Gas or Perched Saturation Zone Monitor Well instaliation

The decision to install vapor monitoring wells will be based on the results of two rounds of vapor sampling
using a FLUTE membrane, one at TD of the borehole (completion of drilling) and the second round 30
days later. The samples will be submitted for laboratory analysis. The boreholes will remain open until the
decision to install vapor monitoring wells is made.
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If a decision is reached to install a pore-gas monitoring well (Figure 15), a well design would be produced
outlining target intervals, port types and quantily, and packer configurations. As most of these borehales
would be drilled using hollow-stem auger flights, installation of a pore-gas monitoring well could proceed
without redrilling. The hollow stem acts to temporarily case the borehole, so that the well casing (riser)
may be inserted down through the center of the augers once the desired depth is reached, minimizing the
risk of possible collapse of the borehole.

During drilling operations there is the potential for encountering zones of elevated moisture content,
localized saturation, and groundwater. These zones may not be assignable to either an alluvial or the
regional groundwater system and represent a localized phenomenon. The Laboratory's decision process
for characterizing these zones is presented in the attached flowchart, shown in Figure 16 and described
in the following text.

If saturation is encountered as a borehole advances, drilling would be stopped to determine whether
sufficient water volume is available to analyze the water quality. These analyses may include metals,
anions, perchlorate, alkalinity, carbon organic carbon, total inorganic carbon, and total dissolved solids.
Generally the total volume required is approximately 0.5 to 1.0 L. Of this volume, 100 mL is unfiltered and
unpreserved; another 100 mL is filtered and preserved with nitric acid. If this minimum volume of
groundwater cannot be collected, the borehole would be continued to the planned TD or until saturation is
encountered again and the process is repeated. A porous cup lysimeter or absorbent membrane would
be installed at the depth of saturation to monitor the zone if the borehole is completed for pore-gas
monitoring. Insufficient water sample volumes from discreet depths would not be composited to make the
required volume for screening analysis.

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

Once these wells are installed, an appropriate sampling program will be implemented for data collection
and analysis.

5.5 Borehole Abandonment

Backfilling (abandonment) of investigation boreholes will be dependant on borehole depth. Shallow
borings (down to 20 ft) can be backfilled with the associated cuttings and tamped down. Deeper borings
(from 20 ft on) will be backfilled according to procedures outlined in LANL-ER-SOP-5.03. The procedure
takes into account any subsurface characteristics (perched zones, etc.) that would require isolation if the
decision to abandon versus well installation had been made. The placement of backfill materials, such as
bentonite and cement, would be documented with regard to volume (calculated and actual), intervals of
placement, and additives used to enhance backfilling.
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6.0 ONGOING MONITORING AND SAMPLING PROGRAM

There is no ongoing monitoring at SWMU 21-016(a)-99. Groundwater monitoring of existing wells is
included as part of the scope of the HWP.

7.0 SCHEDULE

The planned submittal date for the MDA T WP to the NMED is February 29, 2004. Following a 60-day
review period of the WP by the NMED, subsequent approval would allow field activity preparation and
performance to commence. The start of fieldwork is dependent on the finalization of the authorization
basis documentation process. Preparation activities and implementation of the field work is anticipated to
require approximately 90 days through demobilization from the site. Sample submittals to the SMO
should be completed by that time. Receipt of investigation results, is anticipated 30 days after
demobilization. A schedule for submittal of final reports and data to NMED that considers authorization
basis issues will be drafted by the administrative authority.
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NOTES -—|—|—— Fence

1. Locations will serve as surface as well as - o= Contour line

subsurface sample collection sites.
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1.5-2.0 ft, or to refusal. sample location
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Figure 11. Planned surface and near-surface sample locations for the south side of
DP Canyon
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Figure 15. General diagram for construction of a vapor monitoring borehole

February 2004 48 ER2004-0023



MDA T Investigation Work Plan

Borehole drilling GW  Groundwater
NMED New Mexico
¢ Environment Department
TD Total depth

GW encountered

Is there
sufficient water to
sample C at least
05L?

Collect GW
screening sample

v

Analyze on rapid
turnaround and
monitor water level

v

Continue drilling to
find perching horizon.
DO NOT PENETRATE

v

Standby borehole
pending GW
screening results

Install monitoring well Is
according to NMED |«— TD contamination
requirements present?
Report results TD
in
Investigation Report ¢
* Install monitoring well
according to NMED
Continue drilling requirements
borehole ;
Develop groundwater
investigation plan

Is more GW
detected?

D

F16/MDAT_IWP/022704

Figure 16. MDA T perched groundwater flow chart
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February 2004

Table 1
Summary of Proposed Borehole Sample Targets
Estimated
Depths of Target Structures (ft); | Minimum No. of Field
Borehole for Angled Holes: Linear Footage Samples for Scroening Core
ID Site/lssue Addressed of Position Below Target® Fixed-Lab Analysis | Intervals™ | Intervals
1 at Absorption beds and shafts; | Absorption bed: TBD 11 Every5ft 5t
45° from | Vertical extent, fracture Shafts: TBD
vertical | analysis, perched water Top of Cerro Toledo Fm: ~350 ft
bgs; ~500 lin. ft
TD: ~385 ft bgs

2 at Absorption beds and Absorption bed: TBD 11 Every5ft |5ft
45° from | RWSA,; Vertical extent, Top of Cerro Toledo Fm: ~350 ft
vertical |fracture analysis, perched |bgs; ~500 lin. ft

water TD: ~385 ft bgs
3 North side vertical and Top of Cerro Toledo Fm: ~350 ft | 10 Every5ft |51t
90° lateral extent, fracture bgs

analysis, perched water TD: ~385 ft bgs
4 North side of bed #2 TD: ~100 ft bgs 4 Every5ft (251
90° comparison borehole for

continuous moisture profile;

vertical extent
5 North side of bed #1 TD: ~100 ft bgs 4 Every5ft [2.5f
90° comparison borehole for

continuous moisture profile;

vertical extent
6 at Bldg. 21-257: Americium Americium dock: TBD 8 Every5ft [2.5ft
45° from |loading dock, acid waste Tank baseflines: TBD
vertical |{tanks and lines, and tanks | Tanks 110, 111 base: TBD

21-110 and 111; nature and | TD: ~115 ft bgs

extent, fracture analysis
7 at Bldg. 21-257: foundation (w/ | East Bldg. Foundation: TBD 8 Every5ft 1251t
45° from | raw waste tanks on north North Bldg. Foundation: TBD
vertical |side); nature and extent, Raw Waste Tank (TD): ~115 ft

fracture analysis bgs
8 at Bldg. 21-257: effiuent tanks | Tank 21-112 base: TBD 10 Every5ft [2.5ft
45° from |21-112 and 113; nature and | Tank 21-113 base: TBD TD: ~95
vertical |extent, fracture analysis ft bgs
9 Bldg. 21-257: west side; TD: ~45 ft bgs 4 Every5ft [2.5ft

nature and extent
10 Bldg. 21-257: south side; TD: ~45 ft bgs 4 Every5ft |25t

nature and extent
1 Bldg. 21-257: east side; TD: ~45 ft bgs 4 Every5ft (2.5t

nature and extent
12 Bldg. 21-035: north side Tank base: TBD 4 Every5ft |25t

near citric acid tank locate; | TD: ~40 ft bgs

lateral and vertical extent
13 Bldg. 21-035: septic tank Tank base: TBD 4 Every5ft |25ft

(removed) and leach field; |TD: ~40 ft bgs

lateral and vertical extent
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Table 1 (continued)

Depths of Target Structures (ft); | Estimated No. of Field
Borehole for Angled Holes: Linear Footage Samples for Screening Core
D Site/lssue Addressed of Position Below Target® Fixed-Lab Analysis | Intervals” | Intervals
14 Bldg. 21-035: southeast TD: ~40 ft bgs 4 Every5ft (251t
side; lateral and vertical
extent
15, 16, |Bldg. 21-035: Step-out TD: ~40 ft bgs 4 Every5ft (2.5t
and 18 |confimation samples for
lateral extent
17 Bldg. 21-035: west side Valve box base: TBD 4 Every5ft (2.5ft
near influent line vaive box |TD: ~40 ft bgs
and associated structures;
lateraf and vertical extent
Shallow Soil Sampling by Spade & Scoop or Hand Auger Methods
19-20 |Previous spills from Fill/soil: 0 to 2 ft; dependenton |4 Surface n/a°
Absorption bed 4 along top |field screening and previous screening
of DP Canyon slope; vertical | analytical results
and lateral extent
21-32 | DP Canyon slope and Fill/soil: 0 to 2 ft; dependenton 14 Surface n‘a
drainage down to channel; |field screening and previous screening
vertical and lateral extent analytical resulits

318D: final target structure depths and total depths drilled to be determined following utility locate results and subsequent
finalization of borehole locations.

Field screening consists of alpha, beta/gamma, VOCs, and tritium.

