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EXECUTIVE SUMMARY 

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

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

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

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

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

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

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

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

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

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

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

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

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

4. the nature and extent of potential releases of metals, cyanide and radionuclides to tuft beneath 
Pits 1 through 5, Shaft Groups 1 and 2, and the strontium-90 disposal shaft; 

5. the extent of radionuclide contamination in surface soil on the eastern boundary of MDA C; 

6. the presence of perchlorate, nitrate, dioxin, and furan contamination in tuft; 

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

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

The data requirements, as determined from the historical data review and outlined in this plan, include 
surface and subsurface sampling to define the lateral and vertical extent of contamination at MDA C. The 
investigation activities presented in this plan have been designed to address these data requirements. 
A total of 42 boreholes will be drilled adjacent to the 7 pits and 108 disposal shafts at MDA C. Tuft and 
subsurface vapor samples will be collected to supplement the Phase I RFI data to define the nature and 
extent of contamination, determine whether perched groundwater is present, and collect hydrogeologic 
property data. 
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1.0 INTRODUCTION 

Los Alamos National Laboratory (LANL or the Laboratory) is a multidisciplinary research facility owned by 
the Department of Energy (DOE) and managed by the University of California (UC). The Laboratory is 
located in north-central New Mexico approximately 60 mi northeast of Albuquerque and 20 mi northwest 
of Santa Fe. The Laboratory covers 40 mi2 of the Pajarito Plateau, which consists of a series of finger-like 
mesas separated by deep canyons containing perennial and intermittent streams running from west to 
east. Mesa tops range in elevation between 6200 ft and 7800 ft above sea level. 

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

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

Corrective actions at the Laboratory are subject to the Compliance Order on Consent {hereafter, the 
Consent Order) entered into on March 1, 2005, by NMED, DOE, the Regents of the University of 
California, and the State of New Mexico Attorney General. The Consent Order was drafted pursuant to 
the New Mexico Hazardous Waste Act, New Mexico Statutes Annotated (NMSA) 1978, Section 74-4-10, 
and the New Mexico Solid Waste Act, NMSA 1978, Section 74-9-36(0). This investigation work plan 
(hereafter, the work plan) describes proposed activities to be executed and completed to meet the 
requirements of the Consent Order for investigation of MDA C. 

The ENV-ERS Program submitted the MDA C work plan to NMED on July 31, 2003, for review and 
written approval. The work plan was disapproved by NMED in a letter dated September 4, 2003. 
A revised work plan (Revision 1) was submitted to the NMED on November 7, 2003, and a second notice 
of deficiency was issued by the NMED on December 16, 2003. The ENV-ERS Program submitted a 
response to the second notice of deficiency on January 23, 2004, which included updated pages to the 
revision. The work plan was approved with modifications by NMED on April 6, 2005. This second revision 
of the work plan incorporates the modifications required in the April 6, 2005, letter and is being reissued in 
its entirety. 

1.1 General Site Information 

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

The depths of 7 pits at MDA C range from 12 to 25 ft below the original ground surface, and the depths of 
108 shafts range from 10 to 25 ft below the original ground surface, i.e., before a cover was placed over 
the site in 1984. The pits and shafts are constructed in the Tshirege Member of the Bandelier Tuff, a 
consolidated luff unit with relatively numerous fractures. The regional aquifer is estimated to be 
approximately 1300 ft deep based on data from other wells at the Laboratory and the predictions of the 
hydrogeologic conceptual model for the Pajarito Plateau (LANL 1998, 59599). The topography of MDA C 
is relatively flat, although the slope steepens to the north and where the northeast corner of MDA C abuts 
the south wall of Ten Site Canyon. 

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

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

The objectives of the MDA C investigation work plan are to 

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

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

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

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

2.0 BACKGROUND 

2.1 Operational History 

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

At MDA C, 7 pits and 108 shafts were excavated into the overlying soil and unit 3 of the Tshirege Member 
of the Bandelier Tuff (Figure 1.1-3). The pits and shafts were unlined except for 10 shafts in Shaft 
Group 3 that were lined with concrete. After each pit or shaft was filled with waste, it was backfilled to 
ground level with crushed luff. Once the disposal shafts were filled, they were sealed with concrete. The 
dimensions and operational dates of the pits and shafts are listed in Table 2.1-1. 

2.2 Land Use 

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

SWMU 50-006(a) is located directly north of Pit 5 at the head of Ten Site Canyon (Figure 2.3-1 ). 
SWMU 50-006(a) includes the area affected by two accidental operational releases of untreated 
radioactive wastes and unknown chemicals in 1974. The outfall area was partially remediated in 1981 by 
the removal of 70 m3 of contaminated soil. Although SWMU 50-006(a) has impacted Ten Site Canyon, 
the release did not affect MDA C since the SWMU is located downgradient from MDA C. 

Emissions from exhaust stacks at a number of the buildings at TA-50 were designated as 
SWMU 50-006(c) (Figure 2.3-1 ). Radioactive emissions from these stacks may potentially have been 
deposited on surface soils within TA-50, including MDA C. Any surface contamination that may have 
deposited on MDA C related to stack emissions would be accounted for in the surface soil samples 
collected during the Phase I RFI. 

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

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

2.4 Contaminant Transport Mechanisms and Potential Receptors 

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

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

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

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

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

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

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

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

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

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

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

2.5 MDA C Waste Inventory 

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

2.6 Historical Releases 

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

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

2.7 Summary of Historical Investigations 

2.7.1 Pre-RFI Field Investigations 

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

Phase I RFI activities included sampling of surface soil, subsurface luff, and pore-gas. Surface sampling 
activities conducted in 1993 included a radiation survey conducted on a 60- by 60-ft grid and 203 0-6-in. 
surface samples of soil or luff collected across the grid. All surface samples were field-screened for 
radioactivity. One hundred twenty-two samples were submitted to a mobile analytical laboratory for 
analysis of polychlorinated biphenyls (PCBs ). Sixty-eight surface samples were analyzed at an off-site 
contract laboratory for target analyte list (TAL) metals, radionuclides, and semivolatile organic compounds 
(SVOCs). Fifty-nine of these samples were also analyzed for PCBs and nine surface samples were 
analyzed for VOCs. Phase I RFI surface sample results are reviewed and interpreted in Section 2. 7.3 of 
this work plan; the data are summarized in Appendix Band included on a data CD (Appendix E) attached 
to the inside front cover of this report. 

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

In 1996, 15 additional samples were collected from curated borehole cores, in response to a request from 
the U.S. Environmental Protection Agency (EPA) (Neleigh 1995, 55112). These samples were submitted 
to an off-site contract laboratory for analysis of inorganic chemicals (excluding cyanide and mercury since 
the holding times had lapsed) and radionuclides (except tritium). However, based on the core collection 
dates and the actual dates the samples were analyzed, more than half of the curated core samples 
missed the 180-day holding time for inorganic chemicals. Therefore, these results are provided only for 
the purpose of comparison. Because the holding times for PCBs, voes, SVOCs, and tritium had been 
exceeded, curated core samples were not analyzed for these analytes. Phase I RFI subsurface results 
are reviewed in Section 2. 7.3 and summarized in Appendix B (Section B-2.0). 

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

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

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

2.7.3 Phase I RFI Results 

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

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

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

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

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

5. Surface fiux of voes and near-surface tritium soil-gas concentrations indicated localized areas 
where releases to the atmosphere occurred. 

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

2.7.3.1 Field Screening Results 

Screening of Core Samples 

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

Subsurface samples collected during the Phase I RFI were screened in the field for HE using a spot-test 
kit, alpha and beta/gamma radioactivity using field-survey meters, and VOCs using a photoionization 
detector (PID). The field-screening results for HE, radionuclides, and VOCs indicated that the 
concentrations of contaminants in the subsurface at MDA C were sufficiently low such that field-screening 
was ineffective for the purpose of identifying samples for laboratory analysis. 

October 2005 8 ER2005-0172 



MDA C Investigation Work Plan, Revision 2 

During the Phase I RFI, 332 subsurface core samples were screened in the field for HE using a spot test 
procedure. No HE was detected in any of these samples. 

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

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

2.7.3.2 Data Interpretation and Identification of Investigation Scope 

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

Interpretation of Phase I RFI Surface Soil and Fill Data 

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

Radionuclides: Americium-241, plutonium-238, plutonium-239, -240, thorium-232, tritium, and 
uranium-238 were detected above their respective BVs in at least one surface sample. The highest 
concentrations of americium-241, plutonium-238, and plutonium-239, -240 were detected in surface 
samples collected in the northeast corner of MDA C and along the eastern edge of MDA C. Cover 
materials placed over the surface of MDA C in 1984 did not extend to this area of the site (Figure B-6). 
These findings indicate that the elevated concentrations of americium-241 and isotopic plutonium in 
surface soils are related to releases during historical MDA C site operations and/or from the deposition of 
historical airborne emissions from operations at TA-50. Concentrations of americium-241, plutonium-238 
and plutonium-239, -240 are comparable to the results from surface samples collected near the northeast 
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corner of MDA C during the 1993 RFI of atmospheric releases [SWMU 50-006(c), LANL 1995, 49925, · 
pp. 24-29,]. The nature and extent of americium-241 and isotopic plutonium contamination in surface 
soils in the northeast corner of MDA C and along the eastern edge of MDA C has not been defined. 
Uranium-238 was detected above the BV in only one of 68 surface samples (2.45 pCi/g), which is slightly 
higher than its BV (2.29 pCi/g). Thorium-232 was detected above its BV (2.33 pCi/g) in 15 of 68 samples, 
with the maximum concentrations approximately twice the BV. Spatial patterns do not indicate any 
release of these isotopes to surface soils at MDA C. 

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

Nature and Extent of Surface Soil and Fill Contamination 

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

Interpretation of Phase I RFI Subsurface Tuff Data 

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

Phase I RF! boreholes from which samples were collected adjacent to Pits 1 through 4 and Shaft Groups 
1 through 3 include 50-09103, 50-09104, 50-09105 and 50-09106. Cyanide was detected in the bottom 
sample from borehole 50-09104 (sample ID 0550-95-0099) at a concentration of 0.26 mg/kg and in 
samples collected from four of the five previous depth intervals {Table 2. 7-2). In addition, arsenic, 
beryllium, copper, and thallium were detected in single samples from borehole 50-09104, and lead was 
detected above background in two consecutive samples from the sample borehole. Thallium was 
detected in the bottom sample from borehole 50-09106 (sample ID 0550-95-0071) at a concentration of 
1.2 mg/kg; lead was the only other metal detected in this borehole at a concentration of 51.1 mg/kg (BV of 
11.2 mg/kg). Lead was also the only metal detected in borehole 50-09103, and arsenic was the only 
metal detected in borehole 50-09105; no metals were detected in subsequent samples collected from 
either borehole. Collectively, the data for boreholes 50-09103, 50-09104, 50-09105, and 50-09106 
indicate releases of metals to luff have occurred from several of the pits and shafts located in the eastern 
portion of MDA C; however, the nature and extent of these releases have not been determined, except for 
the area adjacent to and beneath the northeast area of Pit 5 {Table 2.7-2, Table B-16, and Appendix D). 

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

The highest concentrations of barium, cyanide, and lead were detected in boreholes 50-09107, 50-09101, 
and 50-09110 adjacent to and beneath Pit 6, respectively. None of these concentrations were detected in 
the deepest sample from a borehole, and all of the maximum concentrations detected (with the exception 
of calcium and selenium) were within a factor of 10 of the BV. Detected concentrations of calcium and 
selenium exceeded BVs by more than a factor of 30 in the sample collected at 47 ft bgs in borehole 
50-09109 (sample ID 0550-96-0112). Collectively, the data for boreholes 50-09101, 50-09107, 50-09108, 
50-09109, and 50-09110 indicate that releases of metals to luff below Pit 6 and the Chemical Pit have 
occurred; however, the nature and extent of these releases has not been determined (Table 2.7-2, 
Table B-16, and Appendix D). 

Radionuclides: Radionuclides detected at concentrations above BV, or detected in luff when there is no 
luff BV, include tritium, americium-241, plutonium-238, plutonium-239, uranium-235 and uranium-238, 
and various fission or activation products including strontium-90, cobalt-60, cesium-134 and cesium-137, 
europium-152, and sodium-22. The maximum depth of detected radionuclides (other than tritium) was 
84.8 ft bgs (Table 2.7-2). Radionuclides were detected in samples collected from the bottom of six of the 
eleven Phase I RF! boreholes. Borehole profile plots of radionuclides in the subsurface are provided in 
Appendix D. 
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Phase I RFI boreholes from which samples were collected beneath or adjacent to Pit 6 include 50-09101, 
50-09107, 50-09108, 50-09109, and 50-09110. Americium-241 was detected in the sample collected from 
the bottom of borehole 50-09101 at a concentration of 0.011 pCi/g at 81 ft bgs (sample ID 0550-95-0309) 
and in samples from two previous nonconsecutive depth intervals (Table 2.7-2). Amercium-241 was also 
detected in the sample collected from the bottom of borehole 50-09107 at a concentration of 0.032 pCi/g 
at 78.5 ft bgs (sample ID 0550-95-0191) and in samples from three previous depth intervals (Table 2.7-2). 
Sodium-22 was detected in the sample collected from the bottom of borehole 50-09109 at a concentration 
of 0.056 pCi/g at 81 ft bgs (sample ID 0550-95-0241 ). Additional radionuclides detected below Pit 6 
include cesium-134, strontium-90, and plutonium-238 in borehole 50-09108; strontium-90, uranium-235, 
and uranium-238 in borehole 50-09109; and strontium-90 in borehole 50-09109. Collectively, the data for 
boreholes 50-09101, 50-09107, 50-09108, 50-09109, and 50-09110 indicate that releases of 
radionuclides to luff below Pit 6 have occurred; however, the nature and extent of these releases has not 
been defined (Table 2, Table 8-18, and Appendix D). 

Phase I RFI boreholes from which samples were collected adjacent to or beneath Pit 5 include 50-09100 
and 50-09102, both located north of the pit. Amercium-241 was detected at 0.027 pCi/g, uranium-235 
was detected at a concentration of 0.21 pCi/g at a depth of 33.7 ft bgs, and plutonium-239 was detected 
at a concentration of 0.014 pCi/g at a depth of 43.5 ft bgs in borehole 50-09100. No radionuclides were 
detected in any subsequent samples from borehole 50-09100 and above 8Vs in borehole 50-09102 (with 
the exception of tritium) (Table 2. 7-2). 

Phase I RFI boreholes from which samples were collected adjacent to Pits 1 through 4 include 
Shaft Groups 1 through 3 include 50-09103,50 -09104, 50-09105 and 50-09106. Strontium-90 was 
detected in the sample collected from the bottom of borehole 50-09103 at a concentration of 0.599 pCi/g 
at 82.6 ft bgs beneath the southeast corners of Pits 2 and 3 (sample ID 0550-95-0129) and in the sample 
collected from the bottom of borehole 50-09106 at a concentration of 0. 767 pCi/g at 83 ft bgs beneath 
Pit 4 and the north end of Shaft Group 3 (sample ID 0550-95-0071 ). Plutonium-238 was detected at a 
concentration of 0.014 pCi/g at 85 ft bgs in borehole 50-09105 beneath Shaft Group 3 and the west end 
of Pit 3. Plutonium-239 was detected at a concentration of 0.080 pCi/g in the sample collected from the 
bottom of borehole 50-09105 at 84.5 ft bgs. Americium-241, uranium-235, and various fission or 
activation products were detected sporadically and at low concentrations in boreholes 50-09103, 
50-09104, and 50-09105. The frequent rate of detection of strontium-90 at depth (it was present in four 
boreholes and below 65 ft in three of the boreholes) may be associated with its greater solubility as 
compared to elements such as americium, uranium, and plutonium. 

Collectively, the data for boreholes 50-09103, 50-09104, 50-09105, and 50-09106 showed sporadic 
detections of radionuclide at low concentrations in luff adjacent to and beneath several pits and shafts 
located in the eastern portion of MDA C; however, the nature and extent has not been determined, except 
for the area adjacent to and beneath the northeast area of Pit 5 (Table 2. 7-2, Table 8-18, and Appendix 
D). Additional sampling is required to determine whether a decreasing trend exists. 

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

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

Nature and Extent of Subsurface Contamination 

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

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

Tritium pore-gas data in luff indicate a release of tritium in the subsurface, with higher concentrations 
measured in the northern portions of the site below Pits 4, 5, and 6. Near-surface tritium pore-gas data 
indicate a release of tritium to the atmosphere is occurring in the western regions of Pits 1 through 4, in 
an area west of Shaft Group 3 and north of Pit 6. One or more shafts on the northern end of Shaft 
Group 3 may be the source of the high concentration of tritium in pore gas measured in a location west of 
these shafts, but the Phase I RFI samples are inadequate to confirm this hypothesis. 

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

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

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

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

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

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

In June and July 2000, 105 EM FLUX samplers were placed across the surface of MDA C to estimate the 
surface flux of voes. The most frequently detected voe was PCE, followed by TCE, with measured 
fluxes ranging up to approximately 200 and 60 ng/m2-min, respectively. PCE flux was highest in the area 
of the Chemical Pit and at a location on the southern edge of Pit 5 (Figure B-8). There were also frequent 
measurements of PCE at fluxes of approximately 10 to 30 ng/m2-min between Pits 1 and 3 and in the 
western regions of Pits 2 and 4. 

In February 2003, near-surface pore-gas tritium samples, collected at a depth of 2.5 ft bgs in silica gel 
columns, were obtained at 15 locations across MDA C. The highest measured tritium concentrations were 
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north of Pit 6 (2500 pCi/mL) and in an area west of the northern portion of Shaft Group 3 where no 
subsurface disposal units exist. Tritium pore-gas samples from directly above Pit 6, including a location 
just south of the high concentration north of Pit 6, do not show such high concentrations. The elevated 
concentration of tritium west of Shaft Group 3 may be related to a release from these shafts; moreover, 
concentrations of tritium in pore-gas from borehole 50-09106 near this location are also relatively high. 
Relatively high tritium pore-gas concentrations were measured on the western areas of Pits 2 and 3 as 
well. A tritium source at the northern portion of Shaft Group 3 could possibly explain these 
measurements. Near-surface pore-gas tritium concentrations are shown in Figure D-31. 

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

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

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

3.0 SITE CONDITIONS 

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

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

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

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

3, 1 Surface Conditions 

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

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

3.1.1 Soils 

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

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

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

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

3.1.2 Surface Water 

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

3.2 Subsurface Conditions 

3.2.1 Stratigraphy 

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

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

Tshirege Member 

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

emplacement temperature, thickness, gas content, and composition. 

Tshirege Member Unit 3 {Qbt 3) 

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

Tshirege Member Unit 2 (Qbt 2) 

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

Unit 2 is extensively fractured as a consequence of contraction during post-depositional cooling. The 
cooling-joint fractures are visible on the mesa edges and on the walls of the pits. In general, the fractures 
dissipate at the bottom of unit 2. On average, fractures in unit 2 are nearly vertical. Mean spacing 
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between fractures ranges between 1.9 ft and 2.6 ft (0.6 m and 0.8 m), and fracture width ranges between 
less than 0.03 in. and 0.51 in. (1 mm and 13 mm), with a median width of 0.12 in. (3 mm). The fractures 
are typically filled with clays to a depth of about 9.9 ft (3 m); smectites, the dominant clay minerals 
present, are known for their tendency to swell when water is present and for their ability to strongly bind 
certain elements, both of which have implications for the transport of radionuclides and inorganic 
chemicals in fractures. Opal and calcite can occur throughout the fractured length, usually in the presence 
of tree and plant roots (live and decomposed); the presence of both the minerals and the roots indicates 
some moisture at depth in fractures. 

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

Tshirege Member Unit 1v (Qbt 1v) 

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

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

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

Tshirege Member Unit 1g (Qbt 1g) 

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

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

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

Cerro Toledo Interval (Qct) 

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

Otowi Member (Qbo) 

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

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

Cerros del Rio Lavas (Tb 4) 

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

Puye Formation {Tpf, Tpp) and Older Fanglomerate 

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

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

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

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

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

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

3.2.2 Hydrology 

The proposed hydrogeologic conceptual model for the Pajarito Plateau (LANL 1998, 59599) is presented 
in Figure 3.2-3. The model predicts infiltration of water into the subsurface and subsequent transport of 
water, vapor, and solutes through the upper regions of the vadose zone are heavily influenced by surface 
conditions such as topography, surface water flow, and microclimate. According to model predictions, 
movement through deeper layers, including the regional aquifer, is influenced only weakly by surface 
conditions and is influenced more by hydraulic characteristics of aquifer rocks, regional groundwater flow 
patterns, and stresses induced by water supply production. The following sections provide an overview of 
infiltration rates and groundwater occurrence in the vicinity of MDA C. 

Infiltration 

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

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

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

Groundwater 

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

Perched Intermediate Waters 

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

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

Perched intermediate zones of saturation have been delineated beneath Mortandad Canyon. At borehole 
MCOBT-4.4, a perched zone was identified in the Puye Formation above Cerros del Rio basalts. The 
spatial location of perched zones (disconnected, associated with different units) potentially indicates a 
lack of a continuous perched zone beneath the canyon. However, geochemical data indicate that 
continuity must have existed at some time in the past and might persist in Mortandad Canyon at present 
(Longmire 2003, 76050). In addition, when regional aquifer Test Well (TW) 8 was drilled in 1960, the units 
between the alluvium and the regional aquifer were unsaturated, although possible perched zones were 
encountered during borehole advancement (Baltz et al. 1963, 08402). 
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Regional Aquifer 

The regional aquifer of the Pajarito Plateau is the only aquifer capable of large-scale municipal water 
supply (Purtymun 1984, 06513). The regional aquifer extends throughout the Espanola Basin (an area 
roughly 6000 km2

) and reaches its maximum thickness beneath the Pajarito Plateau (over 9800 ft 
[3000 m] thick; Cordell 1979, 76049). 

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

Spatial variations in water table gradients are caused by a combination of aquifer heterogeneity and the 
influence of pumping. The horizontal component of the background hydraulic gradient beneath MDA C is 
approximately 0.02, although gradients locally are steeper (0.03) from pumping at PM-5. At this time, 
information about the hydrogeological conditions in the vicinity of PM-5 is insufficient to conclusively 
predict the impact of PM-5 pumping in the deep units on the hydraulic heads and gradients in the shallow 
aquifer units (Puye Formation and Totavi Lentil). Pore-water velocity is predicted to be approximately 
40 ft/yr (12 m/yr) according to a calculation of Darcy's Law that estimates groundwater velocity in the 
regional aquifer. This velocity assumes hydraulic conductivity of 0.7 ft/day ([0.2 m/day], see Table 5, EPA 
1992, 15344), a gradient of 0.03, and a porosity typical of sedimentary rocks (0.2, Freeze and Cherry 
1979, 64057). At this velocity, travel time in the regional aquifer between MDA C and PM-5 or R-14 would 
be approximately 100 yr. 

VadoseZone 

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

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

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

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

4.1 MDA C Investigation Activities 

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

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

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

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

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

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

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

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

4.1.1 Number, Locations, and Depths of Boreholes 

To define the nature and extent of contamination at MDA C, 42 vertical boreholes will be installed 
surrounding the disposal pits and shafts (Figure 4.1-1 ). The boreholes will provide information on the 
subsurface stratigraphy and potential migration pathways and geotechnical properties. The borehole 
locations are based on those specified in the April 6, 2005, NMED letter of approval with modifications. 
Instead of drilling 4 horizontal boreholes beneath Pits 1 through 4 as specified in the approval letter, an 
additional 11 vertical boreholes will be drilled between Pits 1 through 4, as shown in Figure 4.1-1. These 
11 vertical boreholes will be drilled after conducting a geophysical survey. The geophysical survey will 
target the location of the boundaries between Pits 1 through 4 and attempt to locate the 55 shafts 
between Pits 1 and 3. If the geophysical survey is successful in determining the pit and shaft locations, an 
additional borehole may be drilled along the eastern area between Pits 1 and 3. With the current 
uncertainty in the location of the shafts between Pits 1 and 3, only three boreholes are currently proposed 
to be drilled between these pits. 
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In addition to the requirements specified in the April 6, 2005 approval letter, 4 additional boreholes will be 
drilled to the south and east of MDA C (Figure 4.1-1 ). These four perimeter boreholes will assist in 
determining the lateral extent of potential contamination from MDA C and will be located approximately 
250 ft away from the nearest disposal pit. 

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

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

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

4.1.2 Perched Water Sampling 

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

4.1,3 Subsurface Vapor Sampling 

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

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

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

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

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

4.1.4 Surface Soil Sampling 

Phase I RFI surface soil data indicate that the extent of radionuclide contamination has not been defined 
along the eastern border of MDA C. Concentrations of americium-241 and isotopic plutonium were 
detected above BV/FV in a total of 11 samples northeast and east of the MDA C boundary. 
Americium-241 was detected in 9 samples, plutonium-238 was detected in 5 samples, and plutonium-239 
was detected in all 11 samples. The highest concentration of each radionuclide from these samples are 
1.017 pCi/g americium-241 at location 50-08138; 0.068 pCi/g plutonuim-238 at location 50-08494; and 
10.687 pCi/g plutonium-239 at location 50-08086. A summary of radionuclides detected above BV/FV in 
surface soil at MDA C is provided in Table B-12, and bubble plots are of radionuclide detects are provided 
in Figures D-3, D-4, and D-5. 

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

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

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

voes 

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

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

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

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

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

HE 

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

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

Radionuclides 

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

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

4.1.6 Investigation-Derived Waste 

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

4.1. 7 Analytical Suites 

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

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

5.0 INVESTIGATION METHODS 

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

• SOP-1.01 General Instructions for Field Investigations 

• SOP-1.02 Sample Containers and Preservation 

• SOP-1.03 Handling, Packaging, and Shipping of Samples 

• SOP-1.04 Sample Control and Field Documentation 

• SOP-1.05 Field Quality Control Samples 

• SOP-1.06 Management of ER Project Wastes 

• SOP-1.08 Field Documentation of Drilling and Sampling Equipment 

• SOP-1.10 Waste Characterization 

• SOP-1.12 Field Site Closeout Checklist 

• SOP-3.11 Geodetic Surveys 

• SOP-5.03 Monitor Well and RF/ Borehole Abandonment 
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• SOP-5.07 

• SOP-6.09 

• SOP-6.26 

• SOP-6.31 

• SOP-7.05 

• SOP-12.01 

Operation of LANL Owned Borehole Logging Trailer 

Spade and Scoop Method for Collection of Soil Samples 

Core Barrel Sampling for Subsurface Earth Materials 

Sampling of Sub-Atmospheric Air 

Subsurface Moisture Measurements Using a Neutron Probe 

Field Logging, Handling and Documentation of Borehole Materials 

5.1 Methods for Drilling and Sampling 

5.1.1 Drilling Protocol 

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

Hollow-Stem Auger 

The hollow-stem auger consists of a hollow steel shaft with a continuous spiraled steel flight welded onto 
the exterior site of the stem. The stem is connected to an auger bit and, when rotated, transports cuttings 
to the surtace. The hollow stem of the auger allows drill rods, split-spoon core barrels, Shelby tubes, and 
other samplers to be inserted through the center of the auger so the samples may be retrieved during the 
drilling operations. The hollow stem also acts to case the borehole temporarily, so that the casing (riser) 
may be inserted down through the center of the augers once the desired depth is reached, thus 
minimizing the risk of possible collapse of the borehole. A bottom plug or pilot bit can be fastened onto 

the bottom of the augers to keep out most of the soils and/or water that have a tendency to clog the 
bottom of the augers during drilling. Drilling without a center plug is acceptable provided that the soil plug, 
formed in the bottom of the auger, is removed before sampling or installing well casings. The soil plug can 
be removed by washing out the plug using a side discharge rotary bit or augering out the plug with a 
solid-stem auger bit sized to fit inside the hollow-stem auger. 

Air Rotary 

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

5.1.2 Collection of Tuff Samples 

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

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

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

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

5.1.3 Collection of Pore-Gas Samples 

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

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

5.1.4 Borehole Abandonment 

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

5.1.5 Equipment Decontamination 

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

5.2 Methods for Drilling and Sampling BH-09 

5.2.1 Drilling Protocol 

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

Hollow-stem auger drilling will be used until refusal {down to at least 300 ft) because it has proven to be 
capable of collecting undisturbed samples of core and subsurface vapors within the Tshirege Member of 
the Bandelier Tuff. Upon refusal, air-rotary drilling will be deployed down the same borehole for 
completion. A description of the air-rotary method is provided in Section 5.1.1. The coupling of these 
drilling methods is practical and allows the objectives of the sampling for this borehole to be met. The 
vertical borehole will be cored continuously with a split-barrel sampler to 800 ft following 
SOP-04.01, Rev. 1. Core will be screened for radiological contamination, visually inspected, and 
geologically logged. 
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5.2.2 Collection of Pore-Gas Samples 

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

QA/QC samples for VOCs in pore-gas will consist of an equipment blank and field duplicate for each 
sampling round. After sampling and purge decontamination, the equipment blank will be collected by 
pulling zero gas (99.9% ultrahigh-purity nitrogen) through the packer sampling apparatus 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 SOP-01.05, Rev. 1. 

5.2.3 Collection of Geotechnical Data 

BH-09 will be cored continuously and geologically logged to TD following SOP-04.01, Rev 1, and 
SOP-12.01, Rev. 4. Samples will be collected from core provided by a split-barrel sampler throughout the 
Tshirege Member of the Bandelier Tuff to allow for visual inspection. Brass sleeves will then be used in 
the relatively unconsolidated Cerro Toledo interval, the Otowi Member, and the Puye Formation to 
improve recovery and maintain the structural integrity in the hole for hydrogeologic characterization. 
Samples collected from the split-barrel sampler will be preserved in sealed sleeves or core-protect bags 
to preserve core moisture following SOP-06.26, Rev. 1. 

Moisture content, matrix potential, and chloride analysis will be collected every 20 ft from this borehole. 
Samples for saturated and unsaturated hydraulic conductivity, porosity, and bulk density will be collected 
once in each tuft unit, twice from the Cerro Toledo interval, and five times in the Otowi Member at varying 
depths. Five samples will also be collected from the Puye Formation. The samples collected from the 
Cerro Toledo interval, the Otowi Member, and the Puye Formation will be selected from core to be 
representative of all the textural intervals encountered. Analyses for saturated and unsaturated hydraulic 
conductivity, porosity, and bulk density will be performed using analy1ical methods specified by contract 
requirements of the statement of work. One field duplicate sample will be collected and analyzed to 
evaluate the reproducibility of the sampling technique. 

5.2.4 Collection of Perched Water Samples 

During drilling operations zones of elevated moisture content, localized saturation, and groundwater may 
be encountered. These zones may not be assignable to either an alluvial or the regional groundwater 
system and may represent a localized phenomenon. The Laboratory's decision process for characterizing 
these zones is presented in the attached fiowchart shown in Figure 5.2-1 and described in the following 
text. 
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If saturation is encountered as a borehole advances, drilling will be stopped to determine whether 
sufficient water volume is available to analyze the water quality. These analyses may include metals, 
anions, perchlorate, alkalinity, carbon organic carbon, total inorganic carbon, and total dissolved solids. 
Generally the total volume required is approximately 0.5 to 1 L. Of this volume, 100 ml is unfiltered and 
unpreserved; another 100 ml is filtered and preserved with nitric acid. If this minimum volume of 
groundwater cannot be collected, the borehole will_ be continued to the planned TD or until saturation is 
encountered again and the process is repeated. A porous cup lysimeter or absorbent membrane will be 
installed at the depth of saturation to monitor the zone if the borehole is completed for pore-gas 
monitoring. Insufficient water sample volumes from discrete depths will not be composited to make the 
required volume for screening analysis. 

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

5.3 Surface Sampling 

5.3.1 Radiological Survey 

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

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

5.3.2 Surface Soil Sampling 

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

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

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

6.1 Pore-Gas Sampling 

Two boreholes at MDA C, equipped with positive pressure membranes for sampling, were monitored at 
multiple depths for 11 quarters. Boreholes 50-9100 and 50-10131 are located in areas of elevated surface 
flux of VOCs, as determined by the EM FLUX soil-gas surveys and are therefore the likely areas of 
maximum vertical extent. Measured VOC concentrations are in the low ppmv range near the depth of 
disposal and diffuse with depth. Subsurface VOC concentrations at MDA C have been monitored from the 
fourth quarter of 2000 until the third quarter of 2003 when quarterly pore-gas monitoring was 
discontinued. 

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

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

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

6.2 Tritium in Air Sampling 

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

7.0 SCHEDULE 

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

The investigation report is scheduled to be submitted by December 6, 2006. 
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Figure 4.1-1. Location of proposed boreholes at MDA C 
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Table 2.1-1 
Dimensions of the Disposal Units at MDA C 

Dimensions a Period of 
Disposal Unit (ft) Operations 

Pit 1 610x40x25 1948-1951 

Pit 2 610x40x25 1950-1951 

Pit 3 610x40x25 1951-1953 

Pit4 610 X 40 X 25 1951-1955 

Pit 5 705 X 110 X 18 1953-1959 

Pit6 505x 100x25 1956-1959 

Chemical Pit 180x25x12 1960-1964 

Shaft Group 1 (12 [Shafts 56-671) 2 X 10 1959 

Shaft Group 2 (55 [Shafts 1-551) 2 X 15 1959-1967 

Shaft Group 3 (40 [Shafts 68-1071) 1-2 X 20-25 1962-1966 

Shaft 108 (Strontium-90 Disposal Shaft) 4x4x4 1956 

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

b Shafts 98-107 are 1 ft in diameter and lined with 12-in.-thick concrete. Shafts 68-97 are 2 ft in 
diameter and unlined. 

Table 2.7-1 
Summary of RFI Field Sampling Results for Subsurface Core Samples 

Submitted for Laboratory Analysis 

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

Alpha counts per minute 

Range 0-3 0-2 

Median 1 1 

Average 0.8 0.7 

Beta/Gamma counts per minute 

Range 120-220 140-210 

Median 180 165 

Average 177 170 
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Table 2.7-2 

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

Inorganic Chemicals 

Borehole Maximum Maximum Depth of Inorganic Chemicals> BV 
Depth Sample Depth Inorganic > BV at Maximum Depth 

Borehole (ft) (ft) (ft) of Inorganic> BV 

50-09100 316.0 163.1 43.5 CN@ 0.533 mg/kg 

50-09101 82.7 81.0 69.3 Se@ 1.2 x BV 

50-09102 77.8 77.8 0.0 None> BV 

50-09103 84.9 82.6 43.8 Pb@ 1.4 x BV 

50-09104 90.0 87.0 87.0 

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

50-09106 84.9 83.4 83.4 Tl@1.1 xBV 

50-09107 83.4 78.5 34.3 Se@3.7 x BV 

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

50-09109 84.9 81.1 47.4 Al@ 1.1 x BV, Ba@ 1.6 x BV, Ca@ 34 x BV, Cr 
@ 1.8 x BV, Co@ 1.2 x BV, Cu@ 6.6 x BV, Pb 
@ 1.01 x BV, Mg@ 1.6 x BV, Ni@2.0 x BV, Se 
@ 4.3 x BV, Tl@ 1.3 x BV 

50-09110 85.5 84.0 57.1 Pb@6.7 x BV 

Radionuclides 

Maximum Depth of 
Borehole Maximum Detected 

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

50-09100 316.0 163.1 43.5 Pu-239 @ 0.014 pCi/g 

50-09101 82.7 81.0 81.0 Am-241 @ 0.011 pCi/g 

50-09102 77.8 77.8 0.0 None detected 

50-09103 84.9 82.6 82.6 Sr-90 @ 0.599 pCi/g 

50-09104 90.0 87.0 45.1 U-235 @ 2.6 x BV 

50-09105 84.9 84.8 84.8 Pu-239 @ 0.080 pCi/g 

50-09106 84.9 83.4 83.4 Sr-90@ 0.767 pCi/g 

50-09107 83.4 78.5 78.5 Am-241 @ 0.032 pCi/g 

50-09108 84.9 81.3 68.9 Pu-238 @ 0.014 pCi/g 

50-09109 84.9 81.1 81.1 Am-241 @ 0.056 pCi/g 

50-09110 85.5 84.0 46.5 U-235@ 2.3 x BV 
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Table 4.1-1 
Summary of Proposed Borehole Sampling 

Number 
of Core 

Samples 
(per 

Borehole borehole) Sample Type Analyses 

BH-01 to BH-08 5 Subsurface FillfTuff - Cyanide 

BH-10 to BH-42 - Nitrates 
- Perch I orates 
- TAL metals 
- SVOes 
- pH 
- PCBs 
- Americium-241 
- Gamma spectroscopy 
- Isotopic Plutonium 
- Isotopic Uranium 

- Strontium-90 

3 Subsurface FillfTuff - Dioxins/Furansb 

2 Subsurface FillfTuff - Explosive compoundsc 

10' Subsurface Pore Gas - voes 

- Tritium 

BH-09 16 Subsurface FillfTuff - Cyanide 
- Nitrates 
- Perch I orates 
- TAL metals 

- SVOes 
- pH 

- PCBs 
- Americium-241 

- Gamma spectroscopy 
- Isotopic Plutonium 
- Isotopic Uranium 
- Strontium-90 
- Geotechnical parameters 

3 Subsurface FillfTuff - Dioxins/Furansb 

2 Subsurface FillfTuff - Explosive compoundsc 

32' Subsurface Pore Gas - voes 
- Tritium 

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

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

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

d A voe and tritium sample will be collected at each subsurface fill/tuff sample location based on the criteria specified in 
the approval with modifications letter. A second round of subsurface sampling will be collected at the same sample 
locations approximately one month after the first round samples were collected. 
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Table 4.1-2 

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

Samples within Radionuclides Other Than Samples with Radionuclides Other Than 
Radiological Field Screening Results Tritium within Background Range Tritium above Background 

Alpha (cpm) 

Range 0-3 0-2 
Median 1 1 
Average 0.8 0.7 

Beta/Gamma (cpm) 

Range 120-220 140-210 
Median 180 165 
Average 177 170 



Table 5.0-1 
Brief Description of Field Investigation Methods 

Title Summary 

Sample Containers and This method covers the specific requirements/process for sample containers, preservation techniques, and holding times as specified 
Preservation by field regulations and guidance documents. The use of specific types of sample containers and preservation techniques is 

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

Handling. Packaging Field team members seal and label samples before packing and ensure that the sample and transport containers are free of external 
and Transporting Field contamination. Field team members package all samples so as to minimize the possibility of breakage during transportation. After all 
Samples environmental samples are collected, packaged, and preserved, a field team member transports them to either the Sample 

Management Office (SMO) or an SMO-approved radiation screening laboratory under chain-of-custody. The SMO arranges to ship 
samples to analytical laboratories. The field team member must inform the SMO and/or the radiation screening laboratory coordinator 
when levels of radioactivity are in the action-level or limited-quantity ranges. 

Sample Control and The collection, screening, and transport of samples is documented on standard forms generated by the SMO. These include sample-
Field Documentation collection logs, chain-of-custody forms, and sample-container labels. The collection logs are completed at the time of sample collection 

and are signed by the sampler and a reviewer who verifies the logs for completeness and accuracy. The corresponding labels are 
initialed and applied to each sample container, and custody seals are placed around container lids or openings. Chain-of-custody 
forms are completed and assigned to verify that the samples are not left unattended. 

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

Field Duplicate: At a frequency of 10%. collected at the same time as a regular sample and submitted for the same analyses. 

Equipment Rinsate Blank: At a frequency of 10%. collected by rinsing decontaminated sampling equipment with deionized water. 
which is collected in a sample container and submitted for laboratory analysis. 

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

Field Decontamination Dry decontamination is the preferred method to minimize the generation of liquid waste. Dry decontamination may include using a wire 
of Drilling and Sampling brush or other tool to remove soil or other material adhering to the sampling equipment, followed by using a commercial cleaning agent 
Equipment (nonacid, waxless cleaners) and paper wipes. Ory decontamination may be followed by wet decontamination, if necessary. Wet 

decontamination may include washing with a nonphosphate detergent and water, followed by a water rinse and a second rinse with 
deionized water. Alternatively, equipment may be steam cleaned. 

Coordinating and Geodetic surveys will be conducted using a Trimble 5700 differential global positioning system (DGPS). The survey data will conform 
Evaluating Geodetic to Laboratory Information Architecture (IA) project standards IA-CB02. ""GIS Horizontal Spatial Reference System."" and IA-D802. 
Surveys ""Geospatial Positioning Accuracy Standard for A/EiC/ and Facility Management."" All coordinates will be expressed as SPCS 83. NM 

Central. U.S. ft coordinates. All elevation data will be reported relative to the National Geodetic Vertical Datum of 1929. 



0, 
<X> 

Title 

Radiological Screening 

Spade-and-Scoop 
Collection of Soil 
Samples 

Hand Auger Sampling 

Core-Barrel Sampling 
for Subsurface Earth 
Materials 

Sampling of Sub-
Atmospheric Air 

Vapor Screening with a 
Photoionization 
Detector 

Subsurface Moisture 
Measurements Using a 
Neutron Probe 

Field Logging, Handling, 
and Documentation of 
Borehole Materials 

Table 5.0-1 (continued) 

Summary 

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

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

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

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

Subsurface samples will be collected from discrete zones within each borehole and selected based on investigation and field-
screening results. During field measurements, vapor samples will be monitored for percent oxygen and carbon dioxide. Analytical 
samples will be collected only after readings have stabilized. Vapor samples will be collected using a SUMMA canister and analyzed 
by U.S. Environmental Protection Agency Method T0-15. All instruments used during field-screening will be calibrated daily following 
the manufacturer's specifications. 

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

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

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

ACRONYMS 

AB 

ALLH 

AOC 

ARS 

B&K 

bgs 

BV 

Cl 

CMS 

coc 
COPC 

DGPA 

DL 

DOE 

DOT 

DSA 

DU 

EM 

ENV-ECR 

ENV-ERS 

ENV-MAQ 

EPA 

ER Project 

EQL 

FV 

GPR 

GPS 

HE 

HIR 

HSWA 

IA 

ICPMS 

ER2005-0172 

authorization basis 

all-soil horizon 

area of concern 

American Radiation Services of New Mexico 

Bruel and Krajer 

below ground surface 

background value 

confidence interval 

corrective measure study 

chain of custody 

chemical of potential concern 

differential global-positioning system 

detection limit 

Department of Energy 

Department of Transportation 

documented safety analysis 

depleted uranium 

electromagnetic 

Environmental Stewardship Division-Environmental Characterization and 
Remediation Group 

Environmental Stewardship Division-Environmental Remediation and Surveillance 
Program 

Environmental Stewardship Division-Meteorology and Air Quality Group 

Environmental Protection Agency 

Environmental Restoration Project 

estimated quantitation limit 

fallout value 

ground-penetrating radar 

global-positioning system 

high explosive 

historical investigation report 

Hazardous and Solid Waste Amendments of 1984 

Information Architecture 

inductively coupled plasma/mass spectroscopy 

A-1 October 2005 



MDA C Investigation Work Plan, Revision 2 

ICPES 

IDW 

LANL 

LASL 

UR 

LLW 

MDA 

MDA 

MTADS 

NMED 

NMSA 

OU 

PCB 

PCE 

PID 

PPE 

QA 

QC 

OP 

RCRA 

RDX 

RFI 

RLWTF 

RRES-RS 

SAA 

SAP 

SMO 

SOP 

svoc 
SWMU 

TA 

TAL 

TCA 

TCE 

October 2005 

inductively coupled plasma emission spectroscopy 

investigation-derived waste 

Los Alamos National Laboratory 

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

Laboratory Implementation Requirement 

low-level radioactive waste 

material disposal area 

minimum detectable activity 

Multisensor Towed Array Detection System 

New Mexico Environmental Department 

New Mexico Statutes Annotated 

operable unit 

polychlorinated biphenyl 

tetrachloroethene 

photoionization detector 

personal protective equipment 

quality assurance 

quality control 

quality procedure 

Resource Conservation and Recovery Act 

Research Department Explosive (1,3,5-trintro-1,3,5-triazacyclohexane) 

RCRA facility investigation 

Radioactive Liquid Waste Treatment Facility 

Risk Reduction and Environmental Stewardship-Remediation Services (now the 
Environmental Stewardship Division-Environmental Remediation and Surveillance 
Program) 

Satellite Accumulation Area 

sampling and analysis plan 

Sample Management Office 

standard operating procedure 

semivolatile organic compound 

solid waste management unit 

technical area 

target analyte list (EPA) 

1, 1, 1-trichloroethane 

trichloroethene 
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TCLP 

TLD 

TNT 

TSDF 

UC 

USGS 

UTL 

voe 

WCSF 

XRF 

GLOSSARY 

toxicity characteristic leaching procedure 

thermoluminescent dosimeter 

trinitrotoluene 

treatment, storage, and disposal facility 

University of California 

United States Geological Survey 

upper tolerance limit 

volatile organic compound 

Water Characterization Strategy Form 

x-ray fiuorescence 

MDA C Investigation Work Plan, Revision 2 

abandonment-The plugging of a well or borehole in a manner that precludes the migration of surface 

runoff or groundwater along the length of the well or borehole. 

absorption-The uptake of water, other fiuids, or dissolved chemicals by a cell or organism (e.g., tree 

roots absorb dissolved nutrients in soil). 

administrative authority-For Los Alamos National Laboratory, one or more regulatory agencies, such 

as the New Mexico Environment Department, the U.S. Environmental Protection Agency, or the U.S. 

Department of Energy, as appropriate. 

adsorption-The surface retention of solid, liquid, or gas molecules, atoms, or ions by a solid. 

alluvial-Pertaining to geologic deposits or features formed by running water. 

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

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

alpha radiation-A form of particle radiation that is highly ionizing and has low penetration. Alpha 

radiation consists of two protons and two neutrons bound together into a particle that is identical to a 

helium nucleus and can be written as He2
•. 

analysis-A critical evaluation, usually made by breaking a subject (either material or intellectual) down 

into its constituent parts, then describing the parts and their relationship to the whole. Analyses may 

include physical analysis, chemical analysis, toxicological analysis, and knowledge-of-process 

determinations. 

analyte-The element, nuclide, or ion a chemical analysis seeks to identify and/or quantify; the chemical 

constituent of interest. 

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

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

a casing pipe and a liner pipe. 

anthropogenic-Of, relating to, or resulting from, the infiuence of human beings. 

aquifer-An underground geological formation (or group of formations) containing water that is the 

source of groundwater for wells and springs. 

area of concern-(1) A release that may warrant investigation or remediation and is not a solid waste 

management unit (SWMU). (2) An area at Los Alamos National Laboratory that may have had a 

release of a hazardous waste or a hazardous constituent but is not a SWMU. 

area of contamination-As defined by the U.S. Environmental Protection Agency, certain areas of 

generally dispersed contamination that could be equated to a Resource Conservation and Recovery 

Act (RCRA) landfill. The movement of hazardous wastes within those areas would not be considered 

land disposal and would not trigger RCRA land-disposal restrictions. An area of contamination may 

be designated by the Environmental Remediation and Surveillance Program as part of a corrective 

action for waste management purposes, subject to approval by the administrative authority. 

ash-flow luff-A tuft deposited by a hot, dense volcanic current. Ash-flow tuft can be either welded tuft or 

nonwelded tuft. 

assessment-(1) The act of reviewing, inspecting, testing, checking, conducting surveillance, auditing, or 

otherwise determining and documenting whether items, processes, or services meet specified 

requirements. (2) An evaluation process used to measure the performance or effectiveness of a 

system and its elements. In this glossary, assessment is an all-inclusive term used to denote any 

one of the following: audit, performance evaluation, management system review, peer review, 

inspection, or surveillance. 

background concentration-Naturally occurring concentrations of an inorganic chemical or radionuclide 

in soil, sediment, or tuft. 

background data-Data that represent naturally occurring concentrations of inorganic and radionuclide 

constituents in a geologic medium. Los Alamos National Laboratory's (the Laboratory's) background 

data are derived from samples collected at locations that are either within, or adjacent to, the 

Laboratory. These locations (1) are representative of geological media found within Laboratory 

boundaries, and (2) have not been affected by Laboratory operations. 

background level-(1) The concentration of a substance in an environmental medium (air, water, or soil) 

that occurs naturally or is not the result of human activities. (2) In exposure assessment, the 

concentration of a substance in a defined control area over a fixed period of time before, during, or 

after a data-gathering operation. 

background radiation-The amount of radioactivity naturally present in the environment, including 

cosmic rays from space and natural radiation from soils and rock. 

background sample-A sample collected from an area or site that is similar to the one being studied but 

known, or thought, to be free from constituents of concern. 
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background value (BV)-A statistically derived concentration (i.e., the upper tolerance limit [UTL]) of a 

chemical used to represent the background data set. If a UTL cannot be derived, either the detection 

limit or maximum reported value in the background data set is used. 

barrier-Any material or structure that prevents, or substantially delays, the movement of solid-, liquid-, 

or gaseous-phase chemicals in environmental media. 

basalt-A fine-grained, dark volcanic rock composed chiefiy of plagioclase, augite, olivine, and 

magnetite. 

baseline risk assessment-A site-specific analysis of the potential adverse effects of hazardous 

constituents that have been released from a site in the absence of any controls or mitigating actions. 

A baseline risk assessment consists of the following four steps: data collection and analysis, 

exposure assessment, toxicity assessment, and risk characterization. 

bentonite--An absorbent aluminum silicate clay formed from volcanic ash and used in various 

adhesives, cements, and ceramic fillers. Because bentonite can absorb large quantities of water and 

expand to several times its normal volume, ii is a common drilling mud additive. 

beta radiation-High-energy electrons emitted by certain types of radioactive nuclei, such as potassium-

40. The beta particles emitted are a form of ionizing radiation also known as beta rays. 

blank-A sample that is expected to have a negligible or unmeasurable amount of an analyte. Results of 

blank sample analyses indicate whether field samples might have been contaminated during the 

sample collection, transport, storage, preparation, or analysis processes. 

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

borehole logging-The process of making remote measurements of physical, chemical, or other 

parameters at multiple depths in a borehole. 

calibration-A process used to identify the relationship between the true analyte concentration or other 

variable and the response of a measurement instrument, chemical analysis method, or other 

measurement system. 

canyon-A stream-cut chasm or gorge, the sides of which are composed of cliffs or a series of cliffs 

rising from the chasm's bed. Canyons are characteristic of arid or semiarid regions where 

downcutting by streams greatly exceeds weathering. 

chain of custody-An unbroken, documented trail of accountability that is designed to ensure the 

uncompromised physical integrity of samples, data, and records. 

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

chemical analysis-A process used lo measure one or more attributes of a sample in a clearly defined, 

controlled, and systematic manner. Chemical analysis often requires treating a sample chemically or 

physically before measurement. 
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chemical of potential concern (COPC)-A detected chemical compound or element that has the 

potential to adversely affect human receptors as a result of its concentration, distribution, and 

toxicity. 

chemical of potential ecological concern-A detected chemical compound or element that has the 

potential to adversely affect ecological receptors as a result of its concentration, distribution, and 

toxicity. 

Compliance Order on Consent (Consent Order}--For the Environmental Remediation and Surveillance 

Program, an enforcement document signed by the New Mexico Environment Department, the U.S. 

Department of Energy, and the Regents of the University of California on March 1, 2005, which 

prescribes the requirements for corrective action at Los Alamos National Laboratory. The purposes 

of the Consent Order are (1) to define the nature and extent of releases of contaminants at, or from, 

the facility; (2) to identify and evaluate, where needed, alternatives for corrective measures to clean 

up contaminants in the environment and prevent or mitigate the migration of contaminants at, or 

from, the facility; and (3) to implement such corrective measures. The Consent Order supersedes 

the corrective action requirements previously specified in Module VI II of the Laboratory's Hazardous 

Waste Facility Permit. 

contaminant-(1) Chemicals and radionuclides present in environmental media or on debris above 

background levels. (2) According to the March 1, 2005, Compliance Order on Consent (Consent 

Order), any hazardous waste listed or identified as characteristic in 40 Code of Federal Regulations 

(CFR) 261 (incorporated by 20.4.1.200 New Mexico Administrative Code [NMAC]); any hazardous 

constituent listed in 40 CFR 261 Appendix VIII (incorporated by 20.4.1.200 NMAC) or 40 CFR 264 

Appendix IX (incorporated by 20.4.1.500 NMAC); any groundwater contaminant listed in the Water 

Quality Control Commission (WQCC) Regulations at 20.6.3.3103 NMAC; any toxic pollutant listed in 

the WQCC Regulations at 20.6.2.7 NMAC; explosive compounds; nitrate; and perchlorate. (Note: 

Under the Consent Order, the term "contaminant" does not include radionuclides or the radioactive 

portion of mixed waste.) 

corrective measures study-A formal process for identifying and evaluating alternative remedies for 

releases at a facility. 

data-quality assessment-The statistical and/or scientific evaluation of a data set that establishes 

whether the data set is adequate for its intended use. 

decommissioning-The permanent removal of facilities and their components from service after the 

discontinued use of structures or buildings that are deemed no longer useful. Decommissioning must 

take place in accordance with regulatory requirements and applicable environmental policies. 

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

materials for weapons production. 

detection limit-The minimum concentration that can be determined by a single measurement of an 

instrument. A detection limit implies a specified statistical confidence that the analytical 

concentration is greater than zero. 
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disposal-The discharge, deposit, injection, dumping, spilling, leaking, or placing of any solid waste or 

hazardous waste into, or on, any land or water so that such solid waste or hazardous waste or any 

constituent thereof may enter the environment or be emitted into the air or discharged into any 

waters, including groundwaters. 

dose (dosage)-(1) The actual quantity of a chemical that is administered to an organism or to which it is 

exposed. (2) The amount of a substance that reaches a specific tissue (e.g., the liver). (3) The 

amount of a substance that is available for interaction with metabolic processes after it has crossed 

an organism's outer boundary. 

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

drilling fluid-The fluid used to lubricate a bit and to convey drill cuttings to the surface with rotary drilling 

equipment. Usually composed of bentonite slurry or muddy water. The fluid can become 

contaminated, lead to cross-contamination, and may require special disposal. 

drilling string-The string of pipe (extending from the bit to the driving mechanism) that serves to carry 

mud down a borehole and to rotate a bit. 

drill rod (drill pipe)-Special pipe used to transmit rotation and energy from the drill rig to the bit. This 

conduit conveys circulation fluids such as air, water, or other mixtures to cool the bit and evacuate 

the borehole cuttings. 

Environmental Restoration (ER) Project-A Los Alamos National Laboratory project established in 

1989 as part of a U.S. Department of Energy nationwide program, and precursor of today's 

Environmental Remediation and Surveillance (ERS) Program. This program is designed (1) to 

investigate hazardous and/or radioactive materials that may be present in the environment as a 

result of past Laboratory operations, (2) to determine if the materials currently pose an unacceptable 

risk to human health or the environment, and (3) to remediate (clean up, stabilize, or restore) those 

sites where unacceptable risk is still present. 

estimated quantitation limit (EQL)-The lowest concentration that can be reliably achieved within 

specified limits of precision and accuracy during routine analytical-laboratory operating conditions. 

The low point on a calibration curve should reflect this quantitation limit. The EQL is not used to 

establish detection status. Sample EQLs are highly matrix dependent, and the specified EQLs might 

not always be achievable. 

evapotranspiration-(1) The discharge of water from the earth's surface to the atmosphere by 

evaporation from lakes, streams, and soil surfaces and by transpiration from plants. (2) The loss of 

water from the soil by evaporation and/or by transpiration from the plants growing in the soil. 

exposure pathway-Any path from the sources of contaminants to humans and other species or settings 

through air, soil, water, or food. 

fallout radionuclides-Radionuclides that are present at globally elevated levels in the environment as a 
result of fallout from world-wide atomic weapons tests. The Los Alamos National Laboratory (the 
Laboratory) background data sets consist of environmental surveillance samples taken from marginal 
and regional locations for the following radionuclides associated with fallout: tritium, cesium-137, 
americium-241, plutonium-238, plutonium-239/240, and strontium-90. Samples were collected from 
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regional and marginal locations in the Laboratory's vicinity that were ( 1) representative of geological 
media found within Laboratory boundaries, and (2) were not impacted by Laboratory operations. 

field blank (field reagent blank)-A blank sample prepared in the field or carried to the sampling site, 

exposed to sampling conditions (e.g., by removing bottle caps), and returned to a laboratory to be 

analyzed in the same manner in which environmental samples are being analyzed. Field blanks are 

used to identify the presence of any contamination that may have been added during the sampling 

and analysis process. 

field duplicate (replicate) samples-Two separate, independent samples taken from the same source, 

which are collected as collocated samples (i.e., equally representative of a sample matrix at a given 

location and time). 

field notebook-A record of activities performed in the field or a compilation of field data. 

field sample-See sample. 

gamma radiation-A form of electromagnetic, high-energy ionizing radiation emitted from a nucleus. 

Gamma rays are essentially the same as x-rays {though at higher energy) and require heavy 

shielding, such as concrete or steel, to be blocked. 

geohydrology-The science that applies hydrologic methods to the understanding of geologic 

phenomena. 

gravimetric moisture content-See water content. 

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

groundwater-Interstitial water that occurs in saturated earth material and is capable of entering a well in 

sufficient amounts to be used as a water supply. 

grout-Cement or bentonite mixtures used for sealing boreholes and wells and for zone isolation. Only 

Portland Type I or II cement is approved for use at investigative sites. 

hazard index-The sum of hazard quotients for multiple contaminants to which a receptor may have 

been exposed. 

Hazardous and Solid Waste Amendments (HSWA)-Public Law No. 98-616, 98 Stat. 3221, enacted in 

1984, which amended the Resource Conservation and Recovery Act of 1976 (42 United States 

Code§ 6901 et seq). 

hazardous waste---(1) Solid waste that is listed as a hazardous waste, or exhibits any of the 

characteristics of hazardous waste (i.e., ignitability, corrosivity, reactivity, or toxicity, as provided in 

40 CFR, Subpart C). (2) According to the March 1, 2005, Compliance Order of Consent (Consent 

Order), any solid waste or combination of solid wastes that, because of its quantity, concentration, or 

physical, chemical, or infectious characteristics, meets the description set forth in New Mexico 

Statutes Annotated 1978, § 7 4-4-3(K) and is listed as a hazardous waste or exhibits a hazardous 

waste characteristic under 40 CFR 261 (incorporated by 20.4.1.200 New Mexico Administrative 

Code). 
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Hazardous Waste Bureau-The New Mexico Environment Department bureau charged with providing 

regulatory oversight and technical guidance to New Mexico hazardous waste generators and to 

treatment, storage, and disposal facilities, as required by the New Mexico Hazardous Waste Act. 

hazard quotient (HQ)-The ratio of the estimated site-specific exposure concentration of a single 

chemical from a site to the estimated daily exposure level at which no adverse health effects are 
likely to occur. 

high-explosive wastes-Any waste-containing material having an amount of stored chemical energy 

that could start a violent reaction when initiated by impact, spark, or heat. This violent reaction would 

be accompanied by a strong shock wave and the potential for high-velocity particles to be propelled. 

holding lime-The maximum elapsed time a sample can be stored without unacceptable changes in 

analyte concentrations. Holding times apply under prescribed conditions, and deviations from these 

conditions may affect the holding times. Extraction holding time refers to the time lapsed between 

sample collection and sample preparation. Analytical holding time refers to the time lapsed between 
sample preparation and analysis. 

HSWA module-See Module VIII. 

hydraulic conductivity-(1) A coefficient of proportionality that describes the rate at which a fluid can 

move through a permeable medium. The rate is a function of both the medium and the fluid flowing 

through it. (2) The quantity of water that will flow through a unit of cross-sectional area of a porous 

material per unit time under a hydraulic gradient of 1.00 (measured at right angles to the direction of 
flow) at a specified temperature. 

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

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

hydrogen-ion activity (pH)-The effective concentration (activity) of dissociated hydrogen ions (H+); a 

measure of the acidity or alkalinity of a solution that is numerically equal to 7 for neutral solutions, 

increases with alkalinity, and decreases as acidity increases. 

"Hydrogeologic Workplan"-The document that describes the activities planned by Los Alamos 

National Laboratory (the Laboratory) to characterize the hydrologic setting beneath the Laboratory 

and to enhance the Laboratory's groundwater monitoring program. 

hydrogeology-The science dealing with the occurrence of surface water and groundwater, their uses, 

and their functions in modifying the earth, primarily by erosion and deposition. 

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

infiltration-(1) The penetration of water through the ground surface into subsurface soil. (2) The 

technique of applying large volumes of wastewater to land to penetrate the surface and percolate 

through the underlying soil. 

investigation-derived waste-Solid waste or hazardous waste that was generated as a result of 

corrective action investigation or remediation field activities. Investigation-derived waste may include 
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drilling muds, cuttings, and purge water from the installation of test pits or wells; purge water, soil, 

and other materials from the collection of samples; residues from the testing of treatment 

technologies and pump-and-treat systems; contaminated personal protective equipment; and 

solutions (aqueous or otherwise) used to decontaminate nondisposable protective clothing and 

equipment. 

log book-A notebook used to record tabulated data (e.g., the history of calibrations, sample tracking, 

numerical data, or other technical data). 

logging run-A single data-collecting pass with a logging tool as the tool moves up or down in the 

borehole or a portion of the borehole. A logging operation generally consists of a main run and one 

or more repeat runs with each logging tool. 

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

material disposal area (MDA)-A subset of the solid waste management units at Los Alamos National 

Laboratory (the Laboratory) that include disposal units such as trenches, pits, and shafts. 

Historically, various disposal areas (but not all) were designated by the Laboratory as MDAs. 

matrix-Relatively fine material in which coarser fragments or crystals are embedded; also called 

"ground mass" in the case of igneous rocks. 

migration-The movement of inorganic and organic chemical species through unsaturated or saturated 

materials. 

migration pathway-A route (e.g., a stream or subsurface fiow path) for the potential movement of 

contaminants to environmental receptors {plants, humans, or other animals). 

mitigation-(1) Minimizing environmental impacts by limiting the degree or magnitude of an action and 

its implementation, (2) Rectifying an environmental impact by repairing, rehabilitating, or restoring 

the affected environment, (3) Reducing or eliminating an environmental impact over time by 

preservation and maintenance operations during the life of the action, (4) Compensating for an 

environmental impact by replacing or providing substitute resources or environments. 

mixed waste-Waste containing both hazardous and source, special nuclear, or byproduct materials 

subject to the Atomic Energy Act of 1954. 

model-A schematic description of a physical, biological, or social system, theory, or phenomenon that 

accounts for its known or inferred properties and may be used for the further study of its 

characteristics. 

monitoring well-(1) A well used to obtain water-quality samples or to measure groundwater levels, (2) 

A well drilled at a hazardous waste management facility or Superfund site to collect groundwater 

samples for the purpose of physical, chemical, or biological analysis and to determine the amounts, 

types, and distribution of contaminants in the groundwater beneath the site. 

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

notice of deficiency-A written notification from the administrative authority to a facility owner/operator 

following the review of a permit application or other permit-related plan or report. A notice of 
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deficiency requests additional information before a decision can be made regarding the original plan 

or report. 

notices of approval, of approval with modification, or of disapproval-Notices issued by the New 

Mexico Environment Department (NMED). Upon receipt of a work plan, schedule, report, or other 

deliverable document, NMED reviews the document and approves the document as submitted, 

modifies the document and approves it as modified, or disapproves the document. A notice of 

approval means that the document is approved as submitted. A notice of approval with modifications 

means that the document is approved but with modifications specified by NMED. A notice of 

disapproval means that the document is disapproved and it states the deficiencies and other 

reasons for disapproval. 

operable units (OUs)-At Los Alamos National Laboratory, 24 areas originally established for 

administering the Environmental Remediation and Surveillance Program. Set up as groups of 

potential release sites, the OUs were aggregated according to geographic proximity for the purposes 

of planning and conducting Resource Conservation and Recovery Act (RCRA) facility assessments 

and RCRA facility investigations. As the project matured, it became apparent that there were too 

many areas to allow efficient communication and to ensure consistency in approach. In 1994, the 

24 OUs were reduced to 6 administrative field units. 

outfall-A place where effluent is discharged into receiving waters. 

perched water-A zone of unpressurized water held above the water table by impermeable rock or 

sediment. 

polychlorinated biphenyls (PCBs)-Any chemical substance limited to the bi phenyl molecule that has 

been chlorinated to varying degrees, or any combination that contains such substances. PCBs are 

colorless, odorless compounds that are chemically, electrically, and thermally stable and have 

proven to be toxic to both humans and other animals. 

porosity-The degree to which soil, gravel, sediment, or rock is permeated with pores or cavities through 

which water or air can move. 

quality assurance/quality control-A system of procedures, checks, audits, and corrective actions set 

up to ensure that all U.S. Environmental Protection Agency research design and performance, 

environmental monitoring and sampling, and other technical and reporting activities are of the 

highest achievable quality. 

quality control-See quality assurance/quality control. 

quality procedure-A document that describes the process, method, and responsibilities for performing, 

controlling, and documenting any quality-affecting activity governed by a quality management plan. 

radiation-A stream of particles or electromagnetic waves emitted by atoms and molecules of a 

radioactive substance as a result of nuclear decay. The particles or waves emitted can consist of 

neutrons, positrons, alpha particles, beta particles, or gamma radiation. 
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radioactive waste-Waste that, by either monitoring and analysis, or acceptable knowledge, or both, has 

been determined to contain added (or concentrated and naturally occurring) radioactive material or 

activation products, or that does not meet radiological release criteria. 

radioactivity (radioactive decay; radioactive disintegration)-The spontaneous change in an atom by 

the emission of charged particles and/or gamma rays. 

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

RCRA facility investigation (RFl)-A Resource Conservation and Recovery Act (RCRA) investigation 

that determines if a release has occurred and characterizes the nature and extent of contamination 

at a hazardous waste facility. The RFI is generally equivalent to the remedial investigation portion of 

the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) process. 

record-Any book, paper, map, photograph, machine-readable material, or other documentary material, 

regardless of physical form or characteristics. 

regional aquifer-Geologic material(s) or unit(s) of regional extent whose saturated portion yields 

significant quantities of water to wells, contains the regional zone of saturation, and is characterized 

by the regional water table or potentiometric surface. 

release-Any spilling, leaking, pumping, pouring, emitting, emptying, discharging, injecting, escaping, 

leaching, dumping, or disposing of hazardous waste or hazardous constituents into the environment. 

remediation-( 1) The process of reducing the concentration of a contaminant (or contaminants) in air, 

water, or soil media to a level that poses an acceptable risk to human health and the environment. 

(2) The act of restoring a contaminated area to a usable condition based on specified standards. 

Resource Conservation and Recovery Act-The Solid Waste Disposal Act as amended by the 

Resource Conservation and Recovery Act of 1976 (Public Law [PL] 94-580, as amended by PL 95-

609 and PL 96-482, United States Code 6901 et seq.). 

restricted area-Any area to which access is controlled by a licensee to protect individuals from 

exposure to radiation and radioactive materials. The "restricted area" shall not include areas used as 

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

a restricted area. 

runoff-The portion of the precipitation on a drainage area that is discharged from the area. 

run-on-Surface water that flows onto an area as a result of runoff occurring higher up on a slope. 

sample-A portion of a material (e.g., rock, soil, water, or air), which, alone or in combination with other 

portions, is expected to be representative of the material or area from which it is taken. Samples are 

typically either sent to a laboratory for analysis or inspection or are analyzed in the field. When 

referring to samples of environmental media, the term field sample may be used. 

sample matrix-In chemical analysis, that portion of a sample that is exclusive of the analytes of interest. 

Together, the matrix and the analytes of interest form the sample. 

screening action level (SAL)-A radionuclide's medium-specific concentration level; ii is calculated by 

using conservative criteria below which it is generally assumed that no potential exists for a dose 
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that is unacceptable to human health. The derivation of a SAL is based on conservative exposure 

and on land-use assumptions. However, if an applicable regulatory standard exists that is less than 

the value derived, it is used in place of the SAL. 

screening risk assessment-A risk assessment that is performed with few data and many assumptions 

in order to identify exposures that should be evaluated more carefully for potential risk. 

sediment-(1) A mass of fragmented inorganic solid that comes from the weathering of rock and is 

carried or dropped by air, water, gravity, or ice. (2) A mass that is accumulated by any other natural 

agent and that forms in layers on the earth's surface (e.g., sand, gravel, silt, mud, fill, or loess). (3) A 

solid material that is not in solution and is either distributed through the liquid or has settled out of 

the liquid. 

Shelby tube sampler-A thin-wall tube sampler that is latched onto a lead auger while hollow-stem 

augering or pushed/driven ahead of the auger. 

site conceptual model-A qualitative or quantitative description of sources of contamination, 

environmental transport pathways for contamination, and receptors that may be impacted by 

contamination and whose relationships describe qualitatively or quantitatively the release of 

contamination from the sources, the movement of contamination along the pathways to the exposure 

points, and the uptake of contaminants by the receptors. 

site-specific health and safety plan (SSHASP)-A health and safety plan that has been tailored to a 

site or to an Environmental Remediation and Surveillance (ERS) Program field activity and that has 

been approved by an ERS health and safety representative. A SSHASP contains information 

specific to the project, including the scope of work, relevant history, descriptions of hazards from 

activity associated with the project site(s), and techniques for exposure mitigation (e.g., personal 

protective equipment and hazard mitigation). 

slope-A ratio of units of elevation change to units of horizontal change, usually expressed in degrees. 

soil-(1) A material that overlies bedrock and has been subject to soil-forming processes. (2) A sample 

media group that includes naturally occurring and artificial fill materials. 

soil gas-Gaseous elements and compounds in the small spaces between particles of the earth and soil. 

Such gases can be moved or driven out under pressure. 

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

soil screening level (SSL)-The concentration of a chemical (inorganic or organic) below which no 

potential for unacceptable risk to human health exists. The derivation of an SSL is based on 

conservative exposure and land-use assumptions, and on target levels of either a hazard quotient of 

1.0 for a noncarcinogenic chemical or a cancer risk of 10·5 for a carcinogenic chemical. 

solid waste management unit (SWMU)-(1) Any discernible site at which solid wastes have been 

placed at any time, whether or not the site use was intended to be the management of solid or 

hazardous waste. SWMUs include any site at a facility at which solid wastes have been routinely 

and systematically released. This definition includes regulated sites (i.e., landfills, surface 

impoundments, waste piles, and land treatment sites), but does not include passive leakage or one-
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time spills from production areas and sites in which wastes have not been managed (e.g., product 

storage areas). (2) According to the March 1, 2005, Compliance Order on Consent (Consent Order), 

any discernible site at which solid waste has been placed at any time, and from which the New 

Mexico Environment Department determines there may be a risk of a release of hazardous waste or 

hazardous waste constituents (hazardous constituents), whether or not the site use was intended to 

be the management of solid or hazardous waste. Such sites include any area in Los Alamos 

National Laboratory at which solid wastes have been routinely and systematically released; they do 

not include one-time spills. 

split-spoon sampler-A hollow, tubular sampling device below a drill stem that is driven by a weight to 

retrieve soil samples. The core barrel can be opened to remove samples. This is a sampling method 

commonly used with auger drilling. The split-spoon sampler can be driven into the ground or can be 

advanced inside hollow-stem augers. 

standard operating procedure-A document that details the officially approved method(s) for an 

operation, analysis, or action, with thoroughly prescribed techniques and steps. 

surface sample-A sample taken at a collection depth that is (or was) representative of the medium's 

surface during the period of investigative interest. A typical depth interval for a surface sample is O to 

6 in. for mesa-top locations, but may be up to several feet in sediment-deposition areas within 

canyons. 

target analyte-A chemical or parameter, the concentration, mass, or magnitude of which is designed to 

be quantified by a particular test method. 

technical area (TA)-At Los Alamos National Laboratory, an administrative unit of operational 

organization (e.g., TA-21 ). 

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

tremie pipe-A small-diameter pipe used to carry sand pack, bentonite, or grouting materials to a 

borehole's bottom. Materials are pumped under pressure or poured to the hole bottom through the 

pipe. The pipe is retracted as the annular space is filled. 

trip blank-A sample of analyte-free medium taken from a sampling site and returned to an analytical 

laboratory unopened, along with samples taken in the field; used to monitor cross contamination of 

samples during handling and storage both in the field and in the analytical laboratory. 

luff-Consolidated volcanic ash, composed largely of fragments produced by volcanic eruptions. 

unsaturated hydraulic conductivity-A coefficient that describes the rate at which a fluid can potentially 

move through a permeable, unsaturated medium. 

unsaturated zone-The area above the water table where soil pores are not fully saturated, although 

some water may be present. 

U.S. Department of Energy-The federal agency that sponsors energy research and regulates nuclear 

materials for weapons production. 

U.S. Environmental Protection Agency (EPA)-The federal agency responsible for enforcing 

environmental laws. Although state regulatory agencies may be authorized to administer some of 
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this responsibility, EPA retains oversight authority to ensure the protection of human health and the 

environment. 

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

welded tuff-A volcanic deposit hardened by the action of heat, pressures from overlying material, and 

hot gases. 

well casing-A solid piece of pipe, typically steel or polyvinyl chloride (PVC) plastic, used to keep a well 

open in either unconsolidated materials or unstable rock and as a means to contain zone-isolation 

materials such as cement grout or bentonite. 

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

work plan-A document that specifies the activities to be performed when implementing an investigation 

or remedy. At a minimum, the work plan should identify the scope of the work to be performed, 

specify the procedures to be used to perform the work, and present a schedule for performing the 

work. The work plan may also present the technical basis for performing the work. 

METRIC CONVERSION TABLES 

Metric to English Conversions 

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

kilometers (km) 0.622 miles (mi) 

kilometers (km) 3281 feet (ft) 

meters (m) 3.281 feet (ft) 

meters (m) 39.37 inches (in.) 

centimeters (cm) 0.03281 feet (ft) 

centimeters (cm) 0.394 inches (in.) 

millimeters (mm) 0.0394 inches (in.) 

micrometers or microns (µm) 0.0000394 inches (in.) 

square kilometers (km2
) 0.3861 square miles (mi2

) 

hectares (ha) 2.5 acres 

square meters (m2
) 10.764 square feet (ft2 ) 

cubic meters (m3
) 35.31 cubic feet (ft3

) 

kilograms (kg) 2.2046 pounds (lb) 

grams (g) 0.0353 ounces (oz) 

grams per cubic centimeter (glcm3
) 62.422 pounds per cubic foot (lb/ft3

) 

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

micrograms per gram (µgig) 1 parts per million (ppm) 

liters (I) 0.26 gallons (gal.) 

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

degrees Celsius (°C) 9/5 + 32 degrees Fahrenheit (°F) 
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APPENDIX B HISTORICAL INVESTIGATION REPORT 

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

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

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

Fill dirt was used to cover the material disposed in the pits as they were being filled. The dirt acted as a 
temporary cover. A 1959 memo indicates that Pit 6 received approximately 10,000 yd3 of waste and 
24,000 yd3 of fill dirt, an approximate ratio of 2.5 yd3 of fill to 1.0 yd3 of waste material that was typical of 
MDA C operations (LASL 1959, 27781 ). When MDA C was decommissioned in 1974, most of the surface 
was covered with crushed luff and fill, and the new surface was recontoured and seeded with a native 
grama grass mixture. 

B-1.1 Waste Inventory and Disposal History 

Waste disposal records for MDA C from 1948 to 1969 are found in LASL logbooks 1743, 2587, 3478, 
4644, 6030, 7277, 8453, 9293, 9593, and 12442 (LASL 1948-1969, 76035). These logbooks were used 
to record information on the type, date, location, and volume of waste placed in MDA C. Records prior to 
1954 are incomplete and most logbook entries contain only brief descriptions of the wastes disposed at 
MDA C. Historical reports (Rogers, 1977, 05707, p. C-7) indicate that it was common practice for 
chemicals to be burned in the chemical disposal pit at MDA C. Hazardous constituents and 
uncontaminated classified material were buried with radioactive contaminated material. Routine 
radioactive contaminated trash disposed at MDA C consisted of cardboard boxes, 5-mil plastic bags of 
waste generated in LASL chemistry labs, and 55-gal. barrels of sludge from wastewater treatment plants 
at Building 35 at TA-21, DP West/TA-21, and TA-45. Nonroutine contaminated waste included debris 
from the demolition of Bayo site and TA-1, classified materials, and tuballoy chips (Rogers 1977, 05707, 
p. C-3). Waste inventory information gleaned from the logbooks is summarized in the approved Resource 
Conservation and Recovery Act (RCRA) facility investigation (RFI) work plan for Operable Unit (OU) 1147 
(LANL 1992, 07672, pp. 2-52-2-56). The logbooks are currently being reviewed to estimate the specific 
quantities of individual contaminants in the MDA C disposal inventory. An updated inventory will be 
presented in the MDA C investigation report. 
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B-1.1.1 MDA C Disposal Pit Inventory 

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

Pit 1 (Nov 1948-Sept 1951) 

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

Pit 2 (Apr 1950-Sept 1951) 

From LASL logbooks 2587 and 3478: TCE and contaminated materials and trash, boron, tritium, 
americium-241, uranium, sulfuric acid, biological waste, graphite, classified material, plutonium, 
cyanide, mercury, radium-226, acids, lead, and waste oil. 

Pit 3 (Oct 1951-Apr 1953) 

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

Pit 4 (Oct 1951-Feb 1955) 

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

Pit 5 (Apr 1953-Sept 1959) 

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

Pit 6 (Oct 1956-Sept 1959) 

From LASL logbooks 9593, 11363, and 9293: radionuclide-contaminated oil, tritium-contaminated oil, 
copper sheets, cobalt chips, bottles of cadmium-boron tungstate, tritium-contaminated boxes and 
cans, a can of oil, approximately 100 curies (Ci) of source-strength cobalt-60, a lanthanum source, 10 
bottles of platinum chloride, beryllium chips, carbon-14-contaminated graphite, a plutonium slug, 
contaminated materials and trash, TCE, boron, americium-241, uranium, sulfuric acid, biological 
waste, classified material, mercury, actinium-227, radium-226, acids, and lead. 
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Chemical Pit (early 1960-June 1964) 

No logbook entries were made for specific wastes disposed of in the Chemical Pit at MDA C. The 
following quotes were recorded in the approved RFI Work Plan for OU 1147 (LANL 1992, 07672, 
p. 2-54): the area "was used for burial of a variety of chemicals, pyrophoric metals, natural uranium 
powders and hydrides, sealed vessels containing sodium-potassium alloy, compressed gases, and 
unspecified equipment. ... Undoubtedly, some plutonium- and uranium-contaminated objects were 
inadvertently placed in the pit. ... No high explosives were ever interred in this pit. ... Low-level 
radioactive waste placed in the pit may have included cardboard boxes containing materials from the 
chemistry labs, as well as 55-gal. barrels of sludge from the waste treatment plants at Building 35, 
DP West, and TA-45." 

B-1.1.2 MDA C Disposal Shaft Inventory 

The disposal shafts at MDA C were primarily used for disposal of beta- and gamma-contaminated waste 
from the Chemical Metallurgy Research Building at T A-35; however, other Laboratory groups used the 
MDA C shafts for waste disposal as well. The activity of solid radioactive wastes disposed in the MDA C 
shafts between 1959 and 1972, decay-corrected to January 1989, includes 20,000 Ci tritium, 0.58 Ci 
sodium-22, 2.4 Ci cobalt-60, 21 Ci strontium-90/yttrium-90, 1 Ci radium-226, 5 Ci uranium-233, <0.1 Ci 
uranium-234, -235, -236, and -238, 50 Ci fission products, and 200 Ci of activation products. All of the 
shafts were unlined with the exception of Shafts 98--107, which were lined with 12-in. thick concrete. A 
single disposal shaft was dug at MDA C solely for disposing of a single strontium-90 source in the 1950s 
or 1960s.Three groups of shafts were used sequentially over time. The Shaft Group 1 consists of 12 
shafts numbered 56-67. These shafts were originally numbered 1-12; however, they were renumbered in 
1962 to be sequential with subsequent shafts. Shafi Group 1 is south of Pit 5. Shaft Group 2 consists of 
Shafts 1-55, which are located between Pits 1 and 3. Shaft Group 3 (Shafts 68-107) is west pf Pits 1 
through 4. 

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

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

From LASL logbook 9593: Barium, tritium, radium, lanthanum-140, strontium-89 and -90, tantalum, 
cerium waste, two cerium sources, fission products, one lanthanum-140 static source, phosphoric 
acid, depleted uranium (DU), a charcoal trap, and polonium-beryllium-fluorine compounds. 

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

From LASL logbooks 9593 and 11363: barium-140, lanthanum-140, fission products from the Omega 
reactor, uranyl phosphate, graphite slugs, a cobalt-60 capsule, radioactive graphite, radioactive 
tantalum, 1 g of irradiated plutonium, thallium, irradiated uranium graphite, lead-beryllium sources, 
thorium, cesium, strontium, plasma thermocouples, fuel elements (rods), cobalt-60 slugs and 
sources, sulfuric acid solution, zirconium carbide, a copper sphere, two "rabbit" tubes of beryllium 
("rabbits" are containers placed in a reactor neutron flux to irradiate the contents), reactor seals, alpha 
emitters in solution, acid solutions, actinium components, various uranium isotopes, depleted 
uranium, cerium-141, yttrium, silver-110, sodium-22, cesium-137, cesium-144, plutonium waste, 
oralloy (enriched uranium from Oak Ridge), benzene, isopropyl alcohol, neptunium-237, 
contaminated materials and trash, americium-241, biological waste, classified material, radium-226, 
lead, silver, and "induced activity" (activation products, usually from a linear accelerator). 
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Shaft Group 3 (Shafts 68-107 [Oct 1962-Feb 19661) 

From LASL logbooks 11363 and 12442: plutonium-contaminated trash, fission products, aluminum 
sheets and tubes, acids, cesium-137, sodium, cobalt-60, antimony, lanthanum-140, cobalt-60 
sources, polonium, beryllium, vacuum pump oil, empty glass bottles, graphite, plutonium, boron, fuel 
element end caps, thermocouples, acetone, uranium, zirconium carbide, zinc and aluminum residues, 
barium, irradiated tantalum, tuballoy (a uranium alloy), shell waste, yttrium-91, radioactive chemicals 
and organic solutions, hydrochloric acid waste, plutonium in ether solution, zinc and mercury 
solutions, DU chips, miscellaneous sources, oralloy solution, iridium-192, tantalum, indium-114, 
animal tissues, solvents, a LAM PRE rod assembly, waste oil, detonator components, NRX (Navy 
experiment) reactor parts, trinitrotoluene (TNT) element samples, americium-242, aluminum-105, 
zinc-65, neptunium-237, contaminated materials and trash, americium-241, classified material, 
actinium-227, radium-226, lead, silver, strontium-90, and "induced activity." 

B-1.2 Previous Field Investigations 

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

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

From 1956 through 1961, the United States Geological Society (USGS) conducted water infiltration tests 
at MDA C using shallow pits approximately one ft deep, which were filled with water. One of the tests 
conducted during the study involved placing 0.75 ft of standing water in a shallow pit and maintaining this 
level of water in the pit for 99 days. The USGS found that the water did not percolate from the soil into the 
unweathered luff, which was encountered at 6 ft beneath the ground surface. The study concluded that in 
the presence of a continuous and consistent hydraulic head in the shallow pit, subsurface moisture 
preferentially moved laterally in the soil profile rather than downward into luff. The study further concluded 
that the downward movement through soil and luff is slow and inefficient, requiring more hydraulic head 
than is typically present at MDA C (LANL 1992, 07672, p. 2-57). 

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

Between 1976 and 1984, radiation surveys were conducted on the surface of MDA C to identify localized 
areas of elevated radioactivity (LANL 1992, 07672, p. 2-57). Surface soil and vegetation samples were 
subsequently collected from areas with elevated radiation levels and analyzed for radionuclides. Based 
on the results of these radiation surveys, MDA C was covered with crushed luff, except in the northeast 
corner where no disposal pits or shafts are located. 

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

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

B-1.2.3 Perimeter Pore-Gas Sampling (1989) 

In 1989, pore-gas samples collected from a depth of 4 ft at six locations near the Chemical Pit and 12 
perimeter locations immediately surrounding MDA C were analyzed for volatile organic compounds 
(VOCs ). Results indicated that no VO Cs were present at concentrations greater than method detection 
limits (DOE 1989, 15364). TCE was detected in four of the eighteen samples at 0.2 to 0.3 mg/m3

, carbon 
disulfide was detected in one sample at 0.4 mg/m3

, and 2-butanone was detected in one sample at 

4.0 mg/m3
. 

Three sediment samples were collected at 0- to 12-in. intervals from a drainage channel at the top of 
Ten Site Canyon and were analyzed for pesticides, polychlorinated biphenyls (PCBs ), VOCs, semivolatile 
organic compounds (SVOCs), inorganic chemicals, and radionuclides. Toluene was detected in one 
sample at 4.0 µg/kg, eight SVOCs were detected at concentrations ranging from 8.0 to 190.0 µg/kg, and 
four pesticides were detected at concentrations ranging from 1.0 to 36.0 µg/kg. Inorganic chemicals 
including barium (28 to 110 mg/kg), chromium (7.0 to 19 mg/kg), nickel (58 mg/kg), and zinc (22 to 
47 mg/kg) were detected. Radionuclides including radium-226 (800 to 900 pCi/kg), uranium-235 (64 to 
100 pCi/kg), total uranium (4000 to 6000 µg/kg), plutonium-238 (8 to 420 pCi/kg), plutonium-239, -240 
(328 to 7840 pCi/kg), cesium-137 (160 to 395 pCi/kg), and americium-241 (790 pCi/kg) were detected 
(DOE 1989, 15364). The 1989 perimeter pore gas and sediment sample locations are provided in 
Figure B-2, and the analytical results are listed in Table B-3. 

B-2.0 PHASE I RFI FIELD INVESTIGATIONS AND REVIEW OF FIELD SCREENING, SURVEY, AND 
LABORATORY RESULTS 

Field Investigations Summary 

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

• collecting and analyzing 68 surface soil and fill samples, 

• drilling two vertical boreholes and 9 angled boreholes, 

• collecting and analyzing 82 core samples, 

• collecting and analyzing 34 subsurface pore-gas samples for VOCs, 
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• collecting and analyzing 15 near-surface pore-gas samples for tritium, and 

• collecting and analyzing 105 EMFLUx® soil-gas survey samples. 

A summary of OU 1147 work plan specifications, fieldwork performed, and the rationales for deviations 
from the work plan is provided in Table 8-4. 

Data Review Summary 

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

• naturally occurring background concentrations for inorganic chemicals, 

• naturally occurring background and fallout concentrations for radionuclides, and 

• analytical estimated quantitation levels (EQLs) for organic chemicals. 

Background comparisons and a variety of statistical and graphical methods were used to compare site 
inorganic and radionuclide data with Laboratory background data (LANL 1998, 59730). Organic chemical 
data were evaluated for detection status only. For background comparisons, the first step was to compare 
the site data with a background value (BV). A BV may be an estimated value for the background data set 
(upper tolerance limit [95, 95] or the 95% upper confidence bound on the 95th quartile), a detection limit 
(DL), a fallout value (FV), a minimum detectable activity, or it may be calculated based on secular 
equilibrium or a total analysis. The term "background value" will be used in this report to represent any of 
these values. 

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

Only data that are relevant for identifying COPCs are discussed in this section; this includes 
measurements above applicable thresholds or DLs that are greater than an applicable threshold. 
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B-2.1.1 Geophysical Surveys in 1994, 2001, and 2002 

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

2001 Geophysical Survey 

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

2002 Geophysical Survey 

A second geophysical survey was performed at MDA C in September 2002 (AGS 2002, 73711) after the 
chain-link fence along the southern and eastern boundaries of MDA C had been removed. This 
geophysical survey was done to confirm the southern and eastern pit boundaries and to determine if the 
pits extend beyond the southern fence line. The geophysical survey was performed using terrain 
conductivity (EM31 ), high-sensitivity metal detector (EM61 ), and digital GPR techniques. The 
methodology and instrumentation used during this survey were consistent with the previous survey to 
allow integrated data processing and interpretation. 

B-2.1.2 Geophysical Survey Results 

Magnetometry Demonstration (1994) 

Results of the August 1994 magnetometry demonstration indicate that all seven pits probably extend 
beyond the boundaries shown on historical maps. In particular, Pits 1-4 extend farther to the east than 
indicated on historical maps. The line of Shafts 98-107 (a portion of Shaft Group 3) closely correlates 
with detected magnetic anomalies. The other two shaft fields were not prominently displayed in the 
magnetic data. Shaft 108 (the strontium-90 disposal shaft) was not identified by magnetic anomalies at its 
expected location; however, if any ferrous material contained in the shaft is located beneath the 12-ft 
range of the instrumentation, its location would not have been obvious (McDonald and Robertson 1995, 
56357). 

Survey results also indicated that Pit 6 may extend to the fence on the north side of MDA C and possibly 
beyond the fence at the east end of the pit. However, a photograph confirms the proximity of the northern 
edge of Pit 6 to the north perimeter fence (Rogers 1977, 05707, p. C-9). 
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2001 Geophysical Survey 

The EM31 results from MDA C show east-west trending conductivity anomalies that generally coincide 
with the expected pit locations. Lateral variations within the interpreted pit locations indicate changes in fill 
cover and the heterogeneity of the buried materials. At most of the suspected shaft locations, no 
consistent anomalies were observed that could be attributed with certainty to the shafts. The absence of 
anomalies at these locations indicates either that the shafts do not exist at the locations shown or that 
insufficient contrasts occur in the upper 1 Oft of materials. 

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

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

2002 Geophysical Survey 

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

Throughout this work plan, figures are based on the disposal pit boundaries shown on LASL engineering 
drawing ENG-R 4459 (LASL 197 4, 38446). The interpretation of the pit boundaries from the geophysical 
survey differs slightly from the engineering drawing. When the pit boundaries are overlaid on the 2001 
geophysical survey (Figure 8-4 ), the anomalies extend to a greater distance than the reported pit 
boundaries. These differences will be taken into consideration when locating new boreholes during 
implementation of this work plan. 

B-2.1.3 Biota Screening and Sampling 

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

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

On March 20, 2003, 29 suriace soil samples were collected from nine ant mounds and 20 animal burrows 
and submitted to American Radiation Services (ARS) of New Mexico for gross alpha, beta and gamma 
analysis. Figure 8-5 shows the sample locations of the ant mound and animal burrow samples. Samples 
of pine needles were collected on March 21, 2003, from all sixteen ponderosa pine trees on the surface of 
MDA C and submitted to ARS for gross alpha, beta and gamma analysis (Figure B-5). Approximately 
500 g of plant material were collected from each tree. Pine needles were rinsed with deionized water in 
the field. Each location was surveyed by global-positioning system (GPS). Table 8-5 presents all of the 
samples that were collected and sent to the analytical laboratory. The analytical screening results from 
ant mounds and burrow spoil material are presented in Table 8-6. Analytical screening results for pine 
needles are presented in Table 8-7. 

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

B-2.2 Surface Investigation 

B-2.2.1 Surface Soil and Fill Sampling 

The Phase I RFI surface sampling was conducted at MDA C from June 14 to July 14, 1993. A 60- by 60-ft 
sampling grid was laid out across and beyond the boundary of MDA C, and a radiation survey was 
conducted using a VIOLINIST field instrument to measure gamma radiation and x-rays at 208 locations at 
midpoints between the nodes of the sampling grid. However, Dls were not available for the VIOLINIST 
field instrument; therefore, these data are not included in this report. 

A total of 203 soil samples were collected from the 0- to 6-in. interval at nodes of the 60- by 60-ft grid 
(Figure 8-6) and screened for gross alpha, beta, and gamma radiation using hand-held field instruments. 
Based on radiation screening results, a total of 68 surface samples, whose locations are shown in 
Figure B-7, were submitted to an off-site contract laboratory for analysis: 59 samples were analyzed for 
PC8s, and 68 samples were analyzed for inorganic chemicals (limited list of antimony, arsenic, barium, 
beryllium, cadmium, chromium, lead, mercury, nickel, potassium, selenium, silver, and thallium) and 
radionuclides (gamma-emitting radionuclides by gamma spectroscopy, strontium-90, americium-241, total 
and isotopic uranium, and isotopic plutonium). A summary of surface samples collected and requested 
analyses is presented in Table 8-9. 

B-2.2.2 Phase I RFI Surface Soil and Fill Samples 

Surface samples were collected from both soil and fill material. Table 8-9 summarizes all the surface 
samples collected during the Phase I RFI and the requested analyses for each sample. The request 
number is shown in the table for each analysis requested for an individual sample. According to the data 
validation for inorganic chemicals, radionuclides, and organic chemicals in the surface soil and fill, the 
results were not qualified and all data are suitable for data assessment. 
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Inorganic Chemical Comparison with BV 

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

Lead and silver are the only inorganic chemicals that were detected above their respective BVs. Lead 
was detected above the BV in 9 samples (7 to 30 mg/kg) at concentrations close to the BV (22.3 mg/kg). 
The results of the Gehan and quantile tests for lead presented in Appendix D (Table D-1) indicate that 
lead is elevated above background. Silver was detected in two samples at concentrations of 1.1 and 
6.0 mg/kg, which are above the BV of 1.0 mg/kg. No further background tests for silver were performed 
since there is no background data set for silver. All other inorganic chemicals were similar to Laboratory 
site-wide soil BVs (LANL 1998, 59730). Table B-11 presents the concentrations of lead and silver above 
background in surface soil and fill material at MDA C. Lead and silver were identified as COPCs in 
surface soil and fill. 

Radionuclide Comparison with BVs and Fallout Values 

Sixty-eight surface soil and fill samples were analyzed for americium-241, isotopic plutonium, isotopic 
uranium, strontium-90, and gamma-emitting radionuclides. Because the surface of MDA C has been 
disturbed and fill has been added, distinct soil horizons are not evident for the surface samples; therefore, 
the BVs for all soil horizons are used for background comparisons (LANL 1998, 59730). FVs apply to 
americium-241, tritium, isotopic plutonium, strontium-90, and gamma-emitting radionuclides. The term 
"background value" will be used in the following tables and text to represent both BVs and FVs. 
Table B-12 presents the frequency of detected radionuclides above BV collected in surface soil and fill 
samples. 

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

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

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

Evaluation of Organic Chemicals 

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

fill. 

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

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

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

B-2.2.3 VOC Surface-Flux Measurements 

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

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

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

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

B-2.3 Subsurface Investigations 

B-2.3.1 Subsurface Sampling 

Phase I RFI Core Sampling 

From July 17 to September 22, 1995, two vertical and nine angled boreholes were advanced at MDA C 
as part of the Phase I RFI. From January 29 to February 5, 1996, the borehole 50-09100 cap was 
removed and borehole 50-09100 was extended from 210 to 316 ft bgs to collect stratigraphic and 
geohydrologic data. Detailed borehole logs, including lithologies and well construction diagrams, are 
presented in Appendix C. Borehole locations and trajectories are shown on Figure B-10. The boreholes 
are described by depth, declination, and adjacent disposal unit in Table B-17. The exterior and ends of 
each core barrel and each 5-ft: interval of core along the borehole were screened for voes using a 
photoionization detector (PIO); hand-held field instruments were used to screen for gross alpha, and beta 
and gamma radiation. These field screening results are presented in Table B-18. Each 5-ft interval of core 
along the borehole was inspected for fractures or stains, and the results were noted in borehole logs 
(Appendix C). The screening samples were collected from fractures or stained luff if present; if no 
fractures or staining was present, screening samples were collected from the bottom of each 5-ft. interval 
along the borehole. Field-screening results were not used to select samples because gross alpha, beta, 
or gamma activity in the core did not exceed local background levels. Results of core sample field 
screening using the PIO showed no VOCs in the core at concentrations exceeding readings in ambient air 
(Table B-18). A review of sample collection log results of core samples screened with field spot-test kits 
indicated no high explosives (HE) detections in any of the 5-ft intervals of core collected at MDA C 
{Table B-18). 

During the 1995 Phase I RFI, 66 core samples were collected from 20-ft intervals along the borehole and 
were submitted to an off-site contract laboratory for analysis of T AL metals, cyanide, and radionuclides 
(gamma-emitting radionuclides by gamma spectroscopy, tritium, strontium-90, americium-241, total and 
isotopic uranium, isotopic plutonium, and isotopic thorium). The 66 core samples also were submitted to 
an off-site contract laboratory for analysis of SVOCs and tritium, and 54 core samples collected from 
boreholes 50-09101, 50-09103, 50-09104, 50-09105, 50-09106, 50-09107, 50-09108, 50-09109, and 
51-09110 were analyzed at an off-site contract laboratory for voes and pesticides/PCBs. Table B-19 lists 
the core sample locations, sample identification numbers, and requested analyses. 

The core was photographed, logged, and curated from July through September 1995. On 
February 27, 1996, in response to a request from the EPA to collect samples at additional intervals, 
15 more luff samples were collected from curated core from boreholes 50-09100, 50-09101, 50-09103, 
50-09104, 50-09105, 50-09106, 50-09107, 50-09108, 50-09109, and 50-09110 (Neleigh 1995, 55112). 
These samples were submitted to an off-site contract laboratory for analysis of inorganic chemicals (not 
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including cyanide and mercury because the holding times had been missed) and radionuclides (except 
tritium). However, based on the core collection dates and the actual date the samples were analyzed, 
more than half of the curated core samples missed the 180-day holding time for inorganic chemicals. The 
inorganic chemical data from these samples are provided for comparison purposes only. VOCs, SVOCs, 
and PCBs were not analyzed from the curated samples because holding times for these analytes had 
been exceeded. In addition, tritium in the curated core was not analyzed at an off-site contract laboratory 
because tritium is found primarily in vapor phase, and water-vapor levels in core that had been curated 
for several months would not be representative of moisture levels at the time of core extraction. The 
curated core samples are given in Table B-19. 

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

cased to 10-ft deep and capped at the ground surface. 

Results of geologic logging were recorded in the borehole logs (Appendix C). Ten of the 11 boreholes 
were drilled into unit 3 of the Tshirege Member of the Bandelier Tuff (Qbt 3). Borehole 50-09100 was 
extended to 316 ft, ending in the Tsankawi Pumice Bed (the basal unit of the Tshirege Member). 

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

Borehole Air-Flow Velocity 

In 1995 and 1996, air-flow velocity, oxygen content of the air entering or leaving the borehole, and 
atmospheric pressure were monitored at boreholes 50-09100, 50-09101, 50-09102, 50-09103, 50-09105, 
and 50-09107 to evaluate passive venting. Monitoring was performed for four days at borehole 50-09100, 
14 days at 50-09101, 36 days at 50-09102, 14 days at 50-09103, 19 days at 50-09105, and 6 days at 
54-09107. The results of the air-flow monitoring demonstrate that air-flow characteristics of MDA C 
boreholes are similar to those of other boreholes located on Mesita de\ Buey within the Bandelier Tuff. 
Because the Bandelier Tuff has a porosity of 40% to 50%, at times these boreholes exhaust air of lower 
atmospheric pressure (in the afternoon and evening) and at times inhale air of higher atmospheric 
pressure (from night to mid-morning). During the air-flow monitoring at MDA C, atmospheric pressure 
ranged from a minimum of 755 mb to a maximum of 790 mb. Atmospheric pressure varied from ±3 to 
5 mb daily. Airflow in MDA C boreholes peaked at approximately 1.0 standard cubic feet per minute 
(scfm). The total volume of air flowing into and out of each MDA C borehole monitored was approximately 

250 ft3/day (SEA 1997, 76055). 

Pore-Gas Sampling 

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

Pore-gas sampling in borehole 50-09100 began in August 2000, and borehole 50-10131 was first 
sampled in November 2001. These boreholes were sampled continually each quarter since 
November 2001. However, SUMMA canister samples were collected from only two different ports in each 
borehole during a sample event, making it difficult lo compare and correlate B&K screening data and off­
site contract laboratory data as well as to evaluate temporal trends. In January 2003, pore-gas samples 
were collected from all ten ports in both boreholes and analyzed for VOCs. The sampling of all ports in 
the same event eliminates the temporal variability that confounded interpretation of the patterns of 
existing VOC concentrations in these boreholes. 

Tritium Probe Sampling 

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

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

B-2.3.2 Subsurface Tuff Samples 

Eighty-two luff samples were collected from nine angled boreholes and two vertical boreholes. Seventy­
nine samples were collected from Obi 3 of the Tshirege Member of the Bandelier Tuff, two samples were 
collected from Obi 2, and one sample was collected from Obi 1v. Table B-19 summarizes the subsurface 
tuft samples collected during the Phase I RFI and the requested analyses for each sample. It should be 
noted that 15 of the luff samples were collected from curated core in 1996 from boreholes 50-09100, 
50-09101, 50-09103, 50-09104, 50-09105, 50-09106, 50-09107, 50-09108, 50-09109, and 50-09110. 

Inorganic Chemical Comparison with BV 

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

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

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

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

Analytical results for inorganic chemicals in samples collected from Qbt 2 and Qbt 3 were compared with 
the appropriate BVs for Qbts 2, 3, and 4, and results for inorganic chemicals in samples collected from 
Qbt 1 v were compared with BVs for that unit (LANL 1998, 59730). Table B-20 presents the frequency of 
inorganic chemicals detected in the subsurface tuff at MDA C. Analytical results for all inorganic 
chemicals are presented in box plots in Figure D-9 in Appendix D. The box plots show that the 
concentrations for most inorganic chemicals are similar to the distribution of background concentrations. 
Seven inorganic chemicals (aluminum, beryllium, calcium, chromium, cobalt, magnesium, and nickel) 
were detected above the BV only once. Eight inorganic chemicals (antimony, arsenic, barium, copper, 
cyanide, lead, selenium, and thallium) had at least two detected concentrations above their respective 
BVs. Dls for mercury and silver were above BVs. Analytical results for inorganic chemicals with at least 
two detected concentrations above the BV were plotted by depth bgs in each borehole to identify patterns 
that might be associated with a release and migration through a fractured medium (see Appendix D, 
Figures D-10 to D-17). Lead and cyanide were detected most frequently in the subsurface. Boreholes 
50-09101 and 50-09104 had the highest number of detects for cyanide. Table B-21 presents the 
concentrations of inorganic chemicals detected above BVs in the subsurface tuff at MDA C (tuff samples 
collected from curated core are noted). 

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

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

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

As with the surface soil samples, americium-241, plutonium-238, plutonium-239, tritium, and uranium-235 
were detected in the subsurface tuff. Since there are no BVs/FVs to compare with these radionuclides, 
they are evaluated according to detection status. Strontium-90 was also detected in subsurface luff 
samples; the highest detected concentration of strontium-90 was at a depth of approximately 18 fl in 
angled borehole 50-09109 (13 fl bgs). Tritium was detected in all boreholes at concentrations ranging 
between 1.5 and approximately 650,000 pCi/mL. 1 Figure D-18 in Appendix D presents a borehole profile 
plot of the tritium data. The highest concentrations of tritium in pCi/mL were measured in borehole 
50-09107 in the sampling intervals beneath Pit 6. Table B-23 presents the concentrations of radionuclides 
above the BVs in subsurface luff samples (luff samples collected from curated core are noted). 

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

1 
The accuracy of the tritium values is questionable. Tritium in core is measured by EPA Method 906.0, which is 
performed on the water extracted from the core sample. At gravimetric moisture content less than 10%, a 3-in. 
length of 2-in. diameter core will yield less water than the minimum required volume of 5 ml. To reach the necessary 
volume, de-ionized water is added to the extracted water. The reported activity and uncertainty are corrected for the 
dilution. Therefore, any moisture loss from a core sample prior to analysis at low moisture contents may 
substantially increase the uncertainty of the measurement. Moreover, the EPA method requires the core material be 
ground to a fine mesh before the water is extracted, such that significant moisture loss is inevitable. Given these 
issues, ENV-ERS concluded that tritium contamination is best characterized in low moisture content environments 
by using sorbent materials to extract and retain in situ subsurface water samples from pore gas. 
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Evaluation of Organic Chemicals 

Subsurface tuff samples were analyzed for PC8s, pesticides, VOCs, and SVOCs. Results for several 
organic chemicals (i.e., acetone, bis[2-ethylhexyl]phthalate, and methylene chloride) were qualified U (not 
detected) because the detected concentrations were attributed to laboratory contamination. Some organic 
chemical results were also qualified J (result is estimated) because the result was less than the EQL but 
above the method detection limit. All of these estimated results (J) are evaluated in the data review in the 
same way as the other detected results. Organic chemical concentrations were reviewed for detection 
status. Overall, the subsurface organic chemical data for MDA C are of good quality and suitable for data 
assessment. Table 8-24 presents the frequency of detected organic chemicals in subsurface luff 

samples. 

Six organic chemicals were detected in the Phase I RFI subsurface luff samples at MDA C. Methylene 
chloride, 2-methylphenol, and toluene were detected once. Acetone, bis(2-ethylhexyl)phthalate, and 
1, 1-dichloroethene were detected in four to eight samples. The VOC 1, 1-dichloroethene was detected in 
four samples in borehole 50-09104. The detected concentrations of the other organic chemicals were 
reported in multiple boreholes with no apparent pattern. All of the bis(2-ethylhexyl)phthalate detected 
concentrations were below the EQL (i.e., J qualified). No PC8s or pesticides were detected in the 
subsurface samples. Table 8-25 presents the detected concentrations in the subsurface luff samples. 

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

voes in Pore-Gas Samples 

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

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

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

TCE was detected over a large range of concentrations in borehole 50-09100 at the ports sampled more 
than once. At 20 ft, the concentration of TCE ranged from 0.76 to 1.6 ppmv, at 90 ft it ranged from 3.3 to 
9.4 ppmv, and at 200 ft it ranged from 8.8 to 12 ppmv. However, the maximum TCE concentration 
detected in all of the pore-gas sampling events to dale was at the bottom of borehole 50-09100 at 
13 ppmv at a depth of 316 ft. Figure D-28 illustrates the trend of increasing concentration with increasing 
depth. Although the maximum concentration was not detected at the bottom of the borehole each year, 
the maximum concentration was always below a depth of 200 ft. 
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As stated in section 8-2.3.2, pore-gas samples were collected at every port in boreholes 50-09100 and 
50-10131 in January 2003. Each sample was screened by the B&K instrument before being submitted to 
an off-site contract laboratory for analysis. Figures D-29 and D-30 show a plot of the B&K data versus the 
SUMMA data from the laboratory for TCE and PCE in borehole 50-09100. These figures show that the 
values of the B&K and SUMMA measurements do not correlate well all the way down the borehole. 
Therefore, the B&K screening may not be useful for predicting pore-gas concentrations in the low ppmv 
range. The twenty-four VOCs listed in Table D-4 are identified as COPCs in subsurface pore gas at 
MDAC. 

Tritium in Pore-Gas Samples 

Tritium was collected at 15 locations across MDA C in February 2003 (Figure 8-5). Of the fifteen results, 
two results were a factor of ten higher than the rest of the results. The maximum tritium concentration 
detected was 2500 pCi/mL in a sample collected on the western side of MDA Cat location 50-21467. 
Although no pits or shafts are located directly beneath this area, it is possible that the tritium is coming 
from Shaft Group 3 to the east. The second highest tritium concentration detected was 1400 pCi/mL at 
probe location 50-21472, north of Pit 6 near the west end of the pit at location 50-21472. The remainder 
of the detected tritium concentrations range between 8.87 and 246 pCi/mL. Tritium concentrations 
detected in the 15 near-surface pore-gas samples are presented in Table D-5. Figure D-31 presents a 
bubble plot of the concentrations of tritium probe data. 

Gravimetric Moisture 

Gravimetric moisture content was measured concurrently with tritium sample collection during the Phase I 
RFI. The gravimetric moisture content ranged from 1 % to 11 % (Table 8-26). 
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Figure B-10. Phase I RFI borehole locations at MDA C 
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MDA C Investigation Work Plan, Revision 2 

Table B-1 
Dimensions of the Disposal Units at MDA C 

Dimensions' Period of 
Disposal Unit (ft) Operations 

Pit 1 610x40x25 1948-1951 

Pit 2 610x40x25 1950-1951 

Pit 3 610x40x25 1951-1953 

Pit 4 610x40x25 1951-1955 

Pit 5 705x110x18 1953-1959 

Pit 6 505 X 100 X 25 1956-1959 

Chemical Pit 180x25x12 1960-1964 

Shaft Group 1 (12 [Shafts 56-67]) 2x10 1959 

Shaft Group 2 (55 [Shafts 1-55]) 2x15 1959-1967 

Shaft Group 3 (40 [Shafts 68-107]) 1-2 X 20-25 1962-1966 

Shaft 108 (Strontium-90 Disposal Shaft) 4x4x4 1956 

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

b Shafts 98-107 are 1 ft in diameter and lined with 12-in.-thick concrete. Shafts 68--97 are 2 ft in 
diameter and unlined. 

B-33 October 2005 



MDA C Investigation Work Plan, Revision 2 

Table B-2 

Summary of 1986 Field Instrument and Radiochemical Surveys at MDA C 

Grid Media 
Loe. Code 

1 Soil 

2 Soil 

3 Soil 

4 Soil 

5 Soil 

6 Soil 

7 Soil 

8 Soil 

9 Soil 

10 Soil 

11 Soil 

12 Soil 

13 Soil 

14 Soil 

15 Soil 

16 Soil 

17 Soil 

18 Soil 

1 Vegetation 

2 Vegetation 

3 Vegetation 

4 Vegetation 

5 Vegetation 

6 Vegetation 

7 Vegetation 

8 Vegetation 

9 Vegetation 

10 Vegetation 

11 Vegetation 

12 Vegetation 

13 Vegetation 

14 Vegetation 

15 Vegetation 

16 Vegetation 

17 Vegetation 

18 Vegetation 

a ND = Nondetect. 
b 

NA= Not analyzed. 