£ n/a = Not applicable.
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A-1.0 ACRONYMS

AOC
ASL
AST
ASTM
bgs
BIPS
BV

Ci
CME
CMP
CO;
COPC
CST
DOE
DP
EM
ER
ERDB
EPA
ERDB

GPR
GPS
HCO,
HE
HEPA
HIR
HSE
HSWA
iD
iDW

WP

ER2004-0023

area of concern

above sea level

above-ground storage tank
American Standard for Testing and Materials
below ground surface

borehole image processing systém
background value

curies

Central Mine Equipment
corrugated metal pipe

carbonate

chemical of potential concern

Chemical Science and Technology (Laboratory Division)

(US) Department of Energy

Delta Prime

electromégnetic

Environmental Restoration
Environmental Restoration Data Base
(US) Environmental Protection Agency
Environmental Restoration Data Base
fallout value

ground penetrating radar

global positioning system

bicarbonate

high explosive

high-efficiency particulate air (filter)
historical investigation report

Health, Safety, and Environment
Hazardous and Solid Waste Amendments of 1984
inner diameter

investigation-derived waste
investigation report

investigation work plan

Los Alamos
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LAFPHA/FIDLER Los Alamos Field Pulse Height Analyzer/Field Instrument for the Detection of Low

LANL
LADP
LIR
MCE
MDA
MRAL
nCi/g
NMED

NMHWA
ou
PCB
PPE
PRS
PVC
QA

QcC
RCRA
RFI
RLWTF
RQD
RRES-RS
RSL
RWSA
SAL
SAP
SMO
sopP
SWMU
SvoC
SwWs
TA

TAL
TBP

February 2004

Energy Radiation
Los Alamos National Laboratory
Los Alamos Delta Prime

Laboratory Implementation Requirement

multiple chemical evaluation

Material Disposal Area

mobile radiologic analytical laboratory

nanocuries per gram

New Mexico Environment Department (NM Environmental improvement Div. before

1991)

New Mexico Hazardous Waste Act
operable unit

polychlorinated biphenyl

personal protective equipment
potential release site

polyvinyl chloride

quality assurance

quality control

Resource Conservation and Recovery Act

RCRA facility investigation

Radioactive Liquid Waste Treatment Facility

rock quality density

Risk Reduction and Environmental Stewardship-Remediation Services

radiological screening laboratory
retrievable waste storage area
screening action level
sampling and analysis plan
sample management office
standard operating procedure
solid waste management unit
semivolatite organic compound
sanitary wastewater systems
technical area

target analyte list (EPA)
tributyl phosphate

A-2
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TCP tricresyl phosphate

TD total depth

TRU transuranic

TSTA Tritium Systems Test Assembly

UTL upper tolerance limit

vOC volatile organic compound

WCSF Waste Characterization Strategy Form
WP work plan

XRF x-ray fluorescence

A-2.0 GLOSSARY

Alluvium, Clay, silt, sand, and gravel transported by water and deposited on streambeds, flood plains,
and alluvial fans.

Area of concern (AOC). An area of potential contamination at the Laboratory that might warrant further
investigation or remediation, but which is not a solid waste management unit.

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

Fault. A fracture, or zone of fractures, in rock along which there has been vertical or horizontal
movement; adjacent rock surfaces are displaced.

Field blank (also known as field reagent blank). A blank sample either prepared in the field or carried
to the sampling site, exposed to sampling conditions (e.g., bottle caps removed, preservatives added),
and returned to a laboratory for analysis in the same manner in which environmental samples are
analyzed. Used to identify the presence of contamination potentially added during the sampling and
analysis process.

Fleld duplicate. A second sample collected as near as possible to the original sample.

Gamma radiatlon. A form of electromagnetic, high-energy radiation emitted from a nucleus. Gamma rays
are essentially the same as x-rays and require heavy shielding, such as concrete or steel, to be
blocked.

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

Hazardous and Solid Waste Amendments (HSWA). The Hazardous and Solid Waste Amendments of
1984 (Public Law No. 98-616, 98 Stat. 3221), which amended the Resource Conservation and
Recovery Act of 1976, 42 U.S.C. § 6901 et seq.

HSWA module. Module VI of the Laboratory's Hazardous Waste Facility Permit. This permit allows the
Laboratory to operate as a treatment, storage, and disposal facility.

Hydraulic conductivity. The rate at which water moves through a medium in a unit of time under a unit
hydraulic gradient through a unit area measured perpendicular to the direction of flow.

ER2004-0023 A-3 February 2004



MDA T Investigation Work Plan

Model. A simplified or idealized conception of a system or process, which can be written as a
mathematical formulation (mathematical model)

Operable unit (OU). At the Laboratory, one of 24 areas originally established for administering the ER
Project. Set up as groups of potential release sites, the OUs were aggregated based on geographic
proximity for the purpose of planning and conducting RCRA facility assessments and RCRA facility
investigations. As the project matured, it became apparent that 24 were too many to allow efficient
communication and to ensure consistency in approach. Therefore, in 1994, the 24 OUs were reduced
to six administrative “field units.”

Perched groundwater. Groundwater that lies above the regional water table and Is separated from it by
an unsaturated zone.

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

Potential release site (PRS). Refers to potentially contaminated sites at the Laboratory that are identified
either as solid waste management units (SWMUs) or areas of concern (AOCs). PRS refers to SWMUs
and AOCs collectively.

Quallty assurance. All those planned and systematic actions necessary to provide adéquate confidence
that a facility, structure, system, or component will perform satisfactorily in service.

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

Radlonuclide. A nuclide (species of atom) that exhibits radioactivity.

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

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

Recharge. The process by which water is added to the zone of saturation, either directly from the
overlying unsaturated zone or indirectly by way of another material in the saturated zone.

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

Release. Any spilling, leaking, pumping, pouring, emitting, emptying, discharging, injecting, escaping,
leaching, dumping, or disposing of hazardous waste or hazardous constituents into the environment
(including the abandonment or discarding of barrels, containers, and other closed receptacles that
contain any hazardous wastes or hazardous constituents).

Reporting limit. The numerical value that an analytical laboratory (in conjunction with its client) selects to
determine if a target analyte is detected. Results below the RL are considered not detected, while
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results greater than the RL are considered detected. The RLs are not necessarily based on instrument
sensitivity. RLs can be established at the instrument detection limit, method detection limit, estimated
quantitation limit, and contract-required detection limit.

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

Runoff. The portion of the precipitation on a drainage area that is discharged from the area either by
sheet flow or adjacent stream channels.

Run-on. Surface water flowing onto an area as a result of runoff occurring higher up the slope.

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

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

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

Site characterization. Defining the pathways and methods of migration of the hazardous waste or
constituents, including the media affected, the extent, direction and speed of the contaminants,
complicating factors influencing movement, concentration profiles, etc. (U.S. Environmental Protection
Agency, May 1994. “RCRA Corrective Action Plan, Final,” Publication EPA-520/R-94/004, Office of
Solid Waste and Emergency Response, Washington, DC) .

Site conceptual model. A qualitative or quantitative description of sources of contamination, :
environmental transport pathways for contamination, and biota that may be impacted by contamination
(called receptors) and whose relationships describe qualitatively or quantitatively the release of
contamination from the sources, the movement of contamination along the pathways to the exposure
points, and the uptake of contaminant by the receptors.

Solid waste management unit (SWMU). Any discernible unit at which solid wastes have been placed at
any time, irrespective of whether the unit was intended for the management of solid or hazardous
waste. Such units include any area at a facility at which solid wastes have been routinely and
systematically released. This definition includes regulated units (i.e., landfills, surface impoundments,
waste piles, and land treatment units) but does not include passive leakage or one-time spills from
production areas and units in which wastes have not been managed (e.g., product storage areas).

Spring. The site where groundwater discharges to the ground surface.

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

Stratigraphy. The science dealing with the succession, age, composition, and history of strata.
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Target analyte. An element, chemical, or parameter, the concentration, mass, or magnitude of which is
designed to be quantified by use of a particular test method.

Technical area (TA). The Laboratory established technical areas as administrative units for all its
operations. There are currently 49 active TAs spread over 43 square miles.

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

Tracer. A substance, usually a radioactive isotope, added to a sample to determine the efficiency
(chemical or physical losses) of the chemical extraction, reaction, or analysis. The tracer is assumed to
behave in the same manner as that of the target radionuclides. Recovery guidelines for tracer results
are 30% to 110% under the current contract laboratory statement of work and will be 40% to 105%
under the new statement of work. Correction of the analytical resuits for the tracer recovery is
performed for each sample. The concentration of the tracer added needs to be sufficient to resultin a
maximum of 10% uncertainty at the 95% confidence level in the measured recovery.

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

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

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

Vadose zone. The unsaturated zone. Portion of the subsurface above the regional water table in which
pores are not fully saturated.
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A-3.0 METRIC CONVERSION TABLES

Metric to English Conversions

Multiply SI (Metric) Unit by To Obtain US Customary Unit
kilometers (km) 0.62137 miles (mi)
kilometers (km) 3281 feet (ft)
meters (m) 3.2808 feet (ft)
meters (m) 39.3701 inches (in.)
centimeters (cm) 0.03281 feet (ft)
centimeters (cm) 0.3937 inches (in.)
millimeters (mm) 0.0394 inches (in.)
micrometers or microns (um) 0.00004 inches (in.)
square kilometers (km?) 0.3861 square miles (mi?)
hectares (ha) 2.4710 acres
square meters (m?) 10.7639 square feet (ft%)
cubic meters (m°) 35.31 cubic feet (ft%)
kilograms (kg) 2.2046 pounds (Ib)
grams (g) 0.0353 ounces (0z)
grams per cubic centimeter (g/cm®) 62.422 pounds per cubic foot (Ib/ft*)
milligrams per kiltogram (mg/kg) 1 parts per million (ppm) -
micrograms per gram (Kg/g) 1 parts per million (ppm)
liters (L) 0.26471 gallons (gal.)
milligrams per liter (mg/L) 1 parts per million (ppm)
degrees Celsius (°C) 9/5 + 32 degrees Fahrenheit (°F)
Metric Prefixes
Term Power of 10 Symbol
mega- 10° M
kilo- 10° .k
deci- 10™ d
centi- 102 c
milli- 10’ m
micro- 10°® o
nano- 10°® n
pico- 10" p
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B-1.0 INTRODUCTION

This historical investigation report (HIR), an appendix of the MDA T investigation work plan (WP),
presents the results of all previous investigations and includes all activities that were conducted at
Material Deposal Area (MDA) T, Technical Area (TA) 21, at the Los Alamos National Laboratory (LANL or
the Laboratory). Its organization addresses the 10 requirements of Section 1V.C.2.b of the November 26,
2002, New Mexico Environment Department (NMED) Order (NMED 2002, 75910, pp. 120-121). In
addition, this HIR presents the 1996~1997 investigations as proposed in the Sampling and Analysis Plan
(LANL 1996, 54127.3) as modified by NMED’s request for supplemental information (LANL's written
response to NMED's request [LANL December 2003, 70036)) in sufficient detail to meet the substantive
requirements of the field and laboratory reporting portion of an investigation report (IR) as contained in
Section XI.C of the Order. General sections, such as “Background,” are in the work plan and are not
repeated in this HIR.