October 2005 

H-3 Am-241 
(pCi/L) (pCi/g) 

11000.0 0.72 

13000.0 0.78 

3200.0 1.18 

3400.0 0.29 

7000.0 1.48 

4000.0 1.07 

7700.0 0.08 

29000.0 1.60 

21000.0 0.39 

41000.0 1.12 

39000.0 1.10 

21000.0 0.11 

50000.0 1.21 

3000.0 0.22 

23000.0 1.11 

33000.0 0.19 

44000.0 1.22 

43000.0 1.31 

400.0 Samples lost 

ND Samples lost 

ND Samples lost 

ND Samples lost 

ND Samples lost 

ND Samples lost 

ND Samples lost 

1000.0 Samples lost 

1800.0 Samples lost 

2100.0 Samples lost 

ND Samples lost 

ND Samples lost 

3400.0 Samples lost 

ND Samples lost 

500.0 Samples lost 

300.0 Samples lost 

ND Samples lost 

ND Samples lost 

Cs-137 Pu-238 Pu-239 Phoswich 
(pCi/g) (pCi/g) (pCi/g) (c/100 sec) 

0.12 0.007 0.34 5319 

0.21 0.006 0.60 6070 

0.05 0.007 0.20 5986 

0.07 0.030 0.80 6141 

0.38 0.004 0.60 6736 

0.28 0.096 7.30 6856 

0.55 0.091 10.40 6333 

ND 0.022 2.35 6458 

0.09 0.005 0.36 5508 

0.30 0.032 2.26 6169 

0.13 0.070 15.10 5698 

0.22 0.084 1.62 5488 

0.03 0.0004 0.01 5887 

0.03 0.003 0.06 4544 

0.14 0.008 0.15 4391 

0.30 0.011 0.13 5361 

0.26 0.014 0.60 5272 

0.07 0.013 0.78 4877 

ND8 0.002 0.012 NAb 

ND 0.005 0.069 NA 
0.35 0.014 0.203 NA 
0.25 0.012 0.078 NA 

1.97 0.004 0.040 NA 
1.87 0.002 0.333 NA 
1.83 0.005 0.450 NA 

0.20 0.006 0.259 NA 

ND 0.Q18 0.187 NA 
ND 0.003 0.057 NA 

0.02 0.014 0.174 NA 
0.69 0.007 0.059 NA 
3.73 0.002 0.011 NA 
0.08 0.022 0.121 NA 
1.06 0.004 0.028 NA 
1.75 0.003 0.026 NA 

0.83 0.006 0.248 NA 
0.45 0.005 0.022 NA 

B-34 

RASCAL 
(c/120 sec) 

1656 

1649 

1902 

1755 

2202 

2139 

1755 

1510 

1625 

1923 

1474 

1945 

1853 

1208 

1324 

1440 

1512 

1554 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table B-3 

Summary of 1989 Perimeter Pore-Gas and Sediment Sampling at MDA C 

Sample Reference on Figure 1 2 3 4 5 6 7 

Sample Number LA80801 LA80802 LA80803 LA80804 LA80805 LA80806 LA80807 

Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas 

Units mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 

Suite Field Measurements Depth (ft) 4 4 4 4 4 4 4 

voe Target Compounds Acetone ' - - - - - -
voe Target Compounds Carbon Disulfide - - - - - - -
voe Target Compounds 1,2-Dichloroethene (total) - - - - - - -
voe Target Compounds 2-Butanone - 4B0 - - - - -
voe Target Compounds Trichlorethene - - - - - - -
voe Target Compounds Tetrachloroethene - - - - - - -
voe Target Compounds Toluene - - - - - - -

voe Target Compounds Styrene - - - - - - -

voe Total (Allowed) Hold Time 16(ns)d 16(ns)d 16(ns)d 16(ns)d 16(ns)d 16(ns)d 16(ns)d 

voe ELEVated/DECReased CRQL DECR DECR DECR DECR DECR DECR DECR 

voe Dilution Factor 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

svoc Target Compounds lsophorone NA' NA NA NA NA NA NA 
svoc Target Compounds Benzoic acid NA NA NA ·NA NA NA NA 
svoc Target Compounds Phenanthrene NA NA NA NA NA NA NA 
svoc Target Compounds Fluoranthene NA NA NA NA NA NA NA 
svoc Target Compounds Pyrene NA NA NA NA NA NA NA 
svoc Target Compounds Benz(a)anthracene NA NA NA NA NA NA NA 
svoc Target Compounds Chyrsene NA NA NA NA NA NA NA 
svoc Target Compounds Benzo(b)ftuoranthene NA NA NA NA NA NA NA 
svoc Total (Allowed) Hold Time NA NA NA NA NA NA NA 
svoc ELEVated/DECReased CRQL NA NA NA NA NA NA NA 
svoc Dilution Factor NA NA NA NA NA NA NA 



Table B-3 (continued) 

Sample Reference on Figure 1 2 3 4 5 6 7 
Sample Number LA80801 LA80802 LA80803 LA80804 LA80805 LA80806 LA80807 
Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas 

Units mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 

Suite Field Measurements Depth (ft) 4 4 4 4 4 4 4 
PEST/PCB Target Compounds alpha-BHC NA NA NA NA NA NA NA 
PEST/PCB Target Compounds beta-BHC NA NA NA NA NA NA NA 
PEST/PCB Target Compounds delta-BHC NA NA NA NA NA NA NA 
PEST/PCB Target Compounds gamma-BHC (Lindane) NA NA NA NA NA NA NA 
PEST/PCB Target Compounds Heptachlor epoxide NA NA NA NA NA NA NA 
PEST/PCB Target Compounds Endosulfan I NA NA NA NA NA NA NA 
PEST/PCB Target Compounds Dieldrin NA NA NA NA NA NA NA 
PEST/PCB Target Compounds 4,4'-DDE NA NA NA NA NA NA NA 

PEST/PCB Target Compounds Endosulfan II NA NA NA NA NA NA NA 
PEST/PCB Target Compounds 4,4'-DDD NA NA NA NA NA NA NA 
PEST/PCB Target Compounds 4,4'-DDT NA NA NA NA NA NA NA 
PEST/PCB Target Compounds alpha-chlordane NA NA NA NA NA NA NA 
PEST/PCB Target Compounds gamma-chlordane NA NA NA NA NA NA NA 
PEST/PCB Target Compounds Arclor-1254 NA NA NA NA NA NA NA 
PEST/PCB Target Compounds Arclor-1260 NA NA NA NA NA NA NA 
PEST/PCB Total (Allowed) Hold Time NA NA NA NA NA NA NA 
PEST/PCB ELEVated/DECReased CRQL NA NA NA NA NA NA NA 
PEST/PCB Dilution Factor NA NA NA NA NA NA NA 
INORGANIC Analytes Antimony NA NA NA NA NA NA NA 
INORGANIC Analytes Arsenic NA NA NA NA NA NA NA 
INORGANIC Analytes Barium NA NA NA NA NA NA NA 
INORGANIC Analytes Beryllium NA NA NA NA NA NA NA 
INORGANIC Analytes Cadmium NA NA NA NA NA NA NA 



Table B-3 (continued) 

Sample Reference on Figure 1 2 3 4 5 6 7 

Sample Number LA80801 LA80802 LA80803 LA80804 LA80805 LA80806 LA80807 

Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas 

Units mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 

Suite Field Measurements Depth (ft) 4 4 4 4 4 4 4 

INORGANIC Analytes Chromium NA NA NA NA NA NA NA 

INORGANIC Analytes Copper' NA NA NA NA NA NA NA 

INORGANIC Analytes Lead NA NA NA NA NA NA NA 

INORGANIC Analytes Mercurl NA NA NA NA NA NA NA 

INORGANIC Analytes Nickel NA NA NA NA NA NA NA 

INORGANIC Analytes Selenium NA NA NA NA NA NA NA 

INORGANIC Analytes Silver NA NA NA NA NA NA NA 

INORGANIC Analytes Thallium NA NA NA NA NA NA NA 

INORGANIC Analytes Zinc NA NA NA NA NA NA NA 

INORGANIC % Solids NA NA NA NA NA NA NA 

INORGANIC Total (Allowed) Hold Time' NA NA NA NA NA NA NA 

INORGANIC Total (Allowed) Hold Time' NA NA NA NA NA NA NA 

RAD Alpha Emitters Radium-226 NA NA NA NA NA NA NA 

RAD Alpha Emitters Thorium-230 NA NA NA NA NA NA NA 

RAD Alpha Emitters Thorium 232' NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium-235 NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium-238f NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium-2389 NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium (all isotopes) NA NA NA NA NA NA NA 

RAD Alpha Emitters Plutonium-238 NA NA NA NA NA NA NA 

RAD Alpha Emitters Plutonium-239, 240 NA NA NA NA NA NA NA 

RAD Alpha Emitters Americium-241 NA NA NA NA NA NA NA 

RAD Beta Emitters Strontium-90 NA NA NA NA NA NA NA 
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Field Measurements 

Gamma Emitters 
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Gamma Emitters 

Gamma Emitters 

Field Measurements 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 
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Table B-3 (continued) 

Sample Reference on Figure 1 2 

Sample Number LA80801 LA80802 

Media Soilgas Soilgas 

Units mg/m3 mg/m3 

Depth (ft) 4 4 

Beryllium-7 NA NA 

Potassium-40 NA NA 

Cobalt-60 NA NA 

Cadmium-109 NA NA 

Cesium-137 NA NA 

Table B-3 (continued) 

Sample Reference on Figure 8 9 

Sample Number LA80808 LA80809 

Media Soilgas Soilgas 

Units mg/m3 mg/m3 

Depth (ft) 4 4 

Acetone - -

Carbon Disulfide - 0.4 J 

1,2-Dichloroethene_(total) - -
2-Butanone - -
Trichlorethene - 0.3 J 

Tetrachloroethene - -

Toluene - -
Styrene - -

Total (Allowed) Hold Time 17(ns)d 17(ns)d 

ELEVated/DECReased CRQL DECR DECR 

Dilution Factor 1.000 1.000 

3 4 5 6 7 

LA80803 LA80804 LA80805 LA80806 LA80807 

Soilgas Soilgas Soilgas Soilgas Soilgas 

mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 

4 4 4 4 4 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

10 11 12 13 14 

LA80810 LA80811 LA80812 LA80813 LA80814 

Soilgas Soilgas Soilgas Soilgas Sollgas 

mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 

4 4 4 4 4 

- - - - -
- - - - -
- - - - -
- - - - -
- - 0.3 J - -
- - - - -
- - - - -
- - - - -

16(ns)d 16(ns)d 16(ns)d 16(ns)d 16(ns)d 

DECR DECR DECR DECR DECR 

1.000 1.000 1.000 1.000 1.000 



Table B-3 (continued) 

Sample Reference on Figure 8 9 10 11 12 13 14 

Sample Number LA80808 LA80809 LA80810 LA80811 LA80812 LA80813 LA80814 

Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas 

Units mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 

Suite Field Measurements Depth (ft) 4 4 4 4 4 4 4 

svoc Target Compounds lsophorone NA NA NA NA NA NA NA 

svoc Target Compounds Benzoic acid NA NA NA NA NA NA NA 

svoc Target Compounds Phenanthrene NA NA NA NA NA NA NA 

svoc Target Compounds Fluoranthene NA NA NA NA NA NA NA 

svoc Target Compounds Pyrene NA NA NA NA NA NA NA 

svoc Target Compounds Benz(a)anthracene NA NA NA NA NA NA NA 

SVOC Target Compounds Chyrsene NA NA NA NA NA NA NA 

svoc Target Compounds Benzo(b)fiuoranthene NA NA NA NA NA NA NA 

svoc Total (Allowed) Hold Time NA NA NA NA NA NA NA 

SVOC ELEVated/DECReased CRQL NA NA NA NA NA NA NA 

svoc Dilution Factor NA NA NA NA NA NA NA 

PEST/PCB Target Compounds alpha-BHC NA NA NA NA NA NA NA 

PEST/PCB Target Compounds beta-BHC NA NA NA NA NA NA NA 

PEST/PCB Target Compounds delta-BHC NA NA NA NA NA NA NA 

PEST/PCB Target Compounds gamma-BHC (Lindane) NA NA NA NA NA NA NA 

PEST/PCB Target Compounds Heptachlor epoxide NA NA NA NA NA NA NA 

PEST/PCB Target Compounds Endosulfan I NA NA NA NA NA NA NA 

PEST/PCB Target Compounds Dieldrin NA NA NA NA NA NA NA 

PEST/PCB Target Compounds 4,4'-DDE NA NA NA NA NA NA NA 

PEST/PCB Target Compounds Endosulfan II NA NA NA NA NA NA NA 

PEST/PCB Target Compounds 4,4'-DDD NA NA NA NA NA NA NA 

PEST/PCB Target Compounds 4,4'-DDT NA NA NA NA NA NA NA 

PEST/PCB Target Compounds alpha-chlordane NA NA NA NA NA NA NA 



OJ ,. 
0 

Suite 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 
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Field Measurements 
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Analytes 
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Table B-3 (continued) 

Sample Reference on Figure 8 9 

Sample Number LA80808 LA80809 

Media Soilgas Soilgas 

Units mg/m3 mg/m3 

Depth {fl) 4 4 

gamma-chlordane NA NA 

Arclor-1254 NA NA 

Arclor-1260 NA NA 

Total (Allowed) Hold Time NA NA 

ELEVated/DECReased CRQL NA NA 

Dilution Factor NA NA 

Antimony NA NA 

Arsenic NA NA 

Barium NA NA 

Beryllium NA NA 

Cadmium NA NA 

Chromium NA NA 

Copper' NA NA 

Lead NA NA 

Mercurl NA NA 

Nickel NA NA 

Selenium NA NA 

Silver NA NA 

Thallium NA NA 

Zinc NA NA 

% Solids NA NA 

Total (Allowed) Hold Time' NA NA 

Total (Allowed) Hold Time' NA NA 

10 11 12 13 14 

LA80810 LA80811 LA80812 LA80813 LA80814 

Soilgas Soilgas Soilgas Soilgas Soilgas 

mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 

4 4 4 4 4 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 



Table B-3 (continued) 

Sample Reference on Figure 8 9 10 11 12 13 14 

Sample Number LA80808 LA80809 LA80810 LA80811 LA80812 LA80813 LA80814 

Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas 

Units mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 

Suite Field Measurements Depth (ft) 4 4 4 4 4 4 4 

RAD Alpha Emitters Radium-226 NA NA NA NA NA NA NA 

RAD Alpha Emitters Thorium-230 NA NA NA NA NA NA NA 

RAD Alpha Emitters Thorium 232' NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium-235 NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium-238f NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium-2389 NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium (all isotopes) NA NA NA NA NA NA NA 

RAD Alpha Emitters Plutonium-238 NA NA NA NA NA NA NA 

RAD Alpha Emitters Plutonium-239, 240 NA NA NA NA NA NA NA 

RAD Alpha Emitters Americium-241 NA NA NA NA NA NA NA 

RAD Beta Emitters Strontium-90 NA NA NA NA NA NA NA 

RAD Gamma Emitters Beryllium-? NA NA NA NA NA NA NA 

RAD Gamma Emitters Potassium-40 NA NA NA NA NA NA NA 

RAD Gamma Emitters Cobalt-60 NA NA NA NA NA NA NA 

RAD Gamma Emitters Cadmium-109 NA NA NA NA NA NA NA 

RAD Gamma Emitters Cesium-137 NA NA NA NA NA NA NA 



Table B-3 (continued) 

Sample Reference on Figure 15 16 17 18 LA84801 LA84802 LA84803 

Sample Number LA80815 LA80816 LA80817 LA80818 LA84801 LA84802 LA84803 

Media Soilgas Soilgas Soilgas Soilgas Soil Soil Soil 

Units mg/m3 mg/m3 mg/m3 mg/m3 µg/kg µg/kg µg/kg 

Suite Field Measurements Depth (ft) 4 4 4 4 0-1 0-1 0-1 

voe Target Compounds Acetone - - - - - 180 B -

voe Target Compounds Carbon Disulfide - - - - - - -

voe Target Compounds 1,2-Dichloroethene (total) - - - - - - -
voe Target Compounds 2-Butanone - - - - - - -
voe Target Compounds Trichlorethene 0.2 J - 0.3 J - - - -

voe Target Compounds Tetrachloroethene - - - - - - -

voe Target Compounds Toluene - - - - - 4J -

voe Target Compounds Styrene - - - - - - -
voe Total (Allowed) Hold Time 18(ns)d 18(ns)d 18(ns)d 18(ns)d - 19(14)d 13(14)d 

voe ELEVated/DECReased CRQL DECR DECR DECR DECR - ELEV ELEV 

voe Dilution Factor 1.000 1.000 1.000 1.000 - 1.000 1.000 

svoc Target Compounds lsophorone NA NA NA NA NA - 13 J 

svoc Target Compounds Benzoic acid NA NA NA NA NA - 190 J 

svoc Target Compounds Phenanthrene NA NA NA NA NA 51 J 8J 

svoc Target Compounds Fluoranthene NA NA NA NA NA 100 J 17 J 

SVOC Target Compounds Pyrene NA NA NA NA NA 81 J 14 J 

SVOC Target Compounds Benz( a )anthracene NA NA NA NA NA 47 J -

svoc Target Compounds Chyrsene NA NA NA NA NA 48 J -
svoc Target Compounds Benzo(b)fluoranthene NA NA NA NA NA 33 J -
SVOC Total (Allowed) Hold Time NA NA NA NA NA 12(14)d 12(14)d 

svoc ELEVated/DECReased CRQL NA NA NA NA NA ELEV ELEV 

svoc Dilution Factor NA NA NA NA NA 1.000 1.000 

PEST/PCB Target Compounds alpha-BHC NA NA NA NA NA - -



Table B-3 (continued) 

Sample Reference on Figure 15 16 17 18 LA84801 LA84802 LA84803 
Sample Number LA80815 LA80816 LA80817 LA80818 LA84801 LA84802 LA84803 
Media Soilgas Soilgas Soilgas Soilgas Soil Soil Soil 

Units mg/m3 mg/m3 mg/m3 mg/m3 µg/kg µg/kg µg/kg 

Suite Field Measurements Depth (ft) 4 4 4 4 0-1 0-1 0-1 
PEST/PCB Target Compounds beta-BHC NA NA NA NA NA - -
PEST/PCB Target Compounds delta-BHC NA NA NA NA NA - -

PEST/PCB Target Compounds gamma-BHC (Lindane) NA NA NA NA NA - -
PEST/PCB Target Compounds Heptachlor epoxide NA NA NA NA NA - -
PEST/PCB Target Compounds Endosulfan I NA NA NA NA NA 36 -

PEST/PCB Target Compounds Dieldrin NA NA NA NA NA - -

PEST/PCB Target Compounds 4,4'-DDE NA NA NA NA NA - -
PEST/PCB Target Compounds Endosulfan II NA NA NA NA NA - -
PEST/PCB Target Compounds 4,4'-DDD NA NA NA NA NA 4.50 J 6J 

PEST/PCB Target Compounds 4,4'-DDT NA NA NA NA NA 11 J 16 J 

PEST/PCB Target Compounds alpha-chlordane NA NA NA NA NA - -
PEST/PCB Target Compounds gamma-chlordane NA NA NA NA NA 0.83 J -
PEST/PCB Target Compounds Arclor-1254 NA NA NA NA NA - -

PEST/PCB Target Compounds Arclor-1260 NA NA NA NA NA - -
PEST/PCB Total (Allowed) Hold Time NA NA NA NA NA 12(14)d 12(14)d 

PEST/PCB ELEVated/DECReased CRQL NA NA NA NA NA ELEV ELEV 

PEST/PCB Dilution Factor NA NA NA NA NA 1.000 1.000 

INORGANIC Analytes Antimony NA NA NA NA NA - -

INORGANIC Analytes Arsenic NA NA NA NA NA - -

INORGANIC Analytes Barium NA NA NA NA NA 89.0 106 

INORGANIC Analytes Beryllium NA NA NA NA NA - -
INORGANIC Analytes Cadmium NA NA NA NA NA - -
INORGANIC Analytes Chromium NA NA NA NA NA 7.4 19.2 



Table B-3 (continued) 

Sample Reference on Figure 15 16 17 18 LA84801 LA84802 LA84803 

Sample Number LA80815 LA80816 LA80817 LA80818 LA84801 LA84802 LA84803 

Media Soilgas Soilgas Soilgas Soilgas Soil Soil Soil 

Units mg/m3 mg/m3 mg/m3 mg/m3 µg/kg µg/kg µg/kg 

Suite Field Measurements Depth (fl) 4 4 4 4 0-1 0-1 0-1 

INORGANIC Analytes Copper' NA NA NA NA NA - -
INORGANIC Analytes Lead NA NA NA NA NA - -
INORGANIC Analytes Mercurl NA NA NA NA NA NR NR 

INORGANIC Analytes Nickel NA NA NA NA NA - 58.0 

INORGANIC Analytes Selenium NA NA NA NA NA - -

INORGANIC Analytes Silver NA NA NA NA NA - -
INORGANIC Analytes Thallium NA NA NA NA NA - -

INORGANIC Analytes Zinc NA NA NA NA NA 47.1 46.6 

INORGANIC % Solids NA NA NA NA NA 79.0 76.6 

INORGANIC Total (Allowed) Hold Time' NA NA NA NA NA 7(182)d 11(182)d 

INORGANIC Total (Allowed) Hold Time' NA NA NA NA NA - -
RAD Alpha Emitters Radium-226 NA NA NA NA NA 900 h 900 h 

RAD Alpha Emitters Thorium-230 NA NA NA NA NA NA NA 

RAD Alpha Emitters Thorium 232' NA NA NA NA NA <12890' <12700' 

RAD Alpha Emitters Uranium-235 NA NA NA NA NA 79' 100' 

RAD Alpha Emitters Uranium-2381 NA NA NA NA NA <12800' <12200' 

RAD Alpha Emitters Uranium-2389 NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium (all isotopes) NA NA NA NA NA 5000 h 6000 h 

RAD Alpha Emitters Plutonium-238 NA NA NA NA NA 190 h 420 h 

RAD Alpha Emitters Plutonium-239, 240 NA NA NA NA NA 7840h 5280 h 

RAD Alpha Emitters Americium-241 NA NA NA NA NA 790 1 310' 

RAD Beta Emitters Strontium-90 NA NA NA NA NA <720 h <900 h 

RAD Gamma Emitters Beryllium-? NA NA NA NA NA NA NA 
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Suite Field Measurements 

RAD Gamma Emitters 

RAD Gamma Emitters 

RAD Gamma Emitters 

RAD Gamma Emitters 

a 
- = Not detected. 

b 
NA= Not analyzed. 

Table B-3 (continued) 

Sample Reference on Figure 15 16 

Sample Number LA80815 LA80816 

Media Soilgas Soilgas 

Units mg/m3 mg/m3 

Depth (ft) 4 4 

Potassium-40 NA NA 
Cobalt-60 NA NA 
Cadmium-109 NA NA 
Cesium-137 NA NA 

C 
Copper not quantitated due to suspected inteJference and/or external contamination. 

dCVAAS 
8

1CP. 
f 

Total unbroken chain activity in equilibrium. 
9 Activity in excess of U-238 natural chain. 

h Units are pCi/kgD. 

i Units are pCi/kgW. 

17 18 LA84801 LA84802 LA84803 

LA80817 LA80818 LA84801 LA84802 LA84803 

Soilgas Soilgas Soil Soil Soil 

mg/m3 mg/m3 µg/kg µg/kg µg/kg 

4 4 0-1 0-1 0-1 

NA NA NA 24100' 21200' 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA 395' 291 ' 
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Media 

Surface soil 
and fill 

Tuff 

Table B-4 

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

Work Plan Specification8 Actual Fieldwork Performed 

Analytes Analytes Rationale for 
Sample Number Measured Sample Number Measured Deviation 

223 Semivotatile organic 203 samples were collected 59 samples analyzed for 20 of the originally planned samples were not 
compounds (SVOCs), and screened for gross PCBs/pesticides. collected because the locations were covered 
inorganic chemicals, alpha, beta, and gamma 68 samples analyzed for by asphalt. 
gamma spec, tritium, 68 samples submitted to an SVOCs, inorganic chemicals 
isotopic Pu, Sr-90, total off-site contract laboratory. (limited list of metals), gamma 
uranium, Am-241. spec, Sr-90, Am-241, isotopic 

Pu, isotopic U. 

1 O samples analyzed for Hg. 

59 samples analyzed for 
tritium but data were not used. 

See proposed drilling svoes, voes, inorganic 82 total: svoes, voes, pesticides The 6 vertical boreholes specified in the Work 
modifications (LANL chemicals, gamma spec, 67 in 1995 and PeBs, inorganic Plan were to be 80 ft deep and the 4 angled 
1995, 49969) called for tritium, isotopic Pu, Sr-90, 15 in 1996 from curated chemicals, cyanide, gamma holes were to range in length from 483 to 706 
20-ft sampling interval, total uranium core spec, tritium, Am-241, isotopic ft bgs; the 2 vertical boreholes drilled were 90 
all samples to be Pu, isotopic U, isotopic Th, and 316 ft deep and the 9 angled boreholes 
analyzed by mobile Sr-90 drilled ranged in length from 91 to 120 ft bgs. 
labs, only 2 samples per 82 TAL metals except Sb Samples were collected for field screening 
borehole for fixed lab (76), Cn (61) every 5 feet; one sample per 20 feet was 
analysis. 82 radionuc1ides submitted to a fixed contract laboratory based 

67 tritium, svoes on the proposed OU 114 7 Work Plan 
54 VOCs, PCBs, and modifications. 
pesticides. EPA's response to LANL's proposed drilling 

modifications maintained the 10-ft sampling 
interval requirement in all boreholes (Neleigh 
1995, 55112). Phase I RFI fieldwork was 
already completed so additional core 
samples (15 of the 82) were collected from 
curated core and submitted to an offsite 
contract laboratory for analysis in 1996. 

The RFI work plan specified locations for 
boreholes. Actual borehole locations were 
selected to maximize the area sampled and 
avoid obstacles such as buried utilities and 
waste. 



Table B-4 (continued) 

Work Plan Specificationa Actual Fieldwork Perfonned 

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

Pore gas n/a
0 

n/a 34 voes VOCs don't adsorb to the tuft matrix; gas 
phase analysis provides information about 
the nature and extent of VOCs in the 
subsurface 

Near-surface n/a n/a 15 Tritium 15 shallow pore-gas vapor probes were 
pore gas installed across MDA C to identify potential 

locations of tritium releases to the 
atmosphere 

voe surface n/a n/a 105 voes Surface flux data can help identify lateral 
flux extent of subsurface VOC contamination 

Biota - ant Not specified n/a 29 Gross alpha, beta and gamma Biota samples were collected and analyzed 
mounds and radiation to determine if there has been any uptake of 
burrow spoils contaminants at MDA C. 

Biota - Not specified n/a 16 Gross alpha, beta and gamma Biota samples were collected and analyzed 
Ponderosa radiation to determine if there has been any uptake of 
pine needles contaminants at MDA C. 

Air-flow Not specified scfmc 6 boreholes scfm of air Air-flow monitoring was performed at six 
monitoring boreholes to provide additional data to 

assess potential contaminant transport at 
MDAe 

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

b n/a = Not applicable. 

c scfm = Standard cubic feet per minute. 



MDA C Investigation Work Plan, Revision 2 

Table B-5 
2003 Biota Samples Submitted to ARS 

Sample ID Location ID Depth (ft) Media Sample Description 

MD50-03-50891 50-21981 0-0.5 Soil Ant mounds and burrows 

MD50-03-50892 50-21982 0-0.5 Soil Ant mounds and burrows 

MD50-03-50893 50-21983 0-0.5 Soil Ant mounds and burrows 

MD50-03-50894 50-21984 0-0.5 Soil Ant mounds and burrows 

MD50-03-50895 50-21985 0-0.5 Soil Ant mounds and burrows 

MD50-03-50896 50-21986 0-0.5 Soil Ant mounds and burrows 

MD50-03-50897 50-21987 0-0.5 Soil Ant mounds and burrows 

MD50-03-50898 50-21988 0-0.5 Soil Ant mounds and burrows 

MD50-03-50899 50-21989 0-0.5 Soil Ant mounds and burrows 

MD50-03-50900 50-21990 0-0.5 Soil Ant mounds and burrows 

M D50-03-50901 50-21991 0-0.5 Soil Ant mounds and burrows 

MD50-03-50902 50-21992 0-0.5 Soil Ant mounds and burrows 

MD50-03-50903 50-21993 0-0.5 Soil Ant mounds and burrows 

MD50-03-50904 50-21994 0-0.5 Soil Ant mounds and burrows 

MD50-03-50905 50-21995 0-0.5 Soil Ant mounds and burrows 

MD50-03-50906 50-21996 0-0.5 Soil Ant mounds and burrows 

MD50-03-50907 50-21997 0-0.5 Soil Ant mounds and burrows 

MD50-03-50908 50-21998 0-0.5 Soil Ant mounds and burrows 

MD50-03-50909 50-21999 0-0.5 Soil Ant mounds and burrows 

MD50-03-50910 50-22000 0-0.5 Soil Ant mounds and burrows 

MD50-03-50911 50-22001 0-0.5 Soil Ant mounds and burrows 

MD50-03-50912 50-22002 0-0.5 Soil Ant mounds and burrows 

MD50-03-50913 50-22003 0-0.5 Soil Ant mounds and burrows 

MD50-03-50914 50-22004 0-0.5 Soil Ant mounds and burrows 

MD50-03-50915 50-22005 0-0.5 Soil Ant mounds and burrows 

MD50-03-50916 50-22006 0-0.5 Soil Ant mounds and burrows 

MD50-03-50917 50-22007 0-0.5 Soil Ant mounds and burrows 

MD50-03-50918 50-22008 0-0.5 Soil Ant mounds and burrows 

MD50-03-50919 50-22009 0-0.5 Soil Ant mounds and burrows 

MD50-03-51115 50-22027 0-0 n/a* Pine needles 

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

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

MD50-03-51118 50-22030 0-0 n/a Pine needles 

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

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

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

MD50-03-51122 50-22034 0-0 nla Pine needles 
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MDA C Investigation Work Plan, Revision 2 

Table B-5 (continued) 

Sample ID Location ID Depth (fl) Media Sample Description 

MD50-03-51123 50-22035 0--0 nla Pine needles 

MD50-03-51124 50-22036 0--0 n/a Pine needles 

MD50-03-51125 50-22037 0--0 n/a Pine needles 

MD50-03-51126 50-22038 0--0 n/a Pine needles 

MD50-03-51127 50-22039 0--0 nla Pine needles 

MD50-03-51128 50-22040 0--0 nla Pine needles 

MD50-03-51129 50-22041 0--0 n/a Pine needles 

MD50-03-51130 50-22042 0--0 n/a Pine needles 

"n/a = Not applicable. 
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MDA C Investigation Work Plan, Revision 2 

Table B-6 

Analytical Screening Results on Ant Mound and Mammal Burrow Spoil Material at MDA C 

Gross Alpha Gross Beta Gross Gamma 
Sample ID Location ID (pCi/g) (pCi/g) (pCi/g) Type 

M D50-03-50891 50-21981 11.07 54.05 11.67 Ant mound 

MD50-03-50892 50-21982 17.44 50.97 16.18 Ant mound 

MD50-03-50894 50-21984 11.18 53.11 -8.63 Ant mound 

MD50-03-50901 50-21991 16.77 56.05 13.09 Ant mound 

MD50-03-50903 50-21993 9.43 35.12 12.19 Ant mound 

MD50-03-50907 50-21997 23.29 64.98 11 05 Ant mound 

MD50-03-50908 50-21998 7.31 47.15 15.41 Ant mound 

MD50-03-50916 50-22006 13.93 43.45 12.84 Ant mound 

MD50-03-50919 50-22009 16.47 48.07 11.72 Ant mound 

MD50-03-50893 50-21983 18.48 52.85 17.64 Burrow spoil 

MD50-03-50895 50-21985 16.01 56.94 20.05 Burrow spoil 

MD50-03-50896 50-21986 13.88 48.38 15.19 Burrow spoil 

MD50-03-50897 50-21987 10.93 53.91 14.55 Burrow spoil 

MD50-03-50898 50-21988 10.11 36.53 14.07 Burrow spoil 

MD50-03-50899 50-21989 11.35 5 13.07 Burrow spoil 

MD50-03-50900 50-21990 17.36 58.09 20.66 Burrow spoil 

MD50-03-50902 50-21992 7.15 39.41 15.2 Burrow spoil 

MD50-03-50904 50-21994 11.38 62 19.64 Burrow spoil 

MD50-03-50905 50-21995 16.17 59.39 17.54 Burrow spoil 

MD50-03-50906 50-21996 13.29 49.15 17.11 Burrow spoil 

MD50-03-50909 50-21999 16.28 57.38 11.72 Burrow spoil 

MD50-03-50910 50-22000 19.73 59.25 20.44 Burrow spoil 

MD50-03-50911 50-22001 21.35 61.44 18.73 Burrow spoil 

MD50-03-50912 50-22002 14.63 44.2 20.32 Burrow spoil 

MD50-03-50913 50-22003 19.19 60.08 19.42 Burrow spoil 

MD50-03-50914 50-22004 21.13 64.97 20 Burrow spoil 

MD50-03-50915 50-22005 15.66 54.06 18.29 Burrow spoil 

MD50-03-50917 50-22007 16.22 54.84 16.16 Burrow spoil 

MD50-03-50918 50-22008 19.77 58.25 19.4 Burrow spoil 

October 2005 B-50 ER2005-0172 



MDA C Investigation Work Plan, Revision 2 

Table B-7 
Analytical Screening Results on Pine Needles at MDA C 

Gross Alpha Gross Beta Gross Gamma 
Sample ID Location ID (pCilg) (pCilg) (pCi/g) 

MD50-03:51115 50-22027 3.95 14.1 6.34 

MD50-03-51116 50-22028 1.71 6.54 7.18 

MD50-03-51117 50-22029 5.05 7.96 2.77 

MD50-03-51118 50-22030 3.30 235.9 0.51 

MD50-03-51119 50-22031 17.89 54.4 5.47 

MD50-03-51120 50-22032 3.46 265.70 4.24 

MD50-03-51121 50-22033 -0.64 8.44 2.94 

MD50-03-51122 50-22034 91.40 11.57 -0.15 

MD50-03-51123 50-22035 77.18 10.97 8.99 

MD50-03-51124 50-22036 3.77 6.92 2.52 

MD50-03-51125 50-22037 3.73 10.24 0.85 

MD50-03-51126 50-22038 2.43 13.26 4.94 

MD50-03-51127 50-22039 4.19 8.55 7.45 

MD50-03-51128 50-22040 2.33 10.54 9.15 

MD50-03-51129 50-22041 2.33 10.54 1.35 

MD50-03-51130 50-22042 0.91 12.91 9.54 
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MDA C Investigation Work Plan, Revision 2 

Table B-8 
Tree Sampling Information from MDA C 

Tree Sample Location Approximate Age 
ID ID (Years) Pine Needle Analysis 

T-1 50-22027 8 Gross alpha, beta, and gamma 

T-2 50-22028 17 Gross alpha, beta, and gamma 

T-3 50-22029 10 Gross alpha, beta, and gamma 

T-4 50-22030 18 Gross alpha, beta, and gamma 

T-5 50-22042 14 Gross alpha, beta, and gamma 

T-6 50-22036 9 Gross alpha, beta, and gamma 

T-7 50-22035 12 Gross alpha, beta, and gamma 

T-8 50-22031 15 Gross alpha, beta, and gamma 

T-9 50-22032 17 Gross alpha, beta, and gamma 

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

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

T-12 50-22037 11 Gross alpha, beta, and gamma 

T-13 50-22033 10 Gross alpha, beta, and gamma 

T-14 50-22040 18 Gross alpha, beta, and gamma 

T-15 50-22039 9 Gross alpha, beta, and gamma 

T-16 50-22041 No sample• Gross alpha, beta, and gamma 

*Sample not delivered for tree ring dating. 
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Table B-9 
Summary of Phase I RFI Surface Soil and Fill Samples at MDA C 
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AAA3153 50-08010 0-0.5 Fill 14924b 14927 14927 14925 14925 14925 14925 14925 
AAA3154 50-08062 0-0.5 Fill 14924 14927 14927 14925 14925 14925 14925 14925 
AAA3155 50-08064 0-0.5 Fill 14924 14927 14927 14925 14925 14925 14925 14925 
AAA3156 50-08106 0-0.5 Fill 14924 14927 14927 14925 14925 14925 14925 14925 
AAA3157 50-08110 0-0.5 Fill 14924 14927 14927 14925 14925 14925 14925 14925 
AAA3158 50-08116 0-0.5 Fill 14924 14927 14927 14925 14925 14925 14925 14925 
AAA2797 50-08126 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 
AAA3242 50-08131 0-0.5 Fill 15092 C 15089 15093 15093 15093 15093 15093 -

AAA2798 50-08134 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 
AAA3243 50-08137 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 
AAA3244 50-08139 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 
AAA3159 50-08156 0-0.5 Fill 14924 14927 14927 14925 14925 14925 14925 14925 
AAA3160 50-08162 0-0.5 Fill 14924 14927 14927 14925 14925 14925 14925 14925 
AAA3189 50-08168 0-0.5 Fill 14952 14949 14949 14948 14948 14948 14948 14948 
AAA2799 50-08176 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 
AAA2800 50-08180 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 
AAA3245 50-08185 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 
AAA3246 50-08189 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 
AAA3247 50-08193 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 
AAA2801 50-08194 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 
AAA3248 50-08195 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 
AAA3190 50-08214 0-0.5 Fill 14952 14949 14949 14948 14948 14948 14948 14948 
AAA3191 50-08216 0-0.5 Fill 14952 14949 14949 14948 14948 14948 14948 14948 
AAA2802 50-08222 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 
AAA2803 50-08224 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 
AAA2804 50-08226 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 
AAA2805 50-08228 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 
AAA3249 50-08231 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 
AAA3092 50-08240 0-0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 
AAA3093 50-08244 0-0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 
AAA3250 50-08245 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 
AAA3192 50-08266 0-0.5 Fill 14952 14949 14949 14948 14948 14948 14948 14948 
AAA3094 50-08274 0-0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 
AAA3095 50-08286 0-0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 
AAA3096 50-08290 0-0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 
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Table B-9 (continued) 
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AAA3193 50-08312 0--0.5 Fill 14952 14949 14949 14948 14948 14948 14948 14948 

AAA3097 50-08324 0--0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 

AAA3098 50-08326 0--0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 

AAA3099 50-08328 0--0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 

AAA3118 50-08336 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3119 50-08340 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3120 50-08342 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3121 50-08370 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3122 50-08374 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3123 50-08386 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3124 50-08428 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3125 50-08432 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3147 50-08436 0--0.5 Fill 14914 14880 14880 14916 14916 14916 14916 14916 

AAA3148 50-08438 0--0.5 Fill 14914 14880 14880 14916 14916 14916 14916 14916 

AAA3149 50-08440 0--0.5 Fill 14914 14880 14880 14916 14916 14916 14916 14916 

AAA3151 50-08486 0--0.5 Fill 14914 14880 14880 14916 14916 14916 14916 14916 

AAA3152 50-08492 0--0.5 Fill 14914 14880 14880 14916 14916 14916 14916 14916 

AAA2768 50-08086 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA2769 50-08088 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA3143 50-08102 0--0.5 Soil 14914 14880 14880 14916 14916 14916 14916 14916 

AAA2770 50-08136 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA2771 50-08138 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA2772 50-08140 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA2773 50-08142 0-0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA2774 50-08144 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA3144 50-08154 0--0.5 Soil 14914 14880 14880 14916 14916 14916 14916 14916 

AAA2775 50-08346 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA3145 50-08364 0--0.5 Soil 14914 14880 14880 14916 14916 14916 14916 14916 

AAA2776 50-08396 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA3146 50-08418 0--0.5 Soil 14914 14880 14880 14916 14916 14916 14916 14916 

AAA2777 50-08446 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA2778 50-08474 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA2779 50-08494 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

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

b 
Sample request number. 

c - = Sample not requested for the suite. 
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Table B-10 
Frequency of Detected Inorganic Chemicals 

Above BV in Phase I RFI Surface Soil and Fill Samples at MDA C 

Number Number 
of of 

Analyte Media Analyses Detects 

Antimony Fill 52 1 

Antimony Soil 16 5 

Arsenic Fill 52 49 

Arsenic Soil 16 16 

Barium Fill 52 52 

Barium Soil 16 16 

Beryllium Fill 52 52 

Beryllium Soil 16 16 

Cadmium Fill 52 0 

Cadmium Soil 16 0 

Chromium, Fill 52 52 
Total 

Chromium, Soil 16 16 
Total 

Lead Fill 52 52 

Lead Soil 16 16 

Mercury Fill 9 0 

Mercury Soil 1 0 

Nickel Fill 52 52 

Nickel Soil 16 12 

Potassium Fill 1 1 

Potassium Soil 1 1 

Selenium Fill 52 28 

Selenium Soil 16 3 

Silver Fill 52 1 

Silver Soil 16 1 

Thallium Fill 52 51 

Thallium Soil 16 16 

a Values in square brackets indicate nondetects. 

b BVs obtained from LANL 1998, 59730. 

ER2005-0172 

Concentration Background Frequency of 
Range• Valueb Detects Above 
(mg/kg) (mg/kg) Background Value 

[0.04] to 0.21 0.83 0/52 

[0.04] to 0.25 0.83 0/16 

[0.2] to 5.2 8.17 0/52 

0.9 to 8 8.17 0/16 

36 to 250 295 0/52 

26 to 190 295 0/16 

0.41to1.4 1.83 0/52 

0.32 to 1.2 1.83 0/16 

[0.4] 0.4 0/52 

[0.4] 0.4 0/16 

2.4 to 18 19.3 0/52 

1.3to12 19.3 0/16 

7 to 30 22.3 6/52 

10 to 27 22.3 3/16 

(0.1] 0.1 0/9 

(0.1] 0.1 0/1 

2.3 to 14 15.4 0/52 

(2] to 8.2 15.4 0/16 

1800 3460 0/1 

1300 3460 0/1 

(0.2] to 1 1.52 0/52 

[0.2] to 0.5 1.52 0/16 

[1]to1.1 1 1/52 

(1] to 6 1 1/16 

(0.04] to 0.21 0.73 0/52 

0.04 to 0.18 0.73 0/16 

B-55 

Frequency of Non• 
detects Above 

Background Value 

0/52 

0/16 

0/52 

0/16 

0/52 

0/16 

0/52 

0/16 

0/52 

0/16 

0/52 

0/16 

0/52 

0/16 

0/9 

0/1 

0/52 

0/16 

0/1 

0/1 

0/52 

0/16 

0/52 

0/16 

0/52 

0/16 
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Table B-11 

Inorganic Chemicals Detected Above BV in Phase I RFI Surface Soil and Fill Samples at MDA C 

Sample ID Location ID Depth (ft) 

Soil Background Value• 

NMED SSLb 

AAA3143 50-08102 0.00-0.50 

AAA3144 50-08154 0.00-0.50 

AAA3093 50-08244 0.00-0.50 

AAA3096 50-08290 0.00-0.50 

AAA3193 50-08312 0.00-0.50 

AAA3098 50-08326 0.00-0.50 

AAA3099 50-08328 0.00-0.50 

AAA3119 50-08340 0.00-0.50 

AAA3145 50-08364 0.00-0.50 

AAA3146 50-08418 0.00-0.50 

AAA3151 50-08486 0.00-0.50 

8 
Soil background value is used for both fill and soil. 

b NMED soil screening level for residential soils. 

c - = Not above the BV. 
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Media Lead (mg/kg) Silver (mg/kg) 

22.3 1 

400 380 

Soil 27 
C 

Soil 27 -
Fill - 1.1 

Fill 23 -
Fill 30 -
Fill 26 -

Fill 24 -

Fill 23 -

Soil 24 -
Soil - 6 

Fill 23 -
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MDA C Investigation Work Plan, Revision 2 

Table B-12 
Frequency of Detected Radionuclides 

Above BVs/FVs in Phase I RFI Surface Soil and Fill Samples at MDA C 

Number of 
Analyte Media Analyses 

Americium-241 Soil 16 

Americium-241 Fill 52 

Cesium-137 Soil 16 

Cesium-137 Fill 52 

Cobalt-60 Soil 16 

Cobalt-60 Fill 52 

Plutonium-238 Soil 16 

Plutonium-238 Fill 52 

Plutonium-239 Soil 16 

Plutonium-239 Fill 52 

Strontium-90 Soil 16 

Strontium-90 Fill 52 

Thorium-232 Soil 16 

Thorium-232 Fill 52 

Uranium-234 Soil 16 

Uranium-234 Fill 52 

Uranium-235 Soil 16 

Uranium-235 Fill 52 

Uranium-238 Soil 16 

Uranium-238 Fill 52 

a Values in square brackets indicate nondetects. 

b Tuff BVs obtained from LANL 1998, 59730. 

c na = Not available. 

ER2005-0172 

Number of 
Detects 

13 

37 

1 

1 

0 

0 

12 

20 

16 

46 

0 

0 

4 

11 

16 

52 

0 

0 

16 

52 

Background/ Frequency of 
Concentration Range• Fallout Valueb Detects Above 

(pCi/g) (pCi/g) Background Value 

[0.005] to 1.017 0.013 11 /16 

[0.003] to 0.292 0.013 24/52 

[0.24] to 1.22 1.65 0/16 

[0.269 to 0.915] 1.65 0/52 

[0.165 to 0.814] na0 0/16 

[0.128 to 0.761] na 0/52 

[0.004 to 0.219] 0.023 6/16 

[0.002] to 0.071 0.023 11/52 

0.01 to 10.687 0.054 15/16 

[0.003] to 2.91 0.054 29/52 

[-0.54 to 0.32] 1.31 0/16 

[-0.62 to 0.3] 1.31 0/52 

[2.09] to 4.01 2.33 4/16 

[1.83] to 4.8 2.33 11/52 

107to 1.89 2.59 0/16 

0.91 to 1.83 2.59 0/52 

[0.036 to 0.13] 0.2 0/16 

[0.023 to 0.165] 0.2 0/52 

1.07to 1.99 2.29 0/16 

1.08 to 2.45 2.29 1/52 
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Table B-13 

Radionuclides Detected Above the BV/FV in Phase I RFI Surface Soil and Fill Samples at MDA C 

Sample Location Depth Americium- Plutonium-
ID ID {ft) Media 241 238 

Soil and Fill Background Value0 (pCilg) 0.013 0.023 

SALb 39 49 

AAA3153 50-08010 0.00-0.50 Fill C - -

AAA2768 50-08086 0.00-0.50 Soil - -
AAA2769 50-08088 0.00-0.50 Soil - 0.052 

AAA3143 50-08102 0.00-0.50 Soil 0.094 -
AAA3157 50-08110 0.00-0.50 Fill - -
AAA2798 50-08134 0.00-0.50 Fill - -
AAA2770 50-08136 0.00-0.50 Soil 0.048 -
AAA3243 50-08137 0.00-0.50 Fill - -
AAA2771 50-08138 0.00-0.50 Soil 1.017 -
AAA2772 50-08140 0.00-0.50 Soil 0.03 -
AAA2773 50-08142 0.00-0.50 Soil 0.032 -
AAA2774 50-08144 0.00-0.50 Soil 0.036 -
AAA3144 50-08154 0.00-0.50 Soil 0.257 0.035 

AAA2801 50-08194 0.00-0.50 Fill - -
AAA3191 50-08216 0.00-0.50 Fill - -
AAA2802 50-08222 0.00-0.50 Fill - -

AAA2804 50-08226 0.00-0.50 Fill - -

AAA3093 50-08244 0.00-0.50 Fill - -

AAA3250 50-08245 0.00-0.50 Fill - -
AAA3098 50-08326 0.00-0.50 Fill - -
AAA2775 50-08346 0.00-0.50 Soil 0.357 0.032 

AAA3145 50-08364 0.00-0.50 Soil - -
AAA3121 50-08370 0.00-0.50 Fill - -
AAA2776 50-08396 0.00-0.50 Soil 0.361 0.033 

AAA3147 50-08436 0.00-0.50 Fill - -

AAA2777 50-08446 0.00-0.50 Soil 0.192 0.027 

AAA2778 50-08474 0.00-0.50 Soil - -
AAA2779 50-08494 0.00-0.50 Soil 0.454 0.068 

a Soil background value is used for both fill and soil (LANL 1998, 59730). 

b LANL screening action level for residential soil. 

c - = The concentration was not above the BV. 
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Plutonium- Thorium- Uranium-
239 232 238 

0.054 2.33 2.29 

44 5.0 93 

- 3.97 -

10.687 - -
0.441 - -
0.446 - -
- 3.49 -
- 3.732 -
1.427 3.74 -
- 3.32 -
0.46 3.27 -
0.347 4.01 -
0.342 - -
0.276 - -
1.5 - -
- - 2.45 

- 3.46 -
- 3.07 -

- 3.73 -

- 3.34 -

- - -
- 4.8 -
2.082 - -
0.103 - -
- 2.96 -
2.499 - -

- 3.56 -

2.13 2.75 -
0.562 - -
8.69 - -
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MDA C Investigation Work Plan, Revision 2 

Table B-14 
Frequency of Detected Organic Chemicals in Phase I RFI Surface Soil and Fill Samples at MDA C 

Number of Number of Concentration Frequency of 
Analyte Media Analyses Detects Range• (mg/kg) Detects 

Acenaphthene Fill 52 [0.00018] to 0.96 1/52 

Aroclor-1254 Fill 43 3 [0.03] to 1 3/43 

Aroclor-1260 Fill 43 4 [0.03 to 0.15] 4/43 

Bis(2-ethylhexyl)phthalate Fill 52 2 [0.00018] to 1.4 2/52 

Pentachlorophenol Soil 16 [0.85] to 1.9 1/16 

*Values in square brackets indicate nondetects. 

Table B-15 
Detected Organic Chemicals Analyses in Phase I RFI Surface Soil and Fill Samples at MDA C 

g g s. .. C: 

ii 0 ,g_ ~ E u .. "' 0 C "' ... 

NMEDSSLa 

EPA SSL0 

AAA3153 50-08010 0.00-0.50 

AAA3155 50-08064 0.00-0.50 

AAA3156 50-08106 0.00--0.50 

AAA3157 50-08110 0.00-0.50 

AAA3158 50-08116 0.00-0.50 

AAA3193 50-08312 0.00-0.50 

AAA3098 50-08326 0.00-0.50 

AAA3146 50-08418 0.00--0.50 

AAA3151 50-08486 0.00-0.50 

AAA3152 50-08492 0.00--0.50 

Note: Units are mg/kg. 

a NMED soil screening level for residential soils. 

b na = Not available. 

"' 'c .. 
:;; 

Fill 

Fill 

Fill 

Fill 

Fill 

Fill 

Fill 

Soil 

Fill 

Fill 

c EPA Region 6 soil screening level for residential soils. 

d n/a = Not applicable. 

e - = The analyte was not detected. 
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.. 
C: .. 
£ 
~ 
C2. 

"' C: .. 
u 
<( 

2800 
n/ad 

e -

-

-

-
-

0.96 

-
-
-
-

B-59 

.l!! 0 "' .; C: 
;:i; C, .. 

"' £ ~ 

"' "' ~ C2. 
~ ~ ..:, C2. 0 .:. .:. en=- ~ 

.!2 0 .!2 -- >, u u m >< ~ e 0 .. u 
~ ~ .fl <( <( >, C: 

~ .. .. <L 

1.1 1.1 350 nab 

n/a n/a n/a 3.0 

- - 1.4 -
- 0.04 1.4 -
- 0.03 - -
- 0.07 - -

- 0.04 - -
- - - -
1 - - -

- - - 1.9 

0.07 - - -

0.17 - - -

October 2005 
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Table B-16 

Detected Organic Chemicals in EMFLUx® Samples at MDA C 

Location Sample Aliphatics Carbon 
ID ID HCs Benzene Tetrachloride Chloroform Tetrachloroethene Trichloroethene 

50-10000 MD50-00-0011 0.00 0.00 0.00 0.00 2.08 1.17 

50-10001 M D50-00-0012 0.00 0.00 0.00 0.00 10.94 7.31 

50-10002 MD50-00-0013 0.00 0.00 0.00 0.00 8.58 1.57 

50-10003 MD50-00-0014 0.00 0.00 0.00 3.66 11.56 2.77 

50-10004 M D50-00-0015 0.00 0.00 0.00 6.68 10.16 2.27 

50-10005 MD50-00-0016 0.00 0.00 0.00 2.80 6.84 1.50 

50-10006 MD50-00-0017 0.00 0.00 9.26 1.94 27.82 4.44 

50-10007 MD50-00-0018 20.85 0.00 0.00 0.00 3.82 0.84 

50-10008 MD50-00-0019 0.00 0.00 0.00 0.00 2.86 0.00 

50-10009 M D50-00-0020 0.00 0.00 1.50 0.00 15.86 2.01 

50-10010 MD50-00-0021 0.00 0.00 2.67 0.00 15.21 1.17 

50-10011 MD50-00-0022 0.00 0.00 6.71 1.16 16.95 2.94 

50-10012 MD50-00-0023 86.40 0.00 4.58 0.00 9.30 4.15 

50-10013 MD50-00-0024 0.00 0.00 0.00 0.00 2.18 1.20 

50-10014 MD50-00-0025 0.00 0.00 0.00 0.00 2.77 3.18 

50-10015 MD50-00-0026 0.00 0.00 2.38 0.00 3.27 8.83 

50-10016 MD50-00-0027 0.00 0.00 0.00 0.00 2.09 0.94 

50-10017 MD50-00-0028 0.00 0.00 0.00 0.00 5.39 0.00 

50-10018 MD50-00-0029 0.00 0.00 0.00 0.00 9.22 0.00 

50-10019 MD50-00-0030 0.00 0.00 0.00 0.00 7.23 2.58 

50-10020 MD50-00-0031 0.00 0.00 0.00 0.00 4.21 2.65 

50-10021 MD50-00-0032 0.00 0.00 2.31 0.00 5.08 6.96 

50-10022 MD50-00-0033 0.00 0.00 36.15 4.67 2.52 3.52 

50-10023 MD50-00-0034 0.00 0.00 1.65 0.00 2.52 4.15 

50-10024 MD50-00-0035 0.00 0.00 0.00 0.00 1.28 3.82 

50-10025 MD50-00-0036 0.00 0.00 0.00 0.00 1.59 1.34 

50-10026 MD50-00-0037 0.00 0.00 0.00 0.00 7.54 0.90 

50-10027 MD50-00-0038 0.00 0.00 0.00 0.00 28.06 0.00 

50-10028 MD50-00-0039 0.00 0.00 0.00 0.00 9.23 0.00 

50-10029 MD50-00-0040 0.00 0.00 0.00 0.00 3.15 2.82 

50-10030 MD50-00-0041 0.00 0.00 0.00 0.00 2.53 1.58 

50-10031 MD50-00-0042 0.00 0.00 4.85 0.00 4.68 4.79 

50-10032 MD50-00-0043 0.00 0.00 2.87 0.00 4.77 3.65 

50-10033 MD50-00-0044 0.00 0.00 1.73 0.00 28.38 12.47 

50-10034 MD50-00-0045 0.00 0.00 0.00 0.00 1.25 3.85 

50-10035 MD50-00-0046 0.00 0.00 0.00 0.00 5.30 1.11 
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Table B-16 

Location Sample Aliphatics Carbon 
ID ID HCs Benzene Tetrachloride Chloroform Tetrachloroethene Trichloroethene 

50-10036 MD50-00-0047 0.00 0.00 0.00 0.00 13.32 0.00 

50-10037 MD50-00-0048 12.60 0.00 0.00 0.00 5.30 0.00 

50-10038 MD50-00-0049 0.00 0.00 0.00 0.00 6.92 1.58 

50-10039 MD50-00-0050 0.00 0.00 0.00 0.00 3.18 58.03 

50-10040 MD50-00-0051 0.00 0.00 0.00 0.00 5.43 3.19 

50-10041 M050-00-0052 0.00 0.00 0.00 0.00 2.84 2.05 

50-10042 MD50-00-0053 0.00 0.00 0.00 0.00 4.96 0.97 

50-10043 MD50-00-0054 0.00 0.00 0.00 0.00 2.15 1.48 

50-10044 M050-00-0055 0.00 0.00 0.00 0.00 0.87 1.98 

50-10045 MD50-00-0056 0.00 0.00 0.00 0.00 3.51 0.00 

50-10046 MD50-00-0057 0.00 0.00 0.00 0.00 2.20 0.00 

50-10047 MD50-00-0058 170.25 0.00 0.00 0.00 2.82 0.00 

50-10048 MD50-00-0059 0.00 0.00 0.00 0.00 0.00 0.00 

50-10049 MD50-00-0060 95.56 0.00 0.00 0.00 1.66 0.00 

50-10050 MD50-00-0061 0.00 0.00 0.00 0.00 2.92 0.00 

50-10051 M 050-00-0062 0.00 0.00 0.00 0.00 2.32 1.48 

50-10052 MD50-00-0063 0.00 0.00 0.00 0.00 200.92 0.00 

50-10053 MD50-00-0064 0.00 0.00 0.00 0.00 69.71 1.08 

50-10054 MD50-00-0065 0.00 0.00 0.00 0.00 4.38 4.27 

50-10055 MD50-00-0066 0.00 0.00 0.00 0.00 4.87 0.00 

50-10056 MD50-00-0067 0.00 0.00 0.00 0.00 1.92 0.00 

50-10057 MD50-00-0068 0.00 0.00 0.00 0.00 1.79 0.00 

50-10058 MD50-00-0069 0.00 0.00 0.00 0.00 1.10 0.00 

50-10059 MD50-00-0070 13.52 0.00 0.00 0.00 1.89 0.00 

50-10060 MD50-00-0071 0.00 0.00 0.00 0.00 1.32 0.00 

50-10061 MD50-00-0072 0.00 0.00 0.00 0.00 1.54 0.00 

50-10062 MD50-00-0073 0.00 0.00 0.00 0.00 1.19 0.00 

50-10063 MD50-00-0074 0.00 0.00 0.00 0.00 4.21 0.00 

50-10064 MD50-00-0075 0.00 0.85 0.00 0.00 8.39 0.00 

50-10065 MD50-00-0076 0.00 0.00 0.00 0.00 1.51 0.00 

50-10066 MD50-00-0077 0.00 0.00 0.00 0.00 27.80 0.00 

50-10067 MD50-00-0078 0.00 0.00 0.00 1.52 207.30 10.37 

50-10068 MD50-00-0079 13.78 0.00 0.00 0.00 169.70 8.11 

50-10069 MD50-00-0080 54.59 0.00 0.00 0.00 140.79 5.78 

50-10070 M050-00-0081 0.00 0.00 0.00 0.00 56.58 6.22 

50-10071 MD50-00-0082 0.00 0.00 0.00 0.00 150.02 29.58 

50-10072 MD50-00-0083 0.00 0.00 0.00 0.00 16.67 0.00 

50-10073 MD50-00-0084 0.00 0.00 0.00 0.00 58.84 0.00 
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Table B-16 

Location Sample Aliphatics Carbon 
ID ID HCs Benzene Tetrachloride Chloroform Tetrachloroethene Trichloroethane 

50-10074 MD50-00-0085 0.00 0.00 0.00 0.00 10.04 0.00 

50-10075 MD50-00-0086 0.00 0.00 0.00 0.00 3.05 0.00 

50-10076 MD50-00-0087 0.00 0.00 0.00 0.00 0.94 0.00 

50-10077 MD50-00-0088 0.00 0.00 0.00 0.00 7.40 0.00 

50-10078 MD50-00-0089 0.00 0.00 0.00 0.00 1.39 0.00 

50-10079 MD50-00-0090 0.00 0.00 0.00 0.00 1.42 0.00 

50-10080 MD50-00-0091 0.00 0.00 0.00 0.00 13.90 0.98 

50-10081 MD50-00-0092 0.00 0.91 0.00 0.00 8.26 1.36 

50-10082 MD50-00-0093 0.00 0.00 0.00 0.00 5.74 1.93 

50-10083 MD50-00-0094 0.00 0.00 0.00 0.00 3.41 2.14 

Note: Results are in ng/m2/min. 
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Table B-17 
Summary of Phase I RFI Boreholes at MDA C 

C: .c: 0 i5, a "' "' 5! C: ~ C: .c: C: £i C fJ C 
- C 0 - C .!!:! .2 ., :5 > ., ., a. 0 ., 0 a. 0 C::::, 

"' ., ..J c_ ., ·- o:.;:; cu.:; C o- ., _ 
0 .. _ 

:, - w~ ., E" C~E"° .. u- C '° .c: .!! u .. 
.c: -~!L. .§~ - = 't: ., = - E 

C) ., a. .. "' ., - o- rl - - >- ::::s·-- :.E 5 E ·- 0 ~ u .:;t_ J9 .!!:! .. ~ u .c: ~ "' e - 0 NAD83" "C a. 
0 ., 

~ ~ ~w D. ~LL :"f: "' 0 <( "' "' C ., u c :, 0 > C 

"' "' Northing Easting 

50-09100 90.0 n/ab 7233.0 316.0 316.0 6917.0 0.0 Oct 1768776 1626312 7/17-31/95 Vapor Pit 5 
Monitoring 

50-09101 45.0 S82W 7253.0 117.0 82.7 7170.3 82.7 Qbt 3 1768915 1625964 9/20-22/95 Backfilled Pit6 

50-09102 45.0 S 10W 7219.0 110.0 77.8 7141.2 77.8 Qbt 3 1768750 1626610 8/2-8/95 Backfilled Pit 5 

50-09103 45.0 N 32W 7242.0 120.0 84.9 7157.1 84.9 Qbt 3 1768404 1626596 8/17-22/95 Backfilled Pits 1 and 3 

50-09104 90.0 n/a 7260.0 90.0 90.0 7170.0 0.0 Qbt3 1768444 1626044 8/15-17/95 Backfilled Pit 1 

50-09105 45.0 S 86 E 7265.0 120.0 84.9 7180.1 84.9 Qbt3 1768561 1625873 8/23-28/95 Backfilled Shaft Group 3 
OJ 
6, 50-09106 45.0 S 75 E 7261.0 120.0 84.9 7176.1 84.9 Qbt 3 1768656 1625915 8/9-15/95 Backfilled Shaft Group 
<,.> 3/ Pit 4 

50-09107 45.0 N4W 7262.0 118.0 83.4 7178.6 83.4 Qbt 3 1768764 1625826 8/28-30/95 Backfilled Pit 6 

50-09108 45.0 N40 E 7275.0 120.0 84.9 7190.1 84.9 Qbt 3 1768770 1625544 8/30-9/11 /95 Backfilled Chemical PiU 
Pit 6 

50-09109 45.0 N 84 E 7279.0 120.0 84.9 7194.1 84.9 Qbt 3 1768863 1625429 9/11-14/95 Backfilled Pit 6 

50-09110 70.0 S 67 E 7278.0 91.0 85.5 7192.5 31.1 Qbt 3 1768971 1625494 9/15-19/95 Backfilled Pit 6 

50-10131' 90.0 n/a 7275.6 250 250 7025.6 0.0 Qct 1768774 1625545 6/21-6/25/01 Vapor Chemical Pit 
Monitoring 

a North American Datum of 1983. 
b . 

n/a = Not applicable. 

c This borehole was not part of the Phase t RF! boreholes. 