B-2.0 DESCRIPTION AND OPERATIONAL HISTORY
B-2.1 Current Site Description

The facility of MDA T is defined as the MDA T disposal area, two industrial wastewater treatment plants
located in Buildings 035 and 257, associated buried piping, and the surrounding surface features that
may have been impacted by operations at these facilities. The MDA T facility is located on DP Mesa, east
of Buildings 286 and 228, west of MDA A, north of Buildings 005, 150, and 361, and south of the North
Perimeter Road (Figure B-1). The location is less than a quarter-mile from the intersection of the North
Perimeter Road and DP Road. The MDA T disposal area is enclosed with a chain link fence, with the
exception of the southwest corner of Absorption Bed 1, which lies outside the fence. Figure B-2 shows
that the facility limit of MDA T has been expanded southwest to include the corner of Absorption Bed 1,
east to inciude the newer waste treatment plant (Building 257), and north to include an area where
surface water run-off and potential overflow from Absorption Bed 4 may have led to surface and/or
drainage contamination. This northern area is adjacent to SWMU 21-011(k), an outfall that received
industrial wastewater from MDA T. SWMU 21-011(k) and its associated watershed encompass
approximately three acres and are presently in the final stages of restoration.

Within the fenced area, approximately 2.2 acres, the surface is heavily vegetated with weeds, grasses,
chamisa bushes, and two young ponderosa frees. The surface slopes slightly downward across the site
from south to north. Also within the fence are tanks, trallers and offices.

Completed in 1967, a new industrial liquid waste treatment facility (Building 257) replaced the one located
in Building 035. Construction details are shown on as-built drawings (Drawings C-36368 through
C-36418) (LANL 2003, 81175). The new plant includes a process acid wastewater treatment circuit, an
americium raffinate treatment circuit, and a pugmill circuit. The original batch waste treatment tanks and
storage tanks of the treatment circuit were replaced with new tanks in 1970 (Drawing C-38166) (LANL
2003, 81175). This facility currently operates to partially freat wastewater from the Tritium Systems Test
Assembly (TSTA).

The plant wastewater processing circuit includes a clarifier, a flocculator tank, process tanks, filters,
pumps and sumps, and chemical holding tanks (Drawing C-36384) (LANL 2003, 81175). The drawings
indicate that all externally located tanks have some form of secondary containment.
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MDA T consists of 25 former SWMUs and AOCs now consolidated into SWMU 21-016(a)-99 (Table B-1
and Figure B-2). Additional structures at MDA T include Structures 355, 359, and 418, and offices and lab
trailers currently within the MDA T systems area.

B-2.2 Historic Facility Descriptions

The MDA T disposal area includes absorption beds, sumps, shafts, and the Retrievable Waste Storage
Area (RWSA) (Figure B-2). Appendix F (LANL 2003, 81175) lists available engineering drawings
maintained on microfilm by the Laboratory as well as record drawings used for this report that, along with
written reports, form the basis for the historic facility descriptions.

Four absorption beds [SWMU 21-016(a)] excavated into the Bandelier tuff are shown on Drawing ENG-C
2217. Each bed was designed to be 120 ft long, 20 ft wide, and 4 ft deep and, based on surface surveys
of the absorption bed dikes (Drawing ENG-R 4475) and a 1996 geophysical investigation (Geophex 1996,
64694). The absorption beds (Figure B-2) are longer (between 140 and 155 ft) from original top of
embankment to top of cut than shown on the construction drawing. The east and west ends of the beds
were designed to slope so that the center 100 ft of each absorption bed has a depth of 4 ft and contains
the cobble and gravel infiltration media. The geophysical investigation did not distinguish between fill
types but did confirm the survey locations of the top of the absorption beds. The sloping ends are likely
flatter than shown in the construction drawing due to the access requirements of the construction
equipment available and/or taller berms being required due to variances in the original ground surface.
The flatter slopes and/or a taller berm would have resulted in longer beds with the end berms being
spaced further apart. Borehole location 21-05052 confirms the altered geometry. The borehole did not
encounter cobbles even though located approximately 20 ft inside the east berm of Absorption Bed 1.
The north and south sides of the beds appear on Drawing ENG-C 2217 as vertical cuts. The distance
between the center of Absorption Beds 1 and 3 and the center of Absorption Beds 2 and 4 is 80 ft
(Rogers 1977, 05707, p. T-5).

The bottoms of the beds were cut level, trimmed, and cleared of earth and loose material before being
filled with stone, gravel, sand, and earth (Figure B-3). The bottom approximately 2 ft of fili was stone,
clean and free from dirt, and ranging in size from approximately 3 to 10 in. The stone was graded from
large at the bottom to small at the top in order to form a deck for the gravel. The next 6 in. of fill was
gravel followed by 6 in. of sand. The top layer of fill was approximately 12 in. of earth. The total thickness
of graded fill was 4 ft (Rogers 1977, 05707, pp. T-5, T-11).

The absorption beds received waste through a 3.5 deep 4 high 8 ft wide reinforced concrete distribution
box (Structure 121, Figure B-4) [SWMU 21-011(c)} located between Absorption Beds 1 and 2. The waste
was transported from the distribution box to each absorption bed through a 6 in. inlet line. Also located
near and within these absorption beds were three other sumps (Structures 122, 131, and 132) shown on
Drawings R-140 and R-2450. No record of the purpose or fate of these sumps is available; however they
may have been removed or buried when the area was regraded in 1986. A 6-in.-diameter buried overflow
pipe connected Absorption Bed 1 to Absorption Bed 3 and Absorption Bed 2 to Absorption Bed 4 (Figure
B-5, and Drawings C-2217 and C-2338). A floor-drainline from Building 012 extended directly to
Absorption Bed 1, discharging at ground surface (Drawing C-2338, Figure B-4, and Rogers 1977, 05707,
p. T-11). The term “absorption bed” is defined as being similar to a leach field where wastewater infiltrates
into the bedrock.

The original surface of MDA T sioped to the north at a 12 to 1 ratio. Surface water interceptors
approximately 2 ft deep and 3 ft wide were cut 10 ft from the south side of the absorption beds and
embankment material placed across the west end of Absorption Bed 1, the north side of Absorption Beds
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3 and 4, and across the east end of Absorption Bed 4. The embankment had a minimum width of 10 ft
and a minimum height of 2 ft (Rogers 1977, 05707, p. T-5).

Associated with the absorption beds, a redwood-lined pit, called a "caisson” was used for monitoring
purposes between Absorption Beds 1 and 3 (Figure B-5). Constructed in 1959, the dimensions of the
caisson were 6 ft wide by 10 ft long by 30 ft deep. Two horizontal holes at 2-ft depth intervals down to a
28-ft total depth were drilled into Absorption Bed 1 and the tuff beneath the bed. Each pair of horizontal
holes was instrumented; one for soil moisture and one for gross alpha measurement (LANL 1991,
07528.1, p. 16-103).

The Shaft Disposal Area [SWMU 21-016(c)] consists of approximately 64 shafts for the disposal of
cement-treated radioactive mixtures. These disposal shafts were drilled into the Bandelier tuff located
mainly between Absorption Beds 2 and 4 (Figure B-6). Forty-nine shafts were drilled into the tuff using a
4-ft-diameter bucket auger and reaming to an 8-ft-diameter shaft. Fifteen 6-ft- or 4-ft-diameter shafts were
located in the shaft field between the 8-fi-diameter shafts (Rogers 1977, 05707, p. T-11). The disposal
shafts range in depth from 15 to 65 ft deep (Table B-2). Prior to placement of cement-treated mixtures,
the shafts were sprayed with heated roofing asphalt (Drawing R-4475). Although several progress
drawings exist, no as-built drawing showing the final configuration of the shafts remains.

Potential shafts, numbered 4, 7, 12, 14-16, 37, 38-40, 45, 61-69, 71, 74, 79, 81, 85, 86, 88, 89, and 96—
99 were not drilled. There is conflicting information as to whether or not shaft 90 was drilled. Literature
indicates that potential shafts 14—16 were not drilled because of an overhead power line. Potential shafts
37-40 were not drilled because of the presence of an overflow pipe between Absorption Beds 2 and 4.
(Rogers 1977, 05707, p. T-11).

The RWSA [SWMU 21-016(b)] (Figure B-6) was an excavation measuring 120 x 24 ft x 19 ft. The ramp
{eading to the bottom of the pit was 60 ft long. The RWSA was filled with 20-ft x 2.5-ft corrugated metal
pipes (CMPs) placed on end in the excavation. Of the 227 CMPs contained in the excavation, 69 pipes
were removed in 1984, and 158 CMPs were removed in 1986 (Nyhan 1993, 23248.1, p. 3). However,
another reference suggests that only 175 CMPs were originally contained in the RWSA (LANL 1990,
07512.1, p. 21-016). However, all CMPs were removed. The excavation was filled with excavation spoil
following removal of the CMPs.

Building 035 [SWMU 21-010(a)] housed the first wastewater treatment facility for treating industrial
wastewater from the TA-21 plutonium processing facilities prior to disposal at MDA T (Figure B-7).
Construction details are shown on a 1951 as-built drawing (Drawing C-8436) (LANL 2003, 81175). The
drawing depicts only minimal pipe and tank detail. The presence of the external tanks indicates that some
form of treatment of the process wastewater pre-dates the drawing issue date, although no record of that
process is found.

Drawing C-8436 indicates that two 10-ft tall, 2-ft-diameter tanks may have been moved from a nearby
outdoor location into the building. The tanks are not identified but may have contained sand filter columns
or acid neutralization used as a treatment process pilot test. A valve box (DP-93) and the pipe connection
from the absorption bed wastewater line to the building, as well as an under floor discharge pipe
extending from the building toward the absorption beds is shown in Drawing C-8436.

Drawings indicate that up to four waste lines ran from the DP West process Buildings (002, 003, 004, 005
and 150) to the industrial waste treatment plant (Building 035) (Nyhan 1990, 12605, p. 37) (Figure B-8
and Drawings C-2563, C-2564, C-8436, C-8439, and C-18227). A complex pipe arrangement fed a buried
infiuent tank (Drawing C-18227). This drawing, showing a tank replacement, may or may not have been
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implemented as no "as-built” drawing is indicated. Waste from DP East Buildings 152, 155, and 209 was
combined and pumped via a buried pipeline to the treatment plant.

Drawings of the 1952 or earlier equipment configurations, in-ground sumps, etc., inside Building 035 are
not available, although fabrication drawings of individual pieces of equipment exist. The description of the
treatment process contained in Section 2.3.3, Industrial Waste Treatment Processes at Building 035,
provides an insight into the general arrangement of the equipment based on usage. This insight leads to
the conclusion that the wastewater treatment equipment contained in Building 035 served a similar
function to that contained in Building 257.

Based on as-built Drawing C-8439, major modifications of Building 035 took place in 1952. These
modifications included a 30-ft extension of the building, addition of exterior above- and below-grade
wastewater tanks, and the extension of a batch liquid wastewater treatment circuit for another 10 ft.
Tanks included two 13,500-gal. influent holding tanks (Tanks 110 and 111) south of the building structure
and the two effluent tanks (Tanks 112 and 113) adjacent to Absorption Bed 4. An emergency overflow
from each tank extends to Absorption Bed 4 (Figure B-9).

The 1952 madifications included construction of the DP Canyon outfall [SWMU 21-011(k)] (Drawing
C-8439). Drawing C-36385 shows the effluent pipe arrangement for tying into the outfall pipes near the
existing effluent holding tanks 112 and 113. The outfall has been remediated in 2003. Drawing C-2082
shows a citric acid storage tank, Tank DPW-120, a 4000-gal. steel aboveground storage tank (AST)
located immediately north of Building 035. Historical aerial photos of Building 035 indicated this tank was
located at the northeast corner of the building rather than the northwest corner as indicated by Drawing
C-2028.

From 1956 to 1964 frequent changes to the building and processes are apparent. In 1956, a vacuum filter
room (Drawing C-18169) was added, along with associated equipment whichincluded a filter press to
dewater sludge obtained from the underflow of the process wastewater flocculation process. In 1959, an
americium waste treatment circuit (Drawing C-21959) was designed and subsequently buiit to
cement-treat americium raffinate waste. In 1960, a chemical storage addition (Drawing C-17858) was
designed and subsequently built. This slab-on-grade addition contained no process equipment. in 1964,
50% caustic storage tanks for an expanded americium raffinate treatment circuit (Fowler 1964, 06758)
replaced the chemical storage area (Drawing C-17945).

A bathroom in Building 035 drained to a septic tank (Structure DP-185) and leach field (Drawing C-18171)
system [SWMU 21-010(e)] at the east end of the building. As shown on Drawing C-36371, the septic tank
and leach field were abandoned in place when Building 035 was connected to a sanitary sewer.

Plutonium-contaminated process wastewater processing and americium raffinate treatment at Building
035 ended in 1967 with the demolition of Building 035. The structure and foundations were removed to
TA-54 MDA G, a fact confirmed by the 1989 RFI Investigation (LANL 1991, 07528, p. 16-155). The
sanitary septic tank and drain field system remained in place after the demolition of Building 035.

Inactive wastewater lines to Building 257 [SWMU 21-011(a)] tie into the existing wastewater lines
southwest of Building 035 (Drawings C-36380 and C-36381). The wastewater pipe from DP East,
rerouted during treatment plant construction, enters relocated Tanks DP-110 and DP-111 (Figures B-8
and B-9).

The wastewater effluent lines tie into the original effluent line from Building 035 (Drawing C-36380 and
C-36385).
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The americium raffinate treatment circuit consisted of a raw raffinate storage tank [SWMU 21-011(j)],
sodium hydroxide tank [SWMU 21-011(i)], and an unloading area outside the building and south of the
DP west tanks. A drum tumbler for mixing cement paste was located inside the building. The cement silo
and a wastewater storage tank (Structure 256) associated with pugmill operations were adjacent to the
southwest building corner.

Other work areas of Building 257 include a chemical storage area, change room, stock room,
maintenance area, laboratory, and an electrical/mechanical room (Figure B-10).

Incinerators, called "salamanders,” (Figure B-11) that are conventional oil-burning orchard heaters with a
base approximately 2 ft in diameter and a flume 5-ft high, were located on the former absorption beds.
The salamanders were modified to burn transuranic and hazardous-constituent-contaminated waste oils.
The modifications included a HEPA filter, blower, ducting with sampling ports, and an exhaust stack. The
base of the salamander holds approximately 2.9 gal. of fuel. Christenson (1992, 00363, p. 1) and
Christenson et al. (1974, 05481, p. 5) also state that the salamanders were an inexpensive commercial
burner. The incinerators were removed and no drawings exist showing exact placement of the units.
Another reference suggests that the salamanders were three incinerator units described as long trays for
open burning of waste (IT Corp. 1990, 01247; Nyhan 1990, 12605, p. 60); however, Laboratory records of
such a device are non-existent. Airborne releases from operations of the salamanders comprise SWMU
21-007.

B-2.3 Operational History

The operational history of the MDA T facility is complex, beginning in 1945 with disposal of industrial
wastewater from the plutonium processing facility into absorption beds, construction and operation of an
industrial wastewater treatment plant to remove solids and contaminants from the wastewater stream and
including alternate disposal of wastewater to a canyon outfall, and replacement of the initial plant with a
‘new facility. In addition, both treatment plants held americium raffinate treatment circuits coupled with
cement treatment circuits to handle solids and semisolids generated by the treatment plants and the
processing facility. The cement treatment process in turn required disposal of the treated wastes at the
RWSA and in drilled shafts (some additional waste solids were added to the shafts during disposal).
Additionally, several portable incinerators were used to burn contaminated waste oils.

B-2.3.1 Untreated and Treated Wastewater

Figure B-12 depicts a simplified operational history for the treatment and disposal of wastewater at
MDA T from 1945 to the present day.

From 1945 to 1952, the four absorption beds received untreated acidic wastewater from uranium and
plutonium processing laboratories and floor drain water from Filter Building 012. When the amounts of
wastewater discharged to the absorption beds reached several thousand gallons per day, the absorption
beds became congested and had to be abandoned in 1967 (Rogers 1977, 05707, p. T-3).

From 1949 until 1967, the majority of acidic wastewater was freated in Building 035 using settling,
filtration and neutralization processes (see process description in Section 2.3.3, Industrial Waste
Treatment Processes at Building 035). Following completion of the outfall to DP Canyon in 1952 until
abandonment of Building 035 in 1967, only small quantities of wastewater went to the absorption beds.
Some waste-treated wastewater was used in americium raffinate batch treatment.

Wastewater received from DP East began treatment and discharge to the absorption beds from 1965 to
1967 (LANL 1991, 07528, p. 16-106). In 1967, when the new industrial wastewater treatment facility at
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Building 257 came online, most of the wastewater went to the outfall with the exception of that used in
raffinate treatment.

Absorption Beds 1 and 2 were designed to fill first and then overflow via connecting pipes into Beds 3 and
4. Reportedly, more liquid waste moved into Beds 1 and 3 than moved into Beds 2 and 4, and at times
some of the beds became clogged and overflowed. The overflow moved northward toward DP canyon.
However, overflow from the absorption beds never reached the canyon (Rogers 1977, 05707, p. T-11)
and was probably contained in the surface containment berms.

Since 1984, wastewater from the Tritium Systems Test Assembly (TSTA) is sent to Building 257 for
interim treatment. Although no longer operational, the TSTA continues to send wastewater to Building
257 for interim treatment. Following removal of the wastewater line extending from the effluent tanks at
Building 257 to TA-50 in 2002, the treated wastewater is trucked to TA-50 for additional treatment.

B-2.3.2 Cement-Treated Wastes and Other Solid Waste Disposal

Both industrial waste treatment facilities treated americium raffinate sludge. Batch treatment began in
approximately 1952 in Building 035 and continued when Building 257 was operational. (See discussion of
the in-plant processes contained in Sections 2.3.3 and 2.3.4, respectively.) Disposal records are
unavailable from 1952 to 1968. After 1968, cement-treated waste was disposed of at MDA T.

From 1968 until April 1983, the installation of disposal shafts began for disposal of cement-treated wastes
from the pugmill (see Section 2.3.4, Industrial Waste Treatment Processes at Building 257). Spoil from
the shaft excavation was stockpiled around the site. Documented detailed methods for the cement treated
and solid waste placement are absent. The pugmill circuit and all associated tanks and pipes were
removed or abandoned in place after 1983.

A cement paste waste (cement-treated waste) was characterized as “americium strip, alkaline fluoride,
and plant sludge mixed with cement in a pug operation” (Rogers 1977, 05707, p. T-5). Additionally, solids
reprocessed from washdown, rinse solids, washing, and wash water account for a low activity waste
stream.

The larger (8-ft diameter) disposal shafts were installed between Absorption Beds 2 and 4. The shafts
were then filled starting on the east side of the disposal field and proceeding west. The smaller disposal
shafts were installed as the larger shafts were filled and capped. Shaft number 8 was drilled but no waste
placement records exist.

Initially, the cement paste was pumped via a buried 2-in. line from the treatment facility to the Shaft
Disposal Area, and placed in the individual shafts using a fire hose connected to the pipe. The pipe was
difficult to clean and was later replaced with a fire hose leading directly from the treatment operation.
Several shafts were filled in each batch run from the plant. Filling of a shaft stopped several feet below
the ground surface and the remainder was filled with clean concrete. Upon completion of a fill run, the
treatment circuit was flushed and the washdown water pumped into an empty, lined shaft. The washdown
water was then returned to the treatment plant and reprocessed.

Samples were collected and cylinders of the treated waste were cast during the treatment process.
Unconfined compression tests show that the cured cement paste obtained 55 to 292 pounds per square
inch (psi) strength. The other samples were leached in water for a year and leachate was analyzed.
Results of leachate testing indicated initial alpha and beta counts decreased up to one year from initial
testing. Additional leachate testing continued after one year but testing was random (Sagez 2003, 76090,

p. 4).
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In 1974 as the larger diameter shafts were filled and capped, the RWSA was excavated between
Absorption Beds 1 and 3 to provide a method of temporarily storing cement-treated transuranic (TRU)
waste in CMPs. Spoil from the RWSA excavation was stockpiled around the site. The CMPs were placed
on end in the ground and filled similarly to the shafts described previously. An improvement on the initial
filling process included placing several feet of clean concrete (i.e., not mixed with waste) prior to filling the
CMP with cement-treated waste and then capping the end with several feet of clean concrete following
filing. This prevented damage of the cured cement paste during excavation and removal. Filling
operations at the RWSA ended in 1982. The pipes were removed in 1984 and 1986 and relocated to
MDA G. The RWSA was backfilled in 1986 and the area regraded to facilitate drainage. No further waste
storage activities occurred at MDA T.