MDA C Investigation Work Plan, Revision 2 

Table B-18 

Field Screening Results from Phase I Borehole Sampling 

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

50-09100 0550-95-0360 2.0-2.2 Negative 1 180 0 

50-09100 0550-95-0361 9.0-9.2 Negative 0 210 0 

50-09100 0550-95-0362 10.6-12.6 Negative 3 220 0 

50-09100 0550-95-0363 16.5-17.5 Negative 0 220 0 

50-09100 0550-95-0394 18.6-19.2 Negative 0 220 0 

50-09100 0550-95-0364 21.5-22.3 Negative 0 210 0 

50-09100 0550-95-0365 26.5-28.5 Negative 1 180 0 

50-09100 0550-95-0366 31.5-32.5 Negative 3 170 0 

50-09100 0550-96-01 ooa 32.7-33.7 b - - - -
50-09100 0550-95-0367 38.7-39.5 Negative 1 140 0 

50-09100 0550-95-0368 41.5-43.5 Negative 1 160 0 

50-09100 0550-95-0369 46.5-47.3 Negative 0 150 0 

50-09100 0550-95-0370 52.5-53.3 Negative 0 160 0 

50-09100 0550-95-0371 58.2-60.0 Negative 1 170 0 

50-09100 0550-95-0372 61.0-62.0 Negative 1 180 0 

50-09100 0550-95-0373 66.0-87.0 Negative 0 190 0 

50-09100 0550-95-037 4 71.5-73.5 Negative 0 220 0 

50-09100 0550-95-0375 76.0-76.8 Negative 2 180 0 

50-09100 0550-95-0376 86 0-86.8 Negative 0 170 0 

50-09100 0550-95-0377 92.2-93.0 Negative 0 180 0 

50-09100 0550-95-0378 96.0-96.8 Negative 0 210 0 

50-09100 0550-95-0379 102.2-103.0 Negative 0 210 0 

50-09100 0550-95-0380 107.0-107.8 Negative 1 220 0 

50-09100 0550-95-0381 113.2-114.0 Negative 1 220 0 

50-09100 0550-95-0383 115.1-116.9 Negative 1 220 0 

50-09100 0550-95-0384 120.0-120.8 Negative 0 210 0 

50-09100 0550-95-0385 125.0-125.8 Negative 0 200 0 

50-09100 0550-95-0386 130.0-130.8 Negative 2 200 0 

50-09100 0550-95-0387 135.0-135.9 Negative 0 180 0 

50-09100 0550-95-0388 140.0-140.8 Negative 2 200 0 

50-09100 0550-95-0389 145.0-145.8 Negative 0 200 0 

50-09100 0550-95-0390 150.0-150.8 Negative 0 180 0 

50-09100 0550-95-0391 157.0-157.8 Negative 0 200 0 

50-09100 0550-95-0392 161.3-163.1 Negative 0 220 0 

50-09100 0550-95-0396 165.0-166.0 Negative 3 170 0 

50-09100 0550-95-0397 171.0-171.8 Negative 0 160 0 
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Table B-18 (continued) 

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

50-09100 0550-95-0398 177.0--177.8 Negative 0 170 0 

50-09100 0550-95-0399 182.2-183.0 Negative 0 180 0 

50-09100 0550-95-0400 185.0-185.8 Negative 1 160 0 

50-09100 0550-95-0401 191.5-192.5 Negative 0 170 0 

50-09100 0550-95-0402 197.3-198.0 Negative 1 200 0 

50-09100 0550-95-0403 202.5-203.2 Negative 0 120 0 

50-09100 0550-95-0404 206.4-207.2 Negative 0 140 0 

50-09100 0550-96-0001 210.8-211.0 - - - -
50-09100 0550-96-0002 213.0-214.0 - - - -
50-09100 0550-96-0003 215.8-216.0 - - - -

50-09100 0550-96-0004 220.7-221.0 - - - -
50-09100 0550-96-0006 222.7-223.0 - - - -

50-09100 0550-96-0007 225.7-226.0 - - - -

50-09100 0550-96-0008 228.1-228.4 - - - -
50-09100 0550-96-0009 230.7-231.0 - - - -

50-09100 0550-96-0010 233.0-233.3 - - - -

50-09100 0550-96-0011 235.7-236.0 - - - -

50-09100 0550-96-0012 238.1-238.4 - - - -

50-09100 0550-96-0013 240.7-241.0 - - - -
50-09100 0550-96-0014 243.7-244.0 - - - -

50-09100 0550-96-0015 245.7-246.0 - - - -
50-09100 0550-96-0016 247.3-248.0 - - - -

50-09100 0550-96-0017 250.7-251.0 - - - -

50-09100 0550-96-0018 253.0-253.3 - - - -
50-09100 0550-96-0019 255.2-255.5 - - - -
50-09100 0550-96-0020 257 .2-257 .5 - - - -
50-09100 0550-96-0021 260.2-260.5 - - - -

50-09100 0550-96-0022 262.7-263.0 - - - -

50-09100 0550-96-0023 265.2-265.5 - - - -
50-09100 0550-96-0025 267 .2-267 .5 - - - -
50-09100 0550-96-0024 270.2-270.5 - - - -

50-09100 0550-96-0026 273.2-273.5 - - - -

50-09100 0550-96-0027 275.7-276.0 - - - -

50-09100 0550-96-0028 278.2-278.5 - - - -

50-09100 0550-96-0029 280.7-281.0 - - - -

50-09100 0550-96-0030 283.2-283.5 - - - -
50-09100 0550-96-0031 285.7-286.0 - - - -
50-09100 0550-96-0032 288.3-288.5 - - - -
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Table B-18 (continued) 

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

50-09100 0550-96-0033 290.7-291.0 - - - -
50-09100 0550-96-0034 293.2-293.5 - - - -
50-09100 0550-96-0035 295.7-296.0 - - - -

50-09100 0550-96-0036 298.3-298.5 - - - -
50-09100 0550-96-0037 299.7-300.0 - - - -

50-09100 0550-96-0038 303.2-303.5 - - - -
50-09100 0550-96-0039 305.7-306.0 - - - -
50-09100 0550-96-0040 308.2-308.5 - - - -
50-09100 0550-96-0041 310.7-311.0 - - - -
50-09100 0550-96-0042 312.5-313.0 - - - -

50-09100 0550-96-0043 315.2-315.5 - - - -

50-09101 0550-95-0281 2.5-2.6 Negative 0 170 0 

50-09101 0550-95-0282 5.7-6.0 Negative 2 180 0 

50-09101 0550-95-0283 7.6-7.9 Negative 1 160 0 

50-09101 0550-95-0284 10.6-12.0 Negative 1 180 0 

50-09101 0550-95-0285 10.6-12.0 Negative 1 180 0 

50-09101 0550-95-0286 14.1-14.5 Negative 1 180 0 

50-09101 0550-95-0287 17.7-18.0 Negative 1 150 0 

50-09101 0550-96-0101 a 19.0-19.7 - - - -

50-09101 0550-95-0288 21.2-21.5 Negative 0 170 0 

50-09101 0550-95-0289 24.7-25.6 Negative 0 140 0 

50-09101 0550-95-0290 26.5-26.8 Negative 0 140 0 

50-09101 0550-95-0291 28.6-29.0 Negative 0 180 0 

50-09101 0550-96-0102• 31.1-31.9 - - - -

50-09101 0550-95-0292 32.0-32.3 Negative 1 160 0 

50-09101 0550-95-0293 37.0-37.4 Negative 0 200 0 

50-09101 0550-95-0294 38.9-40.3 Negative 0 180 0 

50-09101 0550-95-0295 38.9-40.3 Negative 0 180 0 

50-09101 0550-95-0296 43.8-44.2 Negative 1 140 0 

50-09101 0550-96-0103• 44.2-44.7 - - - -
50-09101 0550-95-0297 47.4-48.8 Negative 0 140 0 

50-09101 0550-95-0298 49.7-50.0 Negative 0 150 0 

50-09101 0550-95-0299 53.0-54.4 Negative 0 210 0 

50-09101 0550-95-0300 53.0-54.4 Negative 0 210 0 

50-09101 0550-95-0301 58.3--58.7 Negative 2 140 0 

50-09101 0550-95-0302 61.5-61.9 Negative 0 180 0 

50-09101 0550-95-0303 64.1-64.3 Negative 0 180 0 

50-09101 0550-95-0304 67.9-69.3 Negative 2 160 0 
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Table B-18 (continued) 

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

50-09101 0550-95-0305 67.9--69.3 Negative 2 160 0 

50-09101 0550-95-0306 72.5-72.8 Negative 1 150 0 

50-09101 0550-95-0307 75.7-76.0 Negative 0 160 0 

50-09101 0550-95-0308 78.2-78.5 Negative 1 160 0 

50-09101 0550-95-0309 79.2-81.0 Negative 0 180 0 

50-09101 0550-95-0310 79.2-81.0 Negative 0 180 0 

50-09102 0550-95-0001 2.5-2.6 Negative 0 200 0 

50-09102 0550-95-0002 4.2-4.5 Negative 0 210 0 

50-09102 0550-95-0003 9.9--10.6 Negative 0 120 0 

50-09102 0550-95-0004 11.3-13.4 Negative 0 130 0 

50-09102 0550-95-0005 11.3-13.4 Negative 0 130 0 

50-09102 0550-95-0006 16.3-17.0 Negative 0 180 0 

50-09102 0550-95-0007 18.4-19.0 Negative 0 160 0 

50-09102 0550-95-0008 23.3-23.9 Negative 0 110 0 

50-09102 0550-95-0009 26.2-28.9 Negative 0 220 0 

50-09102 0550-95-0010 26.2-28.9 Negative 0 220 0 

50-09102 0550-95-0011 32.4-33.0 Negative 0 190 0 

50-09102 0550-95-0012 34.9-35.4 Negative 2 250 0 
50-09102 0550-95-0013 36.8-37.4 Negative 0 210 0 

50-09102 0550-95-0014 40.3-42.4 Negative 0 180 0 

50-09102 0550-95-0015 40.3-42.4 Negative 0 180 0 

50-09102 0550-95-0016 43.8-44.5 Negative 0 200 0 

50-09102 0550-95-0017 47.6-48.4 Negative 1 210 0 

50-09102 0550-95-0018 50.9--51.6 Negative 0 170 0 

50-09102 0550-95-0019 51.8-53.7 Negative 2 210 0 

50-09102 0550-95-0020 51.8-53.7 Negative 2 210 0 
50-09102 0550-95-0021 58.0-58.7 Negative 2 210 0 

50-09102 0550-95-0022 60.5-61.2 Negative 0 200 0 
50-09102 0550-95-0039 62.2-62.6 Negative 0 180 0 

50-09102 0550-95-0023 62.6-62.9 Negative 0 180 0 
50-09102 0550-95-0025 66.5-67.2 Negative 0 200 0 

50-09102 0550-95-0024 67.2-68.6 Negative 1 200 0 

50-09102 0550-95-0026 67.2-68.6 Negative 1 200 0 

50-09102 0550-95-0027 72.1-72.8 Negative 1 170 0 

50-09102 0550-95-0028 75.0-75.7 Negative 2 200 0 

50-09102 0550-95-0029 76.4-77.8 Negative 0 200 0 

50-09102 0550-95-0030 76.4-77.8 Negative 0 200 0 
50-09103 0550-95-0101 3.5-3.6 Negative 0 180 0 
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Table B-18 (continued) 

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

50-09103 0550-95-0102 4.9-5.0 Negative 1 150 0 

50-09103 0550-95-0103 8.0-8.4 Negative 2 180 0 

50-09103 0550-95-0104 13.1-14.7 Negative 1 150 0 

50-09103 0550-95-0105 13.1-14.7 Negative 1 150 0 

50-09103 0550-95-0106 16.0-16.3 Negative 2 130 0 

50-09103 0550-95-0107 19.2-19.6 Negative 2 160 0 

50-09103 0550-95-0108 22.6-23.3 Negative 2 170 0 

50-09103 0550-95-01 09 25.5-27.4 Negative 0 150 0 

50-09103 0550-95-0110 25.5-27.4 Negative 0 150 0 

50-09103 0550-95-0111 29.0-29.6 Negative 1 150 0 

50-09103 0550-95-0112 32.2-32.9 Negative 0 130 0 

50-09103 0550-96-0104 8 32.9-33.8 - - - -
50-09103 0550-95-0113 36.6-37.1 Negative 1 150 0 

50-09103 0550-95-0114 39.6-41.6 Negative 1 150 0 

50-09103 0550-95-0115 39.6-41.6 Negative 1 150 0 

50-09103 0550-95-0116 44.8-45.3 Negative 2 130 0 

50-09103 0550-95-0117 48.1-48.6 Negative 0 180 0 

50-09103 0550-95-0118 49.8-50.3 Negative 2 180 0 

50-09103 0550-95-0119 55.2-56.6 Negative 1 158 0 

50-09103 0550-95-0120 55.2-56.6 Negative 1 158 0 

50-09103 0550-95-0121 56.6-57.3 Negative 1 170 0 

50-09103 0550-95-0122 60.8-61.4 Negative 0 160 0 

50-09103 0550-95-0123 64.9-65.5 Negative 0 150 0 

50-09103 0550-95-0124 67.0-69.3 Negative 0 180 0 

50-09103 0550-95-0125 67.0-69.3 Negative 0 180 0 

50-09103 0550-95-0126 71.6-72.1 Negative 2 190 0 

50-09103 0550-95-0127 74.4-75.0 Negative 2 160 0 

50-09103 0550-95-0128 78.7-79.3 Negative 1 190 0 

50-09103 0550-95-0129 81.2-82.6 Negative 0 200 0 

50-09103 0550-95-0130 81.2-82.6 Negative 1 200 0 

50-09103 0550-95-0131 84.3-84.9 Negative 0 190 0 

50-09104 0550-95-0073 4.0-4.1 Negative 1 170 0 

50-09104 0550-95-007 4 9.0-9.1 Negative 1 190 0 

50-09104 0550-95-0075 10.9-12.9 Negative 2 190 0 

50-09104 0550-95-0076 10.9-12.9 Negative 2 190 0 

50-09104 0550-95-0077 15.1-16.0 Negative 1 160 0 

50-09104 0550-95-0078 22.1-23.0 Negative 3 180 0 

50-09104 0550-95-0079 26.3-28.0 Negative 1 156 0 
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Table B-18 (continued) 

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

50-09104 0550-95-0080 26.3-28.0 Negative 1 156 0 

50-09104 0550-95-0081 31.8-32.3 Negative 3 140 0 

50-09104 0550-95-0082 34.3-35.0 Negative 2 150 0 

50-09104 0550-95-0083 36.6-38.6 Negative 2 180 0 

50-09104 0550-95-0084 36.6-38.6 Negative 2 180 0 

50-09104 0550-96-o 105• 44.1-45.1 - - - -
50-09104 0550-95-0085 45.1-46.0 Negative 1 150 0 

50-09104 0550-95-0086 50.4-51.3 Negative 1 160 0 

50-09104 0550-95-0087 58.0-60.0 Negative 0 170 0 

50-09104 0550-95-0088 58.0-60.0 Negative 0 170 0 

50-09104 0550-95-0089 62.5-63.0 Negative 0 170 0 

50-09104 0550-95-0090 69.2-70.0 Negative 0 170 0 

50-09104 0550-95-0092 71.0-73.0 Negative 2 150 0 

50-09104 0550-95-0091 71.7-73.0 Negative 2 150 0 

50-09104 0550-95-0093 77.8-78.6 Negative 1 190 0 

50-09104 0550-95-0095 79.0-81.0 Negative 0 180 0 

50-09104 0550-95-0094 82.2-83.0 Negative 2 170 0 

50-09104 0550-95-0099 85.0-87.0 Negative 2 130 0 

50-09104 0550-95-0100 85.0 87.0 Negative 2 130 0 

50-09105 0550-95-0132 2.8-2.9 Negative 1 170 0 

50-09105 0550-95-0133 5.4-5.9 Negative 1 150 0 

50-09105 0550-95-0134 8.5-9.1 Negative 1 150 0 

50-09105 0550-95-0135 11.4-13.1 Negative 1 190 0 

50-09105 0550-95-0136 11.4-13.1 Negative 1 190 0 

50-09105 0550-95-0137 15.8-16.3 Negative 1 160 0 

50-09105 0550-95-0138 19.9-20.6 Negative 2 210 0 

50-09105 0550-95-0139 24.2-24.7 Negative 1 180 0 

50-09105 0550-95-0140 24.7-26.9 Negative 1 180 0 

50-09105 0550-95-0141 24.7-25.2 Negative 1 180 0 

50-09105 0550-95-0142 30.5-31.1 Negative 0 170 0 

50-09105 0550-95-0143 32.5-33.1 Negative 0 190 0 

50-09105 0550-95-0144 36.1-36.8 Negative 1 190 0 

50-09105 0550-95-0145 40.3-41.7 Negative 0 180 0 

50-09105 0550-95-0146 40.3-40.7 Negative 0 180 0 

50-09105 0550-95-0147 43.3-43.8 Negative 0 180 0 

50-09105 0550-96-0105• 43.9-44.5 - - - -

50-09105 0550-95-0148 46.7-47.4 Negative 1 150 0 

50-09105 0550-95-0149 50.2-50.9 Negative 2 190 0 
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Table B-18 (continued) 

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

50-09105 0550-95-0150 54.4-56.4 Negative 0 180 0 

50-09105 0550-95-0151 54.4-56.4 Negative 0 180 0 

50-09105 0550-95-0152 58.0-58.6 Negative 0 180 0 

50-09105 0550-95-0153 61.5-62.1 Negative 0 180 0 

50-09105 0550-95-0154 65.1-65.6 Negative 0 180 0 

50-09105 0550-95-0155 68.6-70.6 Negative 0 180 0 

50-09105 0550-95-0156 68.6-69.0 Negative 0 180 0 

50-09105 0550-95-0157 71.6-72.1 Negative 0 180 0 

50-09105 0550-95-0159 75.1-75.7 Negative 0 160 0 

50-09105 0550-95-0162 80.0--80 6 Negative 2 180 0 

50-09105 0550-95-0160 83.2-84.9 Negative 1 160 0 

50-09105 0550-95-0161 83.2-84.9 Negative 1 160 0 

50-09106 0550-95-0040 2.8-2.9 Negative 2 220 0 

50-09106 0550-95-0041 4.6-5.2 Negative 1 210 0 

50-09106 0550-95-0042 7.8-8.6 Negative 0 170 0 

50-09106 0550-95-0043 7.8-8.6 Negative 0 170 0 

50-09106 0550-95-0044 14.5-16.8 Negative 0 200 0 

50-09106 0550-95-0046 19.4-21.6 Negative 2 180 0 

50-09106 0550-95-004 7 19.4-21.6 Negative 2 180 0 

50-09106 0550-95-0048 22.5-23.7 Negative 2 160 0 

50-09106 0550-95-0049 25.1-25.8 Negative 0 190 0 

50-09106 0550-95-0050 29.0-31.1 Negative 0 140 0 

50-09106 0550-95-0051 29.0-31.1 Negative 0 140 0 

50-09106 0550-95-0052 34.2-34.6 Negative 0 170 0 

50-09106 0550-95-0053 37.3-37.8 Negative 1 180 0 

50-09106 0550-95-0054 40.0-41.4 Negative 0 190 0 

50-09106 0550-95-0055 40.0-41.4 Negative 0 190 0 

50-09106 0550-95-0056 45.1-45.7 Negative 0 200 0 

50-09106 0550-95-0057 47.9-48.2 Negative 1 180 0 

50-09106 0550-95-0058 49.9-51.6 Negative 0 140 0 

50-09106 0550-95-0060 49.9-51.6 Negative 0 140 0 

50-09106 0550-95-0061 53.7-54.4 Negative 0 170 0 

50-09106 0550-95-0062 56.8-57.6 Negative 0 180 0 

50-09106 0550-95-0063 60.8-62.6 Negative 1 170 0 

50-09106 0550-95-0064 60.8-62.6 Negative 1 170 0 

50-09106 0550-95-0065 65.6-66.3 Negative 1 150 0 

50-09106 0550-95-0066 71.5-72.1 Negative 2 160 0 

50-09106 0550-95-0067 72.1-73.5 Negative 2 150 0 
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Table B-18 (continued) 

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

50-09106 0550-95-0068 72.1-73.5 Negative 2 150 0 

50-09106 0550-95-0069 74.4-75.0 Negative 2 150 0 

50-09106 0550-95-0070 79.7-80.3 Negative 0 150 0 

50-09106 0550-95-0071 81.7-83.4 Negative 0 150 0 

50-09106 0550-95-0072 81.7-83.4 Negative 0 ' 150 0 

50-09107 0550-95-0163 2.8-2.9 Negative 0 130 0 

50-09107 0550-95-0164 7.8-8.1 Negative 1 160 0 

50-09107 0550-95-0166 9.9-11.2 Negative 0 170 0 

50-09107 0550-95-0167 13.4-13.9 Negative 2 180 0 

50-09107 0550-95-0165 17.0-17.4 Negative 0 150 0 

50-09107 0550-95-0168 21.9-22.1 Negative 2 170 0 

50-09107 0550-95-0171 25.5-27.6 Negative 1 160 0 

50-09107 0550-95-0172 25.5-27.6 Negative 1 160 0 

50-09107 0550-95-0169 30.8-31.3 Negative 0 160 0 

50-09107 0550-95-0170 32.5-32.9 Negative 0 140 0 

50-09107 0550-96-0107" 33.2-34.3 - - - -

50-09107 0550-95-0173 38.4-39.0 Negative 0 140 0 

50-09107 0550-95-0176 40.3-41.7 Negative 1 150 0 

50-09107 0550-95-0177 40.3-41.7 Negative 1 150 0 

50-09107 0550-95-017 4 44.8-45.3 Negative 1 150 0 

50-09107 0550-95-0175 46.3-46.8 - 2 160 0 

50-09107 D55D-96-D1 as• 46.8-47.4 - - - -

50-09107 0550-95-0178 50.4-50.9 Negative 0 140 0 

50-09107 0550-95-0181 53.0-55.6 Negative 0 160 0 

50-09107 0550-95-0182 53.0-55.6 Negative 0 160 0 

50-09107 0550-95-0179 58.7-59.0 Negative 1 170 0 

50-09107 0550-95-0180 60.1-60.6 Negative 0 140 0 

50-09107 0550-95-0183 65.8-66.1 Negative 1 150 0 

50-09107 0550-95-0186 67.2-68.6 Negative 1 150 0 

50-09107 0550-95-0187 67.2-68.6 Negative 1 150 0 

50-09107 0550-95-0184 72.1-72.5 Negative 1 120 0 

50-09107 0550-95-0185 75.5-76.0 Negative 1 150 0 

50-09107 0550-95-0191 76.4-78.5 Negative 0 150 0 

50-09107 0550-95-0188 78.1-78.5 Negative 1 150 0 

50-09108 0550-95-0192 2.8-2.9 Negative 1 140 0 

50-09108 0550-95-0193 5.7-6.2 Negative 0 160 0 

50-09108 0550-95-0194 9.9-10.3 Negative 1 230 0 

50-09108 0550-95-0195 10.6-11.9 Negative 0 190 0 
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Table B-18 (continued) 

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

50-09108 0550-95-0196 10.6-11.9 Negative 0 190 0 

50-09108 0550-95-0197 17.0-17.5 Negative 1 190 0 

50-09108 0550-96-01098 17.3-18.0 - - - -

50-09108 0550-95-0198 20.5-20.9 Negative 1 210 0 

50-09108 0550-95-0199 21.9-22.3 Negative 1 210 0 

50-09108 0550-95-0200 26.2-27.3 Negative 1 210 0 

50-09108 0550-95-0201 26.2-27.3 Negative 1 210 0 

50-09108 0550-95-0202 30.4-30.7 Negative 2 200 0 

50-09108 0550-96-01108 31.7-32.5 - - - -

50-09108 0550-95-0203 36.1-36.3 Negative 2 250 0 

50-09108 0550-95-0204 40.0-40.3 Negative 1 200 0 

50-09108 0550-95-0205 40.3-41.7 Negative 1 210 0 

50-09108 0550-95-0206 40.3-41.7 Negative 1 200 0 

50-09108 0550-95-0207 43.8-44.2 Negative 1 200 0 

50-09108 0550-95-0208 47.4-47.9 Negative 0 190 0 

50-09108 0550-95-0209 51.1-51.6 Negative 2 210 0 

50-09108 0550-95-0210 54.2-55.6 Negative 1 200 0 

50-09108 0550-95-0211 54.2-55.6 Negative 1 200 0 

50-09108 0550-95-0212 58.1-58.5 Negative 1 180 0 

50-09108 0550-95-0213 61.5-61.9 Negative 0 250 0 

50-09108 0550-95-0214 66.2-66.6 Negative 1 170 0 

50-09108 0550-95-0215 67.5-68.9 Negative 2 190 0 

50-09108 0550-95-0216 67.5-67.9 Negative 1 140 0 

50-09108 0550-95-0217 70.7-71.1 Negative 1 180 0 

50-09108 0550-95-0218 74.2-74.6 Negative 1 140 0 

50-09108 0550-95-0219 77.9-78.3 Negative 0 130 0 

50-09108 0550-95-0220 79.2-81.3 Negative 2 150 0 

50-09108 0550-95-0221 79.2-81.3 Negative 0 180 0 

50-09108 0550-95-0222 84.1-84.4 Negative 0 160 0 

50-09109 0550-95-0223 2.8-2.9 Negative 0 170 0 

50-09109 0550-95-0224 6.0-6.4 Negative 1 170 0 

50-09109 0550-95-0225 8.0-8.3 Negative 0 140 0 

50-09109 0550-95-0226 12.9-14.3 Negative 0 180 0 

50-09109 0550-95-0227 12.9-13.6 Negative 1 170 0 

50-09109 0550-95-0228 16.8-17.1 Negative 1 200 0 

50-09109 0550-95-0229 18.0-18.4 Negative 1 180 0 

50-09109 0550-95-0230 21.6-21.9 Negative 0 210 0 

50-09109 0550-95-0231 24.1-25.5 Negative 1 180 0 
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Table B-18 (continued) 

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

50-09109 0550-95-0232 24.1-24.5 Negative 1 180 0 

50-09109 0550-95-0233 26.0-26.4 Negative 0 140 0 

50-09109 0550-95-0234 30.3-30.6 Negative 1 130 0 

50-09109 0550-96-0111 a 32.5-33.2 - - - -
50-09109 0550-95-0235 33.2-33.5 Negative 2 180 0 

50-09109 0550-95-0238 37.5-37.9 Negative 0 150 0 

50-09109 0550-95-0236 40.9-42.4 Negative 2 120 0 
50-09109 0550-95-0237 40.9-41.2 Negative 2 120 0 

50-09109 0550-95-0239 43.1-43.5 Negative 0 230 0 

50-09109 0550-95-0240 43.8-44.2 Negative 0 220 0 

50-09109 0550-95-0243 46.0-46.3 Negative 1 130 0 

50-09109 0550-96-01128 46.7-47.4 - - - -
50-09109 0550-95-0244 48.6-49.0 Negative 0 200 0 

50-09109 0550-95-0245 52.7-53.0 Negative 0 180 0 
50-09109 0550-95-0246 54.7-56.4 Negative 2 150 0 

50-09109 0550-95-0247 54.7-56.4 Negative 2 150 0 

50-09109 0550-95-0248 59.8--60.1 Negative 1 200 0 
50-09109 0550-95-0249 62.2--62.5 Negative 2 160 0 
50-09109 0550-95-0250 64.3--64.7 Negative 1 190 0 

50-09109 0550-95-0251 68.3--69.9 Negative 2 160 0 

50-09109 0550-95-0252 73.1-73.5 Negative 1 150 0 

50-09109 0550-95-0253 76.4-76.7 Negative 0 190 0 

50-09109 0550-95-0254 78.1-78.5 Negative 1 180 0 

50-09109 0550-95-0241 79.9-81.1 Negative 1 150 0 

50-09109 0550-95-0242 82.9-83.2 Negative 0 170 0 

50-09110 0550-95-0256 3.8-3.9 Negative 0 120 0 
50-09110 0550-95-0257 8.5-8.9 Negative 1 160 0 

50-09110 0550-95-0258 11.3-11.7 Negative 0 220 0 

50-09110 0550-95-0259 16.0-17.9 Negative 2 200 0 

50-09110 0550-95-0260 16.0-17.9 Negative 2 200 0 

50-09110 0550-95-0261 20.7-21.1 Negative 0 200 0 

50-09110 0550-96-01138 22.6-23.3 - - - -

50-09110 0550-95-0262 30.1-30.5 Negative 0 220 0 

50-09110 0550-95-0263 32.9-33.4 Negative 1 160 0 

50-09110 0550-95-0264 35.7-37.6 Negative 1 200 0 

50-09110 0550-95-0265 35.7-37.6 Negative 1 200 0 

50-09110 0550-95-0266 41.6-42.1 Negative 1 180 0 
50-09110 0550-95-0267 45.1-45.6 Negative 1 200 0 
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MDA C Investigation Work Plan, Revision 2 

Location Sample Depth 
ID ID (ft bgs) 

50-09110 0550-96-0114. 45.6-46.5 

50-09110 0550-95-0268 49.3-49.8 

50-09110 0550-95-0269 55.4-57.1 

50-09110 0550-95-0270 55.4-57.1 

50-09110 0550-95-0271 60.1-60.6 

50-09110 0550-95-0272 62.0-62.5 

50-09110 0550-95-0273 66.7-67.2 

50-09110 0550-95-027 4 69.5-72.0 

50-09110 0550-95-027 5 69.5-72.0 

50-09110 0550-95-0276 74.2-74.5 

50-09110 0550-95-0277 78.9-79.4 

50-09110 0550-95-0279 82.7-84.0 

a Sample collected from curated core. 

b - = Screening was not performed. 

October 2005 

Table B-18 (continued) 

Alpha Beta/Gamma PID 
HE Screen (cpm) (cpm) (ppm) 

- - - -

Negative 1 200 0 

Negative 0 180 0 

Negative 0 180 0 

Negative 1 200 0 

Negative 2 180 0 

Negative 0 180 0 

Negative 0 180 0 

Negative 0 180 0 

Negative 0 130 0 

Negative 0 180 0 

Negative 0 140 0 
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Table B-19 
Summary of Phase I RFI Subsurface Tuff Samples Collected at MDA C 
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0550-95-0362 50-09100 10.6-12.6 Qbt 3 699 699 a 698 700 700 700 700 700 700 700 -
0550-95-0365 50-09100 26.5-28.5 Qbt 3 722 722 - 721 - 723 723 723 723 723 723 723 

0550-96-0100° 50-09100 32.7-33.7 Qbt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 

0550-95-0368 50-09100 41.5-43.5 Qbt 3 722 722 - 721 - 723 723 723 723 723 723 723 

0550-95-0371 50-09100 58.2-80 Qbt 3 722 722 - 721 - 723 723 723 723 723 723 723 

0550-95-0374 50-09100 71.5-73.5 Qbt 2 735 735 - 734 - 736 736 736 736 736 736 736 

0550-95-0383 50-09100 115.1-116.9 Qbt 2 761 761 - 760 - 762 762 762 762 762 762 762 

0550-95-0392 50-09100 161.3-163.1 Qbt 1v 761 761 - 760 - 762 762 762 762 762 762 762 

0550-95-0284 50-09101 10.6-12 Qbt 3 1187 1187 1185 1185 1185 1189 1189 1189 1189 1189 1189 1189 
0550-96-0101 b 50-09101 19-19.7 Qbt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 

0550-95-0289 50-09101 24.7-25.6 Qbt 3 1187 1187 1185 1185 1185 1189 1189 1189 1189 1189 1189 1189 
0550-96-0102b 50-09101 31.1-31.9 Qbt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 

0550-95-0294 50-09101 38.9-39.4 Qbt 3 1187 1187 1185 1185 1185 1189 1189 1189 1189 1189 1189 1189 
0550-96-0103b 50-09101 44.2-44.7 Qbt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 

0550-95-0299 50-09101 53-54.4 Qbt 3 1187 1187 1185 1185 1185 1189 1189 1189 1189 1189 1189 1189 

0550-95-0304 50-09101 67.9-89.3 Qbt 3 1187 1187 1185 1185 1185 1189 1189 1189 1189 1189 1189 1189 

0550-95-0309 50-09101 79.2-81 Qbt 3 1187 1187 1185 1185 1185 1189 1189 1189 1189 1189 1189 1189 
0550-95-0004 50-09102 11.3-13.4 Qbt 3 820 820 - 800 - 821 821 821 821 821 821 821 
0550-95-0009 50-09102 26.2-28.9 Qbt 3 820 820 - 800 - 821 821 821 821 821 821 821 
0550-95-0014 50-09102 40.3-42.4 Qbt 3 820 820 - 800 - 821 821 821 821 821 821 821 

0550-95-0019 50-09102 51.8-53.7 Qbt 3 877 877 - - - 878 878 878 878 878 878 878 
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0550-95-0024 50-09102 67.2-68.6 Qbt 3 877 877 - 876 - 878 878 878 878 878 878 878 

0550-95-0029 50-09102 76.4-77.8 Qbt 3 877 877 - 876 - 878 878 878 878 878 878 878 

0550-95-0104 50-09103 13.1-14.7 Qbt 3 987 987 986 986 986 988 988 988 988 988 988 988 

0550-95-0109 50-09103 25.5-27.4 Qbt 3 987 987 986 986 986 988 988 988 988 988 988 988 

0550-96-0104 b 50-09103 32.88-33.81 Qbt3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 

0550-95-0114 50-09103 39.6-41.6 Qbt 3 987 987 986 986 986 988 988 988 988 988 988 988 

0550-95-0119 50-09103 55.2-56.6 Qbt 3 987 987 986 986 986 988 988 988 988 988 988 988 

0550-95-0124 50-09103 67-69.3 Qbt3 987 987 986 986 986 988 988 988 988 988 988 988 

0550-95-0129 50-09103 81.2--B2.6 Qbt 3 987 987 986 986 986 988 988 988 988 988 988 988 

0550-95-0075 50-09104 10.9-12.9 Qbt 3 946 946 945 945 945 947 947 947 947 947 947 947 

0550-95-0079 50-09104 26.3-28 Qbt 3 946 946 945 945 945 947 947 947 947 947 947 947 

0550-95-0083 50-09104 36.6-38.6 Qbt 3 - 946 945 945 945 947 947 947 947 947 947 947 

0550-96-0105b 50-09104 44.1-45.1 Qbt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 

0550-95-0087 50-09104 58-60 Qbt3 946 946 945 945 945 947 947 947 947 947 947 947 

0550-95-0095 50-09104 79-81 Qbt3 946 946 945 945 945 947 947 947 947 947 947 947 

0550-95-0099 50-09104 85-87 Qbt 3 946 946 945 945 945 947 947 947 947 947 947 947 

0550-95-0135 50-09105 11.4-13.1 Qbt 3 - 1014 1013 1013 1013 1015 1015 1015 1015 1015 1015 1015 

0550-95-0140 50-09105 24.7-26.9 Qbt 3 - 1014 1013 1013 1013 1015 1015 1015 1015 1015 1015 1015 

0550-95-0145 50-09105 40.3-41.7 Qbt 3 - 1014 1013 1013 1013 1015 1015 1015 1015 1015 1015 1015 

0550-96-0106b 50-09105 43.9-44.5 Qbt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 

0550-95-0150 50-09105 54.4-56.4 Qbt 3 - 1014 1013 1013 1013 1015 1015 1015 1015 1015 1015 1015 

0550-95-0155 50-09105 68.6-70.6 Qbt 3 - 1014 1013 1013 1013 1015 1015 1015 1015 1015 1015 1015 

0550-95-0160 50-09105 83.2--B4.9 Qbt3 1018 1018 1017 1017 1017 1024 1024 1024 1024 1024 1024 1024 

0550-95-0046 50-09106 19.4-21.6 Qbt 3 864 864 863 863 863 867 867 867 867 867 867 867 



Table B-19 (continued) 

~ - >, 

Q Q "' ui Q. 
u E ..2 'C e. .. 

:m 
0 .2 E _g E C .!!! .g "' "' "' ::;;: "' u ·-::, .. GI C GI "C <..> E "' C.·- Q. ::, Q. ::, C> 

ci. 0 m "u "C ·c: :;; :g ~ g <..> ~ Ee '? 0 C 0 ·.:::: 0 ·- en :g ;e~ .. "' 0 E ::c - 0 - 0 - C .:. E :;; >, ..J .; 0.. > 
., _ 

o- O.s::; 0"' "' u "' ::, "'~ "' 0 Q. C) ::, <..> <( .. "' <( C) l;l - ii: J!l ... -=> "' ..J ~ "' ... 0.. Q. 

"' 
0550-95-0050 50-09106 29-31.1 Obi 3 908 908 907 907 907 922 922 922 922 922 922 922 

0550-95-0054 50-09106 40-41.4 Obi 3 908 908 907 907 907 922 922 922 922 922 922 922 

0550-95-0058 50-09106 49.9-51.6 Obi 3 908 908 907 907 907 922 922 922 922 922 922 922 

0550-95-0063 50-09106 60.8-62.6 Obi 3 908 908 907 907 907 922 922 922 922 922 922 922 

0550-95-0067 50-09106 72.1-73.5 Obi 3 908 908 907 907 907 922 922 922 922 922 922 922 

0550-95-0071 50-09106 81.7-63.4 Obi 3 908 908 907 907 907 922 922 922 922 922 922 922 

0550-95-0166 50-09107 9.9-11.2 Obi 3 1047 1047 1046 1046 1046 1048 1048 1048 1048 1048 1048 1048 

0550-95-0171 50-09107 25.5-27.6 Obi 3 1047 1047 1046 1046 1046 1048 1048 1048 1048 1048 1048 1048 

0550-96-0107b 50-09107 33.2-34.3 Obi 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 

0550-95-0176 50-09107 40.3-41.7 Obi 3 1047 1047 1046 1046 1046 1048 1048 1048 1048 1048 1048 1048 
0550-96-0108b 50-09107 46.8-47.4 Obi 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 

0550-95-0181 50-09107 53-55.6 Obi 3 1047 1047 1046 1046 1046 1048 1048 1048 1048 1048 1048 1048 

0550-95-0186 50-09107 67.2-68.6 Obi 3 1047 1047 1046 1046 1046 1048 1048 1048 1048 1048 1048 1048 

0550-95-0191 50-09107 76.4-78.5 Obl3 1047 1047 1046 1046 1046 1048 1048 1048 1048 1048 1048 1048 

0550-95-0195 50-09108 10.6-11.9 Obi 3 1090 1090 1089 1089 1089 1091 1091 1091 1091 1091 1091 1091 
0550-96-01 09b 50-09108 17.3-18 Obi 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 
0550-95-0200 50-09108 26.2-27.3 Obi 3 1090 1090 1089 1089 1089 1091 1091 1091 1091 1091 1091 1091 
0550-96-011 Ob 50-09108 31.7-32.5 Obi 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 
0550-95-0205 50-09108 40.3-41.7 Obi 3 1090 1090 1089 1089 1089 1091 1091 1091 1091 1091 1091 1091 
0550-95-0210 50-09108 54.2-55.6 Obi 3 1090 1090 1089 1089 1089 1091 1091 1091 1091 1091 1091 1091 
0550-95-0215 50-09108 67.5-68.9 Obi 3 1126 1126 1125 1125 1125 1128 1128 1128 1128 1128 1128 1128 
0550-95-0220 50-09108 79.2-61.3 Obi 3 1126 1126 1125 1125 1125 1128 1128 1128 1128 1128 1128 1128 
0550-95-0226 50-09109 12.9-14.3 Obt 3 1150 1150 1149 1149 1149 1148 1148 1148 1148 1148 1148 1148 

0550-95-0231 50-09109 24.1-25.5 Obi 3 1150 1150 1149 1149 1149 1148 1148 1148 1148 1148 1148 1148 
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0550-96-0111 b 50-09109 32.5-33.2 

0550-95-0236 50-09109 40.9-42.4 

0550-96-0112b 50-09109 46.7-47.4 

0550-95-0246 50-09109 54.7-56.4 

0550-95-0251 50-09109 62.6-62.8 

0550-95-0241 50-09109 79.9--81.1 

0550-95-0259 50-09110 16-17.9 

0550-96-0113b 50-09110 22.6-23.3 

0550-95-0264 50-09110 35.7-37.6 

0550-96-0114b 50-09110 45.6-46.5 

0550-95-0269 50-09110 55.4-57.1 

0550-95-0274 50-09110 69.5-72 

0550-95-0279 50-09110 82.7-84 

a - = Sample not analyzed for this suite. 
b 

Tuff sample collected from curated core. 
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Qbt 3 -
Qbt 3 1150 

Qbt 3 -

Qbt 3 1163 

Qbt 3 1163 

Qbt 3 1163 

Qbt 3 1177 

Qbt 3 -

Qbt 3 1177 

Qbt 3 -

Qbt 3 1177 

Qbt 3 1177 

Qbt 3 1177 

Table B-19 (continued) 
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1834 - - - 1835 1835 - 1835 1835 1835 1835 

1150 1149 1149 1149 1148 1148 1148 1148 1148 1148 1148 

1834 - - - 1835 1835 - 1835 1835 1835 1835 

1163 1162 1162 1162 1164 1164 1164 1164 1164 1164 1164 

1163 1162 1162 1162 1164 1164 1164 1164 1164 1164 1164 

1163 1162 1162 1162 1164 1164 1164 1164 1164 1164 1164 

1177 1176 1176 1176 1178 1178 1178 1178 1178 1178 1178 

1834 - - - 1835 1835 - 1835 1835 1835 1835 

1177 1176 1176 1176 1178 1178 1178 1178 1178 1178 1178 

1834 - - - 1835 1835 - 1835 1835 1835 1835 

1177 1176 1176 1176 1178 1178 1178 1178 1178 1178 1178 

1177 1176 1176 1176 1178 1178 1178 1178 1178 1178 1178 

1177 1176 1176 1176 1178 1178 1178 1178 1178 1178 1178 



MDA C Investigation Work Plan, Revision 2 

Table B-20 
Frequency of Detected Inorganic Chemicals 

Above BV in Phase I RFI Subsurface Tuff Samples at MDA C 

Frequency of 
Frequency of Nondetects 

Number Number Concentration Background Detects Above Above 
of of Range• Value0 Background Background 

Analyte Media Analyses Detects (mg/kg) (mg/kg) Value Value 
Aluminum Qbt 3 79 79 180 to 7900 7340 1/79 0/79 

Aluminum Qbt2 2 2 254 to 3260 7340 0/2 0/2 

Aluminum Qbt 1v 1 1 272 8170 0/1 0/1 

Antimony Qbt 3 73 3 (0.1 to 11] 0.5 3/73 60/73 

Antimony Qbt2 2 1 (0.38] to 0.41 0.5 0/2 0/2 

Antimony Qbt 1v 1 0 (0.39] 0.5 0/1 0/1 

Arsenic Qbt 3 79 36 [0.19]to 9.8 2.79 4/79 0/79 

Arsenic Qbt 2 2 2 0.94 to 1.5 2.79 0/2 0/2 

Arsenic Qbt 1v 1 1 0.72 1.81 0/1 0/1 

Barium Qbt 3 79 79 2.8 to 100 46 2/79 0/79 

Barium Qbt 2 2 2 11.5 to 34 46 012 0/2 

Barium Qbt 1v 1 1 10.3 26.5 0/1 0/1 

Beryllium Qbt 3 79 51 (0.02] to 1.3 1.21 1/79 0/79 

Beryllium Qbt 2 2 2 0.3 to 0.65 1.21 0/2 0/2 

Beryllium Qbt 1v 1 1 0.43 1.7 0/1 0/1 

Cadmium Qbt 3 79 28 (0.02] to 0.82 1.63 0/79 0/79 

Cadmium Qbt 2 2 0 [0.02 to 0.04] 1.63 0/2 0/2 

Cadmium Qbt 1v 1 0 [0.04] 0.4 0/1 0/1 

Calcium Qbt 3 79 79 160 to 73900 2200 1/79 0/79 

Calcium Qbt2 2 2 17410703 2200 0/2 0/2 

Calcium Qbt 1v 1 1 167 3700 0/1 0/1 

Chromium, Total Qbt3 79 26 [0.16] to 12.7 7.14 1/79 0/79 

Chromium, Total Qbt 2 2 2 0.2 to 2.2 7.14 0/2 0/2 

Chromium, Total Qbt 1v 1 1 0.19 2.24 0/1 0/1 

Cobalt Obt 3 79 27 (0.18] to 3.8 3.14 1/79 0/79 

Cobalt Obt 2 2 2 0.37 to 1.1 3.14 0/2 0/2 

Cobalt Qbt 1v 1 1 0.42 1.78 0/1 0/1 

Copper Qbt 3 79 39 [0.42] to 30.7 4.66 3/79 0/79 

Copper Qbt 2 2 2 0.98 to 4.4 4.66 0/2 0/2 

Copper Qbt 1v 1 1 1 3.26 0/1 0/1 

Cyanide, Total Qbt 3 58 11 (0.00053] to 10.2 nae 11/58 na 

Cyanide, Total Qbt2 2 0 (0.19 to 0.38] na 0/2 na 

Cyanide, Total Qbt 1v 1 0 (0.19] na 0/1 na 

Iron Qbt 3 79 79 517 to 8670 14500 0/79 0/79 

Iron Qbt2 2 2 3560 to 8370 14500 0/2 0/2 

Iron Qbt 1v 1 1 3320 9900 0/1 0/1 
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MDA C Investigation Work Plan, Revision 2 

Table B-20 (continued) 

Number Number 
of of 

Analyte Media Analyses Detects 

Lead Obi 3 79 79 

Lead Obt 2 2 2 

Lead Obt 1v 1 1 

Magnesium Obt 3 79 74 

Magnesium Obt 2 2 2 

Magnesium Obi 1v 1 1 

Manganese Obt 3 79 79 

Manganese Obi 2 2 2 

Manganese Obt 1v 1 1 

Mercury Obt 3 79 0 

Mercury Obt 2 2 0 

Mercury Obt 1v 1 0 

Nickel Obt3 79 20 

Nickel Obi 2 2 2 

Nickel Obt 1v 1 1 

Potassium Obt3 79 57 

Potassium Obt 2 2 1 

Potassium Obt 1v 1 0 

Selenium Obt3 79 5 

Selenium Obt 2 2 0 

Selenium Obi 1v 1 0 

Silver Obt 3 79 2 

Silver Obt 2 2 0 

Silver Obt 1v 1 0 

Sodium Obt 3 79 68 

Sodium Obt2 2 0 

Sodium Obt 1v 1 0 

Thallium Obt 3 79 17 

Thallium Obt2 2 1 

Thallium Obt 1v 1 1 

Vanadium Obt 3 79 70 

Vanadium Obt2 2 2 

Vanadium Obt 1v 1 1 

Zinc Obt 3 79 79 

Zinc Obt2 2 2 

Zinc Obt 1v 1 1 

a Value in square brackets indicate nondetects. 

b BVs obtained from LANL 1998, 59730. 

c na = Not available. 

October 2005 

Concentration Background 
Range• Valueb 
(mg/kg) (mg/kg) 

0.68 to 75.2 11.2 

3.8 to 6.4 11.2 

5.1 18.4 

60.8 to 2690 1690 

93.1 to 478 1690 

80.3 780 

70 to 272 482 

286 to 319 482 

358 408 

[0.02 to 0.11) 0.1 

[0.05) 0.1 

[0.05] 0.1 

[0.2) to 13.2 6.58 

0.26 to 2.9 6.58 

0.32 2 

[55) to 1000 3500 

[93.1) to 410 3500 

[96.9) 6670 

[0.11) to 10.5 0.3 

[0.44] 0.3 

[0.45) 0.3 

[0.1 to 2.2] 1 

[0.1 to0.11) 1 

[0.1 to 1) 1 

59.5 to 387 2770 

[60.4 to 79) 2770 

[49.8) 6330 

[0.1)to1.4 1.1 

[0.48) to 0.49 1.1 

0.69 1.24 

0.42 to 10.5 17 

0.73 to 3.1 17 

0.49 4.48 

12.4 to 54 63.5 

29.6 to 50.5 63.5 

28.9 84.6 

B-80 

Frequency of 
Frequency of Nondetects 

Detects Above Above 
Background Background 

Value Value 

9/79 0/79 

0/2 0/2 

0/1 0/1 

1/79 0179 

0/2 0/2 

0/1 0/1 

0179 0/79 

0/2 0/2 

0/1 0/1 

0/79 11/79 

0/2 0/2 

0/1 0/1 

1/79 0/79 

0/2 0/2 

0/1 0/1 

0179 0179 

0/2 0/2 

0/1 0/1 

4/79 48/79 

0/2 2/2 

0/1 1 /1 

0/79 10/79 

0/2 0/2 

0/1 0/1 

0/79 0/79 

0/2 0/2 

0/1 0/1 

3/79 21/79 

0/2 0/2 

0/1 0/1 

0/79 0179 

0/2 012 

0/1 0/1 

0/79 0179 

0/2 0/2 

0/1 0/1 
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MDA C Investigation Work Plan, Revision 2 

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

Part 1 
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Qbt 2,3,4 Background Value• 7340 0.5 2.79 46 1.21 2200 
Qbt 1v Background Value a 8170 6.5 1.81 26.5 1.7 3700 
NMED SSL0 

74,000 30 3.9 5200 150 n/ac 

0550-95-0083 50-09104 36.60-38.60 Qbt 3 0 - - - 1.3 -
0550-96-0105e 50-09104 44.10--45.10 Qbt 3 - - 3.2 - - -
0550-96-0106e 50-09105 43.91--44.55 Qbt 3 - - 3 - - -
0550-95-0046 50-09106 19.45-21.57 Qbt 3 - - 9.81 - - -
0550-95-0067 50-09106 72.12-73.54 Qbt3 - 0.86 (J) - - - -
0550-96-0107e 50-09107 33.16-34.29 Qbt 3 - - 2.8 - - -
0550-95-0231 50-09109 24.11-25.46 Qbt 3 - 11 (J-) - 100 - -
0550-96-0112e 50-09109 46.67--47.38 Qbt 3 7900 (J) - - 71.6 - 73900 
0550-95-0264 50-09110 35.71-37.59 Qbt 3 - 3.1 (J) - - - -

Part 2 

g g 3: - E E ..2 'CE. :> - ~ .g ==- :> 
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~ Cl) u :;; ..J 

Qbt 2,3,4 Background Value• 7.14 3.14 4.66 nla 11.2 1690 
Qbt 1v Background Value a 

2.24 1.78 3.26 nla 18.4 780 
NMED SSL0 

2309 4500 2800 1200 400 n/a 
0550-95-0368 50-09100 41.50--43.50 Qbt 3 - - - 0.533 - -
0550-95-0284 50-09101 10.61-12.02 Qbt 3 - - - 10.2 - -
0550-95-0289 50-09101 24.5-25.60 Qbt 3 - - - 6.2 - -
0550-95-0294 50-09101 38.89-39.39 Qbt3 - - - 0.92 - -
0550-96-0104 e 50-09103 32.88-33.81 Qbt 3 - - - - 16.2 (J-) -
0550-95-0075 50-09104 10.90-12.90 Qbt3 - - - 0.22 (J-) - -
0550-95-0079 50-09104 26.30-28.00 Qbt3 - - - 0.23 (J-) 13.8 -
0550-95-0083 50-09104 36.60-38.60 Qbt 3 - - 5 - 50.3 -
0550-95-0087 50-09104 58.00-60.00 Qbt3 - - - 0.25 (J-) - -
0550-95-0095 50-09104 79.00-81.00 Qbt 3 - - - 0.3 (J-) - -
0550-95-0099 50-09104 85.00-87.00 Qbt 3 - - - 0.26 (J-) - -
0550-95-0046 50-09106 19.45-21.57 Qbt 3 - - - - 51.1(J) -
0550-95-0195 50-09108 10.61-11.88 Qbt 3 - - - - 65 -
0550-95-0200 50-09108 26.16-27.29 Qbt 3 - - - - 22 -
0550-95-0215 50-09108 67.53-68.94 Obi 3 - - - 1 - -
0550-95-0231 50-09109 24.11-25.46 Qbt 3 - - 11 - 41 -
0550-96-0112e 50-09109 46.67--47.38 Qbt 3 12.7 3.8 (J) 30.7 - 11.3(J-) 2690 
0550-95-0264 50-09110 35.71-37.59 Qbt 3 - - - 3.9 - -
0550-95-0269 50-09110 55.44-57.13 Qbt 3 - - - - 75.2 -
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Part3 
., 

g g ~ u 
.f!~ ., C: ., ::, 

0 Q. ii CD u> = 
E .c: .., -

u - C: .. 0 CL ::, 
V, ..J ., 0 

C ~ 
C) 

Qbt 2,3,4 Background Valuea 
Qbt 1v Background Value a 

NMED SSL" 
0550-95-0362 50-09100 10.60-12.60 

0550-95-0304 50-09101 67 .88--69.30 

0550-96-0105• 50-09104 44.10---45.10 

0550-95-0071 50-09106 81.67-83.44 

0550-96-0107• 50-09107 33.16-34.29 

0550-96-0112• 50-09109 46.67---47.38 

Note: Units are mg/kg. 

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

b NMED soil screening level for residential soil. 

c n/a = Not applicable. 

d - = The concentration was not above the BV. 

e Tuff sample collected from curated core. 

f Value exceeds screening level. 
9 Soil screening level is for hexavalent chromium. 

Table B-21 (continued) 

c:- E E .. -a; ::, ~ 

~ '5 ::, ., 
I:? 

.,. "i: .2: ., u ., -.; 
:;; ., z en -a; .c: :;; V, 

,_ 

0.1 6.58 0.3 1 1.1 
0.1 2 0.3 1 1.24 
6.5 1500 380 380 6.1 

Qbt 3 - - 10.5 - -
Qbt 3 - - 0.35 - -

Qbt 3 - - - - 1.2 

Qbt 3 - - - - 1.2 (J) 

Qbt 3 - - 1.1 - -
Qbt 3 - 13.2 1.3 - 1.4 

Table B-22 
Frequency of Detected Radionuclides Above BV in Phase I RFI Subsurface Tuff Samples 

Number Number Background Frequency of 
of of Concentration Range Valueb Detects Above 

Analyte Media Analyses Detects (pCi/g)• (pCi/g) Background Value 

Americium-241 Qbt2 2 0 [0.002 to 0.016] nae 012 

Americium-241 Qbt 3 79 8 [-0.14] to [0.183] na 8179 

Americium-241 Qbt 1v 1 0 [0.014] na 011 

Cesium-134 Qbt 3 45 2 [-0.026] to 0.32 na 2145 

Cesium-137 Qbt2 2 0 [-0.029 to 0.002] na 012 

Cesium-137 Qbt 3 79 1 [-0.4 to 0.768 na 1179 

Cesium-137 Qbt 1v 1 0 [0.0272] na 011 

Cobalt-60 Qbt2 2 0 [-0.050 to -0.006] na 0/2 

Cobalt-60 Qbt 3 79 1 [-0.037] to 0.32 na 1/79 

Cobalt-60 Qbt 1v 1 0 [0.032] na 0/1 

Europium-152 Qbt2 2 0 [-0.037 to 0.122] na 0/2 

Europium-152 Qbt 3 63 2 [-0.023 to 0.78] na 2/63 

Europium-152 Qbt 1v 1 0 [0.104] na 011 
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Number 
of 

Analyte Media Analyses 

Plutonium-238 Qbt 2 2 

Plutonium-238 Obt 3 79 

Plutonium-238 Obt 1v 1 

Plutonium-239 Qbt 2 2 

Plutonium-239 Qbt 3 79 

Plutonium-239 Qbt 1v 1 

Ruthenium-106 Qbt2 2 

Ruthenium-106 Qbt3 79 

Ruthenium-106 Qbt 1v 1 

Sodium-22 Qbt2 2 

Sodium-22 Qbt3 79 

Sodium-22 Qbt 1v 1 

Strontium-90 Qbt 2 2 

Strontium-90 Qbt 3 79 

Strontium-90 Qbt 1v 1 

Thorium-228 Qbt 2 2 

Thorium-228 Qbt 3 79 

Thorium-228 Qbt 1v 1 

Thorium-230 Qbt2 2 

Thorium-230 Qbt 3 79 

Thorium-230 Qbt 1v 1 

Thorium-232 Qbt2 2 

Thorium-232 Qbt 3 79 

Thorium-232 Qbt 1v 1 

Tritium Qbt2 2 

Tritium Qbt 3 64 

Tritium Qbt 1v 1 

Uranium-234 Qbt 2 2 

Uranium-234 Qbt 3 79 

Uranium-234 Qbt 1v 1 

Uranium-235 Obt2 2 

Uranium-235 Qbt 3 79 

Uranium-235 Qbt 1v 1 

Uranium-238 Qbt2 2 

Uranium-238 Qbt 3 79 

Uranium-238 Qbt 1v 1 

a Values in square brackets indicate nondetects. 

bTuff BVs obtained from LANL 1998, 59730. 

c na = Not available. 