B-2.3.3 Industrial Waste Treatment Processes at Building 035

Construction on the industrial liquid waste treatment plant (Building 035) began in 1949 and was
completed in 1952. The exact date it was placed into service is unknown.

Treatment included chemical additives such as ferric suifate and lime for precipitation and neutralization.
The ferric sulfate and lime were added to the incoming waste stream, forming a precipitate of ferric
hydroxide that settled to the bottom of the settling tanks carrying the plutonium with it (Shipman 1958,
04700, p. 97). Disposition of the precipitate is unknown. Following a process modification, moisture was
removed from the sludge to produce a low-moisture filtercake. The sludges (and presumably the
filtercake) were buried in MDA C (Abrahams 1962, 08147, p. 25). The liquid derived from dewatering of
the sludges that contained plutonium was stored in tanks for several hours or days for control analysis,
then discharged to DP Canyon (Abrahams 1962, 08147, p. 25).

Other wastes, such as americium raffinates and hydrofluoric washing solutions, were treated separately
by batch methods (Shipman 1958, 04700, p. 97). Hydrofiuoric acid was neutralized and discharged to DP
Canyon (Abrahams 1962, 08147, p. 25).

The americium raffinates were mixed with cement in 55-gal. drums for transport to Area G. Additional
details of the treatment or waste quantities shipped are not available.

In 1957, 99.9% of the plutonium received in all wastes for the year was removed by treatment (Shipman
1958, 04700, p. 96). The Shipman Report also states “All treated waste discharged to the canyon met
standards for such discharge. The small volume of plant effiuent which did not meet those requirements
was recirculated or discharged to the absorption beds.”

B-2.3.4 Industrial Waste Treatment Processes at Buliding 257

Figure B-13 shows a simplified acid wastewater freatment circuit. In 1967, operations began at Building
257 freating liquid waste from plutonium processing operations associated with DP site and discharging
the treated waste through an outfall, SWMU 21-011(k). A process flow diagram (Drawing C-36382) shows
the operations contained within the industrial liquid wastewater treatment facility Building 257.

The basis of treatment from 1967 through 1986 at Building 257 was co-precipitation of plutonium with
ferric sulfate. The treatment process utilized a “continuous stream” of influent and was temporarily
retained in two raw storage tanks constructed of concrete, partially below grade, and located at the north
side of the facility (Tanks 110 and 111, Figure B-8). Feed pumps lifted waste in the storage tanks to a
flash mixer where lime, ferric sulfate, and coagulant aids were added (Christenson 1970, 08428, p. 1).
The wastewater flowed to a flocculator and on to a settling tank. Settled effluent was pumped through a
pressure filter and sampled to verify treatment. If the effluent was determined to be adequately treated, it
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was pumped to two final effluent holding tanks (112 and 113, Figure B-8) and sent to the outfall. If the
efftuent was not sufficiently treated, it was recirculated through the treatment system (LANL 1991, 07528,
p. 16-173). The sludge was drawn off to a sludge storage tank. The sludge from this tank went to the
pugmill circuit. Treatment did not fully neutralize the wastewater but raised the pH to the then current
acceptable discharge levels (Sagez 2003, 76090, p. 1). Current processes at Building 257 for treating
wastewater from TSTA remain similar to previous wastewater treatment operations using a majority of the
original equipment.

Figure B-14 shows a simplified americium process flow diagram. From 1967 to 1983, the batch treatment
process received americium raffinate waste via the tank truck unloading station located on the west wall
of the plant. The pumped raffinate went directly to the neutralization tanks or to the americium storage
tank for holding and later neutralization. Neutralization with 50% sodium hydroxide (NaOH) occurred in
either of two tanks. A hose from these tanks filled steel drums for further mixing in a drum tumbler. Until
1968, the neutralized drummed americium raffinate went to TA-54 (Fowler 1964, 06758).

In 1968 a pugmill treatment process, shown in Figure B-13, replaced the drum tumblers. In addition to
treating americium raffinate, the pugmill treated the sludge from the process water treatment circuit. The
combined sludges went to a sludge storage tank (Acid Tank 256). The pugmill received the sludges for
mixing with cement from the dry bulk cement storage hopper and feed wastewater from the wastewater
treatment circuit. From the pugmill mixer treated waste was pumped through buried pipeline and fire hose
to the RWSA and disposal shafts, as shown on Drawing C-36382. The pugmill circuit was removed
following completion of shaft and CMP filling.

Wash water from drummed environmental sample collection was delivered to the secondary storage area
on the west side of Building 257. The material was evacuated from the drums and put into Storage Tanks
110 and 111 (Figure B-8) for temporary storage until transfer to a vacuum truck for transport and disposal

at TA-50. '

B-2.3.5 Incinerator (Salamander) Operations

The salamanders were used to burn contaminated waste oil at MDA T from 1964 to 1967 and between
1970 through 1972. The salamanders were filled with radioactive tricresyl phosphate- (TCP-) or tributyl
phosphate- (TBP-) oil mixed with kerosene. Ash from burning was added to the cement-treated waste at
an unspecified location in the mixing process. Ductwork and a blower placed over the salamander
collected the exhaust and routed it through a HEPA filter that collected particulates before discharging the
exhaust to a vertical stack. All the operations were manually controlled (LANL 1990, 07512, p. 13-8).

B-2.4 Disposal, Discharges, and Releases

Disposal, discharges, and releases at MDA T include cement-treated radioactive sludge and wastewater
in the shafts and RWSA CMPs, solid and other liquid wastes co-disposed in the shafts, treated and
untreated contaminated wastewater, and incineration of radioactive contaminated waste oils.

B-24.1 Wastewater Treatment and Disposal

The amount of untreated wastewater sent to absorption beds during 1945 to 1952 was on the order of
14 million gal. (Rogers 1977, 05707, p. T-4). The concentration of plutonium in effluent during this time
has been estimated at 60 counts per minute per milliliter (¢/min/mL) (120 disintegration per minute per
milliliter [dis/min/mL]) with an average fluoride concentration of 160 parts per million (ppm). In addition,
10,450 gal. of effluent highly concentrated with ammonium citrate was released into the beds from June
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1951 to July 1952. The plutonium concentration of this waste averaged about 7000 ¢/m/mL
(14,000 dis/min/mL) and the fluoride concentrations were about 200 ppm.

From 1953 through 1967, 4.3 million gal. of effluent went into the absorption beds (Rogers 1977, 05707,
p. T-5). Of this amount, 2 million gal. came from DP East. Table B-3 presents the volumes of wastewater
discharged to absorption beds from 1945 through 1973.

Wastewater contained fluorine, iodine, cadmium, beryllium, lead, mercury, sodium, nitrates, and chlorine
in addition to radionuclides (plutonium-238, plutonium-239, plutonium-240, uranium-235, and
americium-241). The liquid probably contained solvents and other organic chemicals from the various
laboratory operations including solvent extraction.

As of January 1973, the absorption beds received estimated activities of 4 curies (Ci) of tritium and 10 Ci
of plutonium-239 (generally consisting of 94 wt% plutonium-239 and 6 wt% piutonium-240) (H Div. 1974,
05469.1; Rogers 1977, 05707, p. T-5).

Building 035 treated liquid radioactive wastes generated at DP West. The waste contained fluorine,
iodine, cadmium, beryllium, lead, mercury, sodium, nitrates, and chlorine in addition to radionuclides
(plutonium-238, plutonium-239, plutonium-240, uranium-235, and americium-241). The area had spills
and leaks associated with it. Radioactivity in the downgradient area below the treatment facility is
reported to be above background (LANL 1990, 07512, p. 21-010).

A total of 31,308 gal. of wastewater containing both plutonium and mineral constituents were processed
at Building 035 from 1952 through 1961. As seen in Table B-4, the process wastewater included gross
alpha emitters and plutonium.

Starting in 1970 and continuing to the present, Building 257 treated 2,866,300 gal. of tritium wastewater
that contained a total activity of approximately 51 mCi. Based on available records, the quantities of
wastewater treated for TSTA at Building 257 from 1983 to 2002 are shown in Table B-5.

B-2.42 Cement-Treated Waste Treatment and Other Solid Waste Disposal

Batch waste treatment at Building 035 included waste concentrated in “both plutonium and mineral
constituents” (Shipman 1958, 04700, p. 96) from DP West. The quantities of batch wastes treated are
unknown.

The radioactive wastes included cement-stabilized americium, alkaline fluoride, and plant sludge
disposed of in the shafts. Five of the shafts have experimental “bathyspheres” that contain plutonium-
239/240 and other mixed fission products buried at various depths and some shafts temporarily held
volumes of wastewater. The disposal shafts numbered 3, 17, 18, 19, and 26 contain 3-ft diameter
bathyspheres that were placed three to a layer and at various depths (Sagez 2003, 76090, p. 1). Disposal
Shaft 17 contains six drums of cyanide salts fixed in asphalt. Shafts 50 and 54 contain demolition debris
from Filter Building 012. Shafts 52 and 58 contain four drums of uranium-235. Table B-6 presents the
inventory eontributions for plutonium-239 contained in the bathyspheres. Besides plutonium-239,
plutonium-238, americium-241, uranium-233 and uranium-235, the shafts contain some mixed fission
products that are mostly strontium and cesium. Table B-7 provides volumes of plutonium cement-treated
waste placed in each shaft. As of July 1976, the disposal shafts contained 7 Ci of uranium-235, 47 Ci of
plutonium-238, 191 Ci of plutonium-239, 3761 Ci of americium-241, and 3 Ci of mixed fission products
(McGinnis 1976, 00956, p. 3).
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Although no documentation records are available, personal protective equipment (PPE) (see 1996-1997
Field Investigation) and other contaminated items are emplaced along with the cement-treated waste.