ER2005-0172 
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Table B-22 (continued) 

Number Background Frequency of 
of Concentration Range Value' Detects Above 

Detects (pCi/g)" (pCi/g) Background Value 

0 [Oto 0.02] na 0/2 

1 [-0.011] to [0.014] na 1/79 

0 [0] na 0/1 

0 [-0.01 to 0.005] na 0/2 

2 [-0.005] to 0.08 na 2/79 

0 [0] na 0/1 

0 [-0.309 to -0.121] na 0/2 

0 [-0.302 to 1.41] na 0/79 

0 [0.027] na 0/1 

0 [-0.004 to 0.005] na 0/2 

3 [-0.03] to 0.22 na 3/79 

0 [-0.002] na 0/1 

0 [0.291 to 0.58] na 0/2 

4 [-0.52] to 1.44 na 4/79 

0 [0.55] na 0/1 

2 1.35 to 1.69 2.52 0/2 

75 [0.083] to 1.81 2.52 0/79 

1 1.50 3.75 0/1 

2 0.81 to 1.23 1.98 0/2 

50 [0.289 to 1.74] 1.98 0/79 

1 1.11 3.12 0/1 

2 1.23to 1.66 2.52 0/2 

77 [0.06] to 1. 76 2.52 0/79 

1 1.50 3.75 0/1 

1 1.54 to [4.26] (pCi/mL) na 1/2 

63 [1.4] to 649261 (pCi/mL) na 63/64 

0 [2.38] (pCi/mL) na 0/1 

2 0.51 to 1.016 1.98 0/2 

77 0.563 to 1.7 1.98 0/79 

1 0.993 3.12 0/1 

2 0.02 to 0.05 0.09 0/2 

53 [0.009] to 0.23 0.09 15/79 

1 0.045 0.14 0/1 

2 0.59 to 1.03 1.93 012 

78 0.308 to 2.36 1.93 1/79 

1 0.991 3.05 0/1 
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Table B-23 
Detected Radionuclides Above BVs in Phase I RFI Subsurface Samples at MDA C 

Part 1 - N ., O> 

9 ,. - ... ... ... .,, ., ., 
9 .2 ,:, £ 1 ., ., 0 - 1 1 .!! C 81 § ~ 

m 
E ~ i E 0 'c " " " " "- li = e ~ " ·;:; .=! " 

m ·a ·2 ·2 E ,, 
u "' ·c "' ·;;; 0 e ~ .s m 0 "- "' " " .. .. 0 "' ..J .!: "' E 0 0 " " <( w a: a: 

Qbt 2,3,4 Background/Fallout Value 
a 

n/a
0 n/a nla nla nla n/a n/a 

SALC 39 na" 5.3 1.2 2.7 49 44 

0550-95-0365 50-09100 26.50-28.50 Obi 3 0.027 
e - - - - -

0550-95-0368 50-09100 41.50-43.50 Obi 3 - - - - - - 0.014 

0550-95-0284 50-09101 10.61-12.02 Obl3 0.Q18 - - - - - -
0550-95-0289 50-09101 24.5--25.60 Obl3 0.018 - - - - - -

0550-95-0309 50-09101 79.20-80.96 Obl3 0.011 - - - - - -
0550-95-0104 50-09103 13.08--14.71 Obi 3 - - - - 0.231 - -

0550-95-0109 50-09103 25.46--27.44 Obi 3 0.027 - - - - - -

0550-95-0119 50-09103 55.15-56.57 Obi 3 0.023 - - - 0.297 - -
0550-95-0075 50-09104 10.90-12.90 Obi 3 - 0.32 - - - - -
0550-95-0079 50-09104 26.30-28.00 Obi 3 - - - 0.32 - - -
0550-95-0135 50-09105 11.38--13.08 Obi 3 - - 0.768 - - - -

0550-95-0145 50-09105 40.31-41.72 Obl3 0.038 - - - - - -

0550-95-0160 50-09105 83.23--84.85 Obl3 - - - - - - 0.08 

0550-95-0166 50-09107 9.90-11.17 Obl3 0.012 - - - - - -

0550-95-0181 50-09107 53.03-55.58 Obt 3 0.007 - - - - - -
0550-95-0186 50-09107 67.18-68.59 Obi 3 0.009 - - - - - -

0550-95-0191 50-09107 76.37-78.49 Obi 3 0.032 - - - - - -
0550-96-0109' 50-09108 17.32-18.03 Obi 3 - 0.29 - - - - -

0550-95-0215 50-09108 67.53-68.94 Obi 3 - - - - - 0.014 -

Part 2 

9 
,. 

'D 5. N 
0 N .,, ., 

9 ~ 1 
., ., ., 

" 
C C m 'l' 1 E :::r 'l' 1 0 a, " 'c E " " E E C. " u li .c o m " " "" " ~ ~ " " E -~'t: "' 'c C ·;s ·2 ·2 

m u 

! I- .e 0 "- "' " 0 E E "' ..J .!: "' "' .c 
I- ::, ::, 

Qbt 2,3,4 Background/Fallout Value 
a n/a 2.52 nla 0.09 1.93 na 

SALC 1.5 5.7 5.0 17,0009 17 93 

0550-95-0362 50-09100 10.60-12.60 Obl3 - - - 12.2 - -
0550-95-0365 50-09100 26.50-28.50 Obi 3 - - - 622 - -

0550-96-0100' 50-09100 32.70-33.70 Obl3 - - - - 0.21 -

0550-95-0368 50-09100 41.50-43.50 Obl3 - - - 13.4 - -

0550-95-0371 50-09100 58.20-60.00 Obl3 - - - 27.9 - -

0550-95-0374 50-09100 71.50-73.50 Obl2 - - - 1.54 - -

0550-95-0284 50-09101 10.61-12.02 Obl3 - - - 2.86 - -

0550-96-0101 50-09101 18.99-19.69 Obl3 - - - - 0.22 -

0550-95-0289 50-09101 24.75-25.60 Obt 3 - - - 7.33 - -

0550-96-0102' 50-09101 31.11-31.89 Obi 3 - - - - 0.22 -
0550-95-0294 50-09101 38.89-39.39 Obi 3 - - - 7.77 - -
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Table B-23 (continued) 

Part 2 (continued) 

5! 3: g N 
0 N .,, 00 

5! .2 "C 'l' M M M 

= 1 E 'l' E ::; 'l' 1 ~ " = " ,!l! 
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~ :, :e ~ :, :, E :,; ,5 -~ 'i: ·2 m " Q. "' :, i t- So 0 0 E E U) ~ U) U) .c _, 
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Qbt 2,3,4 Background/Fallout Value 
a 

n/a na 2.52 n/a 0.09 1.93 
SALC 1.5 5.7 5.0 17,0009 17 93 
0550-96-0103 50-09101 44.19-44.69 Qbt 3 - - - - 0.22 -
0550-95-0299 50-09101 53.03-54.45 Qbt 3 - - - 7.5 - -
0550-95-0304 50-09101 67.88-69.30 Qbt 3 - - - 5.63 - -
0550-95-0309 50-09101 79.20-80.96 Qbt 3 - - - 47.5 - -
0550-95-0004 50-09102 11.31-13.44 Qbt 3 - - - 1.84 - -
0550-95-0009 50-09102 26.16-28.92 Qbt 3 - - - 10.4 - -
0550-95-0014 50-09102 40.31-42.43 Qbt 3 - - - 23300n - -
0550-95-0019 50-09102 51.76-53.74 Qbt 3 - - - 6720 - -
0550-95-0024 50-09102 67.18-68.59 Qbt 3 - - - 274 - -
0550-95-0029 50-09102 76.37-77.78 Qbt3 - - - 376 - -
0550-95-0104 50-09103 13.08-14.71 Qbt3 - - - 35.8 - -
0550-95-0109 50-09103 25.46-27.44 Qbt3 - - - 7.14 - -
0550-96-o 1 o4' 50-09103 32.88-33.81 Qbt 3 - - - - 0.21 -
0550-95-0114 50-09103 39.60-41.58 Qbt 3 - - - 12.7 - -
0550-95-0119 50-09103 55.15-56.57 Qbt 3 - - - 6.32 - -
0550-95-0124 50-09103 66.96-69.30 Qbt 3 - - - 14.4 - -
0550-95-0129 50-09103 81.18-82.59 Qbt 3 - 0.599 - 2.17 - -
0550-95-0075 50-09104 10.90-12.90 Qbt3 0.22 - - 3.47 - -
0550-95-0079 50-09104 26.30-28.00 Qbt3 - - - 290.7 - -
0550-95-0083 50-09104 36.60-38.60 Qbt3 0.22 - - 378.2 - -
0550-96-0105' 50-09104 44.10-45.10 Qbt3 - - - - 0.23 -
0550-95-0087 50-09104 58.00-60.00 Qbt 3 - - - 43.15 - -
0550-95-0095 50-09104 79.00-81.00 Qbt 3 - - - 3.26 - -
0550-95-0099 50-09104 85.00-87.00 Qbt 3 - - - 1.9 - -
0550-95-0135 50-09105 11.38-13.08 Qbt 3 - - - 3.84 - -
0550-95-0140 50-09105 24.75-26.87 Qbt 3 - - - 1.5 - -
0550-95-0145 50-09105 40.31-41.72 Qbt 3 - - - 481 - -
0550-96-0106' 50-09105 43.91-44.55 Qbt 3 - - - - 0.21 -
0550-95-0150 50-09105 54.45-56.36 Qbt 3 - - - 6.1 - -
0550-95-0155 50-09105 68.59-70.57 Qbt 3 - - - 3.22 - -
0550-95-0046 50-09106 19.45-21.57 Qbt3 - - - 126 - -
0550-95-0050 50-09106 28.99-31.11 Qbt3 - - - 38100 - -
0550-95-0054 50-09106 39.95-41.37 Qbt3 - - - 6440 - -
0550-95-0058 50-09106 49.85-51.62 Qbt3 - - - 28 - -
0550-95-0063 50-09106 60.81-62.58 Qbt3 - - - 14.8 - -
0550-95-0067 50-09106 72.12-73.54 Qbt3 - - - 64.9 - -
0550-95-0071 50-09106 81.67-83.44 Qbt3 - 0.767 - 30.1 - -
0550-95-0166 50-09107 9.90-11.17 Qbt3 - - - 12.1 - -
0550-95-0171 50-09107 25.46-27.58 Qbt 3 - - - 10373 - -
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Part 2 (continued) 

5! 3: g 5! 0 .., .. " -.; 
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Qbt 2,3,4 Background/Fallout Value 
a 

SALC 

0550-96--0107' 50-09107 33.16--34.29 

0550-95--0176 50-09107 40.31-41.72 

0550-96-0108' 50-09107 66.20-67.00 

0550-95-0181 50-09107 53.03-55.58 

0550-95-0186 50--09107 67.16--68.59 

0550-95-0191 50-09107 76.37-78.49 

0550-95-0195 50-09108 10.61-11.88 

0550-96-0109 50-09108 17.32-18.03 

0550-95--0200 50-09108 26.16-27.29 

0550-96--011 o' 50-09108 31.75-32.46 

0550-95-0205 50-09108 40.31-41.72 

0550-95-0210 50-09108 54.16--55.58 

0550-95-0215 50-09108 67.53-68.94 

0550-95-0220 50-09108 79.20-81.32 

0550-95-0226 50-09109 12.87-14.28 

0550-95-0231 50-09109 24.11-25.46 

0550-96-0111' 50-09109 32.53-33.23 

0550-95-0236 50-09109 40.87-42.43 

0550-96-0112' 50-09109 46.67-47.38 

0550-95-0246 50-09109 54.73-56.36 

0550-95-0251 50-09109 62.65-62.79 

0550-95-0241 50-09109 79.90-81.11 

0550-95-0259 50-09110 15.97-17.85 

0550-96-0113' 50-09110 22.65-23.30 

0550-95-0264 50-09110 35.71-37.59 

0550-96-0114' 50-09110 45.58-46.51 

0550-95-0269 50-09110 55.44-57.13 

0550-95-0274 50-09110 69.54-71.98 

0550-95-0279 50-09110 82.69-84.01 

Note: Units are pCi/g. 
8

Tuff BVs obtained from LANL 1998, 59730. 

b n/a = Not applicable. 

c LANL screening action level for residential soil. 

d na = Not available. 

e - = The concentration was not above the BV. 
f 

Tuff sample collected from curated core. 

Table B-23 (continued) 

0 
N i ~ .. 
E ',; :, .. :, :g 

:i;; ',; 

i 0 

"' 
na nla 

1.5 5.7 

Obt 3 - -
Obt 3 - -
Obt 3 - -
Obt 3 - -
Obt 3 - -
Obt 3 - -
Obt 3 - -

Obi 3 - -

Obl3 - -

Obi 3 - -

Obt 3 - -
Obi 3 - -

Obi 3 - 0.44 

Obt 3 - -
Obi 3 - 1.44 

Obt 3 - -
Obi 3 - -

Obi 3 - -

Obt 3 - -
Obi 3 - -

Obi 3 - -
Obi 3 0.056 -
Obi 3 - -

Obt 3 - -
Obi 3 - -

Obt 3 - -
Obi 3 - -

Obt 3 - -

Obi 3 - -

9 17,000 pCi/mL based on SAL of 880 pCi/g and assumed moisture content of 5%. 

h Bold values exceed SALs. 
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2.52 n/a 0.09 1.93 

5.0 17,0009 17 93 

- - 0.2 -
- 649261 - -
- - 0.23 -
- 207792 - -

- 13827 - -
- 581.5 - -
- 3.08 - -

- - 0.22 -

- 12.02 - -

- - 0.22 -

- 5.46 0.11 (U) -
- 388.8 - -

- 974 - -
- 1660 - -
- 4.63 - 2.36 

- 10.3 - -
- - 0.21 -

- 11.6 - -

- - 0.21 -
- 6.1 - -

- 5220 - -
- 5.43 - -
- 210 - -

- - 0.22 -

- 36200 - -

- - 0.21 -
- 4750 - -

- 61.4 - -

- 6.72 - -
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Table B-24 
Frequency of Detected Organic Chemicals in Phase I RFI Subsurface Tuff Samples at MDA C 

Number of Number of Concentration Range 
Analyte Media Analyses Detects (mg/kg)' 

Acetone Qbt3 54 8 0.003 to 0.055 

Bis(2-ethylhexyl)phthalate Qbt 3 66 7 0.037 to [0.46] 

Dichloroethene[1, 1-] Qbt 3 54 4 0.003 to [0.006] 

Methylene Chloride Qbt 3 54 [0.004 to 0.016] 

Methylphenol[2-] Qbt 3 66 [0.16 to 0.39] 

Toluene Qbt 3 54 0.003 to [0.006] 

*Values in square brackets indicate nondetects. 

Table B-25 
Detected Organic Chemicals in Subsurface Tuff Samples at MDA C 

.,, 
= 
" e-g g 

C, !!:. 
~ = 3: .. m 

i '6 
0 " .. E iii~ "' m 0 "' " (/) 

..I .c (/) 
1i .. 
C 

NMED SSL a 

EPA SSL' 

0550-95-0289 50-09101 24.75-25.60 Qbt 3 

0550-95-0294 50-09101 38.89-39.39 Qbt 3 

0550-95-0299 50-09101 53.03-54.45 Qbt 3 

0550-95-0109 50-09103 25.46-27.44 Qbt 3 

0550-95-0119 50-09103 55.15-56.57 Qbt 3 

0550-95-0124 50-09103 66.96-69.30 Qbt3 

0550-95-0129 50-09103 81.18-82.59 Qbt 3 

0550-95-0099 50-09104 85.00-87 .00 Qbt 3 

0550-95-0145 50-09105 40.31-41.72 Qbt 3 

0550-95-0046 50-09106 19.45-21.57 Qbt 3 

0550-95-0054 50-09106 39.95-41.37 Qbt 3 

0550-95-0200 50-09108 26.16-27.29 Qbt 3 

0550-95-0210 50-09108 54.16-55.58 Qbt 3 

0550-95-0215 50-09108 67.53-68.94 Qbt 3 

0550-95-0226 50-09109 12.87-14.28 Qbt 3 

0550-95-0231 50-09109 24.11-25.46 Qbt 3 

0550-95-0264 50-09110 35.71-37.59 Qbt 3 

0550-95-0279 50-09110 82.69-84.01 Qbt 3 

Note: Units are mg/kg. 

a NMEO soil screening level for residential soils. 

b EPA Region 6 soil screening level for residential soils. 

c NMED soil screening level for residential soils. 

d - = The concentration was not above the EQL. 

ER2005-0172 
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.c 0 >, 

>, :c ~ .c " ;; c "' 
nta' 350 8.1 n/a 

70000 n/a n/a 8.9 
d 0.037 (J) - - -
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MDA C Investigation Work Plan, Revision 2 

Table B-26 

Percent Moisture for the Subsurface Sample Tritium Data at MDA C 

Location ID Depth (It bgs) Media Sample ID Percent Moisture 

50-09100 10.6---12.6 Obt 3 0550-95-0362 6.00 

50-09100 26.$--28.5 Obt 3 0550-95-0365 6.00 

50-09100 41.5--43.5 Obt 3 0550-95-0368 6.00 

50-09100 58.2-60 Obt 3 0550-95-0371 1.00 

50-09100 71.$--73.5 Obt 2 0550-95-037 4 5.00 

50-09100 115.1-116.9 Obt 2 0550-95-0383 1.00 

50-09100 161.3-163.1 Obt 1v 0550-95-0392 1.00 

50-09100 32.7-33.7 Obt 3 0550-96-0100 NR• 

50-09101 10.6---12 Obt3 0550-95-0284 10.80 

50-09101 24.7-25.6 Obi 3 0550-95-0289 7.72 

50-09101 38.9--39.4 Obi 3 0550-95-0294 7.94 

50-09101 53-54.4 Obi 3 0550-95-0299 8.29 

50-09101 67.9-69.3 Obi 3 0550-95-0304 8.13 

50-09101 79.2-81 Obi 3 0550-95-0309 7.17 

50-09101 19--19.7 Obi 3 0550-96-0101 NR 

50-09101 31.1-31.9 Obt 3 0550-96-0102 NR 

50-09101 44.2-44.7 Obt 3 0550-96-0103 NR 

50-09102 11.3-13.4 Obt 3 0550-95-0004 5.50 

50-09102 26.2-28.9 Obt 3 0550-95-0009 6.40 

50-09102 40.3-42.4 Obt 3 0550-95-0014 7.17 

50-09102 51.8-53.7 Obt 3 0550-95-0019 NR 

50-09102 67.2-68.6 Obt 3 0550-95-0024 NR 

50-09102 76.4-77.8 Obt 3 0550-95-0029 NR 

50-09103 13.1-14.7 Obt 3 0550-95-0104 3.95 

50-09103 25.$--27.4 Obt 3 0550-95-0109 4.47 

50-09103 39.6-41.6 Obt 3 0550-95-0114 8.00 

50-09103 55.2-56.6 Obt 3 0550-95-0119 6.63 

50-09103 67-69.3 Obt3 0550-95-0124 6.22 

50-09103 81.2-82.6 Obt 3 0550-95-0129 5.15 

50-09103 32.9--33.8 Obt 3 0550-96-0104 NR 

50-09104 10.9--12.9 Obt 3 0550-95-0075 7.10 

50-09104 26.3-28 Obi 3 0550-95-0079 8.10 

50-09104 36.6---38.6 Obi 3 0550-95-0083 8.60 

50-09104 58-60 Obt 3 0550-95-0087 6.20 

50-09104 79-81 Obi 3 0550-95-0095 8.50 

50-09104 8$--87 Obt 3 0550-95-0099 8.20 

50-09104 44.1-45.1 Obi 3 0550-96-0105 NR 
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MDA C Investigation Work Plan, Revision 2 

Table B-26 (continued) 

Location ID Depth (ft bgs) Media Sample ID Percent Moisture 

50-09105 11.4-13.1 Qbt 3 0550-95-0135 6.69 

50-09105 24.7-26.9 Qbt3 0550-95-0140 5.84 

50-09105 40.3-41.7 Qbt 3 0550-95-0145 5.99 

50-09105 54.4-56.4 Qbt 3 0550-95-0150 4.78 

50-09105 68.6-70.6 Qbt 3 0550-95-0155 2.98 

50-09105 83.2-84.9 Qbt3 0550-95-0160 0.00 

50-09105 43.944.5 Qbt3 0550-96-0106 NR 

50-09106 19.4-21.6 Qbt 3 0550-95-0046 6.49 

50-09106 29-31.1 Qbt 3 0550-95-0050 4.89 

50-09106 40-41.4 Qbt 3 0550-95-0054 2.44 

50-09106 49.9-51.6 Qbt 3 0550-95-0058 1.39 

50-09106 60.8-62.6 Qbt 3 0550-95-0063 0.78 

50-09106 72.1-73.5 Qbt 3 0550-95-0067 0.74 

50-09106 81.7-83.4 Qbt 3 0550-95-0071 0.44 

50-09107 9.9-11.2 Qbt 3 0550-95-0166 5.50 

50-09107 25.5-27.6 Qbt 3 0550-95-0171 3.90 

50-09107 40.3-41.7 Qbt 3 0550-95-0176 5.00 

50-09107 53-55.6 Qbt 3 0550-95-0181 5.80 

50-09107 67.2-68.6 Qbt3 0550-95-0186 6.30 

50-09107 76.4-78.5 Qbt 3 0550-95-0191 4.90 

50-09107 33.2-34.3 Qbt 3 0550-96-0107 NR 

50-09107 46.8-47.4 Qbt 3 0550-96-0108 NR 

50-09108 10.6-11.9 Qbt 3 0550-95-0195 5.50 

50-09108 26.2-27.3 Qbt 3 0550-95-0200 6.70 

50-09108 40.3-41.7 Qbt 3 0550-95-0205 3.80 

50-09108 54.2-55.6 Qbt 3 0550-95-0210 4.70 

50-09108 67.5-68.9 Qbt 3 0550-95-0215 5.85 

50-09108 79.2-81.3 Qbt 3 0550-95-0220 6.04 

50-09108 17.3-18 Qbt 3 0550-96-0109 NR 

50-09108 31.7-32.5 Qbt 3 0550-96-0110 NR 

50-09109 12.9-14.3 Qbt 3 0550-95-0226 6.09 

50-09109 24.1-25.5 Qbt 3 0550-95-0231 6.23 

50-09109 40.942.4 Qbt 3 0550-95-0236 5.34 

50-09109 79.9-81.1 Qbt 3 0550-95-0241 6.18 

50-09109 54.7-56.4 Qbt 3 0550-95-0246 4.26 

50-09109 62.6-62.8 Qbt 3 0550-95-0251 3.63 

50-09109 32.5-33.2 Qbt 3 0550-96-0111 NR 

50-09109 46.7-47.4 Qbt 3 0550-96-0112 NR 
50-09110 16-17.9 Qbt 3 0550-95-0259 5.90 
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MDA C Investigation Work Plan, Revision 2 

Table B-26 (continued) 

Location ID Depth (ft bgs) Media Sample ID Percent Moisture 
50-0911 o 35.7-37.6 Qbt 3 0550-95-0264 5.50 
50-09110 55.4-57.1 Qbt 3 0550-95-0269 8.00 
50-09110 69.5-72 Qbt3 0550-95-027 4 4.90 
50-09110 82.7-84 Obt 3 0550-95-0279 5.00 

50-09110 22.6-23.3 Qbt 3 0550-96-0113 NR 
50-09110 45.6-46.5 Qbt 3 0550-96-0114 NR 

"NR = Not reported. 
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Appendix C 

MDA C Borehole Logs 



APPENDIX C BOREHOLE LOGS 

This appendix presents logs of the boreholes drilled at Material Disposal Area C. Footages on the logs 
are the length along each borehole. 
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MDA C Investigation Work Plan, Revision 2 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIB..D UNIT 5 
BOREHOLE LOG 

BOREHOLE 10: 50.9100 TA/OU: 5011147 MDA: ~.OAC Page: of: 3 

Drilling Co.: Tonto Envrronmental 
Drilling Inc. 

Core Box #(s) 9 cuttings 
32 core 

Start Date: 7117195 
Time: 10::10 

End Date:2.'5/96 

Time:15:00 

Drilling ~uip.l Wet hod: lngersoll•Rlnd track mounteo air 
core with total dust succreSSJon 

Sampling M!thod: Continuous 5.rr core barTal 

Driller: tarry Thoren 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

Fla□ UNITS 
80R8-!0LE LOG 

BOREHOLE ID: so-s 1 oo TA/OU: 50/1147 MDA: MDAC Page: 2 of: 3 
Drilling Co.: Tonto Environmental Core Box #(s) 9 cun,ngs Start Date: 7117/95 8ld Date: 2/5/96 

Drilling lnc. 32 core nme: 10:30 Time: 1s:oo 

Drilling ~uip. /Met hod: lngersoJI-Rmd track mounted air Sampling Met hod: Continuous 5.0' core barrel_ 
core With total dust sueeressI0n 

Driller: Larry Thoren Geologist: Jon Marin. Rene Evans 
s=Ml'Golder 

Declination: 90.0° Bearing: NA TD: 316.o tt 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENT AL RESTORATION PROJECT 

FIB.D UNITS 
BOREHOLE LOG 

BOREHOLE ID: 5 0 ·9 1 o o TA/OU: 50/1147 MDA: MJAC Page: 3 of: 3 

Drilling Co.:Tonto Environmental Core Box #(s) 9 cuttings Start Date: 1:11195 End Date: 215/96 
Oriling Inc. 32 core Time: 10:30 nme: ,s,oo 

Drilling Equip. /Met hod: Ingersol-Fend track mounted air 
core w11h total dust suocression 

Sampling ~t hod: Contmuous 5.0' core barrel 

Driller: Larry Thoren Geologist: Jon Marin. Ame Evans 
s:::t.4/Gllder 

Declination: 90.0° Bearing: NA TD: 318.0 H 
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MDA C Investigation Wori< Plan, Revision 2 

BOREHOLE ID: 50•9101 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaD UNITS 
BOREHOLE LOG 

TA/OU: 50111•1 MDA: MJAC 

Drilling Co.:TontoEnvironmentaJ Qire Box #(s) 5 cuttings Siar! Date: 9/20/95 
Time: oa:1s OriUing Inc. 11 core 

Page: 1 of: 2 

8ld Date:9122/95 
nme:10:30 

Drilling Equip./ Met hod: lngersoll-Rmd track mounted air 
core w11 h tot al dust suopress1on 

Sampling M!t hod: C.Ontinuous 5.0' core barrel 

Driller: Larry Thoren Geologist: Jon Mann.Rene Evans Declination: 4s.o0 Bearing: s 82.o0 w TO: 111.0 n 
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October 2005 

EfM/Golder 

ai 
..!! ,,.-

x 0 s r;-
Q) E s e 
(.) u.. 
, ... 
sirtact 

0-6.0' 

0 Qltlings"' 

1.18 

1.46 

0.73 

3.29 

0.45 

0.12 

1.01 

O.95 

0."2 

0.66 

1.19 
0.27 

1.91 

T .11 

'-· 
1/6.4"• 
13.9' 

2113.9'• 
23.3° 

3123.3'• 
31.3' 

4/31.3'· 
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5/42.0'• 
50.0' 

&/50.0·­
so.o-

6.0'-81.0' 

040.0' 

Lithology 

10F50ILIALL c!ay, silt and 
sand. red brown. moist. 

lUFF, pa!e red t O A 6/ 2. • moderately induratad. slightly 
watded. devilritied. oxidized, • 
rhyolita ash flow. moist. 
Pumice lapilli are light gray 10 
darl< brown, 0.2-4.0_ cm. 15%. , _. 
Fhenocryst s 1n matnx are • • 
quartz (5%) and sanidine • 

-'i: 
::, 
0 ·g, 
0 
-s 
::::; 

(10%}. average 1.0 mm, • 
sanidine with Schiller blue • 1--3 
iridescence. Litnics are rare. lli4I 

Tuff, same as at>ova (SAA}. 
oxidiZad. moderately 
indurated ash flow, moist. 
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Notes 
Borehole 50· 
9101 is located 
approximately 
1 o.o· nonl'I of 
and midway 
alongMDAC 
and angled 
beneath Pit 8. 
SUrface cuing 
set at 10.0'. 

Oxidized 11111 
and moistura 
content 
probably due to 
borenote 
location 
beneath stonn­
watar drainaga 
al nort hem 
boundary of 
MOAC. 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaDUNIT5 
BORB-IOLE LOG 

BOREHOLE ID: 5 0 •91 O I TA/OU: 50/1147 MOA: MDAC Page: 2 of: 2 

Drilling Co.: Tonto Environmental Core Box #(s) 5 cuttings Start Date: 9120195 End Date: 9/22/95 
OrUllng Inc. 11 core Time: 08:15 lime: 10:30 

Drilling Equip. /Met hod: Ingersoll-Rind track mounted air 
core Wllh totaf dust sucereSS1on 

SampJing f\let hod: Omtinuous 5.0' core barrut _ 

Driller: t.any Thoren Geologist: Jon Marin. Rene Evans Declination: 45.0° Bearing: se2.0°w TD: 117.0 ft 
ERNG:,lder 

~ a, 
CJ 0 ci.. C: ~ c!" EO ·2cn "" a, «I Ill 
a, -

a, 
CJ C: = C: - .. > cn:g a,·- .. ::::. ::::i a, 0 -a; 

C: 8 ~ (.) 
x~ 

0 3:u a, a~ bl .e, ..J 0 
::::. :::, a, S, .Q ·c, ~:::, a: a: ·- a, ;i § .c: 0 0 ~ .c: >--"' "'E 0 --= 1n C. ~~ 7ii E C. C: C: a:€ ~ 0 ~ 5 Oo a, 00 -?~ o~ 
Cl (.) (.) ::EI- uu. Lithology c:, ::E (.) Notes 
60 - 19/c«II, 6.0'-81.0' 

NA - 0.59 {contmu~TUFF. pale red SR 6/2 .. - ""· 1:so.o·-
- 20124"- 74.1' 65-= @ 62.0' slightly induratea to -moderately indurated, sligntty • _ 21115% 

weld ad, devil ritied myolit a - •• 70-= 12151'% 1.25 ash Oow, moist. Ptmice lapilti 
1.52 are coarsely devitnfied • •• 

- 23/83"- medium light gray to wnmsn .. '§ - gray, 0.2•2.0 cm. 15%. -I-
75 :;; - 2C/67' 95-()299 2.03 an,., .. Matrix phenocrysts are quartz a.• 'al 85.0' (5%} and saniOine (10%} •• 'C 

C: 

80-= 251100" each up to 1.0 mm. Sanidire .. 
·················-::shows Schiller blue : ••• Ill - i 0.32 s 1.o·-111 .o·[ iridescence. Uttics are rara. l 4 

85-= 
2"'190411, Tl.FF, same as aoove (SAA), -" 

t-
E 

nonindurated. nonwaded. .. - 9/85.0'- ::; 
0 98.5' v ., 90~ 

27 /!0Y. "' 1 .15 ~ - :E - ~ 
95~ 

28/100'1, - .,; - 95-()304 1.75 095.0' Tl.FF, light brownst, gray 5 •• - YR 6/ 1, noninduratea. -. ·1: 
'29/100.. ::, 

100-:: 10f98.5"• 
nonweJded to slightly welded, 

~ - 107.1' devitrilied rhyolite asn flow, - 1.37 dry. Pumice lapiili are light • 105~ 
30/9lnl, gray to medium brown, 0.5-

2.0 cm, to%. Matrix •• - 13.61 - phenocryst s and lithics are -:i,ns"' 111107.1' SAA. 110-::. 4.87 ·117.0' -- :• 0 112.0', - 95-0309 4.40 
"!2/50"11, lost air 

115-: •• circulation. -- -
120-= T011 117.0' 

ER2005-0172 C-7 October 2005 



MDA C Investigation Work Plan, Revision 2 

LOS AL.At"'10S NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

Flao UNITS 
BOREHOLE LOG 

BOREHOLEID: so-s102 TA/OU: 5011147 MDA: 1.0AC Page: of: 2 

Drilling Co.:TontoEnvironmentat Core Box #(s) 7 cuttmgs Start Date: e121ss 
nme: oe:30 

8,d Date:e1s195 
nme:14:30 DriUing Inc. 9 core 

Drilfmg EquipJ Met hod: lngersol}.Rmd lrack moun1eo air 
core with tot al dust SUDoress10n 

Sampling Method: Continuous 5.0" core canwt 

Driller: Larry Toaren 
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-1----1 
15 ~ l/ 100'1, - .,.,., 
20..:. 

-!---➔ - ., ... 
25-::1---1 - .,,.,. 
30--:::,-.--1 

- 7190'1, 

95-00GI 

_ wssor. 
1---1115-000I 

40..= 10Hft 

45~ •111oa'JI. 

-1---1 

so-= 
-1---➔ -

55-:: 
13/1~ 

-1---+---➔ 
- :,1.nOO'f. 95..0014 

50..: 

October 2005 

Geologist: Jon Marin. Rene Evans Declination: 45.0° 
B=M/Golder 

Bearing: s 10.o•w TD: 110.0ft 

~ 
CD o, ·2 =c ::ic:=- :::, mo 

~~ ~ -~ ~~! 
CD :.E o O'-• 
"' E c. o ·"' 1ii I 
Oe f! E 58i 
u u. Lithology c, =~=:l::::e=u=1=N=o=te=s==l 
0-11· C 3o IO 50 ,..._ 0-3.5' 10150il/Flll. organc ciay. NA reno • 
wsurv;,.,,. slit. sand. dark brown. moist. 3t02 is located 

12.24 

32.99 
s tJQQs ~.s:.-s.a· ........ W.f.l:,.!!fAnt.1m=!.Q,.rri~!$1,........ ••••...• acoroxunatefy 

5.0'-31.0· 1\JFF.palered10R6/2 •' 25.o·nonhof 
1---1 slightly indurated. s5ghtty ~ ano angted 

118.0'• 
1.13 24.0' 

0.55 

1122.0· 
0.481----➔ 

0.3S 2/24.0'• 
38.0' 

welded. rhyobteash Uow, dry. e ~eneathPit !5. 

•..,;; 9ufacecamg A.Jmtca lapllli are light gray, 
coarsely devil rified, sugary -=--• set at 9.0'. 
texture. 0.3•2.5 cm. 10%. • 
M1trix phenocrysts are quanz •• 
and sanidine. each 5% and up • 
101.5mm. e 
TIJA=. same as above tsa.A). 
pumce lapilli are 15% ana up 
to 3.0 cm. 

-;,.~ 
•• ii 

:.- I 
........................................................... P• m 

•~. z 
~ 

1.8 

1.4 3/38.0'• 
47.0' 

1.97 
1----➔ 

•1•1.o·-
84.83 55.3' 

225.35 

5155.3·. 
14.02 68.0" 

31.0'·62.0' TIJFF. pale rea brown 1 O R 
5/ 4, stightly indurated to 

moderately indurated ash i 
flow, motSt. Pumice lapili ara 
gray to white, coarsety 
dovitrified. 0.5-3.5 an. 5- _. 

::. 

10'%,wttt'I quanz &. 
phenocrysts to 0.03 mm. • M 
fine-gramed moaerate-red ~-• •c 
iron crystals (goeihite). and ::J 
minrte anhedral black 

• -· magnetite crystals. Matrix 
phenocrysts are sanidine 
showiig Schiller blue 

iridescence anc:I bipyrarrudaJ ~-
quartz. eacn 5-10% ana up to 

1.0mm. ·• 

C-8 

038.0'-38.0', 
Ught orange 
brown clay 
fradlllll 
coaangs 
(samoledl and 

~- glassy 
fragments. ln 
aaadion. 
moderate Fe 
o:ada (limonite) 
sram 1n matrix. 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaOUNIT5 
BOREHOLE LOG 

BOREHOLE 10: 60•9102 TNOU: 50/1147 MDA: MOAC Page: 2 of: 2 
Drilling Co.: Tonto Environmental Core Box #(s) 7 cuttings Slart Date: a1219s End Date: 8/ 8/95 

Drilling Inc. 9 cora Time: 08:30 Time: 14:30 

Drilling Equip./ Met hod: lngerson-Aand track mountea a,r Sampling Method: Continuous s.o· core barrei 
core WI lh tot al dust sueeress,on 

Driller: Larry Thoren Geologist: Jon Marin. Rene Evans Declination: 45.0° Bearing: s 10.o•w TD: 110.011 
ERNGolder 

,g a, 
Cl 0 a 

2:- ' C: -a; EO ·c- "E g? "' "' Q) ~ Q) 
Cl C: 

--a; "" en~ a,·- .. ::::. :::, ai 0 
8 ~u 

X 0 
0 s: ti :@. C: 13~ dl~ ..J " :::, a, s~ " ·5, ~ :::, cc cc ·- Q) ..J E :c 0 0 ~ .c "$,.C -~ 1n a l!! Q) <( :, Q) E C. 0 

~ <ii E CC-E ~ 0 i!! :5 
C: C: 

a, 0 0 C: :::, 0 0 O 
□ uu <( z :; f,- (.) u:: Lithologv (!l :::i :Eu Notes 
6u 1'1Cau. 31.0"-62.0' .. T.VIT. •• $.M..mo1fl .. MD.fJo,o:-... .... @ eo.o·. 2.0 mm NA - 151,0% 68.98 SfSS.l'• (continued) : TUFF. pinkish gray 5 YR 8/ 1, .. thick weak Fe 

65-= 68.0" 52.0'-11 O.o·' nor1ndurateo. slightly welded. oxidization halo 
11;"°' eon,. --- asn flow. dry. ... around devitrified 

= 17/60% 
2251.87 •• pumice lapWL 

70- ,. 
18/100% 

849.32 
6/68.0'• ,. 's - 81.!t @73.O' TI.A=, SAA. nomndurated loca 

75~ 11V8°"" 95-00111 339.76 weak Fe oxkie (limonrtal in -I-

matrix. •· -~ - .; .~ ,, 
80-:: 

20/100% C: .. • ID - 87.45 7181.0"• ... lii - -85-:: 
21170'1' 97.0' .D 

E 
48.35 j Ft-leOCR'ISTS. 100o/. wall j •• " - @00.0· • ::! @88.0'-88.5' . - 46.11 ............. •• : sort ed. loose. subhedrat .'. -~,.. .. " 90~ 22/ 30'1' 24.37 @88.5' quartz (65%) and san1dire : •" 

OJ phanocryat.fich 

... (35%),. 1.0•3.0 mm .......... : 
l!' fntervm Is - -i: 

_12., •= Tl.Fr, SAA. pinkish gray 5 'A ,!:? possible eurgo 

95 11.30 8/ 1. nontndurated. slightly -.,; related dOIIOlil. 
- 241 t00% 95•002-4 12.65 

.................. wekled. ash_ flow .. dry, .......... !!'! - 251100% ~ 0 97.0'•97.2'. 81117.0'• @ 97.0' PHe-Oa!\STS. 80%. · -· ::, 
100--= 261100% 10-4.0' 0 97 .1_' ....... l.ITiilCS, 80%. dacite. angular: =- phenocryat• and - :_ utt to 3.0 cm ..................... llthlc:.iich interval 

- 27/100% 1-4,36 ct - 28/100% 0 97 .2' TUF, SAA, pinkish gray 5 'fl Is possible mrga 

105 8/ 1. nonrnduratad. dry. rela tad deposit. 
- 291100% .. - 18.24 11,1~.0' 

~ - 3(»' IOO'lfo ·110.D' 0 107 .o· Pf-B<>CR"l'STS. 40%.'SAA. In. 0107.0'·110.0', 
95•0029 1763 . ' --'- ., ____ ..... phenocryst -rich 110 ,,1.0. - ITD = 110.0· interval is -- possible su,ve 

115-= ref a ted deposit. 

- 0 110.0', driJllng 
- tools stuck ana 

120-= recovered. 

ER2005-0172 C-9 October 2005 



MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIELD UNITS 
BOREHOLE LOG 

BOREHOLE ID: s D •91 D 3 TNOU: 50/1147 MDA: MDAC Page: 1 of:. 2 

Drilling Co.: Tonto Environmental Core Box #(s) 6 cuttings Start Date: s1101ss End Date:s1221ss 
OriUing Inc. 1 O core Time: 12:00 nme:12:30 

DrHllng 5:luip. /Method: lngersollfland track mounted air 
core with total dust suopreSSIOn 

Sampling Method: Continuous 5.0' core t>anwl 

DrUler: Larry Thoren Geologist: Jon Marin. Aene Evans 
e:M/Golder 

Declination: 45.o0 Bearing: N 32.0° W TD: 120.0JI 

,g ., 
en • a.' c:- C .; EO ·c 'en ·"' ., "' "' Q) C: = C: - .. :> (/) :g a,_ .. ::::. en :::i ., 0 .; ., -- 0 

~ 
C: 8 

~~ 
t; ~ x~ ...I .!,! ~ ti ::, ., Cl)- s. 0 en ~ ::, 

.c a: a: -- Q) <? § :E 0 o~ 
C. e~ '>,.Q 

~ E C. 0 -~'tn 
<ii E C: C: 

Q) 00 cc~ 0 0 e! .c oo C: ::, ~i= OU: Lithology .-e: :::!EO a 00 <Z 

C 
Notes 

0 - .... 0-0.5' TOFSOL organic. NA Borehole 50-
- 1/100"-' ...... 0.5'-7.0' ALL medium brown. 91 03 is k:Jcated - wtliflQS 11'1 

5-= 0 ' ..... reworked tuff. moist. approximatety 
45.0' east of - 0 Al 1 in the - 1.o·.52_0· TIJR=, grayim orange pink 5 :.-10- USO-. 116.0'• 

'IA 7/ 2 to pale yelklwisn 
southeast em 

15.O' comer of MCA. 
- 3/7~ 0 brown 10 YR 6/ 2. moderately ; Cand angled = .,65'\. 

oxidized, weathered rhyollta 
beneath tha 

15 - 51100".I, 
ash flow. ·- rafflp to Pit 3. 

- li;f10~ 
0 12.0' 1\JFF, grayish pink 5 YR BJ 1, t &Jrf ace cuing 2/15.0'· 

slightly indurated. non• 27.2' set at 9.0'. 
20-:: 71100'1, 95-0104 0.21 welded. rhyolite asn flow, dry. 

= 011.3"•11.9", ., .... Pumice laodli are coarsety , . => clay-filled 
- 9/8"" aavitritied with sugary texture I-0 tract ura . 

25 - alOng reid tube structures . •• .!! - 0.5•2.0 cm. 5-10%. .; 018.7".-
- 10190'!1. • -0 oxidation on - 0 024.0' 1\JFF, same as above {SAA). " openhairtN , .. "' 30-= 3/27.2'• nonindurated. "' 11n5' 39.0' 

iii 
fracture. - •• - 0.15 032.0' nJFF, SAA. pinkish gray S 'tR ,, 

35-= 12/10094 811. E .. 
- 95-0109 036.0' ltJII', SAA. slightly indurated. i ::; 
- 5.34 ., 

13/100'!11. "' 40- !! -· :c - 0 '139.0'• 042.0' nJFF, SAA. pumice lapiUi up to 1t ~ - 47.5' ,.....,. 
2.0 cm. coarsely davi1ntied ..; 

45 0.33 w1th.su9.ary texture .............. ~ 
045.1"·45.3". - '" 0. 11 1UfF, grayish orange pink 5 ; 

·c: moderately 151949Jlio ::::, 

so-= 'lR 7/2, slightly OXldizad [ •• oxidized tuft. 

5147.5•. matrix. moderately induratee1.; :;t 0 56.0"'59.0". - Hi/lff 0.84 59.5" 
................ moderately welded rhyolite ' strongly - 52.0' ·83.0' 

asn flow. dry to localty moist. ·- oxidized ~ ss-= I 7 /80'1, 
Pumice laplili are elongate 0.2 -~ luff and F•ridl -- 111113' 95•0114 'J.17 by 1.0cm, 5-10%.Matrtx clay in open - phenocrysts are sucnedrat - fracture 

60-=- 1 :,/1,.,..,. 
auanz t5%l uo to 2.0 mm. •• lsamoled>. 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIELD UNITS 
BORB-!OLE LOG 

BOREHOLEID:5D-9103 TNOU: 50/1147 MDA: MOAG Page: 2 of: 2 
Drilling Co.: Tonto Environmental 

Drilling Inc. 
Core Box # ( s) 6 cut tings 

10 core 
Start Date: s11019s 

Time: 12:00 
End Date: a,22195 

Time: 12:3D 
Drilling 8:1Uip. /M3t hod: Ingersoll-Rind track mounted air 

core with total dust suppreSSJon 
Sampling Method: Continuous 5.0' core barral. 

Driller: Larry Thoren Geologist: Jon Marin. Rene Evans Declination: 45_0° Bearing: N 32.0° w TD: 120.o·n 
EFfNG)Jder 

~ 
~ 
_,:: 

15.. ., 
C 
60 

'o'<­
c:-., 

.. > 
C: 8 
::, a, 
a: a: 
~~ 

88 
- 19/Ca'll. 

ss-= 20,23'4 

_ 21 /85%. 

70-= 22/100"11, 

=L--....1 

75--= 23/50% 

--·I...--L--....1 
- 241100% 95·01 1 9 80 -J::.:..::::..::..;.;;.,;;,;.;.;..,i 
- 25/50.. 

- 26/67% 

85 
-,-··---· 

- 28/100"-

: 291100 ... 
90 ·--= J0/37"" 

- 1 '""~ 
- 32/20-.. 

95~ Jl/100'11, 

- 95-0124 
-1--....j. __ ..j 

100-= J4/100"to -.1...--J 
: 35/100% 

105,-::::1-_....1 
- 311100"---1...--J 

110-= 37/93'1,, --1...---l 

115-:: " 11
"' --L--....1 

120 - 39/100% 

ER2005-0172 

95-0129 

C, 
C: 
·2-
Q) ..!::' 
a,·-
~ u 
bl .e, 

.i.~ 
a: ·C: 
::!: I-

w 
2 .. ~ 

)( 0 

s ";" 
~ E 
o e uu. 

_§' 
0 
:c 
C. 
I!! 

LilhoJonu C!l 

:!:: 
C = C: :::i ., 0 

0 S: U 
·05, - :, o~ 
0 : u5 
- C: C: 
~ 0 0 5 ::; (.) 

52.0'-83.0' TUFf', grayish orange pmk. ~ 
6,59.5,. (continuea) slightly oxidized. slightly •-

0.54 10.2· incturated, slightly welded, ... 

rhyolite ash flow, dry. P_umice C: 
lapiU1 are coarsely devit nfied • 

NA 

0.87 
with sugary texture on relict • • 
tube structures. 0.5-2.0 cm, Si,• 
S-10%. Matrtx phenocrysts e ,..3 

~---l073.o'- arequanz (10%) and sanidim -
(10%),eachupto1.0mm. •• -~ 

• ai 
0 1no_2•. 

0.67 85.1' 

sanidine with Schiller blue ~• -a 
O 78.0'- iridescence. Pumice lapilli .. ij 

have taint yellowish brown a • m 
................ 10YR 2/2 stain and light • ai' 

1...---l83.0'-120.01 gray sugary texture. Local I .. ~ 
1 .03 fimon,te as irregular sotutionl • fl> 

8/85.1'• 
94.3' 

0.62 

0.85 

1.89 9/94.3'• 

108.0' 

0.82 

0.43 10/ 106.0' 
·120.0' 

0.53 

0 

@ 105.0' 

=' •. 

bands m matrix. : • ~ 
: L-TlJFr. SAA. pale yellowish i -. ~ 
· brown. slightlyindurated. j !_. E 
. nonwelded. : ..,. ~ 

;'-TUFF. SAA, pinkish gray 5 j • ri 
j YRB/1, nonindurated. non- j ■-
:. welded . .......................... : ·• ~ 

TlfF. SAA, very light gray, ..... 
nonindurated, nonwelded .... 
rhyolite ash flow, dry. Pumice :.t' 
lapili ara coarsety devitrified •·­
with sugary texture on relict e 
tube structures. 0.5-2.0 cm. --
5-10%. Mat rtx phenocrysts ~ 

arequanz (10%) andsanidin, ·• 
(10%), each up to 1.0 mm •.• 
saridine with Schiller blue • 
iridescence .. 
TI.EF. SAA. very soft {non­
indurat ad). 

C-11 

... 
I~• 

Notes 
ll 59.0'-64.0', 
loca! oxidation 
patches on 
fracture till. 
0 67.0'-89.0', 
oxidized puma 
rapdli remrantL 
0 69.0'•73.0', 
Fe oxidation in 
matrix. 

0 86.0'-91.0', 
Fe oxidation 
throughout 
matrix. 
088.5', Feollidl 
st ain is possible 
relict wa tar mark 

0 119.0'-120.0', 
fracture with 
some clay and Fe 
- ""-

October 2005 



MDA C Investigation Work Plan, Revision 2 

BOREHOLE ID: 50-9104 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIELD UNITS 
BORB-IOLE LOG 

TA/OU: 5011147 MDA: MDAC 

Drilling Co.: Tonto Environmental 
Drilling inc. 

Core Box #(s) 7 cuttings 
8 core 

Start Date: 8/15/95 
nme: 16:15 

Page: 1 of: 2 

End Date: B/17/95 
TTme:os:oo 

Drnling Equip. /Method: lngersollf!and 1rack mounted air 
core wrth total aust suoorl!SSK)n 

Sampling Method: C.On11nuous s.o· core bamlt 

Driller: Larry Thoren 
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Geologist: JonMarin.RenaEvans Declination: 90.o0 Bearing: NA 
EFM/GJ!der 

--a; 
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)( 0 

sr:­
i!! E 
a e (.) u. 

0-10· 

lithology 
0-2.5' 

·2 
::, 
u ·a, 
0 
0 
:5 ::; 

SJrt•e. 2.s•.4 o· 
w!llnastn 

TOFSOrL. organic. brown. 
ALL reworkeo tuft. moist. 

O.g, 7 bc7H ;---------------. 

4.o·-10.1· __ ruFF._pulvenzea ............... . 

0.06 

0.52 1 /9.0• 
19.2' 

0.13 

: TUFF, paJe brown 5 'IA 5/ 2 

······:·······) slightty indurated. slightly • • ••••• 
10.1 -35.0 weJded. moist. rtiyolite asn i 

flow. Pumice 1aollli are very 
tight gray to pinkish gray 5 YR 
8/1. coarsety aevitritied wrth .,_• 
sugary frosty texture. 9:e 
elongate 0.3 by 1.5 cm to 1.0 •• 

0 21.0· ----: by 4.0 cm. 3.0-5.0%. 
: .• TIJFF. SAA. g_raaual color :!.a ~ 

change to pBle yeUowisn •• · i 
brown 10 'IA 6/2. • CD 

2s.,sr-_--fo 29_3· iUFF. SAA. grayTSh pink 5R _ 1-- ~ 
8/2 with weak iron oxsda stam ... al 

46.29 

3128.0'-
35.7' througnout matnx. Pumice • • -

laputi are also oart iafly • • ,ii 
oxidized. • E 

34.11 r----f Gl 
35.0' -60.0' TUFF, SAA, pale reo SR 6/ 2 ~ :::; 

30.76 to tocm moderate rad 5 YR g 
O 39.0" •··: S/ 8, loeaHy strongty oxidiZ.ed. e 4/35.7" 

48.6' 

7.821---l 

5146.6'• 
6.39 57.0' 

..• TUFF, SAA. pumice lapdli are ,,. :2 
all ered to tigl"I I gray to dull &. ;! 

0 43.0' •·~ white powdery masses ., M 
j .surtcunded by Fe oxide I~ -
: stained matnx. ~ § 
:. .• 1\JFF, SAA graytsn orange pink e• 

5 YR 7/ 2, non-welded, locm Fe ii 
oxide stain in matnx. Pumice • ., 

lapilli are ligl"lt gray with soma • •· 
057.0' ... ,. hOCOI I b 105 0 . c a a rown. . • . cm. • 

r----f ··· TIJFF. SAA. grayish pink 5 R i.'. 
8/ 2. sightly weided. med. • 6/57.0'· 

2 .31 611.0' 
--· --·-•- , __ __., n i::.1 n ~ 
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- ::: 
Q) 0 

~73 
- = 0 -·"= tii 
C: =' 0 01 
::EU I 

NA 

m: 9o.o n-

Notes 
Borehole 60-
; 104 is located 
approximatety 
18.0' south of 
Rt 1 and 5.0' 
inside of and 
midway along 
the southern 
boundary of 
MDAC. 
SJrl ace casing 
set at 10.0'. 

036.6'-38.8', 
fracture coated 
withamorphaul 
ight brown 5 
'IA 5/ 6 clay ii 
1.0mm thick 
concoidat blockll 
(sampled). 
039.0'-44.0', 
moist ash flow 
tuft. 
0 52.2'. 3.5 by 
5.0cm 
davitrified 
welded pumice 
8nilH. 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaO UNITS 
BORB-IOLE LOG 

BORB-iOLE ID: 50•91 04 TA/ OJ: 50/1147 MDA: l,OA C Page: 2 of: 2 
OriUing Q>.: Tonto Environmental 

Orifing Inc. 
Que Box #(s) 7 cuttings 

a core 
Stan Date: a11s19s End Date: 0117/95 

nme: 1 s:1s Time: 09:00 

Drilling equip. /Met hod: lngersoll•Rlnd track mounted air 
core with totaf dust suppression 

Sampling Method: Continuous s.o· cc19 baffllj _ 

Driller: LaJTy Thoren 
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Geologist: Jon Marin. Rene Evans Declination: 9o.o0 Bearing: NA 
s=M/GJlder 
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Litholoav 5 ::E CJ 

TIJFF. g:ray1Sh pink 5 YR 8/ 2 111111-. -
"-onwelded to slightly weiaea. I.... ~ 

.!! 

lUFF. SAA. mauix .• ~ 
ptwnocryst s are subhedrai , a! 
saniaine. 0. 1-0.5 mm. 2~.. • ~ 
Schiller 01ue iridescence. • f 
1UFF. pale y_eUowish brown 10 1/1. CD 
'IA 6/ 2. nomndurated. no~ A• ~ 

_ .. welded. dry1 rt,yolite ash. flow.I~. & 
: A-tEK:CRYSTS. 50%. quartz.:-~ I ~ 

NA 

: 0.5-1.S mm in luff matnx. : • :E 
o @ 83.0' .. : ruFF. nor1nduratec1, non• · 

1
~ ~ 

J---!;itt 113.4· ...... · _wetded. ary. rhyQlite.ash flow. 11111: ri 
·'J.99 a,u.s·- @87.0' FHeKI:FrfSTS. SO%. quanz.: •·• •c 

J0/97'1. 

90 -
9o.o· 0.5•1.S mm in tuff matnx. · ~::::~£:~ ::> 

.::+---+--+--+---l"""'•"'ii.;.#1..•·_ .. _ .. ..,···· ruFF:nonindurated. non• ····.,.:..•'·ca-:.ii._•:,,1,--➔ 
I welded. rnvolite ash flow. drv 

!TD• 90.0' 

95~ 

100-

105-:: 

110--:: 

115-= 

120-= 

ER2005-0172 C-13 

TD: ao.o· tt 

Notes 

083.0'-83.4' 
and 87.0'-88.5', 
phenacrysl-rich 
intel'YB!S are 
possible ■urge 
related dec,osita. 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIELD UNITS 
BORB-IOLE LOG; 

I 
BOREHOLE ID: so-1105 TA/OU: 50/1147 MDA:c i,tDA c . = · Page: 1 • of: 2 

Drilling Co.:Ton10EnYironmental Core Box #(s) 4 cuttings Stait 0ate:.ai2:itss End Date: 8/28/85 
Drilling n:. 1 1 core Time: 10:45 Time: 11 :25 

· OrHling equip. /Method: lngeraoll~ano !rack moun1ed air 
core wrth totaJ dust su00ress1on 

Sampting. Method: Cl:>ntiruous 5.0' cora banal 

1 Driller: Larry Thoren Geologist: Jon Marin. Rane Evans Declination: 45.o• Bearing: S 88.0° E TD: 120.0 II 
B'M/~lder 
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::, CD 0 

~ 3: ti 
.2 ° 02 -a g ='In 
m .J:. c: c: 
~ - oo 

Lithology c:, ::J ::i: u 
0-7• O..Q.4" ASR-IALT. C NA :a:,n 0.4'-6.5' FILL. maa1um brown. reworked 

0 • tlOz:91 

o.93 : ~~0~·-

luff. sit. clay some sana and 
___ ... ,_. mo,~ 

6.s·.7 o· TUFF. puivenzaa. ..__ 
1.0·-so.o· TUFF. graysn orange pinks YR -.. 

0.27 
1---l 

7/2, slighlly ,noura1ea. non• =. 
welded, rhyo11te asn flow. 
Pumice lag•li are sparse t< 5%).-:_ 
0.1-1.0 cm. smalleraraaark ~ 

brown ana iron nch. larger are t 039 211•0·-
. 24.0' 

0.tB 

3/2C.0'• 

0 
3z_3• 

0.08 •132.l'• 
0.7S U,O' 

4.241---f 

1.69 

5.00 

5/U.O"• 
53.0' 

32.01 6153.Q'. 
63.5' 

0 14.4' "': 

coarae!y devrt nfied. pall 
yellowisn brown 10 YR 6/ 2. 

· .• Tl..fF, same as above 1&\A), ·• ~ 
grayish pink 5 R 8/ 2 to pate •• .!ii 
yellowish brown 10 YRS/2, • 

I- ]! sllghtly indurated. nonweldact ... C: 
phenocryst nch. Pumn:• lap•li • ~ 
aro 1.5-2.0 cm light yellOw • Ill . 
brawn from Fe ollde. caarsaty .. e j 
davttrified with a sugary •1 ~ 
teX1ure. Phenocrys,s aro • ,r :::; 
quartz (15%) andsarudino - & 
(10%. eacn ■verage 0.5 mm .. 4 e 

027.6'": 

and up to 1.5 mm. -• :2 
•··· Tl.FF, SAA. light brawrrsh gray &. t!, 

5 "IA 6/ 1. slightty in:furatld. -- <'? 
slightly weldod. rhyolll lSri -~ ~ 
flow. A.lmice tapdi _are 0.3-1.5 • ::, 
cm, coarsaty devttrtfiao and I 

S(f()~:94:o~•irimmea by light giruttsh gray { ••• 
:yapor;Phan alt erahOn Cla,X, ,..; • 
Tl.FF, pail• yaMowisn brown 10 • 
'ffl 8/2. slightly lndunneo. non- • 
wetded r11yo11te asn Pumice •tiii.. 
lapiU are 5-10%. Saricline with ,. --. 
&:tiller bit• iridescence. 

C-14 

Notes 
Barenota 50· 
9 t 05 is locatlld 
approximatlfy 
90.0'east ol Pl 
3 In tho 
noncontn:ilacl 
portion of ID. 
Cand angJod 
benealh wrtic:111 
dlsposallhallil 
near thll ... 
end of Pit 3. 
SUrface cuing 
sat at7.0'. 
011.7', F• 
oxide on 
fracture. 
0 28.2'·29. 1'. 
fracture with 
RI ollida. day 
and rooll. 
sampled tor 
Olernvan va: 
and PCB 
IINlysio. 
o as.o·-aa.O' 
samplod 
maroon rad 
stain far 
contract 
ana1y1oslite. 
0 44.5', mod. 
FeOx stain. n. 
brown 5 'l'R 5/ 6 
in matrix; COl'II 

loss likely duo 
10 fracture. 

ER2005-0172 



MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaOUNIT5 
BORB-iOLE LOG 

BOREl:iOLE,JD:so.se 1 os- ,-•. •:TA/OU: ,.···so11u1 MDA: · ,.J.IDA c,. 
-or~lliOg ·eo.:: Tori,o Er'IVtr0nmental 

. . Drilling tnc. 
Core Box # ( s) • cut1ings 

11 core 
start Date: 8123/ 95 

nme:·10:45 

Page: 2 of: 2 

End Date: 8/28/95 
Time: 11 :25 

Drming Equip. /Met hod: Ingersoll•Rmd 1rack mountea air 
core with total dust sucpression 

Sampling Wet hod: Continuous 5.o· core banal _ 

Driller: Larry Thoran Geologist: Jon Marin. Aere Evans Declination: 4S.o0 Bearing: s es.o0 E TD: 120.0 ft 
etNG:llder 

.!:: 
a 
(l) 

0 

c':' 
~ 

';'.; 8 
::, (l) 

a: a: 
~~ 
00 
00 

60 - t!i/CaU. 

-F'i=m 
65-= 1111100,r,, 

70-: 171100"'-

-r---"i.--l 
- 201100"'-

80--::: 
-1----1 
- 2114G"to 

85-= 
-1-----1 

0 
- 22/50.. 

9 '--= 
-1-----1 
- 2313ft 

95-=: 

95-0150 

-1---1--~ 
- 241100"to 95·0155 

1 00-: 1-----1 

=~ 105-:: 2710" 
- 2ans,r,, 

11 0--:: "'"" = 301100"to 

oi 
~ 

~- ..J~ X 0 s~ o 
"'E ~ o e e 
O u.. Litholoav <!J 

,f:i,:i',J.:i • 50.0'-94.0' TUFF.SAA, pumice 1aolili are ~ 
70.2" ~-19.14µ•-..,,.__.,-l(continuea, light gray, coarsely devrtrified ;.:• 

13.22 O 60.0' -··~ and sugary, 1.5-2.0 cm. 
7163.5"• • -41.32 72_0, •--·n.,FF pale yellowish brown 10 .., 

\oR 6/2 slightly inaurated. • 
nonwelded. phenocryst nch • • 
rhyolite asn flow. Pumice S.,• 
lapilli contain some laad Fe • ~ 
oxide. Phenoerysrs ara quartz -

29.84.__ ..... 

0.20 

en2.o·. 
82.9' 

(5•10% up to 2.0 mm) an; • • ~ 
on.o·-····~ sanidina (So/oup to 1.0mm) •• "g 

. with Schiller blua iridescence. .. n, 

0.36t----l 

0.03 

0.41 

9/82.9'• 
102.0' 089.5· 

··,uFF,SAA. vanably • ■ ~ 
norindurated to sightty in- A.. a> 

du rat ed. slightly welded. 'I,_• "il 
F\Jmiee tapini are SAA. Dacite CD 

fitticsare <2%. up to 2.0 cm. ! 
1UFF. SAA. slightty~ndurated -. e> 

• I!! ash flow. Pumice Jaoiili are ,... :2 
SA.A except uriqi.e 4.0-5.0 ..,.. {!!,. 

················:cm coarsely devitritied pumI~ • •••• ~ 

94.0'-120.0"Ibombwithsugary texture j -
,~.I.\Vf.rnl)!,1 . .tvM.ll!l!<;l~(U ... , • • § 2.41 
TUFF, grayish orange pink 5 .. 

0 _471----1 'lA 7/2 nonindurated to • 
0.1.02.a:·····: sligh!ty indurated. non~eld~: ?J 
11.IU.~ ... ,. '· rhyoite ash flow. Pum,ce ,, • 

10,102.0' • • 
0.13 •112.0 , : ;1apiUiaretwotypes;(1) :; 

I ~ coarsely devttrm~. 0.5-2.0 H l/1 

0.!4 111112.0· 
.120.0· 

: : cm, (2) brown, fme-grmned : : ~ 

~ j with lapili cores eJtered to \h~ ... 
1 ;.'o1lilf.J;ftY.illMlnitv7l, ....... .:1■:: 
, ~TS. 50%. 0.5-1.5, • 

L. mmquartz in_tutf matnx ....... J •• 
9s-o1&0 run:, SAA, grayish orange • 

0.87 1•-115-=~~L~ 
-1:u 1100'.r-

1201-=-+---+----+----+----+-=----:=:-:::-.E!!:'iM~5~YR~L7/~2~.~n~o~-!!!!;•~~:!!!le<l!!!._ . .jl~p➔---l 
10 = 120.0' I 

ER2005-0172 C-15 

- C: 
(l) 0 
:i:u 
~::, 
0 ~ 

.~'tn 
CC 
0 O 

::!E 0 

NA 

Notes 
lt 61.2'·62.0', 
fracture with 
oxidized day. 

081.8". 10.0Cff 
welded tuft 
.enolilh 
cc_n taining an 
equant 1.5 cm 
dacite lilhic witl'I 
1.0•2.0 mm 
quanz 
phenocrysts 
surrounded by 
feldspar 
( plagioclase-like) 
altering to clay 
(kaolinite?). 
0 100.0', locol 
Fe oxide yielda 
yeUow streaked 
tuff. 
0 102.0' loBI 
circulation air 

due to plugged 
bll 
0 102.8'-103.5', 
phenoc,ysMich 
intervaJIS 
possible surge 
related deposit. 
0 103.5', 
oxidized fracture 
with soma dartl 
brown clay. 

October 2005 



MDA C Investigation Work Plan, Revision 2 

BOREHOLE ID: 50•9108 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaD UNITS 
BORB-IOLE LOG 

TA/OU: 5011147 MOA: MlAC 

Drilling Co.:TontoEmnronmontal Core Box #(s) 3 cuttings Stan Date: &/9/95 

Page: 1 of: 2 

End Date:a, 15/95 
Drilling Inc. to core Time: 16:45 Time:t4:oo 

Drilling E:quipJ Mat hod: lngersol~Rlna track moumeo aJr 
core w11 h tot al dust suooresson 

Sampling Method: Con1inuous 5.0' core balrel 

DrHler. Larry Thoren Geologist: Jon Mann.Rene Evans Declination: 45.o0 Bearing: s 75.0° E TD: 120,0 It 
EffAIGolder 

0 

2:' 
Ql 

""> 
C: 8 
::, Ql 
a: a: 
e! ~ 
00 

(.) (.) 

II tOO"II, 

- 12/50'Wt 

35 .,;;;i---, 
- 13/87'1. 

40 
= 14/M, 

: 1a1100, 

.; 
Ql 

"" :=. 
x~ S, 
m E 
~ 0 
0 ~ 
(.) u. Lithology 
0-7' 0-0.7' SOD.... organic. :suty, sand, ciay. 

ALL medium brown. reworked =., J.7'-5.0' 
0 3 OOdS 

- . ·.7 

6.05 
7.0'·51.S' 

0.61 
1115.0'• 

2u· cm. Core molS1 ure impacts 
recovery by cloggrng the 
circutat ion hose. 

1.25 0 22.0' TIJFF. same as acove (SAA\. 
iron OXJde on fracture with 
some clay. 

6.391----t: 28.0' F,,EN)(R\ST A<DFE3AlE. 50 

17.97 2128.5'• 
38.0' 

0 29.0'l in tutl matrix. light brownish 
gray 5 YR 6/ 1 elongate pieces 
(1.0--4.0 cm) ot cemented 
quanz and sanidina crystals 
(0.5-1.5 mm). 

t---1 TUFF. SAA, 30% phanocrysts. 

115-0050 1688.41 l /3S.O'• 
49.0' 

45 .;_::!=
2
C!l
0
ll
11

11!
00
lll,.cf"--""1 

: 211100"' 

It ,s.o· nJFF, SAA, tight brownish gray 
s YR 6/ 1 . nonindurat ad, non• 

1398.361----; wekled. rhyotiteasn flow
1 

dry: 

- z4nO"ll, 

55 251100,., 

- 27/93% 

60 

October 2005 

4149.0'• 

280.21 H.5' 

95-0054 27.29 5155..5·. 
65.:r 

.............. l nJFF, pinkish gray 5 IA 8/ 1, 1 
51,5•.91,5• slightly in0Ura1eo. sightly 

waldad. rhyolrte asn flow, dry. • 
Pumic:e tapilli are etongat e up to • 
1.0 by 5.0 cm.1Igt,t brown to • 
vuy light gray. coarsely 
devitrifiad with some Fe oxide. •• 

C-16 

_.,. 
C: 

:::J 
.!,! 
Cl 
0 
0 
,: 

5 

= C: 
Ql 0 ;=u 
~ ::, o~ 

:::: t; 
C: C: 
Oo 
::Eu Notes 
NA eorano1e 50• 

9106 lslocated 
approximately 
50.0'east of Pit 
, i1 the central 
Portion of 11>.A 
Cand angled 
bensath venical 

disposal -II 
and- the forms 
ramp at tt•aa:t 
ena of Ptt •· 
9.lr1acecming 
sat a1 a.a. 
It 11.0'-41.0'. 
poor and 
irconsist en t 
recovery dua to 
fractured tuff 
and poor air 
circulation. 
o 2e.o·-2e.o·. 
phenocryat-nc:h 
agvrega 18 la 
possible au,v. 
,..., .. deposit. 

O48.4'-49.0'. 
strongly okidizad 
fracture with 
day, sampled for 
i.RAL 

ER2005-0172 



BOREHOLE ID: 50-9106 

MDA C Investigation Work Plan, Revision 2 

LOS Al.AMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaDUNIT5 
BOREHOLE LOG 

TA/OU: 5011147 MDA: MDAC Page: 2 of: 2 

Drilling Co.: Ton10 Environmental 
Ortlllng Inc. 

Core Box #(s) 3 cuttings 
10 core 

Start Date: B/9/95 
Time: 16:45 

Ehd Date:s,15/95 
nme: 14:00 

Drilling EquipJMethod: lngersoll-Aand traek mounted air 
core Wltl"I total dust auc0ressIon 

Sampling Method: C.Ontinuous 5.0' cora barrat _ 

Driller: Larry Thoren Geologist: Jon Marin. Rene Evans Declination: 45.o• Bearing: s 1s.o• e TD: 120.0 ft 
EFM"Golder 

c:' 
a, 

.. > 
C: 8 
::, a, 
a: a: 
~~ 
00 

(.)(.) 

6u - 2a,0n1. 
-1----1 
- 291100% 

65-= _1-,-.,-,-,.,--1 

Q) 

a.' EO 
"' "' en :g 
fl ~ 
·- Q) ;;:...c 
mE 
C: ::, 
<Z 

-1-----1 
70-: 31/90'% 

_l:::':'::::-i-';__:'_•oo.:.sa..:..,i = 32'80,. 

75-= 

- ........ rl 
80-=r"- , .. 

- 34193% 

85 ~-:i----11---, 
- 351100IJ. 

95-0063 
-1---fo---, 

90 -= 36,191 .. 

- OUO,A 

95 : '"""' 

100 
_ 39120% 

-40,1~ 

_ 411100% 

1 05 -:. • ,,, ""' = 431~ 

11 0 = .. , """' 
- 461100".I, 

95-0067 

115-~•~11~'!:""'~-1---l 
- 4811~ 95-0071 

120 
- 49{100% 

ER2005-0172 

-.; 
2 .. - C) 

0 
..I 
0 

'2 = C 
::J Q) 0 

o 3:u x~ S, 
a, E ~o 
0 ~ 

:E 
a. 

·a, I.., ::s 
O O ~ 
0 :::: U) 
- C: C: 

Lithologv 
(!! 
Cl 

~ 0 0 3 ::; (.) OU. 

s,s6.S'• s1.s·-:J1.s· TI.fF.SAA. phenocryStsare ,._ 
65.3' I .,;_"-eon,. (continued) ::~artz. 15%. up to 2.0 mm. ~ 

:,971---.062.5" TtfF.SAA. moderately 

indurated. moderately wekted -= 
:.i6 

6/65.3"· 
76.0' 

1---101s.0· 
1 .SB 

7/-76.0'• 

:.36 85.8' 

:.63 

rhyolile ash flow. ary. Pum1C& • 
laDili are elongate avefBging •.'! 
1.0 cm long, light gray to S-.. 
dark chocolate brown. • ~ 
coarsely davit rified. -. -:;; Tl.IF. SAA. pinkish gray 5 '\A • . ;; 

... ~!.t,.rn~~-!~.,~.n~:'!.-.~'l': .... --• ~ 
: Tl.IF. pinkish gray s VR 8/ 1, .. tt1 

~ nonrndurated to slightty ii, al 

: induratect. nonweided to • CD 
l slightty wek:ied, rnyo■te aSh ~ ~ 
) flow. Ory. Pumice laz:n!li are tt. W■ m 
j ;ray t_o. med. brown. coarsely • ~ 

8185.8'· 
98.0' 

: dev11r1f1Bd. <1.0 cm, 1S%. •· e 
................ ; Tuff matrix contains yeHow 1P..... :2 
91.5'•120.0' iron oxide surrounding aark • ~ 0.66 

•. brown pumice lapµli. ............. • (I) 
; PHIHlCRISTS. loose. 40% it1i • _ 

1---i ................ : luff matrix, subroundecf : ;•;.· § 
f.!lft,0: ...... ; qumtz, Schiller blue iridescen •--

1.02 9,H.O'· 098.5 ._sandine .. 0.5•2.0.mm .••••••••• •~ 
,.,6 111.5• •••••••••••••••••• !\.lef ... S.M •.................•• : •• 

l.cl.10LO: ...... .''ISQC1.!)5l:S..1QQ'l',, ..... ;::; ~:,w, 
0 104. 7' TI.IF, SM. 20% phenoe,ySls. a• 
O 11 o.o· TI.IF, very light gray, non. if' 

0.77 

.................. i\l!lllmtll'l,.Ml\1!9.~~ll!Y, ....... --
1---.fl.l.\J,~: ....... ~Ul..eQ,,,........... ~ 

1.31 fl.1.1~.P. ....... Illf~~M, ..................... ! • 
,01111.s· l!.!.l~.O: ....... ~~.T:,..eQ:, ......... ; •. :ira; 

•• -120.0- 0117.0' TUF.SAA.. ;"· ~~': 
.. ~l O 118.0 ~c::M;TS. 70°' : •..•• ~ ...... 

0·119_0:······TlfF. SAA.· , •. ·:.::::::: -·~·1:· 
• 

C-17 

NA 

Notes 
o &s.o·-10.0', 
fractures ara 
pramment but 
fresn with no 
day er Fe oxide. 

0 98.0'-119.0', 
muni:pla 
phenocryst-rich 
intervals are 
posst,le surge 
relab!d deposits. 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIELD UNITS 
BOREHOLE LOG 

BOREHOLE ID: 50-9107 TA/OU: 50/1147 MDA: M0AC Page: 1 of: 2 
Drilling Co.:Tonto Environmental Core Box #( s) 4 cuttings Start Date: 8/28/95 End Date: 8/30/95 

Onlfing Inc. 10 core nme: 13:00 Time:i2:30 

Drilling EquipJMethod: Ingersoll-Rand track mounted air 
core w,th total dust suooress1on 

Sampling Method: Continuous 5.0' con, baml 

Driller: t.an-y Thoren Geologist: Jon Marin, Rene Evans 
ERM/Golder 

Declination: 4S.o0 Bearing: N 4.o0 w TD: 118.0ft 

~ Q) 
Cl 0 

ci' C: ~ 2:'- EO ·2- -Q) 
"' L() "'~ "' ·2 = C: ~ 

"" i; C/l :g "' ·- "":::. Cl ::, Q) 0 cu ~ t.:) xO .3 ~u ~ C: " ~ Q) 
0 a. -~ ::, Q) <n- cl- 0 Cl ~::, a: a: ..JE ID ' :E 0 0 ~ .c: - .0 ::: U) 

C. Q) ., 
~E <r:.2 a, E a. a C: C: ~ ~ 0:-E ~a !!! .c: "' 00 C: ::, o~ 

Lithology 5 
oo 

□ (.) (.) <(Z ~ I- t.:) LI. C, ~ t.:) Notes 
0 - 0-7' 0-1.0' SOIL. ctay, s1it and sand, red NA Boren01e 5~ 

- 1/lOOllo ....... 
brown. moist. 91 0 7 is located - C ~bo~"' 

5- 1.0·-11.0· FILL, macerate brown 5 YR in the 
3/4, organrc. moist. noncontrolied 

: 2/241111, 

I 
central poman 01 - 1/6.0'· MOAC 

10-::: 19.6' approxmateiy 1.12 
- )/lCIC.M I 11.0'·62.2' TUFF, gra)'lsn orange prnlc 5 •• 30.0' south of -

15-= 95-0166 1.4, 
YR 7 /2 non1ndurated, slightty and angled 

"'°" wfflded rtiyoute ash flow, dry. -- beneath Pit 6. - Pumice lapllii are I 0-1 5%, Surface casing - • 
20-= 0.6 0.5·2.0 cm, elongate, contain • set at 1.0•. 

5190'11, minute ouartz and sanidine • @l 36.0'-36.5', - 2/19.6'· crystals in coarsely devitrified •• '5 some weak FeOx - .... zs.o· sugary texture along relict and some day or 
25-:: QilO<M 1.1 ! •• .~ tube structures. Phenocrysts .; few fractures. - are local bIoyramldaJ quartz in • .,, 

- 7/Bmi, C: 

30-= 
pumice Ja01ili and tuft matrix •• "' al 

2.4l upto 1.0mm. - 3/28.0"- @ 25.9' TUFF, same as above (SAA), :. Iii 
- 8/10CII 41.3' .0 

35-= pinkish grays YR 8/1 slightly E 
indurated. nonweJded rhyolrte "' - e: :. 

- 9/~ 9Hl71 152.li ash flow, ary. "' - 0, 
@I 43.0'-43.S', 

40 !!! - 1017 ... -· ;; stronglyomzed 

~ 
., 

fracture with dlJ - .... 
45-:: 8840.7! 4/41.3'- ri surrounded by 

~96-0107 
6364.7S 

49.8' @ 43.0' TUFF, pale red S YR 6/2. -· ~ red-stained 
1789.44 slightly indurated, slightly C ::) (moderately 

so-= l419(N wetded rhyolite ash flow, dry. oxidized) tuff 

- Pumice lapllli are slightty matnx. - elongate ana contain minute -- -· ss-= 
15/SEM 5/◄9.8'• quartz and sanidine crystals in @l 46.0'-46.5', 

49964.1 E Go.a· 
coarsely devitnfied sugary • red stained -

~ - texture aIong rehct tube (moaerately - HiiliXM 9~-0176 32565.53 

60 - structures. oxidized} dry •• tuft. 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaD UNITS 
BOREHOLE LOG 

BOREHOLE ID: 50·9107 TNOU: ,0/1147 MDA: MOAC Page: 2 of: 2 

Drilling C.O.: Tonto Environmenw 
Orilling Inc. 

Core Box "(s) • cuttlngs 
10 core 

Stan Date: 012019s 
Time: 13:00 

6'ld Date: a,30195 
Time: 12:30 

OrHling Equip. /Met hod: lngarsoll-Rmd trae< mounrea 8 " Sampling Method: Conrmuous s.o· core b3ntll _ 
core Wtth total du.st suooresston 

Driller: Larry Thoran Geologist: Jon Mann. Rere Evans Declination: •s.o• Bearing: N ,.o• w 10: 118.0 ft. 
EffNG:llder 

a, Cl 
a I C: -

2=' E mo ·2 ci "' .,:: 
a, ca G>- ~ c: =c: 

=Ii:> en~ Q)·- ::1:- e> ::, a, o 
c8 13'.§, xO _3 U 3:u 
:,a, ig .. Ci) 0~ (.) ·a, .. :::, 
CI: a: :;:: !!! ...J E III :C: o o ._ 

~ • 

a ! ~ i'E <C .~ ~ e a. o •2 ~ 
h~fii:R¥8=8=9=~=~=+=~=~==!=u=

0

=LL=e=!=========:Li§:·§tho=:=:lo~av=====i=g:==t=~=-=l=~=
0

=8=i==N=o=te=s=~ 
_ 17180'S. 11.0'·62.2' TI.JFF,SAA. NA 

65 
- 1110% 

h 1594.9 11&0.o·- tccminueol ________ , __ ,, •••••••••.•••••••.•••••••• : i,jii 
h1s99_0, u.,· 66.2"·90.0 TT.IW,SAA. moaerataiy • 

3111.6, induraled. Slightly welded. • 
pnenocryst ncn myouta asn 

- 19/IOO'S. 

- 201100"-

70-:- 21ns .. 
28306.51 

: 22/100'1, 
75-+--+--~ 

7188.4'• 
7SI.O' = 2:t/8~ 95-018 t "0190.G! 

so-= zs,,oo-s. 

85 -
- 2810'!11. 

ana.0•. 
4'8.3 90.5' 
231.41 

flow, dry. Pumrce taodfi aro •• 
elOngate. 0.2-1.5 cm. So/-. ~ • 
coarsety deY11 ntiad. minute -- ~ 
quartz and samaine Blong ... ~. -" relict tube structures. Matrix 
phenocryst s are ouan z aRi ~ • i 
sartidina wtt h Scht:er blu:J -- CO 
iridescence. 10% eecn. up to •: m 
1.0mm. Rare aacuehth::c 4.t .. _g" 

by6.0cm. ·• j 
; 11..lfF, grayas.ncrange pmx 5 : .. ., 

t----1················,; YR 7/ 2, nonmdurateo. non- :. . . g' 
90.o·.11a.o· welded. soft myolite ash flow. ..... :2 

90..:-:.mi=l 
- 3018ft. 

865.5• 
95---1----+---I 

: 32185'1, 95·0188 859.81 9190,5'• 

- 31/83-4 

100-: ""'" 

105-= ,.,..,. 

110- ,.,..,., 

102.8' 

1 12.Si !1-----1 

26"9 : 10,102.5' 
22.! -111.0· 

dry. Pumice 1aoiili are dull ~-

1 

~ 
whitish gray to dartc brown. er; 

o 97 0. coanrely devnrifed. 5%. 0.5• ,:: 
..•••• : •••..••••• 4.0 cm. Phenocrysts aru »:»» § 
0 98.4' :1 quartz and satmine wrth : ■-

i l ScltlQe, blue 1ndeacenco. 10%. e ·• 
: ;. eech\ UEJ to 1.0 mm............ • 
: F'HENCCRISTS. 60%. well 

; sorted. UJ) to 1.0 mm, •· 
: bipyromjtSaf auartz and I. 
~ subncdrt:t sandine. tn tuft 

-·1---+ ·--~~s;;;;:·g;;;;;;-~;;;;,;;····· 
11500:: 36/0"- pink5VR 7/2.nonnduratod. ·~ 

_ nonwefded. ·soft rt,yolita asn •..-. 

-1---t---t---t---t::----..J'i!l'"!!!.-.ll!l"""-..'------1---'•l---l 
120-= Im• l18.0' 

ER2005-0172 C-19 

1165.5"-66.8', 
fracture with Fe 
ol:Jda and some 
day. 

1197.0'-98.4' • 
phenocrylll-riclt 
interval 13 
Possible surgo­
rala!od depooll. 

October 2005 



MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIELD UNIT 5 
BORB-iOLE LOG 

BOREHOLE JD: s 0·91 oa TA/OU: 50/1147 MOA: MDAC Page: 1 of: 2 

Drilling OJ.: Tonio Envtrcnmental Core Box ll(s) 4 cuttings Start Dale: s130;95 EndDate:9/6195 
Orilling Inc. 1 1 core Time: 16:00 Time:9:00 

Drilling Equip. /Method: lngerso~ana naci< moumeu ai, 
core with torat c:!ust suooression 

Sampling Method: Continuous s.o· core barrwl . 

Driller: Larry Thoren Geologist; ~Evans.Jon Marin 
e:fAJG:llder 

Declination: 45.o0 Bearing: N 40.0° E TO: 120.0 tt 

~ Q) 
Cl 0 a.' C -<!' EO ·2 - Q -Q) a, Ill Q) .l2' " ·2 = C - #> (/) i!l ii ""::::. 

Cl ::) Q) 0 ai c8 X 0 
0 3: 'ii ~ -' " ::, Q) B- s ":' " ·a, - ::, 

.c a: a: ·- a, 

~-~ :E .2 0 -;:..o eE ~1n 
C. ~~ iii E C. 0 cc 
Q) 00 C ::, a: ·"" o E e! :5 Oo 
C (.)(.) <Z ::;i= (.) l1. Lithology Cl ::::i ::; (.) Notes 
0 - 0-7.5 •J-1.0' 50CL :rown. organc. sdt. clay. NA Borehole 50• 

- 11100'% ~ .. ~ 1.0'-7.5' ALL reworked fi:ie to coarse 9106 Is localed - atllll'lCI ,r 

5-= 0 ,.,.., luff. moaerate orown 10 pate approximately 
gray orange pink 5 YA7/2. 25.0'south of - '"'"" moist. the Chemical Pit - I /6.0 · - 1.21 U.5' 7.5'-41.0' Tl.fF. grayish p1ru: orange 5 YR in lhe weaaem 

10- 7 / 2. nomndura tees 10 slightly -:- controUed 

: 3/8", indurated. slightly welded to :t ponianof f.D. 

- 0 mOderat ely welded rhyolita ash C_and angled 
15 - H...0195 0.68 flow. ary. Pumx:a tapifli are beneath the 

-418°" davRnfied, gray. <1-5%. 0.3- r.:. Olamical Pi I -- 211'.5• 1.0 cm. Phenocrysts are and Pit 6. 
20 28.0" 

quanz and sa111a1ne. 10-20%, • SJrface casing - 5/7S'1. '5 - 1.0rr.m. , .. set at 7.5'. - It 14.5' Tl.fF. same as acova (SAA). 
,_ 

O 8.1'-B.8' and 
2s-= ,~ .. 2.14 very hght gray NS to light to :: .21 14.0'-14.5", rad .; - moaerat e brown s YR 5/ 6 to 5 " stained - 717rr,. C: 

YR 41 4. slight ty welded. wealdy • "' (moderately 
30-= 1.6 3/26.0'• al 

1.99 39.5· oxidized with iron (Fe) oxide 

~ 
..: oxidiZ:ed) tuff - splat chas in mat nx. " matrbc . - '""" 031.0' Tl..fF. SAA, pale light brown 
., 

35-= E 
gray 5 YR 6/ 1. ·- " :; 

- 95-0ZOO 0.52 O36.0' Tl.Ir. SAA, pale to moderate "' 036.0', 
t0/8K-

brownS'lflS/2 to5YR4/4 i4 "' possiblaWNX 
40 ! - tt/S7' o.aa..s: ...... Tl.FF. SAA. pa!e gray to light .•••••••. :;;; oxidaiiDn stain. - 4139_5·. 

41.0'-95.S';brownsh gray 5 >R,6/1 ........ [ • {!. o ~.o·-•o.s·. UJI' 

45-:: 
0.48 TlfF. light brownsn gray 5 "IA 

~ 
,..; brown feOl 

12/85' 
96--0110 

1.25 6/ 1. moderately induratlld. ·2 stain. 

- modera1 ely wefaed. rhyoUle asl1 ... :, 

so.= 13188'1. now. ary. Pumice lapiUi are 2~ 

- 1.01 
5%, wMe to paie gray. :-. - devitntied with remnant tube s,ca.a·- -- 141100,. 59.o· structures. Mat roe phenocrysts 

55..= -- t.52 are auartz and sar1dire. 20- -- 30% tot at. Locat rubbly, less-- -- 15196"JI. 95-o205 J.96 indurated intervats. 0.5-1.0 ft 
so-= I"'~••"" thick. -, .... 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
8\IVlRONMENTAL RESTORATION PROJECT 

FlaDUNIT5 
BORB-IOLE LOG 

BOREHOLE 10: 50.91 oa TA/OU: 50/1147 MDA: MOAC !:3!e: 2 of: 2 

OriUing Co.:Tonto Environmental Oire Box #(s) 4 au tings St art Oat e: 8/ 30195 End Date: 9/6/95 
Orillln9 tnc. 11 core nme: 1s:oo Time:9:oo 

OrHling Equip. /Mel hod: lngersoll•Alnd track mounted air 
core with total duS1 SUDDresstan 

Sampling Method: Connnuous 5.0' core barro4 • 

Driller: Lany Thoran Geologist: A!ne Evans. Jon Marin Declination: 45.0° Bearing: N 40.o0 E TD: 120.0·1\ 
=•-·1"·· 

~ QI en 0 a.' C 
/!' EC ·2-a; a:; -QI "' U") ~::::a ~ en ·2 =c 

.; .. > en~ 
tl~ 

.. - 0 :::i QI 0 
c8 x~ ..J 0 s,: u 

~ ::, QI rl - en~ S, 0 ·a, ~::, a: a: ·- QI 

<l .~ :E 0 o~ ,:;: >,.C eE 0 ::::: tii 
C. a, QI ni E C. CC ~ ~ cc i: oe "' = Oo QI 00 ~~ -a (..l(..l :EI- (,) u. Lithologv C!l ::i ::iEU Notes 
60 - 1S1Qrlt. ,.u• 41.0'-95.S- TllfF.SAA. 1: .. o 68.5", raro - 0.87 

87.3' NA - 18190T. can. (continueo) 

j,: 
oxlCliZed day 

65-= 
062.S" TUFF, SAA. nonindurated to accumutation in 

- 1.0 
slightly inauratecl intervals. 

i; 
tuff matrix (5 YR 

- \71100'1. 067.3" TUFF. SAA. moaeratety 5/6). 

70-: indurated. mocara1ety welded 
tl/80'I, 7187.3·· 

rhyolile asn flow. dry. ~· - 78.2' 
's - .C.95 -75-:; .. ... o 75.a, tmcture 
~ 

1s1S1a 1176.0' Tiff', SAA. 3.0 by 4.0 cm •• .S! at 30 degrees to - 15-0210 12.03 xenofith of intermediate • .; coroaxi8wtth - .: "O 
vok:anic composition (dacite). C: o-clllyllllll 80-::: 201t00% ane.2.•. ., 

88.t· m bbcll c:caling - 19.84 •• :; sucn u - -85-= 
..Cl manganese oxide 

•• E 21 nO"J' .. (t,t,cl2)-- 22.58 - ~ - -. ., 
90-= 22fl3'!C. "' 9/H.6'· ~ I!! - 100.0' :E 

- 23ft00"Xo ~ 
95 - 26.35 - ..; - ......................................................... ··•···· - ....... '4.83 95.5'-120.0' TUF. gray orang1sh pink 5 YR ~ - 2513ft ·c - 7 / 2 to very light gray NS. :, 

100 60.13 nonindurated (powaery). non-•• -- 28130,. welded rhyolile aSh flow. Ory • •• - F\mice lapili are rare. < I%. • - 10, ,00.0· 
105 83.38 -112.0· devitrttied and average 1.0 ,. : 27/25% 

cm. Phenocrysts are quartz 
- 281&0'!'- aRI samlina. 20-25% lotat. 

110--:, .29185% 95~34 up to 1.0 mm. Matrix 1=.. contains 5% oXidiZad golden 
-h11t00"' 95-0220 89.88 brown C10YR 6/6 to SYR· • 115 111112.0' 4/4) stained areas uo 10 2.0 •• : !218ft ·120.0' 

mm troffl possible oxraatian o· - ferric nunerat (i.e .• hematite). ~. - 57.8 120 me 1 •. 

ER2005-0172 C-21 October 2005 



MDA C Investigation Work Plan, Revision 2 

BOREHOLE ID: 50•9109 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMB'JTAL RESTORATION PROJECT 

Fla□ UNITS 
BORB-IOLE LOG 

TA/OU: 50/1147 WA: f.OAC 

Start Date: 9/11195 

Page: , of: 2 

End Date: 911.,95 Drffling Co.: Tonto Environmental 
Drilling Inc. 

Core Box #(s) s cunings 
12 core Time: 14:45 lime:17:30 

Drilling cquipJ Mel hod: lngersol~fllna 1ra::• moumea air 
care with total dUS1 suopression 

Sampling Mel hod: Continuous 5.0' core bamlt 

Drffler: Larry Thoren 

~ 
i':' 

" ..,,, 
C: g 
:::, " a: cc 
a, a, --00 
<JU 

0 - ,.,c,-,. 

5 -=i,...,.,..,..-4 - ,i:,1,,,,.-., .... _ 
10 

15 

- •-·~~ 
- s,1::-. 
-1----1 
: 6,5.:-'lo 

- ,., .. , .. 

~ 
Q. ' EO 
~~ ~-·- Q) '5..C 
mE 
C: = 
<CZ 

Geologist: - &ans, Jon Marin 
s:M/Gllder 

Declination: 4s.o0 

'5 
Q) 

""=­)( 0 

sf-;" 
a, E 
·o o. uu. 

o-a.o· 0--0.5' =· 0.5"-17.5' 

o•-
O.D4 ,,e.1r-

1s.s· 
0.83 

Lithology 
SOL aatk crown. orgarwc. Sit. 
clay. 
ALL reworked tuff. clay, silt. 
sanct line 10 coarse. dark 
brown 10 reel brown. moist. 

Bearing: N 84.0° E TD: 120.0 II 

0, 

.9 
" :.i: 
Q. 

~ 
CJ 

-·c: 
::::, 

" ·5, 
0 
0 

-= ~ 

- C: 
Q) 0 s: ·u -::::, o­
-~1;; 
C: C: 
co 

::!E <J Notes 
NA Borenole 50-

9109 is tocated 
appro11matety 
35.0" witlin the 
rnosl Weslllffl 

comer ot MDA C 
ana angled 
beneath Pit 6. 
SJnacecas,ng 
set at-8.0'. 

2115.5'-
o H.5" 

17.5"•42.0" TIJFF. 6ght b,own gray S YR • 20 .:-=::l:9,;;n,,:.,._;--i 95-0:ZH 

_1----t-7 6/1 to gray1Sh orange pink 5 • 
'IA 7/ 2. slightly induratad. !! 
slightly welded to moaerately i:I 
wetded. rttyotita ash flow, dry. 

30 
: 13/100'1. 

35 -=
:f;,;..,;;,iiioo;.;,:i-,,..,=,l 

95-0231 

- 15/100.,, 

40-_+,,e,.,,,-,oo=,-i 
-1---t 
- 171E5, 

so.:: ........ 

ss-= 22.·!;"1, 

-~ .. - .. -.~-----1 
23.'1::<':''-

60 95-v2l6 

October 2005 

0 
,.st1-----1 

3/28.S"· 
O 38.6" 

0.211----1 
o.e, 

41311.5"· ..... ,. 

Pumice laoilll are 10%. white. 
devrtnhed. and powdery. • j ~ 
R-enocrysts are auartz and • .sf ~ 
san1dme. 20·25o/a totat Uthics l.:.9 j 
absent. Local areas (splotches ~- i: 
and sl reaka) of weak iron oxide • ~ 
in matrix. • 

,,·4111 "'et 
; TIJFF, graylSh orange pink 5 YR: 

0,09 
............... ;7/2, sightly induraled, sllghllyi •• II!.. ~ 
42.O'-1O2.SWekied 10 moaeratefy wetded, ,. g 
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LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIB.DUNITS 
BOREHOLE LOG 

BOREHOLE ID: 50-9109 TNOU: 50/1147 MDA: MOAC Page: 2 of: 2 

Drilling Co.:TontoEnvironmental Core Box #(s) 5 cuttings Stan Date: 9/t 1195 End Date: 9/14/95 
OriUing lnC. 12 core Time: 14:45 nme: 11,30 

Drilling Equip. lMet hod: lngersoll-Fanq trad< mounted air 
core witl"I tot at dust sucoress,on 

Sampling Met hod: Continuous 5.0' core barrel. 

Driller: Larry Thoren Geologist: Rina Evans. Jon Marin Declination: 45.0° Bearing: N 84.0°E m: 1 20.0 ft ~·,,..~, ... --
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BOREHOLE ID: so-e110 

LOS ALAMOS NATIONAL LABORATORY 
8'1VIRONMENTAL RESTORATION PROJECT 

FlaOUNIT5 
BOREHOLE LOG 

TA/OU: 50/1147 MDA: '-OAC 

Start Date: 9/15/95 

Page: 1 of: 2 

End Date: 9/18/95 Drilling Co.: Tonto Environmental 
Orillng Inc. 

Core Box #(s) 6 cuttings 
7 core Time: 12:30 Time: 1s:oo 

Drttling Equip. /Method: Ingersoll-Rand 1raCIC moun1eo air 
core with total dust su00ression 

Sampting Method: Continuous 5.0' core barrel 

Driller: Larry Thoren Geologist: A!neEvans. Jon Marin Declination: 10.0° Bearing: s 67.o0 e TD: 91.0 ft 
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LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIELD UNITS 
BOREHOLE LOG 

BOREHOLE ID: 50-911 O TA/OU: 50/1147 MDA: MDAC Page: 2 of: 2 

Drilling Co.:Tonto Environmental Core Box #(s) 6 antmgs Start Date: 9/15/95 End Date: 9/18/95 
Drilling Int. 7 core Time: 12:30 nme: 15:00 

Drilling Equip./Method: ln~nd trade mounted a~ 
core wtttl totaJ dust suooress,on 

Sampling Method: continuous 5.0' core bam!I 

Driller: Larry Thoren Geologist: Rene Evans. Jon Marin Declination: 70.r:I' 
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APPENDIX D STATISTICAL ANALYSIS OF CHEMICAL ANALYTICAL DATA FROM MATERIAL 
DISPOSAL AREA C 

D-1.0 INTRODUCTION 

This appendix presents detailed statistical evaluations that support Section B-2 by providing summary 
statistics, exploratory data analysis, and background comparisons. The statistical methods are described 
in Section 0-2. The plots and evaluation results are presented in Section 0-3. Separate subsections in 
0-3 present different environmental media, including surface soil and fill (0-3.1 ), subsurface luff (0-3.2), 
and pore gas (D-3.3). Soil, fill, and luff samples were analyzed for constituents including inorganic 
chemicals (metals and cyanide), radionuclides, and organic chemicals (volatile organic compounds 
[VOCs], semivolatile organic compounds [SVOCs], polychlorinated biphenyls [PCBs], and pesticides). 

D-2.0 OVERVIEW OF STATISTICAL METHODS 

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

D-2.1 Exploratory Data Analysis 

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

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

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

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

D-2.2 Distributional Comparisons 

Comparisons between data sets that might represent different concentration distributions, such as 
site-specific data and Los Alamos National Laboratory (LANL or the Laboratory) background data, are 
performed using a variety of statistical methods. For background comparisons, the first step is to compare 
the site data with a BV. A BV may be an estimated value for the background data set (upper tolerance 
limit [95, 95] or the 95% upper confidence bound on the 95th quartile), a detection limit, a fallout value, a 
minimum detectable activity (MDA), or it may be calculated based on secular equilibrium or a total 
analysis. The term "background value" will be used in the text to represent any of these values. The upper 
tolerance limit (UTL) comparisons are followed, when appropriate, by statistical tests that evaluate 
potential differences between the distributions. These tests are used for testing hypotheses about data 
from two potentially different distributions, for example, a test of the hypothesis that site concentrations 
are elevated above background levels. Nonparametric tests that are most commonly performed include 
the two-sample Wilcoxon Rank Sum test (Wilcoxon test), the Gehan test (modification of the Wilcoxon 
test), and the quantile test (Gehan 1965, 55611; Gilbert and Simpson 1990, 55612). The Gehan test is 
best suited for assessing complete shifts in distributions. This test accounts for nondetects at multiple DLs 
in a statistically robust manner. If nondetects are absent in the data, the Gehan test is equivalent to the 
Wilcoxon test. The quantile test is better suited for assessing shifts of a subset of the data 1. Between the 
two tests (Gehan and quantile), most differences between distributions can be identified. 

Occasionally, if the differences between two distributions appear to occur far into the tails, the slippage 
test might be performed to evaluate the potential for some of the site data to be greater than the 
maximum BV if, in fact, the site data and background data came from the same distribution. If the data 
reasonably satisfy normality assumptions, as demonstrated with the exploratory data analysis2

, and there 
are relatively few nondetects, then a parametric I-lest can be used to compare two distributions. 
Observed significance levels (p-values) are obtained from the Gehan, quantile, slippage, and/or I-tests. If 
a p-value is much less than a specified probability, that is, 0.05 (a nominal significance level), then there 

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

2 Formal tests for normality might also be performed, such as the Kolmogorov-Smirnov test (Gilbert 1987, 56179). 
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is some reason to suspect that differences exist between the distributions. If the p-value is much greater 
than 0.05, no difference is indicated. If the p-value is close to 0.05, then the need for further evaluation is 
indicated. In particular, when many tests are performed on the same set of data, there is an increased 
possibility of observing a p-value of less than 0.05 by random chance alone. Adjustments to the nominal 
significance level can be considered using methods described in Box et al. (1978, 56653, pp. 203-207) 
and Keppel (1982, 56652, pp. 145-165). 

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

D-3.0 STATISTICAL RESULTS 

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

D-3, 1 Surface Soil and Fill Sample Results 

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

D-3.1.1 Inorganic Chemicals 

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

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

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

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

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

D-3.1.2 Radionuclides 

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

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

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

D-3.1.3 Organic Chemicals 

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

D-3.2 Subsurface Tuff 

Two vertical boreholes and nine angled boreholes were drilled in the immediate vicinity of the inactive 
disposal shafts and seven pits (Figure B-9). From these boreholes, 82 core luff samples were collected 
for fixed laboratory analyses, 79 from unit 3 Tshirege Member (Obt 3), 2 from unit 2 Tshirege Member 
(Obi 2) and 1 from the unit 1v Tshirege Member (Obi 1v). The samples were analyzed for a full suite of 
TAL metals and cyanide, pesticides/PCBs, SVOCs, VOCs, americium-241, isotopic plutonium, isotopic 
thorium, isotopic uranium, strontium-90, tritium, and gamma-emitting radionuclides. 

D-3.2.1 Inorganic Chemicals 

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

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

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

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

As shown in the box plots, cyanide and mercury do not have a background data set for Obt 2 and Obi 3. 
Therefore, further statistical tests could not be performed for these two analytes. Although the DL for 
mercury in eleven luff samples was slightly above the BV of 0.1 mg/kg, further evaluation of the results 
found that three samples collected from Obt2 and Obt1v had DLs of 0.05 mg/kg, which is less than the 
BV of 0.1 mg/kg. The eleven samples that were detected above the BV were reported with a DL of 0.11 
mg/kg, which is equivalent to the BV of 0.1 mg/kg. The lack of detectable mercury slightly above or below 
the BV does not indicate a release from MDA C. Additional mercury data will be collected in proposed 
boreholes. 
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Cyanide was detected in eleven samples collected from Qbt3. There is no BV for cyanide in luff, so 
detection status was used as a guide for further evaluation. The detected concentrations of cyanide 
ranged between 0.22 and 10.2 mg/kg (see Table B-21 ). Figure D-14 provides additional review of the 
cyanide data in the form of borehole concentration profiles. Cyanide was detected three times in borehole 
50-09101 and five times in borehole 50-09104. Cyanide was also detected once in three additional 
boreholes: 50-09100, 50-09108, and 50-09110. As discussed in Section B-2.3, cyanide results were also 
rejected for sixteen samples (a maximum of two samples from nine different boreholes). Fifteen of these 
samples were collected from curated core; the cyanide data were rejected because holding times had 
been exceeded. Collection of additional cyanide data is specified in the proposed boreholes. 

Four inorganic chemicals (antimony, selenium, silver, and thallium) were analyzed by two different 
analytical methods. The antimony background data was analyzed by inductively coupled plasma mass 
spectroscopy (ICPMS); however, the MDA C site data was analyzed by at least one other method 
inductively coupled plasma emission spectroscopy (ICPES). Many of the higher detection limits are the 
elevated values. Selenium site and background data were analyzed by graphite furnace atomic 
absorption. A subset of the site data was analyzed by flame atomic absorption and ICPES. Silver site and 
background data were also analyzed by ICPES, but a subset of the site data was also analyzed by other 
methods. Thallium, which is supposed to be analyzed by ICPMS to be comparable to the background 
data, was analyzed by at least two additional methods. Antimony and selenium were significantly above 
the BV based on the box plots. These two analy1es have elevated DLs that make reviewing the data in 
this manner inappropriate. The DL problems resulted from differences in the methods used to analyze the 
samples. Because of the differences in analy1ical methods, statistical tests were not run for these 
analy1es. Silver and thallium samples were also run by more than one method. The maximum detect of 
thallium was above the BV but not above the maximum of the background data set, so the statistical test 
supports the conclusion that thallium is similar to background. Silver was not above the BV in any 
subsurface luff sample. 

Figures D-10 to D-17 show the borehole profile or pattern of analy1ical concentrations by depth (below 
ground surface [bgs]) within individual boreholes for inorganic chemicals detected above the BV at least 
twice. Detected concentrations (filled circles) and DLs for nondetects (open circles) identify patterns that 
might be associated with a release. The BV for each luff unit is shown for comparison to the analy1ical 
concentrations. The related pits and shafts are also shown for each borehole to show when higher 
concentrations of an analyte were detected directly beneath a pit or shaft. 

D-3.2.2 Radionuclides 

Borehole samples were analyzed for americium-241, isotopic plutonium, isotopic thorium, isotopic 
uranium, strontium-90, tritium, and radionuclides by gamma spectroscopy. Not all the radionuclides in the 
gamma spectroscopy suite were analyzed. The full-suite analy1e list, which is given in the Laboratory's 
analy1ical services statement of work (LANL 1995, 49738), includes the decay series of the naturally 
occurring radionuclides, uranium-235, uranium-238, and thorium-232, as well as fission and activation 
products and their progeny. Measurements of naturally occurring radionuclides known to be present in 
Laboratory soils provide an indication of the quality of the gamma spectroscopy analysis. 

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

The gamma spectroscopy radionuclides that are evaluated in this report are those considered to be 
potential historical contaminants at Laboratory sites. They include naturally occurring uranium-235 and 
seven fission and activation products (americium-241, cesium-134, cesium-137, cobalt-60, europium-152, 
ruthenium-106, and sodium-22). Uranium-235 is compared with Laboratory-wide BVs for the appropriate 
luff group (LANL 1998, 59730), and the other radionuclides are evaluated on the basis of detection 
status. The frequency of detects of the radionuclides in subsurface luff is summarized in Table 8-22. 

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

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

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

Plutonium-238 was detected in one borehole, and plutonium-239 was detected in two boreholes. 
Americium-241 was detected in both boreholes where plutonium-239 was detected although not at the 
same depths. Figure D-20 shows the borehole profiles for plutonium-239 data. 

The only detects of uranium-235 above the BV were from the samples submitted for analysis in 1996. 
These samples were analyzed by ICPMS instead of alpha spectroscopy. ICPMS usually results in higher 
concentrations, so these concentrations probably do not indicate a release of uranium but rather a 
difference in analytical methods. Figure D-21 illustrates that all samples analyzed by ICPMS in 1996 not 
only have the higher results but also were from the same analytical laboratory. 

D-3.2.3 Organic Chemicals 

Tuff samples were analyzed for PCBs, pesticides, SVOCs, and VOCs. Only six organic chemicals were 
detected in one or more of the 54 core samples. Of these six organic chemicals, methylene chloride, 
2-methylphenol, and toluene were detected only once at concentrations below the EQL. Acetone, 
bis(2-ethylhexyl)phthalate, and 1, 1-dichloroethene were each detected in a maximum of eight samples. 
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Only acetone was detected above the EQL. The frequency of detects of the organic chemicals in 
subsurface luff is summarized in Table 8-24. 

Figure D-22 illustrates where the detected concentrations of acetone where located at MDA e. 

Bis(2-ethylhexyl)phthalate was detected once in boreholes 50-09103, 50-09105, 50-09108, and 50-09110 
(see Figure D-23). Figure D-24 shows that 1, 1-dichloroethene was detected only in borehole 50-09103 at 
four different depths below Pits 3 and 2. 

D-3.3 VOCs in Pore-Gas Samples 

Pore-gas data are available for borehole 50-09100 for five quarters between August 2000 and November 
2001 and one additional quarter in January 2003. Pore-gas data are available from borehole 50-10131 
from November 2001 and January 2003. Twenty-four voes were detected in these samples. A summary 
of the detected voes from all sampling in both boreholes is presented in Table D-4. 

The sampling events that occurred between August 2000 and November 2001 resulted in two SUMMA 
canister samples collected at each sampling event with one exception. The sampling that took place for 
borehole 50-09100 on August 8, 2001, resulted in four SUMMA samples being sent to the analytical 
laboratory. So, in some cases, multiple results exist for the same depth although the samples were 
collected at different times and by different people. For some depths, no samples were collected. This 
sample collection pattern makes it difficult to look for trends. 

Tetrachloroethene (PeE) and trichloroethylene (TeE) were detected most frequently and at the highest 
concentrations in the pore gas. These two analytes were also detected in at least half of the soil-gas 
survey samples. Figures D-25 and D-26 show all of the reported concentrations for PeE and TeE in 
borehole 50-10131. PeE appears to be decreasing with depth in this borehole, and the overall maximum 
from all sampling events is near the top of the borehole. TeE results have generally been constant over 
all depths. The concentrations range between 1.1 and 2.3 ppmv in all samples. 

Figures D-27 and D-28 show all of the reported concentrations for PeE and TeE in borehole 50-09100. 
Except for a few anomalous results in 2001, all the SUMMA analysis appears to show consistent 
concentrations of PeE in borehole 50-09100. TeE shows a pattern of increasing concentrations with 
increasing depth in this borehole. Although there is some variability between the results, the maximum 
concentrations are below 200 ft in this borehole. 

Samples were collected at both boreholes in January 2003. To discern any patterns, SUMMA samples 
were collected, screened, and analyzed at every port in both boreholes. Figures D-29 and D-30 show 
plots with the Br0el and Krajer (B&K) versus the SUMMA data from borehole 50-09100 for both TeE and 
PeE. As the plots show, the correlation between the B&K and SUMMA data is not strong. 

3.4 Tritium in Pore-Gas Samples 

Fifteen samples were collected from tritium probes at MDA e. All fifteen tritium results were reported as 
detected values. The individual results are presented in Table D-5. Two of the tritium results were a factor 
of ten higher than the rest of the results. Figure D-31 shows a bubble plot of these tritium results. As the 
figure illustrates, the two highest results were found north of Pit 6 and south of Pit 6. 

October 2005 D-8 ER2005-0172 



MDA C Investigation Work Plan, Revision 2 

4.0 REFERENCES 

The following list includes all references cited in this appendix. Parenthetical information following each 
reference provides the author, publication date, and the ER ID number, when available. This information 
also is included in the citations in the text. ER ID numbers are assigned by ENV-ERS to track records 
associated with the program. These numbers can be used to locate copies of the actual documents at the 
ENV-ERS Records Processing Facility. 

Box, G. E. P., W. G. Hunter, and J. S. Hunter, 1978. Statistics for Experimenters: An Introduction to 
Design, Data Analysis, and Model Building, John Wiley and Sons, New York. (Box et al. 1978, 56653) 

Gehan, E. A., "A Generalized Wilcoxian Test for Comparing Singly-Censored Samples," Biometrika, Vol. 
52, pp. 203-223. (Gehan 1965, 55611) 

Gilbert, R. 0., 1987. Statistical Methods for Environmental Pollution Monitoring, Van Nostrand Reinhold, 
New York, New York. (Gilbert 1987, 56179) 

Gilbert, R., and J. Simpson, 1991,"Statistical Sampling and Analysis Issues and Needs for Testing 
Attainment of Background-Based Cleanup Standards at Superfund Sites," in Proceedings of the 
Workshop on Superfund Hazardous Waste: Statistical Issues in Characterizing a Site: Protocols, Tools, 
and Research Needs, published by Pennsylvania State University, University Park, Pennsylvania. (Gilbert 
and Simpson 1990, 55612) 

Keppel, G., 1982. Design and Analysis: A Researcher's Handbook, 2nd ed., Prentice-Hall Inc., Englewood 
Cliffs, New Jersey. (Keppel 19_82, 56652) 

LANL (Los Alamos National Laboratory), July 1995. "Statement of Work-Analytical Support," Revision 2, 
RFP No. 9-XS1-Q4257, Los Alamos, New Mexico. {LANL 1995, 49738) 

LANL {Los Alamos National Laboratory), September 1998. "Inorganic and Radionuclide Background Data 
for Soils, Sediments, and Bandelier Tuff at Los Alamos National Laboratory," Los Alamos National 
Laboratory document LA-UR-98-484, Los Alamos, New Mexico. (LANL 1998, 59730) 

Environmental Restoration Project, September 1998. "Inorganic and Radionuclide Background Data for 
Soils, Canyon Sediments, and Bandelier Tuff at Los Alamos National Laboratory," Draft, Los Alamos 
National Laboratory report LA-UR-98-484 7, Los Alamos, New Mexico. (Environmental Restoration Project 
1998, 59730) 

ER2005-0172 D-9 October 2005 



MDA C Investigation Work Plan, Revision 2 

Antimonv BV=0.83 Arsenic BV=8.17 Barium BV=295 

• M 0 X 0 

EE 
• ............. • X 

N ro ···x·· 

-

+ 
0 
0 

ro M 

ro ........ 

~ 
~ 

0 0 

$ 
0 • N 

E B • I 0 
0 N e 

ii _j_ 
0 0 • 0 

Laboratory MDAC Laboratory MDAC Laboratory MDAC 
Background surface soil Background surface soil Background surface soil 

Ber.Ilium BV=1.83 Cadmium BV=0.4 Chromium BV=19.3 
ci • X ~ X X 

~ N 

"' 
0 

.5. M 0 
M 

N 0 X 

C: 

+ 
0 

+ g N 
~ N 

$ 
- X 

i" 

$ 0 c - - e 
" " ~ X 
C: 
0 0 

0 ... --~-- ...... ----e---- .. 
0 u Laboratory MOAG Laboratory MOAG Laboratory MOAG 

Background surface soil Background surface soil Background surface soil 

lead BV=22.3 Mercurv BV=0.1 0 Nickel BV=15.4 
0 

~ ~ 
M X M 

~ 
~ * 0 ~ 

~ 
N X N 

~ $ 
0 

0 N X 
N e 

$ 
. . . . . ·---------- ........ ----e---- .. ~ 

~ 0 ~ 

e e $ 1' ~ 

~ 0 

Laboratory MOAG Laboratory MDAC Laboratory MDAC 
Background surface soil Background surface soil Background surface soil 

0 Potassium BV=3460 Selenium BV=1.52 Silver BV=1 
0 

X X ro X R 
~ 

0 - ~ 

0 • 0 X ~ 

ii 0 ~ • X 
0 

+ 
- • 0 • X M 0 

M rn E$=3 
~ ~ N 

0 0 
0 en e - ...... ~ .. 