The RWSA received cement-treated wastes from Building 257 with concentrations greater than

10 nanocuries per gram (nCi/g) of plutonium-239/240 and americium-241. There were 175 filled CMPs
stored in the RWSA. Other historical documents refer to 227 CMPs stored in the RWSA. Sixty-nine CMPs
contained low-level radioactive wastes with a total inventory of 0.77 Ci plutonium-238, 1.18 Ci plutonium-
239, 15.3 Ci americium-241, and 0.16 Ci mixed fission products were relocated to TA-54 MDA G in 1984.
An additional 158 CMPs contained TRU wastes with a total inventory of 30.97 Ci plutonium-238, 59.4 Ci
plutonium-239, 10,385.4 Ci americium-241, and 0.4 Ci of mixed fission products were relocated to TA-54
MDA G in 1986.

B-2.4.3 Incinerated Waste

Health, Safety, and Environment (HSE)-7 records on the amount of oils burned in the salamanders and
radionuclide assays on ashes are detailed in Nyhan's report in 1980 (LANL 1990, 07512, pp. 144-155)
(Table B-8). The report states that approximately 1102 gal. of TCP- and 156 gal. of TBP-contaminated
oils were mixed with kerosene and burned in the salamanders between 1964 and 1972. Based on HSE-7
records as reported in the RFl work plan (LANL 1991, 07528, pp. 13-7 and 13-8) the plutonium-239/240
releases for the years 1970, 1971, and 1972 are estimated to be 0.5, 29.4, and 0.8 disintegrations per
minute per cubic meter (d/min/m®), respectively. This corresponds to a total release for three years of
30.7 d/min/m®, or 6.51 pCi of plutonium-239/240.

Prior to full-scale use of the salamanders, two trial burns were conducted. The initial test was incineration
of a mixture of TCP contaminated with plutonium-239 (with a count of approximately 10* d/m/mL which
was diluted with half part kerosene). The maximum plutonium-239 activity in the air was 1.5 d/min/m®.
Four air samplers were placed around the burner at a distance of three meters. The experiment was
conducted successfully with no contamination of the surrounding ground surface. The surface of the
burner became slightly contaminated, but there was little, if any, loose contamination. The activity in the
burner ash was approximately 3 x 10° d/m/gm, and the activity in the soot in the stack was about 3 x 10°
d/m/gm (Christenson and Emelity 1992, 00363, p. 1).

The second test consisted of a mixture of kerosene and 1.0 x 10° d/min/mL “old fission products”
(Christenson and Emelity 1992, 00363, p. 1). The radioactivity travel in the air was measured at

20 d/min/m® of gross alpha (mostly uranium) and 70 d/min/m?® gross beta. The measure of radioactivity in
the burmer ash and soot was 6 x 10° d/m/gm gross beta and 1 x 10° d/m/gm gross alpha; and 2 x 10*
d/min/gm gross beta and 2 x 10° d/min/gm gross alpha. HSE-7 calculations are consistent with the testing
conducted by C.W. Christenson at the start of the experimental incineration of waste oil at MDA T.

B-2.4.4 Environmental Releases

Environmental releases include contamination in absorption beds and in the bedrock under MDA T
caused by spills and releases during current and former treatment and disposal activities, contaminated
equipment, tanks and surfaces of Building 257, and buried process pipes.

A previously unreported environmental drilling program (Stoopes 2003, 76089, p. 2) detected
contamination near the location of former valve boxes at Building 035. In addition, tanks and other liquid
holding facilities at Building 035 had no secondary containment and floor sumps and drains were unlined
concrete. Leaks may have occurred at joints in buried cast iron and stainless steel pipes. Six AOCs are
associated with Building 035, mostly tanks or structures involved in the process of disposal of wastewater
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from DP East and West. AOC 21-028(a), associated with Building 035, cannot be located in historical
records.

Although the external tanks at Building 257 have secondary containment, some of the containments
include floor drains extending to the surrounding site grade. The surrounding area at the americium
unloading area at Building 257 was not originally asphalted, and unquantified spills that occurred during
tanker-truck transfer operations are reported. Sumps inside the structure are unlined concrete and may
leak. Five AOCs are associated with Building 257; one involving a structure around the building, but the
other four all involved spills with cement-incorporated waste.

Rogers states that it was still possible to release treated wastewater to Absorption Bed 4 as of July 1976
(Rogers 1977, 05707). This appears to indicate that piping and valves remained in place to allow overflow
from Tanks 112 and 113 to reach the absorption bed and does not indicate that spills occurred in that
time frame. No record of a release into Absorption Bed 4 is found.

The RWSA had unquantified spills and leaks associated with operations. Two AOCs (C-21-009 and
C-21-012) are spills associated with the RWSA and the CMP filling operation. Spills, leaks, and releases
were reportedly cleaned up at the time, but residual waste contamination and contamination from
undetected leaks may still exist.

According to LANL personnel, oil spills from the salamanders occurred throughout the salamanders’
operation within MDA T (LANL 1990, 07512, p. 21-007). Airborne releases from salamanders (SWMU
21-007) are overshadowed by releases from stacks associated with the DP West Plutonium Processing
Facility. Building 012 released several Curies annually of airborne particulate into the atmosphere and
MDA T is within the projected area of deposition (LANL 1991, 07528, p. 13-12).

Less than 50 gal. of partially treated TSTA wastewater treated at Building 257 spilled from Tanks 112 and
113 when a gauge stuck and the tanks overflowed (LANL 2001, 72667, p. 1). The wastewater had been
used in the cooling towers at the TSTA. Results of an alpha surface survey of the Building 257 interior are
shown on Figure B-10.

B-2.5 Current Waste Inventory

Radionuclides present at MDA T in non-retrievable waste disposal shafts are plutonium-238,
plutonium-239, plutonium-240, americium-241, uranium-233, and uranium-235. Each shaft varies in
composition and volume of waste. In certain situations there is ambiguity about which shafts received
radioactive materials (LASL 1979, 00976, pp. 1-2).

Uncharacterized low activity waste streams disposed in the shafts include solids from wash down. Values
for these low activity waste streams should be extremely small (LASL 1979, 00976). In summary, it
appears the waste was generated as a result of processing a number of different feed materials so there
may be considerable variability in the composition within a shaft as well as between shafts.

Cement-treated waste has high variable mass ratios of plutonium-239 to americium-241, and even
greater variability within any given shaft; on an activity basis more americium-241 than plutonium-239 is
present in cement-paste waste. “Overall present day mass ratios and activity ratios are estimated from
data from Table B-9. LA-6848-MS states that its plutonium -238 and -239 estimates do not include the
contributions from 1968 to 1971, it goes on to state these contributions are very small.” (LASL 1979,
00976)

ER2004-0023 ' ' B-11 February 2004



MDA T Investigation Work Plan

A total of 713 g of uranium-233 was disposed in shafts 52 and/or 58 in four 55-gal. drums (LASL 1979,
00976). More detailed records of the shafts receiving uranium or the amount placed in each shaft are
unavailable. However, 384 g of “most likely” uranium-235 is inferred to have been placed into shafts 6, 8,
54, 87, 90, 91, 92, and 94 (Complex A) and shafts 52 and 58 (Complex B) based on the dates that shafts
were being filled. Note that Complex A includes inventory for shafts 8 and 90.

Other contributions to inventory include the plutonium-239/240 contained in the bathyspheres.

Present day inventory totals by shaft are estimated for plutonium-239, plutonium-238, plutonium-240, and
americium-241; in addition to uranium-233 and uranium-235 for shaft complexes A and B (Table B-9).

B-3.0 HISTORIC INVESTIGATION ACTIVITIES

This section discusses historic investigations that occurred at MDA T beginning with the first field
investigation in 1946 through the latest field investigation in 1996/97. The summary resuits of laboratory
and office studies resulting from the initiation of field investigations are also included.

B-3.1 1946 Fleld Investigation

The earliest environmental monitoring surveys at MDA T began in July 1946 and continued through
November 1946. Samples collected at MDA T were part of a larger sampling effort to characterize the
extent and sources of contamination at and around Los Alamos. This investigation reported three
separate sampling events collecting effluent and soil samples at an outfall to Absorption Bed 1 and 2,
respectively. Two-liter samples were collected for the fluid analysis and 50-g samples were collected for
the soil analysis (Rogers 1977, 05707, p. T-11). The surveys checked for radioactive (plutonium)
contamination in sewer-water, water, and soil samples collected at MDA T. Sample locations are
indicated on Figure B-4.

The analytical methods used to test the samples and the results of sample analyses are described in the
report of February 20, 1947 (Kingsley 1947, 04186, p. 3). Four groups of radioassay determinations were
conducted. The first group of assays was conducted on water samples from all sanitary and chemical
sewer outlets, including Absorption Beds 1 and 2 at MDA T. Samples were collected and assayed in July
and September 1946. A second group of assays (October and November 1946) was conducted on soil
samples coilected from the ground surrounding all sewer outlets found contaminated (including MDA T)
when surveyed with a portable alpha survey instrument. A portable “Pee Wee" alpha survey instrument
equipped with a 4 x 6 in. flat probe and headphones and the portable “Victoreen” gamma survey meter
were used in surveying. The third and fourth groups of assays were conducted on samples collected in
and along streambeds of the canyons and are not relevant to this report.

The monitoring of the ground surrounding 25 sewer outlets, including some at MDA T, was completed in
December 1946. Soil samples were used in analyses for both polonium and plutonium. The copper disk
method was used for the polonium analyses and the lanthanum precipitation method for plutonium
analyses. Uranium assays using a fluorimetric procedure of spectroscopic analysis of the water samples
resulted in non-detects. Analysis of uranium was therefore discontinued for soil and canyon water
samples (Kingsley 1946, 30059, pp. 1, 2).

Results of the sampling and testing related to MDA T are shown in Table B-10. The highest activity for
plutonium was found in fluid samples collected in July 1946 from the seepage pits (No. 25 sewer from
Building 012) of DP West. The results showed 6,780 d/m/L for July and a drop to only 97 d/m/L in
September.
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B-3.2 1947-1948 Field Investigation

In April 1947, collection of effluent samples from the TA-21 chemical sewer outlets began (Rogers 1977,
05707, p. 7-17). The samples were assayed for plutonium, polonium, and uranium. Water samples from
MDA T's main drainage (also called "DP West Seepage, Main Drain") were radioassayed and submitted
to the analytical group for a fluorine analysis. Samples from the chemical sewer were collected at three
different times during the day.