Laboratory MDAC Laboratory MDAC no Laboratory MDAC 
Background surface soil Background surface soil Background surface soil 

Thallium BV-0.73 
ci 0 • 
'a, X 

ro 

.5. 0 

l .... 
C: 

ro 
0 0 • 1 • m 0 

" 
N 

$ " 0 • C: 
0 u Laboratory MDAC 

Background surface soil 

Figure D-1. Box plots of inorganic chemical concentrations from LANL all horizon background 
data and surface soil and fill material at MDA C 
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Figure D-2. Bubble plot of lead concentrations from surface soil and fill material at MDA C 
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Figure D-3. Bubble plot of americium-241 concentrations from surface soil and fill material at 
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Figure D-6 Bubble plot of Aroclor-1254 detected concentrations from surface soil and fill 
material at MDA C 
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Figure D-7 Bubble plot of Aroclor-1260 detected concentrations from surface soil and fill 
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Figure 0-8 Bubble plot of bis(2-ethylhexyl)phthalate detected concentrations from surface soil 
and fill material at MDA C 
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Figure D-9. Box plots of inorganic chemical concentrations from MDA C Qbt 2 and Qbt 3 
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Figure D-10. Borehole profile plot for antimony at MDA C 
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Figure D-12. Borehole profile plot for barium at MDA C 

ER2005-0172 D-19 October 2005 



MDA C Investigation Work Plan, Revision 2 

50-09100 50-09101 50-09102 50-09103 
Vertical borehole Angled borehole Mgled borehole Angled borehole 

Copper Copper Copper Copper 

• :Qbt3 
{adj I 0 

,Obt3 
• 

:Qbt3 
0 

:Qbt3 

8 Pit~) » • 0 . , 8 
~ • % 

~ 0 
~ 0 1--··1 • 1""'=1 ~ 0 

0 
il6) • ,t 5) 

0 ~_elowl 
~bt2 0 • 113) 

0 ~_elow1 

~ 
g ~ 8 112) 

" " -· ~:ibttv s s s 
~~ • " " 
" " rn " " " " " " " " rn " " {? 50-09104 50-09105 50-09106 50-09107 

Vert«:al borehole Angled bornhole Angled borehole Angled tlomhole 
::, Copper Copper Copper Copper 
U> 

"O • :Qb13 
(edj I • :Qbt3 :(lbt3 

0 
;Obt3 

C: <o •: 0 P111) • • • ::, • 0 

e ~ 0 s • (belowl s • •: (t>elowl s § • Shafi) Shafi) t•=1 Ol 0 (below• • ,t6) 

" • s:,::~1 • 1--·-1 0 

! • • 114) 0 

0 
~ 8 iit3) 8 ~ cii " " .c 

,:;; 
15.. ~ • ~ s 
" " " " "O 

ro rn " " " " '" " "' " " " " 0 50-09108 50-09109 50-09110 

t' Angl&d OOrehole Angled borer>Ole Angled borehole 
Copper Copper Copper 

~o • 
:(lbt3 

0 
:(lbt3 ~13 

0 g 
o• 0 • 1--•=1 • ,t6) 

~ 
0 s • • • 0 

• 0 • 
0 ~:~1 0 ~~~ii • 
0 • • 

~ 
Pit) 

~ 
g 

" 
• s ~ " " 

" " " " "' " " " " 
Concentrations (mg/kg) 
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Figure D-14. Borehole profile plot for cyanide at MDA C 
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Figure D-15. Borehole profile plot for lead at MDA C 
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Figure D-17. Borehole profile plot for thallium at MDA C 
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Figure D-18. Borehole profile plot for tritium at MDA C 
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Figure D-19. Borehole profile plot for americium-241 at MDA C 
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Figure D-20. Borehole profile plot for plutonium-239 at MDA C 
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Figure D-21. Borehole profile plot for uranium-235 at MDA C 
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Figure D-22. Borehole profile plot for acetone at MDA C 
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Figure D-23. Borehole profile plot for bis{2-ethylhexyl)phthalate at MDA C 
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Figure 0-24. Borehole profile plot for 1, 1-dichloroethene at MDA C 
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Figure D-27. Pore-gas data for tetrachloroethene in borehole 50-09100 
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MDA C Investigation Work Plan, Revision 2 

Table D-1 
Results of Statistical Tests for MDA C Inorganic Chemicals in Surface Soil and Fill 

No. Above 
Gehan Quantile No. Site Background Max Max BV? 

Analyte p-value p-Value Data Data Site Background (Y/N) 

Antimony 0.94 nla* 68 135 0.25 1 N 

Arsenic 0.99 1 68 150 8 9.3 N 

Barium 0.99 0.998908 68 173 250 410 N 

Beryllium 0.75 0.987015 68 174 1.4 3.95 N 

Cadmium 0.94 nla 68 39 -0.4 2.6 N 

Chromium 0.74 0.144962 68 173 18 36.5 N 

Lead <0.05 <0.05 68 173 30 28 y 

Mercury <0.05 <0.05 10 39 0.1 0.1 N 

Nickel 0.60 0.35 68 174 14 29 N 

Potassium 0.62 1 2 174 1800 6850 N 

Selenium 0.98 0.99 68 39 1 1.7 N 

Silver n/a n/a 68 n/a 6 n/a n/a 

Thallium 1 1 68 173 0.21 1 N 

*n/a = Not applicable. 

Table D-2 
Results of Statistical Tests for MDA C Radionuclides in Surface Soil and Fill 

Gehan Quantile No. Site No. Background Max Site Max Background 
Analyte p-value p-value Data Data (pCi/g) (pCi/g) 

Americium-241 <0.05 <0.05 68 27 1.017 0.013 

Plutonium-238 <0.05 <0.05 68 56 0.219 0.037 

Plutonium-239 <0.05 <0.05 68 56 10.687 0.055 
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Table D-3 
Results of Statistical Tests for MDA C Inorganic Chemicals in Subsurface Tuff 

Analyte 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

a NR = Not run. 
b N . n/a = ot applicable. 

ER2005-0172 

Gehan 
p-Value 

1 

NRa 

0.66 

1 

1 

1 

1 

0.99 

0.99 

0.83 

n/ab 

0.99 

0.99 

0.99 

0.99 

n/a 

0.54 

1 

NR 

0.55 

1 

0.23 

1 

0.99 

Quantile No. Site 
p-Value Data 

0.99 81 

NR 75 

0.17 81 

0.99 81 

0.99 81 

1 81 

1 81 

0.97 81 

0.96 81 

0.99 81 

n/a 60 

1 81 

0.88 81 

0.99 81 

0.99 81 

n/a 81 

0.88 81 

1 81 

NR 81 

NR 81 

1 81 

0.29 81 

0.99 81 

1 81 

D-37 

No. Max Above 
Background Max Site . Background BV? 

Data (mg/kg) (mg/kg) (Y/N) 

63 7900 8370 y 

64 11 0.4 y 

64 9.8 5 y 

63 100 51.6 y 

64 1.3 1.8 N 

15 0.82 1.5 N 

64 7390 2230 y 

64 12.7 13 y 

11 3.8 3.14 y 

64 30.7 6.2 y 

n/a 10.2 n/a n/a 

64 8670 19500 N 

63 75.2 15.5 y 

64 2690 2820 N 

64 319 752 N 

n/a 0.11(U) n/a n/a 

63 13.2 7 y 

75 1000 41360 N 

15 10.5 0.2 y 

64 0.6 1.9 N 

64 387 7700 N 

64 1.4 1.7 y 

64 10.5 21 N 

64 54 65.6 N 
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MDA C Investigation Work Plan, Revision 2 

Table D-4 

Summary Table for Detected VOCs in Pore Gas 

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

50-09100 MD50-01-0022 20 Acetone 18 None 08/08/01 

50-09100 MD50-01-0022 20 Carbon tetrachloride 18 None 08/08/01 

50-09100 MD50-03-4.9738 20 Carbon tetrachloride 18 None 01/09/03 

50-09100 MD50-01-0027 20 Carbon tetrachloride 22 None 11/26/01 

50-09100 MD50-01-0001 20 Carbon tetrachloride 23 None 03/26/01 

50-09100 M 050-01-0001 20 Chlorodifluoromethane 49 None 03/26/01 

50-09100 MD50-03-49738 20 Chloroform 77 None 01/09/03 

50-09100 MD50-01-0027 20 Chloroform 110 None 11/26101 

50-09100 MD50-01-0001 20 Chloroform 130 None 03/26/01 

50-09100 MD50-01-0022 20 Chloroform 170 None 08/08/01 

50-09100 MD50-03-49738 20 Dichlorodifluoromethane 62 None 01/09/03 

50-09100 MD50-01-0027 20 Dichlorodifluoromethane 86 None 11/26/01 

50-09100 MD50-01-0022 20 Dichloroethane[1,2-] 8.5 None 08/08/01 

50-09100 MD50-01-0022 20 Dichloroethene[cis-1,2-] 6.3 None 08/08/01 

50-09100 MD50-03-49738 20 Dichloroethene[cis-1,2-] 9.3 None 01/09/03 

50-09100 MD50-01-0027 20 Dichloroethene[cis-1,2-] 14 None 11/26/01 

50-09100 MD50-01-0001 20 Dichloroethene[cis-1,2-] 18 None 03/26/01 

50-09100 MD50-03-49738 20 Dichloropropane[1,2-] 2.8 None 01/09/03 

50-09100 MD50-01-0027 20 Dichloropropane[1,2-] 6.4 None 11/26/01 

50-09100 MD50-01-0022 20 Dichloropropane[1,2-] 29 None 08/08/01 

50-09100 MD50-03-49738 20 Methylene chloride 2.9 None 01/09/03 

50-09100 MD50-01-0022 20 Methylene chloride 11 None 08/08/01 

50-09100 MD50-01-0027 20 Methylene chloride 69 None 11/26/01 

50-09100 MD50-01-0022 20 Propanol[2-] 16 None 08/08/01 

50-09100 MD50-03-49738 20 Tetrachloroethene 33 None 01/09/03 

50-09100 MD50-01-0027 20 Tetrachloroethene 51 None 11/26/01 

50-09100 MD50-01-0001 20 Tetrachloroethene 70 None 03/26/01 

50-09100 MD50-01-0022 20 Tetrachloroethene 1200 None 08/08/01 

50-09100 MD50-01-0022 20 Toluene 24 None 08/08/01 

50-09100 MD50-01-0022 20 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 26 None 08/08/01 

50-09100 MD50-03-49738 20 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 130 None 01/09/03 

50-09100 MD50-01-0027 20 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 230 None 11/26/01 

50-09100 MD50-01-0001 20 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 260 None 03/26/01 

50-09100 MD50-01-0022 20 Trichloroethane[1, 1, 1-] 22 None 08/08/01 

50-09100 MD50-03-49738 20 Trichloroethane[1, 1, 1-] 32 None 01/09/03 
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Table D-4 (continued) 

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

50-09100 MD50-01-0001 20 Trichloroethane[1, 1, 1-] 52 None 03/26/01 

50-09100 MD50-01-0027 20 Trichloroethane[1, 1, 1-] 54 None 11/26/01 

50-09100 MD50-03-49738 20 Trichloroethane 760 None 01/09/03 

50-09100 MD50-01-0027 20 Trichloroethane 1100 None 11/26/01 

50-09100 MD50-01-0022 20 Trichloroethane 1400 None 08/08/01 

50-09100 MD50-01-0001 20 Trichloroethane 1600 None 03/26/01 

50-09100 MD50-03-49738 20 Trichlorofluoromethane 3.7 None 01/09/03 

50-09100 MD50-01-0027 20 Trichlorofluoromethane 6 None 11/26/01 

50-09100 MD50-01-0022 20 Xylene (Total) 8.9 None 08/08/01 

50-09100 MD50-01-0022 20 Xylene[1,2-] 3.8 None 08/08/01 

50-09100 MD50-03-49739 50 Carbon tetrachloride 49 None 01/09/03 

50-09100 MD50-01-0023 50 Carbon tetrachloride 52 None 08/08/01 

50-09100 M D50-01-0028 50 Carbon tetrachloride 67 None 11/26/01 

50-09100 MD50-03-49739 50 Chloroform 220 None 01/09/03 

50-09100 MD50-01-0023 50 Chloroform 270 None 08/08/01 

50-09100 MD50-01-0028 50 Chloroform 360 None 11/26/01 

50-09100 MD50-03-49739 50 Dichlorodifluoromethane 100 None 01/09/03 

50-09100 MD50-01-0028 50 Dichlorodifluoromethane 150 None 11/26/01 

50-09100 MDS0-03-49739 50 Dichloroethane[1,2-] 8.3 J 01/09/03 

50-09100 MDS0-03-49739 50 Dichloroethene(1, 1-] 9.7 None 01/09/03 

50-09100 MDS0-03-49739 50 Dichloroethene[cis-1,2-] 40 None 01/09/03 

50-09100 MDS0-01-0023 50 Dichloroethene[cis-1,2-] 52 None 08/08/01 

50-09100 MDS0-01-0028 50 Dichloroethene[cis-1,2-] 63 None 11/26/01 

50-09100 MDS0-03-49739 50 Dichloropropane(1,2-] 12 None 01/09/03 

50-09100 M D50-01-0023 50 Dichloropropane[1,2-] 21 None 08/08/01 

50-09100 MDS0-01-0028 50 Dichloropropane(1,2-] 28 None 11/26/01 

50-09100 MDS0-03-49739 so Methylene chloride 11 None 01/09/03 

50-09100 MDS0-01-0028 50 Methylene chloride 30 None 11/26/01 

50-09100 MDS0-03-49739 50 Tetrachloroethene 100 None 01/09/03 

50-09100 MDS0-01-0023 50 Tetrachloroethene 130 None 08/08/01 

50-09100 MDS0-01-0028 50 Tetrachloroethene 180 None 11/26/01 

50-09100 MDS0-03-49739 50 Trichloro-1,2,2-trifluoroethane(1, 1,2-] 200 None 01/09/03 

50-09100 MDS0-01-0023 50 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 350 None 08/08/01 

50-09100 MDS0-01-0028 50 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 410 None 11 /26/01 

50-09100 MDS0-03-49739 50 Trichloroethane(1, 1, 1-] 62 None 01/09/03 

50-09100 MDS0-01-0023 50 Trichloroethane[1, 1, 1-] 86 None 08/08/01 

50-09100 MDS0-01-0028 50 Trichloroethane[1, 1, 1-] 110 None 11/26/01 
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Table 0-4 (continued) 

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

50-09100 MD50-03-49739 50 Trichloroethane 2700 None 01109103 

50-09100 MD50-01-0023 50 Trichloroethane 4000 None 08/08101 

50-09100 MD50-01-0028 50 Trichloroethane 4400 None 11/26/01 

50-09100 MD50-03-497 40 90 Carbon tetrachloride 60 None 01/09/03 

50-09100 MD50-00-0124 90 Carbon tetrachloride 80 None 12/18/00 

50-09100 MD50-00-0099 90 Carbon tetrachloride 140 J 08102100 

50-09100 MD50-03-497 40 90 Chloroform 230 None 01/09/03 

50-09100 MD50-00-0124 90 Chloroform 370 None 12/18/00 

50-09100 MD50-03-497 40 90 Dichlorodifluoromethane 110 None 01/09/03 

50-09100 M D50-00-0099 90 Dichlorodifluoromethane 230 J 08/02/00 

50-09100 MD50-03-497 40 90 Dichloroethene[cis-1,2-] 52 None 01109/03 

50-09100 MD50-00-0124 90 Dichloroethene[cis-1,2-] 72 None 12/18/00 

50-09100 M D50-00-0099 90 Dichloroethene[cis-1,2-] 110 J 08/02/00 

50-09100 MD50-00-0124 90 Dichloropropane[1,2-] 31 None 12/18/00 

50-09100 MD50-03-497 40 90 Methylene chloride 28 None 01/09/03 

50-09100 MD50-00-0124 90 Methylene chloride 54 None 12/18/00 

50-09100 MD50-03-49740 90 Tetrachloroethene 130 None 01/09/03 

50-09100 MD50-00-0099 90 Tetrachloroethene 240 J 08/02/00 

50-09100 MD50-00-0124 90 Tetrachloroethene 240 None 12/18/00 

50-09100 MD50-03-497 40 90 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 200 None 01/09/03 

50-09100 MD50-00-0124 90 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 350 None 12/18/00 

50-09100 MD50-00-0099 90 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 520 J 08/02/00 

50-09100 MD50-03-49740 90 Trichloroethane[1, 1, 1-] 60 None 01/09/03 

50-09100 MD50-00-0124 90 Trichloroethane[1, 1, 1-] 110 None 12/18/00 

50-09100 MD50-00-0099 90 Trichloroethane[1, 1, 1-] 140 J 08/02/00 

50-09100 M D50-03-497 40 90 Trichloroethane 3300 None 01/09/03 

50-09100 MD50-00-0124 90 Trichloroethene 6100 None 12/18/00 

50-09100 MD50-00-0099 90 Trichloroethane 9400 None 08/02/00 

50-09100 MD50-03-497 41 103 Carbon tetrachloride 66 None 01/09/03 

50-09100 MD50-01-0021 103 Carbon tetrachloride 89 None 08/08/01 

50-09100 MD50-03-497 41 103 Chloroform 250 None 01/09/03 

50-09100 MD50-01-0021 103 Chloroform 380 None 08/08/01 

50-09100 MD50-03-49741 103 Dichlorodifluoromethane 120 None 01/09/03 

50-09100 MD50-03-49741 103 Dichloroethene[cis-1,2-] 58 None 01/09/03 

50-09100 MD50-01-0021 103 Dichloroethene[cis-1,2-] 84 None 08/08/01 

50-09100 MD50-03-49741 103 Dichloropropane[1,2-] 18 None 01/09/03 

50-09100 MD50-01-0021 103 Dichloropropane[1,2-] 32 None 08/08/01 
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50-09100 MD50-03-49741 103 Methylene chloride 38 None 01/09/03 

50-09100 MD50-01-0021 103 Methylene chloride 57 None 08/08/01 

50-09100 MD50-03-49741 103 Tetrachloroethene 140 None 01/09/03 

50-09100 M D50-01-0021 103 T etrachloroethene 230 None 08/08/01 

50-09100 MD50-03-49741 103 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 200 None 01109103 

50-09100 MD50-01-0021 103 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 350 None 08/08/01 

50-09100 MD50-03-49741 103 Trichloroethane[1, 1, 1-] 53 None 01/09/03 

50-09100 MD50-01-0021 103 Trichloroethane[1, 1, 1-] 98 None 08/08/01 

50-09100 MD50-03-49741 103 Trichloroethane 3800 None 01/09/03 

50-09100 MD50-01-0021 103 Trichloroethane 5600 None 08/08/01 

50-09100 MD50-03-497 42 120 Carbon tetrachloride 68 None 01/09/03 

50-09100 MD50-03-497 42 120 Chloroform 260 None 01/09/03 

50-09100 MD50-03-49742 120 Dichlorodifluoromethane 120 None 01/09/03 

50-09100 MD50-03-49742 120 Dichloroethene[cis-1,2-J 70 None 01/09/03 

50-09100 MD50-03-49742 120 Dichloropropane[1,2-] 22 None 01/09/03 

50-09100 MD50-03-49742 120 Methylene chloride 62 None 01/09/03 

50-09100 MD50-03-497 42 120 Tetrachloroethene 160 None 01/09/03 

50-09100 MD50-03-497 42 120 Trichloro-1,2,2-trifluoroethane[1, 1,2-J 170 None 01/09/03 

50-09100 MD50-03-49742 120 Trichloroethane[1, 1, 1-] 42 None 01/09/03 

50-09100 MD50-03-49742 120 Trichloroethane 4800 None 01/09/03 

50-09100 MD50-03-497 43 160 Carbon tetrachloride 77 None 01/09/03 

50-09100 MD50-03-49743 160 Dichlorodifluoromethane 120 None 01/09/03 

50-09100 MD50-03-49743 160 Dichloroethene[cis-1,2-] 74 None 01/09/03 

50-09100 MD50-03-49743 160 Methylene chloride 120 None 01/09/03 

50-09100 MD50-03-497 43 160 Tetrachloroethene 160 None 01/09/03 

50-09100 MD50-03-49743 160 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 130 None 01/09/03 

50-09100 MD50-03-49743 160 Trichloroethane[1, 1, 1-] 33 None 01/09/03 

50-09100 MD50-03-49743 160 Trichloroethene 5600 None 01/09/03 

50-09100 MD50-01-0002 200 Carbon tetrachloride 100 None 03/26/01 

50-09100 MD50-03-497 44 200 Carbon tetrachloride 110 None 01/09/03 

50-09100 MD50-00-0123 200 Carbon tetrachloride 120 None 12/18/00 

50-09100 MD50-01-0002 200 Chloroform 300 None 03/26/01 

50-09100 MD50-03-497 44 200 Chloroform 300 None 01/09/03 

50-09100 MD50-00-0123 200 Chloroform 380 None 12/18100 

50-09100 MD50-03-497 44 200 Dichlorodifluoromethane 170 None 01/09/03 

50-09100 MD50-00-0123 200 Dichloroethene[1, 1-J 48 None 12/18/00 

50-09100 MD50-01-0002 200 Dichloroethene[cis-1,2-J 100 None 03/26/01 
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50-09100 MD50-03-49744 200 Dichloroethene[cis-1,2-] 100 None 01109103 

50-09100 MD50-00-0123 200 Dichloroethene[cis-1,2-] 110 None 12118100 

50-09100 MD50-00-0123 200 Dichloropropane[1,2-] 59 None 12118100 

50-09100 MD50-03-49744 200 Methylene chloride 240 None 01/09/03 

50-09100 MD50-01-0002 200 Methylene chloride 270 None 03/26101 

50-09100 MD50-00-0123 200 Methylene chloride 410 None 12/18/00 

50-09100 MD50-03-497 44 200 Tetrachloroethene 230 None 01/09/03 

50-09100 MD50-01-0002 200 Tetrachloroethene 270 None 03/26/01 

50-09100 MD50-00-0123 200 Tetrachloroethene 320 None 12118100 

50-09100 MD50-03-497 44 200 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 180 None 01/09/03 

50-09100 MD50-01-0002 200 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 190 None 03/26/01 

50-09100 MD50-00-0123 200 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 310 None 12/18/00 

50-09100 MD50-03-497 44 200 Trichloroethane[1, 1, 1-] 44 None 01/09/03 

50-09100 MD50-01-0002 200 Trichloroethane[1, 1, 1-] 62 None 03126101 

50-09100 M D50-00-0123 200 Trichloroethane[1, 1, 1-] 840 None 12118100 

50-09100 MD50-03-497 44 200 Trichloroethene 8800 None 01/09/03 

50-09100 M D50-01-0002 200 Trichloroethene 9100 None 03/26101 

50-09100 MD50-00-0123 200 Trichloroethene 12000 None 12/18100 

50-09100 MD50-03-497 45 233 Carbon tetrachloride 97 None 01109/03 

50-09100 MD50-03-49745 233 Chloroform 270 None 01/09103 

50-09100 MD50-03-49745 233 Dichlorodifluoromethane 140 None 01109103 

50-09100 MD50-03-49745 233 Dichloroethene[cis-1,2-] 100 None 01/09103 

50-09100 MD50-03-49745 233 Methylene chloride 230 None 01/09103 

50-09100 MD50-03-49745 233 Tetrachloroethene 220 None 01109/03 

50-09100 MD50-03-497 45 233 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 140 None 01109103 

50-09100 MD50-03-497 45 233 Trichloroethene 8700 None 01/09/03 

50-09100 MD50-01-0024 260 Acetone 68 None 08108101 

50-09100 MD50-01-0024 260 Benzene 4.3 None 08108/01 

50-09100 MD50-01-0024 260 Butanone[2-] 32 None 08108101 

50-09100 MD50-01-0024 260 Carbon tetrachloride 12 None 08108101 

50-09100 MD50-03-49746 260 Carbon tetrachloride 86 None 01109103 

50-09100 MD50-01-0024 260 Chloroform 67 None 08108/01 

50-09100 MD50-03-49746 260 Chloroform 180 None 01/09103 

50-09100 MD50-03-49746 260 Dichlorodifluoromethane 130 None 01/09103 

50-09100 MD50-01-0024 260 Dichloroethane[1,2-] 3.8 None 08/08101 

50-09100 MD50-01-0024 260 Dichloroethene[cis-1,2-] 3.7 None 08108101 

50-09100 MD50-03-49746 260 Dichloroethene[cis-1,2-] 73 None 01/09103 
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50-09100 MD50-01-0024 260 Dichloropropane[1,2-] 14 None 08/08/01 

50-09100 MD50-01-0024 260 Ethanol 42 None 08/08/01 

50-09100 MD50-01-0024 260 Ethyl benzene 3.3 None 08/08/01 

50-09100 MD50-01-0024 260 Methanol 210 None 08/08/01 

50-09100 MD50-01-0024 260 Methylene chloride 8.6 None 08/08/01 

50-09100 MD50-03-49746 260 Methylene chloride 150 None 01/09/03 

50-09100 MD50-01-0024 260 Propanol[2-] 35 None 08/08/01 

50-09100 MD50-03-497 46 260 Tetrachloroethene 170 None 01/09/03 

50-09100 MD50-01-0024 260 Tetrachloroethene 510 None 08/08/01 

50-09100 MD50-01-0024 260 Toluene 43 None 08/08/01 

50-09100 MD50-01-0024 260 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 11 None 08/08/01 

50-09100 MD50-03-49746 260 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 83 None 01/09/03 

50-09100 MD50-01-0024 260 Trichloroethane[1, 1, 1-] 17 None 08/08/01 

50-09100 MD50-01-0024 260 Trichloroethene 680 None 08/08/01 

50-09100 MD50-03-497 46 260 Trichloroethene 7000 None 01/09/03 

50-09100 MD50-01-0024 260 Xylene (Total) 13 None 08/08/01 

50-09100 MD50-01-0024 260 Xylene[1,2-] 5 None 08/08/01 

50-09100 MD50-03-49747 315 Carbon tetrachloride 74 None 01/09/03 

50-09100 MD50-00-0100 315 Carbon tetrachloride 140 J 08/02/00 

50-09100 MD50-03-49747 315 Chloroform 190 None 01/09/03 

50-09100 MD50-03-49747 315 Dichloroethene[cis-1,2-] 77 None 01/09/03 

50-09100 MD50-00-0100 315 Dichloroethene[cis-1,2-] 100 J 08/02/00 

50-09100 MD50-03-497 4 7 315 Methylene chloride 160 None 01/09/03 

50-09100 M D50-00-0100 315 Methylene chloride 560 J 08/02/00 

50-09100 MD50-03-49747 315 Tetrachloroethene 170 None 01/09/03 

50-09100 MD50-00-0100 315 Tetrachloroethene 210 J 08/02/00 

50-09100 MD50-03-49747 315 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 34 None 01/09/03 

50-09100 MD50-03-497 4 7 315 Trichloroethane 7600 None 01/09/03 

50-09100 MD50-00-0100 315 Trichloroethene 13000 None 08/02/00 

50-10131 MD50-01-0025 25 Acetone 28 None 11/26/01 

50-10131 MD50-01-0025 25 Butanone[2-] 69 None 11/26/01 

50-10131 MD50-03-49728 25 Carbon tetrachloride 12 None 01/08/03 

50-10131 M D50-01-0025 25 Carbon tetrachloride 25 None 11/26/01 

50-10131 MD50-03-49728 25 Chloroform 180 None 01/08/03 

50-10131 MD50-01-0025 25 Chloroform 220 None 11/26/01 

50-10131 MD50-01-0025 25 Dichlorodifluoromethane 34 None 11/26/01 

50-10131 MD50-03-49728 25 Dichloroethane[1,2-] 6 None 01/08/03 
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50-10131 M D50-01-0025 25 Dichloroethane[1,2-] 9.9 None 11126/01 

50-10131 MD50-01-0025 25 Dichloroethene[cis-1,2-] 6.9 None 11/26/01 

50-10131 MD50-03-49728 25 Dichloropropane[1,2-] 16 None 01/08103 

50-10131 MD50-01-0025 25 Dichloropropane[1,2-] 37 None 11/26101 

50-10131 MD50-01-0025 25 Methylene chloride 11 None 11/26/01 

50-10131 MD50-01-0025 25 Tetrachloroethene 1400 None 11/26/01 

50-10131 MD50-03-49728 25 Tetrachloroethene 1600 None 01/08103 

50-10131 MD50-01-0025 25 Toluene 98 None 11126/01 

50-10131 MD50-03-49728 25 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 16 None 01108103 

50-10131 MD50-01-0025 25 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 27 None 11/26101 

50-10131 MD50-03-49728 25 Trichloroethane[1, 1, 1-] 23 None 01/08/03 

50-10131 MD50-01-0025 25 Trichloroethane[1, 1, 1-] 62 None 11126101 

50-10131 MD50-03-49728 25 Trichloroethene 1400 None 01/08/03 

50-10131 MD50-01-0025 25 Trichloroethene 1800 None 11/26/01 

50-10131 MD50-03-49728 25 Trichlorofluoromethane 6.2 None 01/08/03 

50-10131 MD50-01-0025 25 Trichlorofluoromethane 9.2 None 11/26/01 

50-10131 MD50-03-49729 50 Carbon tetrachloride 24 None 01/08/03 

50-10131 MD50-03-49729 50 Chloroform 340 None 01/08/03 

50-10131 MD50-03-49729 50 Dichloroethane[1,2-) 20 None 01/08/03 

50-10131 MD50-03-49729 50 Dichloroethene[cis-1,2-) 9.4 None 01/08/03 

50-10131 MD50-03-49729 50 Dichloropropane[1,2-J 52 None 01/08/03 

50-10131 MD50-03-49729 50 Ethanol 5700 J- 01/08/03 

50-10131 MD50-03-49729 50 Methylene chloride 12 None 01/08/03 

50-10131 MD50-03-49729 50 Propanol[2-) 220 None 01/08/03 

50-10131 MD50-03-49729 50 Tetrachloroethene 2100 None 01/08/03 

50-10131 MD50-03-49729 50 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 31 None 01/08/03 

50-10131 MD50-03-49729 50 Trichloroethane[1, 1, 1-) 28 None 01/08/03 

50-10131 MD50-03-49729 50 Trichloroethane 2300 None 01/08/03 

50-10131 MD50-03-49730 75 Carbon tetrachloride 30 None 01/08/03 

50-10131 MD50-03-49730 75 Chloroform 300 None 01/08/03 

50-10131 MD50-03-49730 75 Dichloroethane[1,2-) 19 None 01/08/03 

50-10131 MD50-03-49730 75 Dichloroethene[cis-1,2-) 9.1 None 01/08/03 

50-10131 MD50-03-49730 75 Dichloropropane[1,2-) 59 None 01/08/03 

50-10131 MD50-03-49730 75 Methylene chloride 16 None 01/08/03 

50-10131 MD50-03-49730 75 Tetrachloroethene 1600 None 01/08/03 

50-10131 MD50-03-49730 75 Trichloro-1,2,2-trifluoroethane[1, 1,2-) 35 None 01/08/03 

50-10131 MD50-03-49730 75 Trichloroethane[1, 1, 1-) 28 None 01/08/03 
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50-10131 MD50-03-49730 75 Trichloroethene 1900 None 01108103 

50-10131 MD50-03-49730 75 Trichlorofluoromethane 8.2 None 01108103 

50-10131 MD50-03-49731 100 Carbon tetrachloride 42 None 01108103 

50-10131 MD50-03-49731 100 Chloroform 260 None 01108/03 

50-10131 MD50-03-49731 100 Dichloroethane[1,2-] 18 None 01108103 

50-10131 MD50-03-49731 100 Dichloroethene[cis-1,2-] 12 None 01108103 

50-10131 MD50-03-49731 100 Dichloropropane[1,2-] 71 None 01/08103 

50-10131 MD50-03-49731 100 Methylene chloride 18 None 01108103 

50-10131 MD50-03-49731 100 T etrachloroethene 1400 None 01108/03 

50-10131 MD50-03-49731 100 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 48 None 01108/03 

50-10131 MD50-03-49731 100 Trichloroethane[1, 1, 1-] 34 None 01108103 

50-10131 MD50-03-49731 100 Trichloroethene 2000 None 01/08103 

50-10131 MD50-03-49731 100 Trichlorofluoromethane 9.4 None 01108103 

50-10131 MD50-03-49732 125 Carbon tetrachloride 29 None 01108103 

50-10131 MD50-01-0026 125 Carbon tetrachloride 36 None 11126101 

50-10131 MD50-03-49732 125 Chloroform 120 None 01108103 

50-10131 MD50-01-0026 125 Chloroform 180 None 11126101 

50-10131 MD50-01-0026 125 Dichlorodifluoromethane 50 None 11126101 

50-10131 MD50-03-49732 125 Dichloroethane[1,2-] 9.8 None 01108/03 

50-10131 M D50-01-0026 125 Dichloroethane[1,2-] 12 None 11 /26/01 

50-10131 MD50-03-49732 125 Dichloroethene[cis-1,2-] 8.4 None 01/08/03 

50-10131 M D50-01-0026 125 Dichloroethene[cis-1,2-] 10 None 11126101 

50-10131 MD50-03-49732 125 Dichloropropane[1,2-] 43 None 01/08103 

50-10131 M D50-01-0026 125 Dichloropropane[1,2-] 59 None 11/26101 

50-10131 M D50-01-0026 125 Ethanol 35 None 11126101 

50-10131 MD50-03-49732 125 Methylene chloride 18 None 01108103 

50-10131 MD50-01-0026 125 Methylene chloride 19 None 11126101 

50-10131 MD50-03-49732 125 T etrachloroethene 600 None 01/08103 

50-10131 MD50-01-0026 125 T etrachloroethene 1000 None 11126101 

50-10131 MD50-01-0026 125 Toluene 42 None 11126101 

50-10131 MD50-03-49732 125 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 32 None 01108103 

50-10131 MD50-01-0026 125 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 52 None 11126101 

50-10131 MD50-03-49732 125 Trichloroethane[1, 1, 1-] 21 None 01108103 

50-10131 MD50-01-0026 125 Trichloroethane[1, 1, 1-] 49 None 11126101 

50-10131 MD50-03-49732 125 Trichloroethane 1100 None 01/08103 

50-10131 MD50-01-0026 125 Trichloroethene 1600 None 11126101 

50-10131 MD50-03-49732 125 Trichlorofluoromethane 5.4 None 01/08/03 
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50-10131 MD50-01-0026 125 Trichlorofiuoromethane 9.7 None 11/26/01 

50-10131 MD50-03-49733 150 Carbon tetrachloride 61 None 01/08/03 

50-10131 MD50-03-49733 150 Chloroform 160 None 01/08/03 

50-10131 MD50-03-49733 150 Dichloroethane[1,2-] 13 None 01/08/03 

50-10131 MD50-03-49733 150 Dichloroethene[cis-1,2-] 14 None 01/08/03 

50-10131 MD50-03-49733 150 Dichloropropane[1,2-] 64 None 01/08/03 

50-10131 MD50-03-49733 150 Methylene chloride 26 None 01/08/03 

50-10131 MD50-03-49733 150 Tetrachloroethene 990 None 01/08/03 

50-10131 MD50-03-49733 150 Trichloro-1,2,2-trifiuoroethane(1, 1,2-] 51 None 01/08/03 

50-10131 MD50-03-49733 150 Trichloroethane[1, 1, 1-] 34 None 01/08/03 

50-10131 MD50-03-49733 150 Trichloroethene 1900 None 01/08/03 

50-10131 MD50-03-49733 150 Trichlorofluoromethane 8.7 None 01/08/03 

50-10131 MD50-03-49734 175 Carbon tetrachloride 75 None 01/08/03 

50-10131 MD50-03-49734 175 Chloroform 120 None 01/08/03 

50-10131 MD50-03-49734 175 Dichloroethane(1,2-] 9.4 None 01/08/03 

50-10131 MD50-03-49734 175 Dichloroethene[cis-1,2-] 15 None 01/08/03 

50-10131 MD50-03-49734 175 Dichloropropane[1,2-] 59 None 01/08/03 

50-10131 MD50-03-49734 175 Methylene chloride 25 None 01/08/03 

50-10131 MD50-03-49734 175 Tetrachloroethene 920 None 01/08/03 

50-10131 MD50-03-49734 175 Trichloro-1,2,2-trifiuoroethane[1, 1,2-] 41 None 01/08/03 

50-10131 MD50-03-49734 175 Trichloroethane[1, 1, 1-] 31 None 01/08/03 

50-10131 MD50-03-49734 175 Trichloroethene 1900 None 01/08/03 

50-10131 MD50-03-49734 175 Trichlorofluoromethane 8.1 None 01/08/03 

50-10131 MD50-03-49735 200 Carbon tetrachloride 85 None 01/08/03 

50-10131 MD50-03-49735 200 Chloroform 87 None 01/08/03 

50-10131 MD50-03-49735 200 Dichloroethene[cis-1,2-] 13 None 01/08/03 

50-10131 MD50-03-49735 200 Dichloropropane[1,2-] 47 None 01/08/03 

50-10131 MD50-03-49735 200 Methylene chloride 26 None 01/08/03 

50-10131 MD50-03-49735 200 Tetrachloroethene 800 None 01/08/03 

50-10131 MD50-03-49735 200 Trichloro-1,2,2-trifiuoroethane[1, 1,2-] 32 None 01/08/03 

50-10131 MD50-03-49735 200 Trichloroethane[1, 1, 1-] 27 None 01/08/03 

50-10131 MD50-03-49735 200 Trichloroethene 1800 None 01/08/03 

50-10131 MD50-03-49735 200 Trichlorofluoromethane 8.3 None 01/08/03 

50-10131 MD50-03-49736 225 Carbon tetrachloride 99 None 01/08/03 

50-10131 MD50-03-49736 225 Dichlorodifluoromethane 76 None 01/08/03 

50-10131 MD50-03-49736 225 Dichloroethene[cis-1,2-] 13 None 01/08/03 

50-10131 MD50-03-49736 225 Dichloropropane[1,2-] 43 None 01/08/03 

October 2005 D-46 ER2005-0172 



MDA C Investigation Work Plan, Revision 2 

Table D-4 (continued) 

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

50-10131 MD50-03-49736 225 Methylene chloride 26 None 01/08/03 

50-10131 MD50-03-49736 225 Tetrachloroethene 800 None 01/08/03 

50-10131 M050-03-49736 225 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 28 None 01/08/03 

50-10131 MD50-03-49736 225 Trichloroethane[1, 1, 1-] 26 None 01/08/03 

50-10131 MD50-03-49736 225 Trichloroethene 1900 None 01/08/03 

50-10131 MD50-03-49736 225 Trichlorofluoromethane 8.6 None 01/08/03 

50-10131 MD50-03-49737 250 Carbon tetrachloride 67 None 01/08/03 

50-10131 MD50-03-49737 250 Dichlorodifluoromethane 51 None 01/08/03 

50-10131 MD50-03-49737 250 Dichloroethene[cis-1,2-] 7.2 None 01/08/03 

50-10131 M050-03-49737 250 Dichloropropane[1,2-] 22 None 01/08/03 

50-10131 MD50-03-49737 250 Methylene chloride 14 None 01/08/03 

50-10131 MD50-03-49737 250 Tetrachloroethene 450 None 01/08/03 

50-10131 MD50-03-49737 250 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 14 None 01/08/03 

50-10131 MD50-03-49737 250 Trichloroethane[1, 1, 1-] 15 None 01/08/03 

50-10131 MD50-03-49737 250 Trichloroethane 1100 None 01/08/03 

50-10131 MD50-03-49737 250 Trichlorofluoromethane 5.6 None 01/08/03 

Table D-5 
Tritium Probe Data at MDA C 

Sample Depth Result 
Location ID (ft) Sample ID Analyte (pCi/mL) 

50-03-21464 2.5 MD50-03-49958 Tritium 111 

50-03-21465 2.5 MD50-03-49959 Tritium 8.87 

50-03-21466 2.5 MD50-03-49960 Tritium 128 

50-03-21467 2.5 MD50-03-49961 Tritium 2500 

50-03-21468 2.5 MD50-03-49962 Tritium 36.2 

50-03-21469 2.5 MD50-03-49963 Tritium 90.5 

50-03-21470 2.5 MD50-03-49964 Tritium 84.2 

50-03-21471 2.5 M050-03-49965 Tritium 246 

50-03-21472 2.5 MD50-03-49966 Tritium 1400 

50-03-21473 2.5 MD50-03-49967 Tritium 20.2 

50-03-21474 2.5 MD50-03-49968 Tritium 12.7 

50-03-21475 2.5 MD50-03-49969 Tritium 41 

50-03-21476 2.5 MD50-03-49970 Tritium 17.6 

50-03-21477 2.5 MD50-03-49971 Tritium 9.93 

50-03-21478 2.5 MD50-03-49972 Tritium 23.9 
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APPENDIX F INVESTIGATION-DERIVED WASTE MANAGEMENT 

This appendix to the work plan describes how investigation-derived waste (IDW) generated during the 
investigation of Material Disposal Area (MDA) Cat Los Alamos National Laboratory (the Laboratory) will 
be managed. IDW is solid waste generated as a result of field-investigation activities and may include, but 
is not limited to, drill cuttings; purge water; contaminated personal protective equipment (PPE), sampling 
supplies, and plastic; fluids from the decontamination of PPE and sampling equipment; and all other 
wastes potentially contacting contaminants. IDW generated during the investigation of MDA C will be 
managed to protect human health and the environment, comply with applicable regulatory requirements, 
and adhere to Laboratory waste-minimization goals. 

All IDW generated during field-investigation activities will be managed in accordance with applicable 
Environmental Stewardship-Environmental Characterization and Remediation (ENV-ECR) Group 
standard operating procedures (SOPs). These SOPs incorporate the requirements of all applicable 
Environmental Protection Agency (EPA) and New Mexico Environment Department (NMED) regulations, 
Department of Energy (DOE) orders, and Laboratory Implementation Requirements (LIRs). The 
ENV-ECR SOPs applicable to the characterization and management of IDW are 

• SOP-1.06, Management of Environmental Restoration Project Waste and 

• SOP-1.10, Waste Characterization. 

These SOPs are among those applicable to the investigation at MDA C and are available at the following 
URL: http://erproject.lanl.gov/documents/procedures.html. Before the start of field investigation activities, 
a Waste Characterization Strategy Form (WCSF) will be prepared and approved per the requirements of 
SOP-01.10. The WCSF will provide detailed information on IDW characterization, management, 
containerization, and possible volumes. IDW characterization will be completed by reviewing existing data 
and/or documentation, by direct sampling of the IDW, and/or by sampling the media being investigated 
(i.e., surface soil, subsurface soil, etc.). If direct waste characterization sampling is necessary, it will be 
described in the WCSF. 

The Laboratory's 2004 Pollution Prevention Roadmap will be implemented during field investigations at 
MDA C to minimize waste generation. This plan is updated annually as a requirement of Module VIII of 
the Laboratory's Hazardous Waste Facility Permit. 

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

Drill cuttings. The drill cuttings waste stream will consist of cuttings from all boreholes drilled during field 
activities. Drill cuttings will be collected and containerized at the point of generation (i.e., at the drill rig). 
The drill cutting waste stream will be characterized with analytical results by direct sampling of the 
containerized waste. The maximum detected concentrations of radionuclides will be compared with 
background/fallout values. If the maximum concentrations are above background/fallout values, the waste 
cuttings will be designated as low-level radioactive waste (LLW). The total concentrations of toxicity 
characteristic leaching procedure (TCLP) constituents will be compared with 20 times the TCLP 
regulatory level. If the total concentrations are less than 20 times the TCLP regulatory level, the waste 
cuttings will be designated nonhazardous by characteristic. If total concentrations exceed 20 times the 
TCLP regulatory level, the waste cuttings will be sampled and analyzed using the TCLP to determine if it 
is hazardous by characteristic. If potential EPA-listed hazardous waste constituents are detected, the 
Laboratory will conduct a review of historical records and data in an effort to determine whether the 
source of each constituent was a listed hazardous waste at its point of generation. If the source is 
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determined to be a listed hazardous waste, the cuttings will be managed as hazardous or mixed waste 
(depending on the levels of radioactivity). Otherwise, the cuttings will be managed as nonhazardous solid 
waste or LLW (depending on the levels of radioactivity). Based on the results of previous investigations at 
MDA C, the Laboratory expects these wastes to be designated as LLW that will be disposed of at 
Technical Area (TA) 54 or at an off-site disposal facilrty. 

Spent PPE. The spent PPE waste stream will consist of PPE that has potentially contacted contaminated 
environmental media (i.e., core and/or drill cuttings) and that cannot be decontaminated. The bulk of this 
waste stream will consist of protective clothing such as coveralls, gloves, and shoe covers. Spent PPE 
will be collected in containers at personnel decontamination stations. Characterization of this waste 
stream will be performed through acceptable knowledge of the waste materials, the methods of 
generation, and the analytical results from the sampling of the environmental media with which the 
materials were in contact. The Laboratory expects these wastes to be designated as LLW that will be 
disposed of at TA-54 or at an off-site disposal facility. 

Disposable sampling supplies. The disposable sampling supplies waste stream will consist of all 
equipment and materials necessary for collecting samples that come into direct contact with 
contaminated environmental media and that cannot be decontaminated. This waste stream will consist 
primarily of paper and plastic items collected in bags at the sampling location and transferred to 
accumulation drums. This waste stream also includes wastes associated with dry decontamination 
activities. Characterization of this waste stream will be performed through acceptable knowledge of the 
waste materials, the methods of generation, and the analytical results from the sampling of the 
environmental media with which the materials were in contact. The Laboratory expects these wastes to 
be designated as LLW that will be disposed of at TA-54 or at an off-site disposal facility. 

Decontamination fluids. The decontamination fluids waste stream will consist of liquid wastes from 
decontamination activities (i.e., decontamination solutions and rinse waters). Consistent with waste 
minimization practices, the Laboratory employs dry decontamination methods to the extent possible. If dry 
decontamination cannot be performed, liquid decontamination wastes will be collected in containers at the 
point of generation and characterized with analytical results from direct sampling of the containerized 
waste. The Laboratory expects these wastes to be designated as liquid LLW that will be sent to the 
Radioactive Liquid Waste Treatment Facility at TA-50 for disposal. 

Spent HEPA Filters. This waste stream consists of spent HEPA filters generated during dust suppression 
activities while air coring borehole BH09. The spent HEPA filter characteristics will be determined using 
the data collected during the characterization of the borehole cuttings. The spent HEPA filters will be 
managed as LLW until data from the borehole cuttings are obtained. The spent HEPA filters will be stored 
on-site within a 55-gal. drum until final characterization. The spent HEPA filters will be disposed of at 
TA-54 or at an off-site Laboratory-approved disposal facility. 

Empty containers from high explosive (HE) test kits. This waste stream includes plastic containers, glass 
tubes, or eye droppers containing a sodium azide buffer solution or acetone solutions from HE spot test 
kits, called DTE CH test kits, which use acetone as a solvent and a separate buffer solution containing 
sodium azide. Any remaining spent acetone or residual sodium azide buffer solution will be managed as 
described below. All test kit component containers will be fully emptied of their contents as part of the 
process and will meet the definition of "Resource Conservation and Recovery Act (RCRA) empty," per 
40 CFR 261.7, before being declared as waste. Less than 4 L of waste will be generated for the entire 
investigation. The empty containers will be managed as empty product containers and disposed of as 
nonhazardous, nonradioactive solid waste. As a best management practice, the containers that held 
acetone will be stored separately from those that held sodium azide buffer solution and will be disposed 
of at a Laboratory-approved industrial waste facility. 
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Spent acetone with soil from HE test kits. This waste stream consists of spent solvent mixed with soil. Soil 
screening for HE with DTECH test kits requires using acetone as a solvent to extract the HE compounds 
from soil. Approximately 20 ml of waste are generated per test. This waste will be characterized using 
acceptable knowledge of the process that generates the waste and the material used in this process. This 
waste will be managed as RCRA mixed waste. Acetone, as a spent solvent, is a listed hazardous waste 
(EPA Hazardous Waste Number F003) and exhibits the characteristic of ignitability (D001 ); the soil to be 
tested from boreholes at MDA C is expected to be LLW. This waste will be packaged in a sealed inner 
container and stored inside a hazardous waste drum within a registered Satellite Accumulation Area 
(SAA), in accordance with all Laboratory and ENV-ECR Group requirements. The SAA will be located 
within the fence at MDA C. Disposal of the waste will be at a Laboratory-approved off-site treatment, 
storage, and disposal facility (TSDF). 

Residual sodium azide buffer solution. Approximately 1 ml of residual sodium azide buffer solution may 
be left over per sample analysis and will be transferred into a 1 L polyethylene bottle. The residual buffer 
solution will be managed in accordance with 40 CFR Part 261.33(c), whereby the residue in the container 
carries the hazardous waste listing unless the container is deemed RCRA-empty. The residual sodium 
azide buffer solution is listed as acutely hazardous waste and will be segregated and stored in a sealed 
container within a registered SAA in a secure area within the fence at MDA C, pending transportation to 
and disposal at a Laboratory-approved off-site TSDF. 

The selection of waste containers will be based on the appropriate U.S. Department of Transportation 
requirements, waste types, and estimated volumes of IDW to be generated. Immediately following 
containerization, each waste container will be individually labeled with a unique identification number and 
with information regarding waste classification, item(s), radioactivity (if applicable), and date generated. If 
wastes are pending analytical results to make a final characterization determination, the containers will be 
labeled as such until analytical results are available. The wastes will be contained in clearly marked and 
appropriately constructed waste accumulation areas. Waste accumulation area postings, regulated 
storage duration, and inspection requirements will be based on the type of IDW and its classification. 
Container and storage requirements will be detailed in the WCSF and approved before the waste is 
generated. 
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Table F-1 
Summary of Estimated IDW Generation and Management 

Waste Stream Expected Waste Type Estimated Volume On-Site Management Expected Disposition 

Drill cuttings" LLW 2060 ft3 B-25 boxes Disposal at TA-54 or 
22 x B-25 boxes Laboratory-approved 

off-site disposal facility 

Spent PPE LLW 2x55gal.b Accumulation in Disposal at TA-54 or 
55-gal. drums Laboratory-approved 

off-site disposal facility 

Disposable LLW 3x55gal.b Accumulation in Disposal at TA-54 or 
sampling supplies 55-gal. drums Laboratory-approved 

off-site disposal facility 

Decontamination LLW <55-gal.b Accumulation in Treatment at the 
fluids 55-gal. drums. Radioactive Liquid 

Waste Treatment Facility 
at TA-50 

Spent HEPA filters LLW <55-gal. Accumulation in Disposal at TA-54, or 
55-gal. drum Laboratory-approved 

off-site disposal facility 

Empty containers RCRA-empty 4L Accumulation in Laboratory-approved 
from HE spot test 5-gal. container industrial waste facility 

Spent acetone with RCRA mixed waste 20 ml per test SSA Laboratory-approved 
soil • off-site TSDF 

Residual sodium EPA Hazardous 1 ml per test SSA Laboratory-approved 
azide buffer P105 off-site TSDF 
solution 

a This waste includes only those cuttings that cannot be returned to the point of origin. 

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

This investigation work plan presents an approach for characterizing potential contamination at 
,esammemlaliaRs la, iRvesligaliaR aolivilies FSEt~ires ta oamplete ti'le Resa~rne CaRseFValiaR aREl 
Reoa•;e,-y Ast faoilily iRvesligaliaR (Rf'I) af Material Disposal Area (MDA) C, Solid Waste Management 
Unit 50-009, which is located at Technical Area 50 at Los Alamos National Laboratory (the Laboratory). 
The work plan also includes a description of sampling activities and analytical results for historical 
investigations at MDA C. The investigation activities proposed herein are required under the Compliance 
Order on Consent and are currently being conducted by the Laboratory's Environmental Stewardship 
Division-Environmental Remediation and Surveillance Program {formerly the Environmental Restoration 
Proiect). 

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

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

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

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

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

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

• Volatile organic compounds (VO Cs) were detected in pore-gas samples collected from two 
monitoring boreholes (50-09100 and 50-10131 ). 

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

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

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

1. the extent of metals, cyanide, and radionuclide contamination in luff beneath Pit 6; 
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2. the concentrations and spatial extent of VOCs in the vapor phase in subsurface luff; 

3. the concentrations and spatial extent of tritium in the vapor phase in subsurface luff; 

4. the nature and extent of potential releases of metals, cyanide and radionuclides to luff beneath 
Pits 1 through 5, Shaft Groups 1 and 2, and the strontium-90 disposal shaft; 

5. the extent of radionuclide contamination in surface soil on the eastern boundary of MDA C; 

6. the presence of perchlorate, nitrate, dioxin, and furan contamination in luff; 

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

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

The data requirements. as determined from the historical data review and outlined in this plan. include 
surface and subsurface sampling to define the lateral and vertical extent of contamination at MDA C. The 
investigation activities presented in this plan have been designed to address these data requirements. 
TeA veFlisal aAEl four aA!JleaA total of 42 boreholes will be drilled adjacent to ar uAaar the 7 pits and 108 
disposal shafts at MDA C. Tuff and subsurface vapor samples will be collected to supplement the Phase I 
RFI data to define the nature and extent of contamination, determine whether perched groundwater is 
present, and collect hydrogeologic property data. 
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1.0 INTRODUCTION 

Los Alamos National Laboratory (LANL or the Laboratory) is a multidisciplinary research facility owned by 
the Department of Energy (DOE) and managed by the University of California (UC). The Laboratory is 
located in north-central New Mexico approximately 60 mi northeast of Albuquerque and 20 mi northwest 
of Santa Fe. The Laboratory covers 40 mi2 of the Pajarito Plateau, which consists of a series of finger-like 
mesas separated by deep canyons containing perennial and intermittent streams running from west to 
east. Mesa tops range in elevation between 6200 ft and 7800 ft above sea level. 

The Laboratory's Risk ReduslioR aRd Environmental Stewardship-Environmental Remediation Services 
(RRESENV-!;_RS) J3f6je61Program, formerly the Environmental Restoration (ER) Project, is participating in 
a national effort by the DOE to clean up sites and facilities formerly involved in weapons research and 
production. The goal of the RRESENV-!;_RS Program is to ensure that past operations under the DOE do 
not threaten human or environmental health and safety in and around Los Alamos County, New Mexico. 
To achieve this goal, the RRESENV-!;_RS Program is currently investigating sites potentially contaminated 
by past Laboratory operations. The sites under investigation are designated as either solid waste 
management units (SWMUs) or areas of concern (AOCs ). 

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

Corrective actions at the Laboratory are subject to the Compliance Order on Consent (hereafter. the 
Consent Order) entered into on March 1. 2005, by NMED. DOE. the Regents of the University of 
California. and the State of New Mexico Attorney General. The Consent Order was drafted pursuant to 
the New Mexico Hazardous Waste Act. New Mexico Statutes Annotated (NMSA) 1978 Section 74-4-10 
and the New Mexico Solid Waste Act NMSA 1978 Section 74-9-36{0). This investigation work plan 
(hereafter, the work plan) describes proposed activities to be executed and completed to meet the 
requirements of the Consent Order for investigation of MDA C. 

The ~IMeD ORlsFGOS tho HazaFdous aRd Solid Waste AmoRdmoRIS (HSWA) Modulo el tho balJeFalo,y's 
Hazmdeus Waste F'asilily Po,mil, hoFeaftoF FefeFFod le as Modulo VIII. Medulo VIII s~esifies tho 
soRditioRs aRd requi,emeRls lsF iR,·estigatieA aAd sleaRu~ astivilies at the balle,ate,y. The IJS 
eAvireAmeRtal PreteslioA AgeAGY (ePA) issued Module VIII OA May 2a, 1999, aAd ,evised it OA May 19, 
1994 (ePA 1999, 91585; ePA 1994, 4 414fl). ~IMeD is GUFFeAlly ,e·,isiAg the HacaFdeus \/\Jasle F'asility 
Pemlit. 

IA assoFdaAse with Module VIII, the Aature aAd exleAt of mleases of haca,dous waste a, haza,deus 
GOAStitueAts are dete,miAed through the ResouFGe COASOF¥alioR aRd Resove,y Ast (RCR.'\) fasility 
iR•,estigatioR (RF'I) ~,esess. 

ENV-ERS Program submitted the MDA C work plan to NMED on July 31. 2003, for review and written 
approval. The work plan was disapproved by NMED in a letter dated September 4. 2003. 
A revised work plan {Revision 1) was submitted to the NMED on November 7. 2003, and a second notice 
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of deficiency was issued by the NMED on December 16. 2003. The ENV-ERS Program submitted a 
response to the second notice of deficiency on January 23. 2004, which included updated pages to the 
revision. The work plan was approved with modifications by NMED on April 6. 2005. This second revision 
of the work plan incorporates the modifications required in the April 6. 2005, letter and is being reissued in 
its entirety, 

1.1 General Site Information 

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

The depths of 7 pits at MDA C range from 12 to 25 ft below the original ground surface, and the depths of 
108 shafts range from 10 to 25 ft below the original ground surface, i.e., before a cover was placed over 
the site in 1984. The pits and shafts are constructed in the Tshirege Member of the Bandelier Tuff, a 
consolidated tuft unit with relatively numerous fractures. The regional aquifer is estimated to be 
approximately 1300 ft deep based on data from other wells at the Laboratory and the predictions of the 
hydrogeologic conceptual model for the Pajarito Plateau (LANL 1998, 59599). The topography of MDA C 
is relatively fiat, although the slope steepens to the north and where the northeast corner of MDA C abuts 
the south wall of Ten Site Canyon. 