The radioassay results from the monthly report for October 21 to November 20, 1947, were 29,836 ¢/m/L
plutonium and 5.8 ¢/m/L polonium (LANL 1947, 03587). The result of the fluorine analysis for DP West
Seepage, Main Drain at MDA T, was 4.2 mg of fluorine per 100 mc. Samples collected September 26-30,
1947, reported January 2, 1948, indicated the highest activity due to plutonium was found at DP West
Seepage Pit Main Drain (B) at 65,639 d/m/L. The January 2, 1948, report also included the analytical
procedures for polonium in water samples and soil samples, plutonium in water samples and soil
samples, and uranium.

Presumably, the purpose of this sampling was to monitor the quality of the effluent going to the absorption
beds. Records on studies and monitoring at MDA T from 1948 to 1953 are not available.

B-3.3 1953 Fleld Investigation

In 1953, the US Geological Survey conducted a study to determine “the fate of plutonium contained in
liquid wastes discharged onto or just below the surface of the earth” (Herman 1954, 05654).

The investigation included drilling five test holes, DPW-1 through 5, in and around the absorption beds
(Figure B-15). The test holes were drilled 13 ft to 20 ft deep, and 68 samples were collected at
approximately 1-ft intervals to determine the distribution discharged into the beds. Two of the holes,
DPW-1 and DPW-2, were drilled between Absorption Beds 1 and 3 and Absorption Beds 2 and 4,
respectively. All samples were analyzed for plutonium, while three were selected for ion-exchange
capacity determination (Tables B-11 and B-12) (Rogers 1977, 05707, p. T-19).

Results indicate that

e no appreciable horizontal movement of the plutonium occurred in the first 20 ft of depth,
o plutonium was readily retained by the various earth media (sand, clay, gravel, and rock),
e retention of the plutonium was greater in the finer materials, and

e penetration of the plutonium into the underlying strata was not expected.

B-3.4 1959-1961 Field Investigation

According to Rogers, (1977, 05707, p. T-19), a study was conducted in October 1959 to determine the
distribution of plutonium previously discharged to the absorption beds. A caisson was constructed on the
northeast corner of Absorption Bed 1. The walls of the caisson were logged (Figure B-16 and B-17).
Horizontal holes, 3 in. in diameter, were drilled at 2-ft depth intervals to a depth of 12 ft, terminating at the
center of Absorption Bed 1. At each 2-ft intervai, two holes were drilled 2 ft apart horizontally. One hole
was used for moisture measurements and the other hole was used for collection of liquid samples using
installed suction lysimeters. A 0.58-ft-long core sample for each 2 ft of horizontal depth was collected
when the holes were drilled. Part of each core sample was assayed for gross alpha (Table B-13).
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The summer of 1960 preliminary infiftration study had DP-West raw waste flow directly into Absorption
Bed 1 for one month at an average rate of 8700 gal./day, followed by a month of tap water at
6600 gal./day. Moisture data were collected during and after these discharges.

In late 1960, after the preliminary infiltration study, six deep angled boreholes were drilled at the periphery
of Absorption Bed 1 ranging from 76 to 99 ft deep. The boreholes were extended under Absorption Bed 1
(Figure B-5). Air percussion or air rotary drilling techniques (“Wagon Drill") were used; logs of the
boreholes are not available. Gross alpha assays of cutlings are shown on Table B-14. The holes were
lined with 2.5-in. plastic pipe.

The 1961 infiitration study was similar to the 1960 preliminary study. Twenty-four cubic meters

(6400 gal./day) of raw waste went into Absorption Bed 1 from June 30 to August 1961. From August 2
through the 26th, 1961, 7,100 gal./day of tap water was applied. Sampling continued for an additional
week after the application of tap water. Samples were continuously collected at each sampling depth,
during each day until 0.013 gal. were obtained or eight hours had elapsed. Five daily samples were then
composited and used as the weekly sample. Results of analyses on the composite water samples are
shown on Table B-15. The objective of this study was to determine if and where water moved beneath a
disposal pit and to ascertain if waste products moved with the water.

The USGS report (Rogers 1977, 05707, p. T-22) concludes the following:

“[1]...that waste water movement may have changed some of the physical properties of the tuff, such as
pore and particles sizes.

[2] Some of the wastes discharged in the east end of the disposal pit may have moved laterally through
the sand material (Figure B-14) along the sloping top of the tuff and then vertically into the tuff.

[3] The lower moisture values...seem to coincide with areas of tuff in which the greatest amount of
staining had occurred. The stained areas may indicate a different stage of weathering than that at the clay
layer due to alternate wetting and drying cycles...

[4] The tuff is extensively jointed (Figure B-14), and the tendency for a liquid to move through the joints is
indicated by higher gross alpha count of a 1000 per minute per dry gram at the 20 ft depth...

[5] There were several open joints below a depth of 25 ft. Waste water had penetrated the fineline joints
to a depth of at least 22 ft and subsequently altered the tuff adjacent to the joint as much as 1/4 in. Clays
developed locally and impeded drainage so that the joints retained water to the extent that the moisture
content of the tuff was locally as much as 35%...

[6] ...Water in the low moisture range apparently moved to depths greater than 90 ft. Water in unknown
quantities moves through open joints or joints enlarged by solvents in the waste.

[7] ...Below a depth of about 15 to 20 ft the alpha activity was low, except for local areas of high alpha
activity where water carried the activity along the joints. Rapid movement of water through joints was
substantiated during infiltration studies...”

The references from which this information came use the words "joint" or "vertical fissure" to describe
what is now called a "fracture”.

February 2004 8-14 ER2003-0023



MDA T Investigation Work Plan

B-3.5 1967 Field Investigation

In January 1967, a reconnaissance study was made of the condition of the absorption beds prior to
excavation of the disposal shaft field. Moisture contents were determined adjacent to three existing test
holes at 4-ft intervals to 64 ft deep. Water samples collected from DPW-1A, DPW-3, and the caisson
installed in the previous investigation and a weathered tuff sample collected from beneath the gravel fill of
Absorption Bed 1 near the caisson were subjected to radiochemical analysis. Moisture contents of the tuff
were logged in holes DPW-1, DPW-2, and DPW-5 at selected depths. Although not stated by reporting
documentation, it is assumed that water content was obtained from core obtained when the boreholes
were installed in 1960.

According to a report by Purtymun (1967, 01009, p. 5), effluents from DP-East have at times partially
filled the caisson near Absorption Bed 1 creating a more localized point for infiltration of liquids. Test
holes DPW-1A and DPW-3 contained some effluent at the time of observation (time not stated in the
report, but assumed to be during the January 1967 reconnaissance study). It is supposed that the water
in DPW-3 moved down the outside of the casing from water ponding in the caisson. A comparison of the
moisture content with previous moisture measurements (March 1961 prior to the addition of 389,000 gal.
of tap water and effluents in August 1961 during the study) is shown in Table B-16.

The January 1967 measurements at borehole DPW-1 next to the caisson show the effect of the
1.9 million gal. of effluent from DP East. The maximum concentrations of moisture have moved from the
depth of 12 ft (40%, August 1961) to 40 ft (41%, January 1967).

The moisture measurements in DPW-2 and DPW-5 show a general decrease in moisture content of the
tuff from August 1961 to January 1967. The indication is that most of the effluents released into
Absorption Bed 1 have moved down in the area of the caisson, a focal point for collection and infiltration
of effluents in the tuff.

The movement of the effluents in the tuff underlying the absorption beds was mostly downward beneath
the absorption beds. The plutonium moved with the effluents and the data indicate that most of the
plutonium was retained by Absorption Bed 1 in the upper 20 ft of the tuff. Some plutonium, however, may
have moved to greater depths through open joints.

B-3.6 Data Collected From Disposal Shafts starting In 1968

As discussed in Section 2.1.2, Historic Facility Descriptions presented in Table B-2, the disposal shafts
were logged during excavation. A paleochannel extending through a portion of the shaft disposal field
was mapped and is shown on Figure B-18. No other details are presented.

A report issued in 1978 (Purtymun et al. 1978, 05730, pp. 1-5) discusses field experiments conducted to
determine the movement of fluids and plutonium from the disposal shafts. Although the exact location of
the tests is not reported, the findings are relevant to the behavior of contaminant movement from the
disposal shafts. Movement of fluids from both raffinate sludge treated with cement paste and sludge
without cement treatment were determined by sampling the tuff rock adjacent to disposal shafts. The
moisture content of the tuff before disposal of the cement paste was measured and determined to range
from 7 to 12% by volume. Following placement of the cement-treated raffinate sludge in a 58-ft-deep
shaft in April of 1969, a net decrease in moisture content was measured from borehole cuttings obtained
from a test boring. The moisture content in the upper 10 ft of the test boring ranged from 8 to 14% by
volume, reflecting infiltration from precipitation. At depths between 10 to 79 ft, the moisture content
ranged from 4 to 8% by volume, a decrease of 3 to 6% by volume. Below 79 f, the moisture in the soil
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exhibited no significant change from predisposal moisture contents. No change in radiological (gross-
beta) activity was noted in the cuttings samples.

The raffinate sludge without the addition of cement (82 and 83% solids) was placed in a 5-ft-diameter,
20-ft-deep shaft. Test borings were located adjacent to the shaft to determine the moisture content of the
tuff prior to placement of the waste. Moisture content subsequent to sludge placement was logged by
neutron logging equipment. Additional test holes conducted approximately 90 days after sludge
placement obtained core for analysis of plutonium movement from the sludge. Sludge was placed in the
shaft in two events and the sludge level monitored following each event. Sludge levels in the shaft
declined 5 to 7 ft in the first three days and then sharply decreased. Fluids were monitored moving
outward and downward from the shaft. After 149 days following placement of the sludge, the fluid had
moved over 10 ft into the tuff. The change in moisture content was calculated to account for over 60% of
the fluid contained in the sludge. Less than 1% of plutonium contained in the sludge was calculated to
have moved into the tuff based on the inventory of plutonium contained in the placed sludge compared to
that contained in the tuff bedrock samples (a distance of up to 2 ft from the shatft).

Conclusions from the study include the following:

¢ The major transport mechanism for radionuclide migration from sludge placed in the shafts drilled
into the tuff is by movement of fluids.

e Test holes drilled adjacent to a shaft filled with cement-treated raffinate indicated no loss of fluids
into the tuff from the shaft and a net decrease of moisture in the tuff indicated the hydration of the
cement was drawing moisture from the tuff into the shaft.

e Open joints in the tuff allowed early movement of the cement-treated raffinate sludge, but upon
hydration of the cement in the joint, this movement ceases.

¢ Untreated raffinate sludge released to a shaft resulted in the movement of moisture and
plutonium into the tuff. However, it was calculated that less than 1% of the plutonium inventory
had been released into the shaft.

B-3.7 1974 Field Investigation

As reported by Rogers (Rogers 1977, 05707, p. T-28), in March 1974, a survey was begun to gather
surface and subsurface data for the proposed location of the RWSA. This survey inciuded drilling 7
boreholes within the absorption bed boundaries, 40-ft deep in order to obtain composite samples
generally over 5-ft intervals. Drilling was completed on March 22, 1974. An additional 6 holes (numbered
1-6) were augered in May 1974. They were located so as to encounter a boulder bed that occurs at a
depth of 15 to 25 ft below ground surface (Figure B-19). Logs of these boreholes are not available.

Only general conclusions of the monitor station survey include the following:

o There is no plutonium surface contamination (less than approximately 1.2 pCi/m?) within the
boundaries of the fenced site, which did not include the shaft field at that time.

o Americium-241 was detected in Absorption Bed 1, but at a ievel of only 1.1 Ci/m? assuming
surface contamination.

¢ No significant levels of external radiation could be attributed to the radioactivity within Absorption
Beds 1 and 3 of MDA T.
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Seven holes (numbered 7-13) were augered to a depth of 40 ft in April 1974. Samples were collected at
2.5-ft intervals from the 1- to 10-ft depth and at 5-ft intervals from the 10- to 40-ft depth and analyzed for
moisture content, gross alpha, gross beta, cesium-137, and tritium.

Six additional holes, augered in May 1974, had samples collected at the same intervals and analyzed for
moisture content, gross alpha, gross beta, cesium-137, and tritium, the same as in April. No additional
information or results are available.

In 1974, minimum detection limits (LANL 1975, 05488, p. 30, Table V) for routine analyses of
radioactivity in typical solids were 1.0 pCi/g for gross alpha, 2.0 pCi/g for gross beta, 0.2 pCi/g for cesium-
137, and 0.6 (£0.5) to 28.0 (+0.9) nCi/L for tritium (Table B-17).

Results of the initial seven augered hole samples included the following:

¢ One hole was cored to a depth of 14 ft into Absorption Bed 3 (Fried et al. 1977, 00963, p. 124).
The americium-241 and plutonium-239/240 distributions are shown in Figure B-20.

e All samples were above worldwide fallout background levels (Nyhan and Dresnnon 1993, 23248,
p 27).

e The highest levels of americium-241 were at the surface and between 8.5 and 10 ft; and the
highest levels of plutonium were at the surface and between 12.5 and 14 ft.

On October 30, 1974, during excavation of the RWSA, samples were collected from the north and south
walls of the excavation. This second investigation included one borehole to 14 ft with radiological logging.

Samples collected from the excavation of the RWSA were analyzed for tritium, plutonium-238, plutonium-
239, and gross alpha. Resuits of RWSA excavation samples are shown on Table B-18.

B-3.8 1976 Fleld Investigation

In March 1976, four holes were augered through Absorption Beds 3 and 4 to depths in tuff ranging from
1.5 to 20 ft below the bottom of the bed in order to obtain 56 samples for plutonium analysis. Split-spoon
samples were obtained by advancing hollow stem augers through the absorption beds. Approximate
locations of the boreholes are shown in Figure B-21. Results of radio-assays of the core samples are
shown on Table B-19. The investigation provided field validation of (laboratory) experiments by Argonne
National Laboratory workers on the migration of plutonium in tuff. Although the laboratory resuits for
plutonium agreed with the field data, americium was found to migrate farther into the tuff in the field than
in the laboratory (Fried et al. 1977, 0963, p. 125).

A laboratory simulation of this site was prepared primarily as a test of the validity of the modeling
techniques. A specimen of Los Alamos tuff taken near the site was cut into a cylindrical plug 18 x 77 mm.
The curved surface was waxed to restrict lateral flow of liquid. The cylinder of rock was attached to a
glass tube that served as a reservoir for liquids, which were to percolate through the rock. Waste
solutions were synthesized from americium-241 and plutonium-237 tracer; the latter in place of plutonium-
239 to facilitate low-level determination.

Solution volumes and concentrations were proportional (as closely as possible from available Los Alamos
records at the time) to permit an arbitrary scale of 2.2 ft/cm. The synthetic waste solutions were then
delivered to the test specimen in the same sequence as at the site at a controllied rate of 2 mL/hour using
a metering pump. Disposal at the site was not continuous but rather sporadic, and since no record of the
cycle is available, no attempt was made to reproduce it. The effluent of the column was collected and
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prepared for analysis. At the conclusion of the experiment, the specimen was removed from the
apparatus, dried, cut into 0.20-in. sections, and analyzed by gamma spectrometry to determine the
distribution of actinides in the rock.

According to Fried et al. (1977, 0963, p. 125), examination of the actinide contents in the core collected
from the boreholes showed that detectable amounts of these nuclides did migrate to 20 ft below the
bottom of the trench under the prevailing conditions. Elevated concentrations of both nuclides (americium
and plutonium) are found at less than 1 ft and at 13 ft. The bulk of the americium was centered around
the 9-ft depth. There was an abrupt decrease of plutonium and americium below 13 ft—only 0.2% of the
detected plutonium was below that level. However, 45% of the plutonium was 1 ft or less from the bottom
of the trench.

The distribution of actinides in the simulated model agreed with earlier modeling work using tracers and
simulated rain. Characteristic of these data were strong retention of actinides at the near surface with
exponential tailing downward. In addition, plutonium exhibits a second concentration band beyond this
tail. The percent of plutonium in this band is a function of the prior chemical treatment of the tracer
material. An examination of the effluent from the model showed no discernable pattern, it contained no
americium and only 5% plutonium. There was a rapid drop in the elution of plutonium once water had
rinsed the waste solutions from the rock and was the only eluting agent. This agreed with previous work
that showed distribution of plutonium was dependent upon the conditions of loading on the rock such as
chemical composition and rate. Once plutonium was adsorbed by the rock, the actual water-induced
migration was extremely slow.

The reservations stipulated at the conclusion of this study included the following:

» The model constructed in the laboratory was primarily a chemical model and could not produce
geologic conditions at the site.

¢ Geologic features may outweigh the chemical effects (e.g. a clay-filled fracture at 14 ft which may
be restricting downward flow of moisture).

¢ A singe coring experiment is not sufficient to resolve discrepancies or confirm predictions.

B-3.9 1978 Field Investigation

Nyhan et al. (1984, 06529, p. 6) conducted a study to determine the vertical distribution of americium-
241, plutonium, and water beneath the absorption beds at MDA T.

Two 100-ft-deep holes were drilled through Absorption Beds 1 and 2. Continuous core samples of the tuff
were collected beneath the beds by driving a split-spoon sampler, 2 ft long and 3 in. in diameter, through
a 9-in.-diameter hollow-stem auger. The sampler was driven with either a 180-b or a 400-Ib drop
hammer. At the end of each core run, to minimize cross-contamination, the auger was advanced to the
bottom of the core hole before the next core was collected.

No borehole logs are available. However, tables are provided in Nyhan et al. (1984, 06529, pp. 6-16)
which reports descriptions of individual samples and resulting moisture contents.

Radionuclide inventories for plutonium and americium-241 contained in each hole were determined
based on measured concentrations. The resuit was expressed as pCi of radioactivity for each hole
Figures B-22 and B-23 present the distribution of plutonium and americium-241, respectively, for each
borehole with depth.
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The inventory of soil water in each hole was calculated from the gravimetric water content and bulk
density of all the samples from each hole (Table B-20 and Figure B-24). All depths were reported in
meters and centimeters and were used in all laboratory calculations. pH was also determined (Table B-

21).

The distribution of plutonium with depth is compared to that obtained in 1953 and 1960 sampling efforts
and the results are presented on Figure B-25.

The first high radionuclide concentrations and water content encountered in the tuff beneath the gravel-
cobble layer in Absorption Bed 1 were found at sampling depths of 10 to 22 ft. At this depth, a highly
weathered, light orange-gray tuff layer with high clay content was found. This layer would be less
permeable than the rest of the surrounding tuff because of the severe chemical and hydrologic tuff-
weathering processes brought about by the acidic liquid wastes added to this absorption bed.

The next major increase in tuff water content and radionuclide concentrations occurred at a sampling
depth of about 26.25 to 29.5 ft in Absorption Bed 1. At this depth, there was a change in tuff units from a
light brownish-gray, moderately welded tuff to a light gray, moderately welded tuff. This change was
identified on the basis of color changes and the change in total amount of force required to drive the split
spoon sampler into the tuff.

Fractures which commonly divided the tuff into irregular blocks, account for some of the variations in tuff
water content. Although a few fractures occurring from 9.8 to 39.4 ft at this site could have received
saturated flow of liquids directly from the large amounts of effluents discharged to Absorption Bed 1,
fractures usually act as barriers for unsaturated liquid flow.

Radionuclides were detected at the bottom of both holes extended through Absorption Bed 1, which
received large amounts of tap water and effluents in 1961. The tap water may have provided the
additional driving force for radionuclide migration into the underlying bedrock. Plutonium appeared to
decrease with depth. In Hole 1, plutonium was detected to a sampling depth of 99.5 ft and americium-241
to a depth of 100 ft. Aithough Hole 2 samples contained smaller radionuclide concentrations than the
samples from Hole 1, americium-241 was detected to a depth of 101 ft and plutonium was found to a
sampling depth of 47.5 ft in Hole 2, indicating higher mobility for americium-241 than for plutonium under
these environmental conditions.

The piutonium and americium-241 did not penetrate nearly as far into the tuff beneath Absorption Bed 2,
most likely because this bed did not receive additional water in 1961.

Fracture filling samples were collected and analyzed for radionuclide concentrations. No significant
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