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

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

1.2 Investigation Objectives 

The objectives of the MDA C investigation work plan are to 

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

• establish the rationale for collecting and analyzing additional data, iAolusiA§ justifioalioAs for 
sovialiA§ from the soope of worl1 preseAlos iA the No•;ember 2€i, 2992, Orser issues by ~IMED to 
DOE aAs UC; and 

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

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

2.0 MD.'\ C BACKGROUND 

2.1 Operational History 

MDA C is a decommissioned material disposal area established to replace MDA Bat TA-21 as a disposal 
area for Laboratory-derived waste. MDA C operated from May 1948 to April 197 4 but received waste only 
intermittently from 1968 until it was decommissioned in 1974. Wastes disposed of at MDA C consisted of 
liquids, solids, and containerized gases generated from a broad range of nuclear energy research and 
development activities conducted at the Laboratory. These wastes include uncontaminated classified 
materials, metals, hazardous materials, and radioactively contaminated materials. Historical reports 
(Rogers 1977, 05707) indicate ii was common practice for chemicals to be burned in the chemical 
disposal pit at MDA C. A chronology of the major events pertinent to MDA C is presented in Table 2-9 of 
the approved RFI work plan for OU 1147 (LANL 1992, 07672, p. 2-49). 

Al MDA C, 7 pits and 108 shafts were excavated into the overlying soil and unit 3 of the Tshirege Member 
of the Bandelier Tuff (Figure 1.1-3). The pits and shafts were unlined except for 10 shafts in Shaft 
Group 3 that were lined with concrete. After each pit or shaft was filled with waste, it was backfilled to 
ground level with crushed tuft. Once the disposal shafts were filled, they were sealed with concrete. The 
dimensions and operational dates of the pits and shafts are listed in Table 2.1-1. 
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2,2 Land Use 

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

2.3 Relationship to Other SWMUs and AOCs 

SWMU 50-006/a) is located directly north of Pit 5 at the head of Ten Site Canyon (Figure 2.3-1 ). 
SWMU 50-006/a) includes the area affected by two accidental operational releases of untreated 
radioactive wastes and unknown chemicals in 1974. The outfall area was partially remediated in 1981 by 
the removal of 70 m3 of contaminated soil. Although SWMU 50-006/a) has impacted Ten Site Canyon. 
the release did not affect MDA C since the SWMU is located downgradient from MDA C. 

Emissions from exhaust stacks at a number of the buildings at TA-50 were designated as 
SWMU 50-006/c) (Figure 2.3-1 ). Radioactive emissions from these stacks may potentially have been 
deposited on surface soils within TA-50. including MDA C. Any surface contamination that may have 
deposited on MDA C related to stack emissions would be accounted for in the surface soil samples 
collected during the Phase I RFI. 

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

The only S\O.'MU and/or /I.QC within slose 13r0Mimity that 130tenlially GOUid have aflesled MD.I\ C is 
SWMU §0 OOe(s). SWMU §0 OOe(s) refers to surlase soil sontamination from radioastive sontaminants 
(13rimarily isol013es el 13lulonium and amerisium) de130siled by historisal slasl< emissions lrem 013erations 
al T/1. §0. Based on the Phase I RFI data for MDA C and adjacent SWMUs at TA-50 and TA-35. the only 
areas within close proximity that may have been affected by MDA C is Ten Site Canyon. which is 
considered an AOC. Eroded surface soils from MDA C. in addition to soils and contaminant releases from 
other SWMUs and/or AOCs at TA-50 and other T As. have been deposited in the canyon bottom and 
stream banks (Nyhan et al. 1978. 05702). 

2.4 Contaminant Trans1:1ort Mechanisms and Potential Receptors 

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

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

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

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

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

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

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

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

Receptors potentially exposed to contamination from MDA C include site workers at MDA C and TA-50 
and biota at the site. Potentially, site workers may be exposed to contaminants by inadvertent soil 
ingestion, inhalation of suspended soil (dust), dermal absorption from soil on the skin, and external 
irradiation. Inhalation of gas-phase contaminants such as tritium and/or VOCs emanating from the site 
into the atmosphere is also a possible source of exposure. Ecological receptors may be exposed by these 
pathways as well as by root uptake and the food web; in addition, these receptors may be exposed to 
higher concentrations of vapor-phase contaminants in subsurface burrows. 
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It is possible for plant roots and burrowing animals to penetrate the existing cover and come in contact 
with subsurface contamination. Site inspections have revealed that rodent and ant burrow spoils contain 
crushed luff material that differs from surface soils. Grasses, trees, and shrubs are also present or have 
historically been present across MDA C. Results of recent sampling of burrow spoils and small ponderosa 
pines within MDA C (Appendix B) will be reported in the MDA C investigation report. 

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

2.5 MDA C Waste Inventory 

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

2.6 Historical Releases 

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

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

2. 7 .1 Pre-RFI Field Investigations 

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

2.7.2 Phase I RFI Field Investigations 

Phase I RFI activities included sampling of surface soil, subsurface luff, and pore-gas. Surface sampling 
activities conducted in 1993 included a radiation survey conducted on a 60- by 60-ft grid and 203 0-6-in. 
surface samples of soil or luff collected across the grid. All surface samples were field-screened for 
radioactivity. One hundred twenty-two samples were submitted to a mobile analytical laboratory for 
analysis of polychlorinated biphenyls (PCBs ). Sixty-eight surface samples were analyzed at an off-site 
contract laboratory for target analyte list (TAL) metals, radionuclides, and semivolatile organic compounds 
(SVOCs). Fifty-nine of these samples were also analyzed for PCBs and nine surface samples were 
analyzed for VOCs. Phase I RFI surface sample results are reviewed and interpreted in Section 2. 7.3 of 
this work plan; the data are summarized in Appendix B and included on a data CD (Appendix E) attached 
to the inside front cover of this report. 

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

In 1996, 15 additional samples were collected from curated borehole cores, in response to a request from 
the U.S. Environmental Protection Agency (EPA) (Neleigh 1995, 55112). These samples were submitted 
to an off-site contract laboratory for analysis of inorganic chemicals (excluding cyanide and mercury since 
the holding times had lapsed) and radionuclides (except tritium). However, based on the core collection 
dates and the actual dates the samples were analyzed, more than half of the curated core samples 
missed the 180-day holding time for inorganic chemicals. Therefore, these results are provided only for 
the purpose of comparison. Because the holding times for PCBs, VOCs, SVOCs, and tritium had been 
exceeded, curated core samples were not analyzed for these analytes. Phase I RFI subsurface results 
are reviewed in Section 2.7.3 and summarized in Appendix B (Section B-2.0). 

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

ER2005-0172 7 October 2005 



MDA C Investigation Work Plan, Revision 2 

February 2003. Phase I RFI pore:gas and surface-flux results are reviewed in Section 2. 7 .3 and in 
Appendix B. 

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

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

2.7.3 Phase I RFI Results 

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

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

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

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

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

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

A detailed review of the Phase I RFI data is presented in Section B-3 of Appendix B. Phase I RFI data are 
presented in Appendix E (on a CD attached to the inside front cover of this report). 
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2.7.3.1 Field Screening Results 

Screening of Core Samples 

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

Subsurface samples collected during the Phase I RFI were screened in the field for HE using a spot-test 
kit, alpha and beta/gamma radioactivity using field-survey meters, and VOCs using a photoionization 
detector (PID). The field-screening results for HE, radionuclides, and VOCs indicated that the 
concentrations of contaminants in the subsurface at MDA C were sufficiently low such that field-screening 
was ineffective for the purpose of identifying samples for laboratory analysis. 

During the Phase I RFI, 332 subsurface core samples were screened in the field for HE using a spot test 
procedure. No HE was detected in any of these samples. 

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

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

2. 7 ,3,2 Data Interpretation and Identification of Investigation Scope 

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

Interpretation of Phase I RFI Surface Soil and Fill Data 

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

Radionuclides: Americium-241, plutonium-238, plutonium-239, -240, thorium-232, tritium, and 
uranium-238 were detected above their respective BVs in at least one surface sample. The highest 
concentrations of americium-241, plutonium-238, and plutonium-239, -240 were detected in surface 
samples collected in the northeast corner of MDA C and along the eastern edge of MDA C. Cover 
materials placed over the surface of MDA C in 1984 did not extend to this area of the site (Figure B-6). 
These findings indicate that the elevated concentrations of americium-241 and isotopic plutonium in 
surface soils are related to releases during historical MDA C site operations and/or from the deposition of 
historical airborne emissions from operations at TA-50. Concentrations of americium-241, plutonium-238 
and plutonium-239, -240 are comparable to the results from surface samples collected near the northeast 
corner of MDA C during the 1993 RFI of atmospheric releases [SWMU 50-006(c), LANL 1995, 49925, 
pp. 24-29,]. The nature and extent of americium-241 and isotopic plutonium contamination in surface 
soils in the northeast corner of MDA C and along the eastern edge of MDA C has not been defined. 
Uranium-238 was detected above the BV in only one of 68 surface samples (2.45 pCi/g), which is slightly 
higher than its BV (2.29 pCi/g). Thorium-232 was detected above its BV (2.33 pCi/g) in 15 of 68 samples, 
with the maximum concentrations approximately twice the BV. Spatial patterns do not indicate any 
release of these isotopes to surface soils at MDA C. 

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

Nature and Extent of Surface Soil and Fill Contamination 

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

Metals: A number of metals were detected above their respective BVs in Phase I RFI luff samples 
collected at MDA C. Aluminum, beryllium, calcium, chromium, cobalt, magnesium, and nickel were 
detected above BV in only one sample. Antimony, arsenic, barium, copper, cyanide, lead, selenium, and 
thallium were detected in two or more samples above their BVs. Of these metals, cyanide and lead were 
detected above BVs with the greatest frequency. The greatest depth at which metals were detected in the 
subsurface at MDA C was 83.4 ft bgs in the bottom sample from borehole 50-09106. Metals were 
detected above BVs in the samples collected from the bottom of two boreholes, vertical borehole 
50-09104 adjacent to the southern boundary of Pit 1 and borehole 50-09106, which was angled beneath 
the north end of Shaft Group 3 and the west end of Pit 4. Plots of the analytical results for metals 
detected in two or more samples above their BVs are presented in Figures D-10 to D-17. 

Phase I RFI boreholes from which samples were collected adjacent to or beneath Pit 5 include 50-09100 
and 50-09102, both located north of the pit. Cyanide was detected at a concentration of 0.53 mg/kg in a 
sample collected from a depth of 43.5 ft bgs in borehole 50-09100; however, there is no BV for cyanide. 
Cyanide was not detected in any subsequent samples from borehole 50-09100. No other metals were 
detected above BVs in either borehole (Table 2.7-2). 

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

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

The highest concentrations of barium, cyanide, and lead were detected in boreholes 50-09107, 50-09101, 
and 50-09110 adjacent to and beneath Pit 6, respectively. None of these concentrations were detected in 
the deepest sample from a borehole, and all of the maximum concentrations detected (with the exception 
of calcium and selenium) were within a factor of 10 of the BV. Detected concentrations of calcium and 
selenium exceeded BVs by more than a factor of 30 in the sample collected at 47 ft bgs in borehole 
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50-09109 (sample ID 0550-96-0112). Collectively, the data for boreholes 50-09101, 50-09107, 50-09108, 
50-09109, and 50-09110 indicate that releases of metals to luff below Pit 6 and the Chemical Pit have 
occurred; however, the nature and extent of these releases has not been determined (Table 2.7-2, 
Table B-16, and Appendix D). 

Radionuclides: Radionuclides detected at concentrations above BV, or detected in luff when there is no 
luff BV, include tritium, americium-241, plutonium-238, plutonium-239, uranium-235 and uranium-238, 
and various fission or activation products including strontium-90, cobalt-60, cesium-134 and cesium-137, 
europium-152, and sodium-22. The maximum depth of detected radionuclides (other than tritium) was 
84.8 ft bgs (Table 2.7-2). Radionuclides were detected in samples collected from the bottom of six of the 
eleven Phase I RFI boreholes. Borehole profile plots of radionuclides in the subsurface are provided in 
Appendix D. 

Phase I RFI boreholes from which samples were collected beneath or adjacent to Pit 6 include 50-09101, 
50-09107, 50-09108, 50-09109, and 50-09110. Americium-241 was detected in the sample collected from 
the bottom of borehole 50-09101 at a concentration of 0.011 pCi/g at 81 ft bgs (sample ID 0550-95-0309) 
and in samples from two previous nonconsecutive depth intervals (Table 2.7-2). Amercium-241 was also 
detected in the sample collected from the bottom of borehole 50-09107 at a concentration of 0.032 pCi/g 
at 78.5 ft bgs (sample ID 0550-95-0191) and in samples from three previous depth intervals (Table 2.7-2). 
Sodium-22 was detected in the sample collected from the bottom of borehole 50-09109 at a concentration 
of 0.056 pCi/g at 81 ft bgs (sample ID 0550-95-0241 ). Additional radionuclides detected below Pit 6 
include cesium-134, strontium-90, and plutonium-238 in borehole 50-09108; strontium-90, uranium-235, 
and uranium-238 in borehole 50-09109; and strontium-90 in borehole 50-09109. Collectively, the data for 
boreholes 50-09101, 50-09107, 50-09108, 50-09109, and 50-09110 indicate that releases of 
radionuclides to luff below Pit 6 have occurred; however, the nature and extent of these releases has not 
been defined (Table 2, Table B-18, and Appendix D). 

Phase I RFI boreholes from which samples were collected adjacent to or beneath Pit 5 include 50-09100 
and 50-09102, both located north of the pit. Amercium-241 was detected at 0.027 pCi/g, uranium-235 
was detected at a concentration of 0.21 pCi/g at a depth of 33.7 ft bgs, and plutonium-239 was detected 
at a concentration of 0.014 pCi/g at a depth of 43.5 ft bgs in borehole 50-09100. No radionuclides were 
detected in any subsequent samples from borehole 50-09100 and above BVs in borehole 50-09102 (with 
the exception of tritium) (Table 2.7-2). 

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

Collectively, the data for boreholes 50-09103, 50-09104, 50-09105, and 50-09106 showed sporadic 
detections of radionuclide at low concentrations in tuft adjacent to and beneath several pits and shafts 
located in the eastern portion of MDA C; however, the nature and extent has not been determined, except 
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for the area adjacent to and beneath the northeast area of Pit 5 (Table 2. 7-2, Table B-18, and Appendix 
D). Additional sampling is required to determine whether a decreasing trend exists. 

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

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

Nature and Extent of Subsurface Contamination 

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

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

Tritium pore-gas data in luff indicate a release of tritium in the subsurface, with higher concentrations 
measured in the northern portions of the site below Pits 4, 5, and 6. Near-surface tritium pore-gas data 
indicate a release of tritium to the atmosphere is occurring in the western regions of Pits 1 through 4, in 
an area west of Shaft Group 3 and north of Pit 6. One or more shafts on the northern end of Shaft 
Group 3 may be the source of the high concentration of tritium in pore gas measured in a location west of 
these shafts, but the Phase I RFI samples are inadequate to confirm this hypothesis. 

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

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

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

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

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

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

In June and July 2000, 105 EMFLUX samplers were placed across the surface of MDA C to estimate the 
surface flux of VOCs. The most frequently detected voe was PCE, followed by TCE, with measured 
fluxes ranging up to approximately 200 and 60 ng/m2-min, respectively. PCE flux was highest in the area 
of the Chemical Pit and at a location on the southern edge of Pit 5 (Figure B-8). There were also frequent 
measurements of PCE at fluxes of approximately 10 to 30 ng/m2-min between Pits 1 and 3 and in the 
western regions of Pits 2 and 4. 

In February 2003, near-surface pore-gas tritium samples, collected at a depth of 2.5 ft bgs in silica gel 
columns, were obtained at 15 locations across MDA C. The highest measured tritium concentrations were 
north of Pit 6 (2500 pCi/mL) and in an area west of the northern portion of Shaft Group 3 where no 
subsurface disposal units exist. Tritium pore-gas samples from directly above Pit 6, including a location 
just south of the high concentration north of Pit 6, do not show such high concentrations. The elevated 
concentration of tritium west of Shaft Group 3 may be related to a release from these shafts; moreover, 
concentrations of tritium in pore-gas from borehole 50-09106 near this location are also relatively high. 
Relatively high tritium pore-gas concentrations were measured on the western areas of Pits 2 and 3 as 
well. A tritium source at the northern portion of Shaft Group 3 could possibly explain these 
measurements. Near-surface pore-gas tritium concentrations are shown in Figure D-31. 

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

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

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

3.0 SITE CONDITIONS 

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

• semiarid climate with low precipitation and a high evapotranspiration rate, whicti limits the amount 
of moisture percolating into the disposal units and thus limits the amount of moisture available to 
leach radionuclides or hazardous waste constituents; 
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• thick, relatively dry unsaturaied zone, which greatly restricts or prevents downward migration of 
contaminants in the liquid phase through the vadose zone to the regional aquifer; and 

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

3.1 Surface Conditions 

MDA C is located on Mesita del Buey, a 140- to 220-ft-high, finger-shaped mesa that trends southeast 
(Figure 2.4-1 ). The elevation of Mesita del Buey ranges from 7210 to 7280 ft. The topography at MDA C 
slopes gently from west to northeast, gradually getting steeper across the northeastern quadrant of the 
site toward Ten Site Canyon. At MDA C, Mesita del Buey is approximately 2000 ft wide and is bounded 
by Mortandad Canyon (800 ft to the north) and Two Mile Canyon (750 ft to the south [Figure 1.1-21). 

The surface vegetation at MDA C consists of a native grama grass mixture. The vegetation was initially 
established after the 1984 addition of fill and topsoil. This cover was placed over the tops of the pits and 
shafts used for disposal at MDA C. 

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

3.1.1 Soils 

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

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

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

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

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

The ENVRReS-!;_RS Program conducted a surface water assessment at MDA C in 2002 following the 
mitigation of the surface subsidence, which occurred along the northern boundary of MDA C. MDA C 
received an erosion matrix score of 8.8, indicating low erosion potential. The calculated score includes 
8.8 for site setting, an erosion matrix runoff score of 0.0, and a run-on score of 0.0. 

3.2 Subsurface Conditions 

3.2.1 Stratigraphy 

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

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

Tshirege Member 

The Tshirege Member of the Bandelier Tuff is a compound cooling unit that resulted from several 
successive ash-flow deposits separated by periods of inactivity, which allowed for partial cooling of each 
unit. Properties related to water flow and contaminant migration (e.g., density, porosity, degree of 
welding, fracture content, and mineralogy) vary both vertically and laterally as a result of localized 
emplacement temperature, thickness, gas content, and composition. 
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Tshirege Member Unit 3 (Qbt 3) 

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

Tshirege Member Unit 2 (Qbt 2) 

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

Unit 2 is extensively fractured as a consequence of contraction during post-depositional cooling. The 
cooling-joint fractures are visible on the mesa edges and on the walls of the pits. In general, the fractures 
dissipate at the bottom of unit 2. On average, fractures in unit 2 are nearly vertical. Mean spacing 
between fractures ranges between 1.9 ft and 2.6 ft (0.6 m and 0.8 m), and fracture width ranges between 
less than 0.03 in. and 0.51 in. (1 mm and 13 mm), with a median width of 0.12 in. (3 mm). The fractures 
are typically filled with clays to a depth of about 9.9 ft (3 m); smectites, the dominant clay minerals 
present, are known for their tendency to swell when water is present and for their ability to strongly bind 
certain elements, both of which have implications for the transport of radionuclides and inorganic 
chemicals in fractures. Opal and calcite can occur throughout the fractured length, usually in the presence 
of tree and plant roots (live and decomposed); the presence of both the minerals and the roots indicates 
some moisture at depth in fractures. 

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

Tshirege Member Unit 1v {Qbt 1v) 

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

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

Unit 1vc. Beneath unit 1vu is unit 1vc, where c stands for colonnade, named for the columnar jointing 
visible in cliffs formed from this unit. Unit 1vc is a poorly welded, devitrified ash-flow luff at its base and 
top, becoming more welded in its interior. The measured unit thickness in borehole 50-09100 is 10 ft 
(3 m). 
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Tshirege Member Unit 1g (Qbt 1g) 

The basal contact of unit 1vc is marked by a rapid change (within 0.7 ft [0.2 m] vertical) from devitrified 
(crystallized) matrix in unit 1vc to vitric (glassy) matrix in the underlying unit 1g. Vitric pumices in unit 1g 
stand out in relief on weathered outcrops, while devitrified pumices above this interval are weathered out. 
In outcrop, this devitrification interval forms a prominent erosional recess termed the vapor-phase notch. 

No depositional break is associated with the vapor-phase notch; the abrupt transition indicates that this 
feature is the base of the devitrification that occurred in the hot interior of the cooling ash-flow sheet after 
emplacement. 

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

Tsankawi Pumice Bed 

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

Cerro Toledo Interval (Qct) 

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

Otowi Member (Qbo) 

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

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

Cerros del Rio Lavas (Tb 4) 

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

fractured masses, with zones of moderately to very porous lavas. 

Puye Formation (Tpf, Tpp) and Older Fanglomerate 

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

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

Totavi Lentil Deposits (Tpt) 

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

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

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

permeability compared to the other units in the regional aquifer (Nylander et al. 2003, 76059). 

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

3.2.2 Hydrology 

The proposed hydrogeologic conceptual model for the Pajarito Plateau (LANL 1998, 59599) is presented 
in Figure 3.2-3. The model predicts infiltration of water into the subsurface and subsequent transport of 
water, vapor, and solutes through the upper regions of the vadose zone are heavily influenced by surface 
conditions such as topography, surface water flow, and microclimate. According to model predictions, 
movement through deeper layers, including the regional aquifer, is influenced only weakly by surface 
conditions and is influenced more by hydraulic characteristics of aquifer rocks, regional groundwater flow 
patterns, and stresses induced by water supply production. The following sections provide an overview of 
infiltration rates and groundwater occurrence in the vicinity of MDA C. 
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Infiltration 

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

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

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

Groundwater 

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

Perched Intermediate Waters 

Observations of perched intermediate water are rare on the Pajarito Plateau. Perched waters are 
assumed to form mainly at horizons where medium properties change dramatically, such as at paleosol 
horizons containing clay or caliche. It is not known whether perched water bodies are isolated or 
connected and to what degree they may influence travel times and pathways for contaminants in the 
vadose zone. Although perched intermediate waters have been observed in some locations elsewhere on 
the plateau, none have been observed in the regional wells (R-22, R-21, R-20, and R-16) or in R-14, the 
well closest to MDA C (Figure 3.2-1) (LANL 1998, 59599). 
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Perched intermediate groundwater was not encountered nor is suspected beneath Mesita del Buey at 
MDA C (LANL 1998, 59599). No perched water was observed in 316 ft of drilling in the deepest borehole 
drilled to date (borehole 50-09100, Appendix C), although core collected at the depth interval from 71.5 ft 
to 73.5 ft was described in the borehole log as "wet" (Appendix C). No perched water was observed in 
700 ft of drilling in the nearby borehole SHB-1 or in borehole R-14 (Figure 3.2-1 ). 

Perched intermediate zones of saturation have been delineated beneath Mortandad Canyon. At borehole 
MCOBT-4.4, a perched zone was identified in the Puye Formation above Cerros del Rio basalts. The 
spatial location of perched zones (disconnected, associated with different units) potentially indicates a 
lack of a continuous perched zone beneath the canyon, However, geochemical data indicate that 
continuity must have existed at some time in the past and might persist in Mortandad Canyon at present 
(Longmire 2003, 76050). In addition, when regional aquifer Test Well (TW) 8 was drilled in 1960, the units 
between the alluvium and the regional aquifer were unsaturated, although possible perched zones were 
encountered during borehole advancement (Baltz et al. 1963, 08402). 

Regional Aquifer 

The regional aquifer of the Pajarito Plateau is the only aquifer capable of large-scale municipal water 
supply (Purtymun 1984, 06513). The regional aquifer extends throughout the Espanola Basin (an area 
roughly 6000 km2

) and reaches its maximum thickness beneath the Pajarito Plateau (over 9800 ft 
[3000 m] thick; Cordell 1979, 76049). 

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

Spatial variations in water table gradients are caused by a combination of aquifer heterogeneity and the 
influence of pumping. The horizontal component of the background hydraulic gradient beneath MDA C is 
approximately 0.02, although gradients locally are steeper (0.03) from pumping at PM-5. At this time, 
information about the hydrogeological conditions in the vicinity of PM-5 is insufficient to conclusively 
predict the impact of PM-5 pumping in the deep units on the hydraulic heads and gradients in the shallow 
aquifer units (Puye Formation and Totavi Lentil). Pore-water velocity is predicted to be approximately 
40 ft/yr (12 m/yr) according to a calculation of Darcy's Law that estimates groundwater velocity in the 
regional aquifer. This velocity assumes hydraulic conductivity of 0.7 ft/day ([0.2 m/day], see Table 5, EPA 
1992, 15344), a gradient of 0.03, and a porosity typical of sedimentary rocks (0.2, Freeze and Cherry 
1979, 64057). At this velocity, travel time in the regional aquifer between MDA C and PM-5 or R-14 would 
be approximately 100 yr. 

estimates el greuAdwaler lraAs13ert velecily will Ile e,•alualed mere accurately usiA§ ttae exicliA§ a~uiler 
medel (~lylaAder el al. 2003, 76059), which lakes iAle acceuAI the three dimeAsieAality ef IAe 
greuAdwaler flew 13alhc, s13alial dislrillulieA el recharge aleAg the caAyeAs, time •;arialieA ef PM 5 
13um13iA§ rates, medium taeleregeAeity, etc. Te date, such small scale medel aAalysis for PM 5 has Ael 
lleeA 13erfermed. 

Vadose Zone 

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

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

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

4.0 SCOPE OF ACTIVITIES 

This section identifies the specific activities to be performed during the field investigation of MDA C. 
These prepesed aelivilies differ /rem these ideAlified iA SeolieA IV.C.3.e el the Order issued sy ~IMED le 
DOE aAd UC eA ~lo•,emser 2e, 2QQ2, seeause this work plaA ooAsiders the re~uiremeAls of the Order as 
well as iAlormalioA de•,eloped duriA§ the Phase I Rfl IA•,esli§alioA. Because the preposed soope of work 
differs from that iA the Order, this seetioA also provides a juslifiealioA for the alteFAa!e approaeh. 

Althou§h the soope of aoli>lities proposed iA this work plaA differs from that iA the Order, the data oslaiAed 
from this iAvesli§alioA, eomsiAed with the data previously eolleeted iA the Phase I Rfl, satisfy the 
iAvesligatioA olajeotives ideAlified iA the Order, Aamely dolermiAiA§ the Aalure aAEI exleAI of ooAlamiAalioA 
aAd migratioA pathways to reoeptorsThe primary goal of this investigation is to determine how buried 
waste materials disposed of at MDA C may have migrated into soil and subsurface bedrock and the 
potential extent of that migration. 

4.1 MDA C Investigation Activities 

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

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

_o _One boring will be advanced to approximately 800 ft bgs to evaluate for the presence of vapor­
phase contamination and intermediate perched groundwater .. Boreholes will se advaAeed at the 
aAgles aAd lo the depths aAEI leA§lhs speeifieEI iA Tasle 3. 

• Continuous core samples will be collected from each borehole, visually inspected, field-screened 
for alpha and beta/gamma radioactivity, and geologically logged. Borehole logs will be prepared 
for each borehole. 
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• Samples of both !Tuff and subsurface vapor for field-screening samples will be collected every 10 
ft for the first 60 ft of drilling bgs. then at 20 ft intervals to depths of 200 bgs and 30 ft intervals to 
total depth (TD). A minimum of one sample for every 50 ft of boring will be submitted for 
laboratory analysis for both luff and subsurface vaporat appFo,~imately 20 ft iAlep;als feF 
lasoFalo,y aAalysis fer !Re parameters stlowA iA (Table 4.14-1 ). GolleGlioA of samples fer 
lasoralo,y aAalysis will segiA OAG0 ltlo soretlolo is ad,•aAoed seAeattl ttle associated disposal 
lffiih 

Sussurfaoe vapor samples will so oollootod from eorotloles /\ ttlrougtl b aAd ~I at ttle appFo*imale 
deplRS of 40 lo 50 ft sgs aAd 140 lo 150 ft 8§5 aAd at 30, eO, 90, 120 a Ad 150 ft sgs iA 
soretlole K. 

Sussurfaoe vapor samples will so oolloolod from 13oFetlole M at ttle appFO*imale depttls of 100 ft, 
200 ft, 300 ft, asaAdoAmeAI of auger drilliAg fappro*imatoly 400 ft), aAd total deplR (BOO ft). 

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

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

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

4.1.1 Number, Locations, and Depths of Boreholes 

To define the nature and extent of contamination at MDA C, 42 vertical boreholes will be installed 
surrounding the disposal pits and shafts (Figure 4.1-1). The boreholes will provide information on_the 
subsurface stratigraphy and potential migration pathways and geotechnical properties. The borehole 
locations are based on those specified in the April 6, 2005, NMED letter of approval with modifications. 
Instead of drilling_4 horizontal boreholes beneath Pits 1 through 4 as specified in the approval letter, an 
additional 11 vertical boreholes will be drilled between Pits 1 through 4, as shown in Figure 4.1-1. These 
11 vertical boreholes will be drilled after conducting a geophysical survey. The geophysical survey will 
target the location of the boundaries between Pits 1 through 4 and attempt to locate the 55 shafts 
between Pits 1 and 3. If the geophysical survey is successful in determining the pit and shaft locations, an 
additional borehole may be drilled along the eastern area between Pits 1 and 3. With the current 
uncertainty in the location of the shafts between Pits 1 and 3, only three boreholes are currently proposed 
to be drilled between these pits. 

-In addition to the requirements specified in the April 6. 2005 approval letter, 4 additional boreholes will be 
drilled to the south and east of MDA C (Figure 4.1-1 ). These four perimeter boreholes will assist in 
determining the lateral extent of potential contamination from MDA C and will be located approximately 
250 ft away from the nearest disposal pit. 

Ttle NMeD Order presorises soreRole losaliOAS IRal apply to eaGR pit aAd SRaft group al MDA C. TRis 
pFesoriplive approaGR does ROI GOASider IRS data !Rat were oolleGled duriAg !RO Ptlase I RFI. IA addilieA, 
ttlis prescriptive approaotl does Roi ooAsider aooess limilalioAs aAd oltler ooAslraiAls, suotl as safely 
re~uirom0AIS associated wilR drilliAg aolivilies al MDA C. TAO soretlole looaliOAS proposed iA IRis work 
plaA are eased oA aA evaluatioA of ttlo Ptlase I RFI data aAd ottler relevaAI iAfeFmalioA. Ttlis evalualioA 
was diFeG!ed lowmd defiAiAg !Re GUrFeAI lrnowledge of AatuFe aAd 0*I0AI fsoo SOGtiOA 2.7.3.2) aAd 
ideAlifyiAg speoifio data rn~uiFemeAls ltlal Reed lo se met lo satisfy !Re otJjeoli,•es of ttlo iAvosligalioA. 
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These oejestives a,e ts sstern1ine the natu,e ans extent of sontamination suffieient ts support soFFeetive 
aetien sesisisns ans ts sha,aete,i2e mig,atisn pathways ts Fesepto,s le assess the potential present say 
ans futuFS Fisk pases 0y the site. This evaluation of sata is p,esentes in Sestion 2 ans yielses the 
fellowing thme sata FeEjui,ements: 

1. the natum ans extent ef GOntaminatisn in su0suFfaee lull, inelusing 

I e"tent of metal ans rnsisnuelise sentaminatien in lull 0eneath Pit e, 

sensent,atisns ans spatial ei,tent of VOCs in the ·,·ape, phase in su0suFfase lull, 

sonsent,atisns anel spatial extent sf IFilium in the vaps, phase in su0suFfase lull, 

natu,e anel extent sf mleases ef metals, syanise, anel ,aelionuslieles ts lull 0eneath Pits 1 a, 
Shall Groups 1 anel 2, ans the stmntium 90 sispesal shall, anel 

ei,tent of peFShls,ate, nitrnte, eliexin, anel fu,an sentaminatisn in lull 0enealh MDA C; 

2. the potential p,esense ef peFSheel greunelwate, 0enealh MDA C; anel 

a. infe,matisn en hyel,egeelsgis preperties ans frasture sharasteristiss el the vaelese wne le 
support sentaminant trnnspert meeleling in the vaelese wne. 

These elata reEjui,emenls were sensiele,es, along with assess ssnstrninls anel other liFAilatisns, le isenlify 
the 0srehsle lesatisns anel spesifisatiens shown in Figure 11 anel Ta0le a, respestively. /\ semparisen ef 
the 0srehele spesifisatiens sentaines in the MMeD Oreler fer eash pit anel shall greup with the 0ereheles 
installeel eluring the Phase I RFI ans prspeseel in this werk plan is presentes in Ta0le a. The rationale te, 
installation ef eash 0srehele is p,esenteel 0elew. 

Bs,eheles /\ anel B: Two angleel 0sreheles (0erehsles /\ anel B; Figure 11) will 0e aelvanseel 0eneath 
Pit e. Borehole/\ alse will 00 aelvanses 0eneath the CheFAisal Pit. The 0erehsles will 0e aelvanses freFA 
the seuth siele of Pit e with a nerthwarel strike. Drilling freFA the seuth sise ef Pit e is pFSpeses 0esause a 
review sf engineering smwings te, Pit e anel the results ef gesphysisal surveys inelisate that its northern 
0sunelary is only 10 II fFsFA the tense line. There are nuFAeFsus su0suFfase utilities near the tense line anel 
0enealh the paveFAenl at TA §0 asrsss the tense, whish wsulel ssmprsFAise the safety sf srilling a 
0eFShsle fFeFA the north siele of Pit@. 

Bsrnhsles /\ anel B will 00 aelvanseel at a 4§ segree angle fFeFA a pssitien 40 II fFsFA the southern 
0eunsary sf the CheFAisal Pit (0srehsle /\) ans Pit e (lls,ehele B). This sistanse fraFA the elispssal units 
will allerel a FAargin ef safety ts a·,·sis elrilling into the waste, as ii is ei,pesteel that the FAai,iFAuFA elepth el 
tlie elispssal units is 2a ts :JO II 0gs, anel the 0srehsles shsuls pass 0elew tlie southern eelge ef tlie pits at 
a eleptli ef 40 II 0gs. 

Tlie lssatisn ans st,il~e ef 00,ehsle A will allow fer ssllesting tull saFAples in the visinity of (ans 0eneath) 
Phase I RFI 00,ehsles aO 09109 anel aO 09110, wlie,e p,evisus lull saFAples liave inelisates FAelals ans 
,asisnusliele ssnlaFAinalien (slhe, llian t,itiuFA) al a eleptli el 57 anel 81 II, Fespeelively. /\selilienal lull 
saFAples in this arna will support an evaluation el tlie m,tsnl ef ssnlaFAinatisn 0eneath tlie western enel sf 
Pit e. /\elelitisnally, 00,ehele logs frnFA aO 09109 ans 50 09110 eless,i0e the prnsense ef fmstu,es at 
seveml sepths (/\ppenElix C). The presense sf 0etli fFastu,es anEI ssnlaFAinatisn in p,evisus lull saFAples 
FAalws tliis an iEleal lesatisn ts, evaluating whetlie, senlaFAinatisn in lull is assesiateel p,eEisFAinanlly with 
frastu,es, the lull FAat,ix, e, 00th. 

Bs,eliele B is situates te, esFApletisn 0enealh the a,ea el suFfaee sullsisenee where wate, FAay ha·,e 
infillmleEI Pit e. MeasureFAenls sf the FAsislure eonlent in lull in tliis llomhole, anEI analytieal sata for 
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sontamination in luff will support an evaluation al whether the subsiElense of Pit e has resultoEI in tho 
migration of sontaminants. 

Borehole e: Tuff samples obtaineEI from this an§leEI borehole will proviEle information on tho presenso of 
sontaminants beneath the western portion of Pit a (f'igure 11 ). ~lo boreholes are presently losateEI in this 
area to pro,•iEle information on potential releases. 

Borehole Q: To Elate, voe pore gas samples have been sollestoEI only from boreholes aO 09100 anEI 
aO 10131, although EMFLUx® voe flux Elata (f'iguro B 8) inElisate that voes in the vapor phase may be 
present in subsurfase tuft at other losations at MQ/1, e. Tho lar§est voe flux in an area other than the 
ehemisal Pit ossurs on the south eElge of Pit a. Borehole g is losateEI sush that it will be sempleteEI below 
Pit a in the area where the high voe flux was measures pre•;iously. The losation of borehole A also 
serves the purpose el evaluating voe sensentrations beneath the ehemisal Pit (where EMFLUx®-VGG 
flux was greatest) to supplement voe Elata available from Borehole aO 10131. 

Borehole E: Tho angles borehole extenEling beneath Shaft Group 1 will proviEle information on the 
wesenso of sontaminants beneath this Elisposal unit (f'igure 11 ). Mo boreholes are presently lesateEI to 
proviEle information en potential releases in this area. The orientation of the borehole along the alEis of the 
shafts will maximi2e the probability of onsountering sontamination assesiateEI with these shafts. 

Borehole F: The angles borehole beneath the sentral areas of Pits 2 anEI 1 will pro•;iEle information on the 
wesense of sontaminants beneath these Elisposal units (f'igure 11 ). ~lo boreholes are presently losateEI lo 
proviso information on potential releases in this area. 

Borehole G: Tho angles borehole extenEling beneath the northeast portions of Pits 2 anEI 1 will proviso 
information on tho sontaminants beneath these Elisposal units (Figure 11 ). With the exseption of some 
samples beneath Pit 2 from the base of borehole aO 09193, no boreholes are wesently losateEI in this 
area to proviEle information on potential releases. In the event that the floors of Pits 2 anEI 1 have a slope 
sonsistont with surfase topography, these boreholes will be siteEI on the ElowngraElient siEle of the pits. 

Borehole H: Tl'le angles borel'lole tl'lat maenas beneath the strontium 90 sl'laft is intenaea primarily to 
establish whether a release ef strontium 90 has ossurreEI al this losation (f'igure 11 ). Strontium 90 is 
relatively water soluble anEI thus is potentially mobili2eEI with infiltrating water. The losation of the 
borehole was siteEI to the northwest of the strontium 90 shaft to e~•aluate potential releases of 
sontaminants beneath the southern portion of Shaft Group 3. /\Elvansin§ an angles borehole from a 
position south of the strontium 90 shaft was not foasible besause Pajarito RoaEI ana its assosiated utility 
sorriaor are losated in this area. 

Borehole I: The angles borehole extenaing beneath the eastern portions of Pits 1 anEI 3 was siteEI to 
pro•;iae information on the presense of sontaminants beneath those Elisr,osal units (f'igure 11 ). ~lo 
boreholes are r,resently losatea in this area to r,roviae information on r,otential releases. Anglea 
boreholes sannot be aavansea from the south at this losation besause Pajarito Roaa ans utilities are 
losatea in this area. 

Borehole d: The angles borehole elEtenEling beneath the eastern r,ertien of Shaft Grour, 2 was sites to 
pro•;iae information on the r,resense of sontaminants beneath this aisr,osal unit (f'igure 11 ). Mo boreholes 
are r,resently losatea to proviEle information on potential releases in this area. The losation of Shaft Grour, 
3 prohibits situating a borehole that elEtenas beneath the western region of Shaft Group 2. Anglea 
boreholes sannot be aavansea from the area south of Shaft Grour, 2 besause Pajarito Roaa anEI utilities 
are losateEI in this area. 
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Bmoholo K: Tho vorlieal IJoFehole loealeEl immoElialely wost of tho Rorlhom oREi of Shaft GF9up 3 was 
sites lo EleleFmiRe whelheF IFilium pme gas eoReeRIFatioRs iRElieale a Felease ReaF this loeatioR aREi to 
proviEle iRfeFmatioR OR tho PFOSOROO of OOR!amiRaRIS aajaeeRI lo lhoso Elisposal URils (figuro 11 ). ~lo 
verlieal IJoFOholes arn pFeseRlly loealeEl iR this aFea lo pro•,iEle iRfoFmatioR OR poleRlial FOleases. BoFehole 
K will Ile EiFilloEl lo a Eleplh of 1 §Q ft IJgs. 

BoFeholo L: BoFehole L is a verlieal IJoFOhole loeateEl to pFeviEle iRfeFmalioR oR the pFeseRee of 
OOR!amiRaRIS poleRlially FOleaseEl !Fem Pit 1 (figure 11 ). Although aR aR§leEl IJoFehole exleREiiR§ IJeRealh 
Pit 1 is pFefeFalJle lo evaluate poleRlial releases of these eoRlamiRaRls from a Elisposal uRil, aRgleEl 
IJoFOholos eaR Ile aElvaReeEl ORiy from the east of Pit 1 IJeeause of the preseRee of other Elisposal uRils lo 
tho Rorlh aREi wost of Pajarilo RoaEl aREi utilities lo tho south. 

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

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

Qorehole N: Verlieal IJorehole N will !Jo ElrilloEl lo a Eloplh el 15Q ft IJgs adjaeoRI lo tho southwest eomor of 
Pit 1, immediately southeast of the slFoRlium 9Q shaft (figUFe 11 ). Data from this soFOhole is iRIORdod to 
oslalJlish wholhoF a roloaso of stroRlium 9Q has oeeuFFoEi from tho slroRlium 9Q shaft. S!roRlium 9Q is 
relatively water solulJle aRd thus is poleRlially molJili2eEl with iRfillFatiRg waler. Data from IJoFohole N will 
also help oslaslish tho spatial oJ<loRI of metals, eyaRiEle, aREi raElioRuelide eoRlamiRalioR iR luff IJeRealh 
Pit 1, aREi from Shaft Group 3. ~lo verlieal IJoreholes me preseRlly loeateEl iR this aFea lo proviEle 
iRformatioR OR poleRtial Feleases. 

Tuff samples will Ile eolleeleEl al least every 2Q ft iR the leR aRgleEl IJoroholes IJegiRRiRg IJeRealh the 
laFgel Elisposal uRil. Verlieal IJoreholes K, L, aREi N will Ile samples at least every 2Q ft IJegiRRiR§ al the 
same Eleplh as the Rearesl Elisposal uRil. The fre~ueRey of sample eolleetioR aloRg the IJoreholes fer 
sulJmillal to aR aRalytieal laeorntmy is oRe sample per 2Q ft, wheFOas SeetioR IV.G.3.a.iv of the ~lovemBer 
2e, 2QQ2, ~IM!aD OrEieF slates, "A miRimum of two samples poF 1 QQ fool of drilliR§ depth shall BO seleeleEl 
fFem eaeh IJoriRg fer laeorntory aRalysis." 

Samples will ee eollesled fmm iRleFVals wheFO •,isual iRspeslioR iREiieales eoRlamiRalioR aREiior fFaeluFes 
are pFeseRI. The mal<imum depth al whieh Phase I raElioRueliEles were ElelesleEl BeRealh Pit e was 8Q ft 
Bgs. Tho pmposod IJoFehole Eloplhs of 14 Q lo 15Q ft (appmximately !wise the verlieal Eloplh of tho Phase I 
Rfl Boreholee) will BO suffieieRI lo establish tho •,ertisal exloRI of eeRtamiRatioR IJeReath Pit e with rnspeel 
lo soReeRtralioRs rnlalivo lo IJaek§FOURd OF a EleernasiRg soRSORlralioR §FaElieRI. This appreash exseoEls 
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the ,equi,emenls in aeclien 11/.e.:J.c.iii, item e, of the ~JMlaQ o,ao, fo, 90Foholos lo oxlona 25 ft 9olow the 
aeplh of contamination aeteclea in p,e•1ieus invesli§alions. 

Defining the extent of a liquid-borne release of metals or radionuclides from a disposal unit is difficult 
because contaminants can migrate with water infiltrating below a pit or shaft through fractures in the luff 
rather than in the luff matrix. Under fracture flow conditions, detection of residual contamination in luff is 
largely uncertain and establishing the vertical and horizontal extent of such contamination is inherently 
subjective, even with respect to concentrations relative to background or a decreasing concentration 
gradient. The sample locations, aeplhs, ana samplin§ aesi§n (pai,ea samples of f,actu,o fill an<:l 
su,FOunain§ intact luff) of pFSpose<:l Bo,eholes A ana B we,e specifiea lo supplement eJ<islin§ luff aala 
9onealh Pit €i ana aete,mine whethe, contamination may have mi§mlea via f,actu,es. The <:lepths fo, 
colleclien of samples 9eneath the othe, aisposal units is sonsislent with this appFSash. 

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

4.1.2 Perched Water Sampling 

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

4.1.3 Subsurface Vapor Sampling 

To establish the extent of voe contamination in luff, voe pore-gas data will be collected from each 
borehole. A minimum of one subsurface sample for every 50 ft of boring will be submitted for laboratory 
analysis. immeaialely afte, a,illin§ activities a,e sompletea for eash new ana existin§ 9oreholo al MQA e. 
Fe, 9ornholes A th,ou§h Lana ~J. tihe first sample in each borehole will be collected at a depth of 
approximately 20 ft bgs, corresponding to a depth adjacent to the disposal unit, aopenain§ upon the 
aepth of the pit o, shafts, whe,e voe sonsontrations assosiatea with ml ease from a aisposal unit shoula 
9o eviaenl The sesona A second VOC pore-gas sample will be collected from the bedrock directly below 
the base elevation of each pit or shaft. A third subsurface vapor sample will be obtained from the 
maximum depth from the 901!0m (total aeplh [TQI) of each boreholeal 140 to 150 ft 9§S lo measum voe 
sonsenlralions al aoplh. Additional collection of subsurface vapor samples will follow the requirements 
specified in Section IV.C.3.c.iv of the Consent Order. 

Five voe po,e §as samples will 9e sollestea at 90FOhole M immoaialely afte, a,illin§ astivities arn 
sempletea te esta9lish the voe sonsent,atien pFSfile with aepth at this lesation. Thme samples will 90 
sollestea at 100, 200, ana :JOO ft b9s; a fourth sample will 90 sollestea at tho aoplh who,e au§oF a,illin§ is 
a9anaonea in lava, of ai, ,ota,y arillin§ methoas at an anlisipatea aepth of 400 ft 9§S; ana a fifth sample 
will 99 sollostoa al TQ of tho 90FOholo followin§ eJ<lonsivo pUF§in§ of bmehole aiF. Prn·1ious expo,iense in 
a,illin§ 90Feholes has shown that auger <:lrillin§ is of limilea use in the §eolo9isally unsta9le mate,ials 
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l:>olow ttais approximate ,;ioplh; lhi;s, tho romaiRiR§ ,;ioplh of the l:>oroholo will l:>e ,;Jrille,;J l:>y air rotary 
melho,;ls (see SeslioR 5). 

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

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

To establish the extent of tritium vapor contamination in tuff, tritium pore-gas data will be collected 
immediately i;peR semplolioR of drilliR§ asli•;ities for eash Rew l:>orehole at MDA C at the same intervals 
that VOC samples are collected, and will be submitted for laboratory analysis. For l:>orohelos A lhroi;gh J, 
b aR9 M, tiwo samples will l:>e sollesle,;l: the first sample in each borehole will be collected at a depth of 
approximately 20 ft bgs, corresponding to a depth adiacent to the disposal unit. A second tritium sample 
will be collected aR9la ,;ieplh of approximately 19 le 59 111:>gs,from the bedrock directly below the base 
elevation of each pit or shaft. A third sample will be obtained from the maximum depth of each borehole 
Whish sorrospOR9S lo a ,;lepth of 1Q lo JQ 111:>oRoalh a gisposal URil, 90pOA9iAg OR tho 90plh of tho pits or 
shalls, where tritium soAsoAlralioAs assosiato,;l with release from a ,;iisposal uAil shoul,;11:>e ovi,;ioAI. Tho 
sosoA9 tritium pore gas sample will l:>o sollosto,;1 from tho l:>ollom 119 to 15Q II l:>!JS (TD) of sash l:>oroholo. 
Additional collection of tritium samples will follow the requirements specified in Section IV.C.3.c.iv of the 
Consent Order. lo measure tritium SORSeAlralioAs at ,;Jeplh. 

For l:>orehole K, live tritium samples will l:>e sollesle,;l eve,y JQ II l:>§s. 

A Five tritium pore gas samples will 1:>e sollosto,;1 immesiately ,;lrilliAg aslivilies are somploles al l:>oroholo 
M (tho 8Q9 II vortisal l:>oroholo) lo oslal:>lish the profile of tritium soAsoAlratioAs with Eloplh al this losatioA. 
A-second round of tritium pore-gas samples will be collected approximately one month after drilling 
activities for all boreholes are completed. Tritium pore-gas samples will be collected in silica gel samplers 
for analysis by an off-site contract laboratory. 

With rospesl lo l:>oroholos A lhrou_gh b aAEl N, l:>asos oR tho Phase I RFI results, sampliAg VOCs aAEl 
tritium al l:>oth the samples Elepths (1Q to 59111:>gs aA9 119 to 159111:>gs) shouls prosuso a ElesreasiA§ 
lreAEl allowiRg exleAI of soAlamiRalioA lo l:>o EleliAeEl suflisieAI lo support sorresli>;e astioA ElesisioAs. 

4.1.4 Surface Soil Sampling 

Phase I RFI surface soil data indicate that the extent of radionuclide contamination has not been defined 
along the eastern border of MDA C. Concentrations of americium-241 and isotopic plutonium were 
detected above BV/FV in a total of 11 samples northeast and east of the MDA C boundary. 
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Americium-241 was detected in 9 samples, plutonium-238 was detected in 5 samples, and plutonium-239 
was detected in all 11 samples. The highest concentration of each radionuclide from these samples are 
1.017 pCi/g americium-241 at location 50-08138; 0.068 pCi/g plutonuim-238 at location 50-08494; and 
10.687 pCi/g plutonium-239 at location 50-08086. A summary of radionuclides detected above BV/FV in 
surface soil at MDA C is provided in Table B-12, and bubble plots are of radionuclide detects are provided 
in Figures D-3, D-4, and D-5. 

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

4.1.5 Field-Screening 

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

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

voes 

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

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

Alternate VOC screening approaches, such as direct surveys of the surface of the core using a PIO would 
also be ineffective. During Phase I RFI, 333 subsurface core samples were screened in the field by direct 
survey with a PID. No VOCs were detected in any of these samples. 
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As an alternative. subsurface vapor samples will be collected for field-screening of voes every 1 Oft for the 
first 60 ft of drilling bgs, at 20-ft intervals to depths of 200 ft bgs. and 30-ft intervals to TD. Vapor screening 
of subsurface core for voes will be conducted using a PIO equipped with an 11.7 eV lamp capable of 
measuring quantities as low as 1 ppm. The base of the boreholes at each sampling interval will be isolated 
and purged in sufficient quantities to ensure formation air is sampled. The maximum value and the ambient­
air temperature will be recorded on the field borehole or test pit log for each sample. The PIO will be 
calibrated each day to the manufacturer's standard for instrument operation, and all daily calibration results 
will be documented in field logbooks. Field-screening for voes will be used to guide drilling beyond the 
target depth. Boreholes will be advanced 25 ft beyond the last field-screening detection. 

Metals 

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

HE 

Ou,in§ tlae Plaase I RFI, 332 subsurfase so,e samples we,e ssmened in tlae field feF Hla usin§ a spat lest 
p,esedu,e. ~le Hla was detested in any of llaese samples Tuff samples collected at depths less than 60 ft 
bgs that are submitted for laboratory analysis will be field-screened for HE. If HE is not present beneath 
the pits at depths less than 60 ft. samples collected at deeper intervals will not be submitted for laboratory 
analysis of explosive compounds. Strategic Diagnostics. Inc .• D-Tech immunoassay test kits will be used 
to field screen both soil and luff samples for Research Department Explosive (ROX [1,3,5-trintro-1,3,5,­
triazacyclohexanel) and trinitrotoluene (TNT). Immunoassay field-screening results will be recorded on 
the field boring logs. A field duplicate sample will be screened with every set (typically 10) of 
characterization samples. Field calibration standards for quantitative field screening methods will be run 
daily or as prescribed in the manufacturer's instructions. The quantitative field analytical methods for ROX 
and TNT are EPA SW-846 Methods 4051 and 4050. respectively. The detection limit for ROX and TNT in 
soils is approximately 1 ppm. 

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

Radionuclides 

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

During the Phase I RFI, 333 subsurface core samples were screened in the field for alpha and 
beta/gamma radioactivity, and 67 of these were submitted for laboratory analysis of radionuclides. 
Forty-three of these 67 samples had detected activities of radionuclides other than tritium within the range 
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• 

of BVs. The remaining 24 samples had detected activities of radionuclides other than tritium above BVs. 
Table 4.1-2 summarizes the field-screening results for samples having radionuclide activities within the 
background range and above background. As shown in Table 4.1-2, there was no significant difference in 
field-screening results for samples having radionuclides within and above background values. Therefore, 
field-screening for radionuclides is not useful for determining which samples should be submitted for 
laboratory analysis. Additionally, field-screening methods for tritium suitable for the levels of tritium 
present at MDA C are not available. 

4.1.6 Investigation-Derived Waste 

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

4.1.7 Analytical Suites 

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

Sussurfase luff sam,iles will Roi se susmitteEl fer aRalysis ef all aRalytes s,iesifieEl iR tl'le NMED Greer. 
S,iesifis aRalyses tl'lat will Roi se ,ierfermeEl eR aRy voe, SVGC, JJH, HE, aREl PCB sam,iles. voes will 
Rel se aRaly;,eEl iR luff sam,iles sesause susl'l aRalyses are Rel a,i,ire,iriale. As e,,,ilaiReEl iR SestieR 2.7.3 
of IRis work J)laA, voes are Jlrimarily JlFeSeAI iA !Re sussurfase as va,iers aREl are ROI assosiateEl wi!R !Re 
seliEl malril<. As a result, !Re most assu,ale mellaoEl of sam,iliRg fe, VGCs is ,iore gas sam,iliRg. Po,e gas 
samJ)liAg will se uses to EletermiRe tlae exleRI of sussurfase I/QC GOAlamiAalioA al MDA C. 

Sussurfase sere sam,iles sollesteEl EluriAg IRe PRase I RF'I we,e susmilleEl fer aAalysis ef SVGCs aAEl 
PCBs. Tlae ,esults of IRis sam,iliAg iRElisate IRal ll'le Ralure aAEl eJ<leRI el SI/QC aREl PCB GORlamiRalioR is 
eslaslisl'leEl at MD/\ C (SestieR 2.7.3) aREl Re aElditieRal sam,iliRg fer SVGCs er PCBs is re~uired. 

ARalysis of luff sam,iles le, ,iH is ROI a,i,iro,iriate soRsiEleFiRg IRe low moisture GOAleAI of tlae luff a Rd will 
Roi so ,ierfarmed. 

Sussurfase luff sam,iles will Rel se aAaly2ed le, HE eased eA tlae low ,ieteRtial le, HE to so JlreseAI at 
MDA C. DessFi,>liORS el waste seAI to MD/\ C (/\JJJ)endix B) imlisale tlaal tlae only ,ieteRtial SOUFGes ef 
HE sontaiRiRg wastes were wastes assesiated witla tlae Elemolitien el Bayo CaRyeR, wlaisla was tlae 
lesatieR of Risteris firiRg sites, aRd triRilretelueRe (HIT) elemeRI samJ)les identifies in tlae waste in•;entery 
fer Slaalt Grou,i a. AdElitioRal details en tlae wastes assesiated witla Baye Canyon demolition are 
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GOAtaiAOS iA the assoGialea Rf'I '1/0Fk plaA aAa FepoFls aAa hisloriGal refeFOAGO SOGUFAOAIS that iAaiGate 
l=le is ROI preseAI iA the wastes SOR! lo MD/\ C from Bayo GaAyOA. 

1/'!heA the firiAg sites iA Bayo GaAyeA wem aGlive, resiauals aAa aebris !Fern the firiAg sites were aisposea 
of lo a aisposal pit, S\IVMU 1Q QQ§. DuFiAg SOGOAlaFAiAalioA aAa SOGOFAFAissioAiAg of this aisposal site iA 
19§7, the ,,,,•asles iA S1NMU 1 Q QQ§ were exGavalea aAa buFAea, aAa the ash was subseEtUOAlly aisposea 
of al MDl\ C {p. a 6:l, b/1.~lb 1992, 07668). AAy l=le pFeseAI iA the rnsisuals wouls have beeA seslreyea 
by burniAg. SubsuFfaGe samples wem sellestes al the site of SWMU 1Q QQ§ suriAg the Rf'I ef this site 
aAa wem aAaly2ed for l=le. ~lo l=le was aelestes iA these samples {p. 1 Q2, bANb 1996, §4;J;J2). The eAly 
ether wastes fForn Baye GaAyoA ideAtifiea as poleAlially ha•;iAg beeA seAI to MD/\ C was ash !Fern a burn 
pit used to burn sornbustible wastes {SWMU 1 Q QQ6; pp. 4 1 4 a, b/1.~lb 1992, Q7668.). l\s at S1NMU 
1 Q QQ§, the ash is uAlil1ely to ha\<e soAtaiAed appresiasle arnouAts of l=le. The fiAal sleaAup of the Bayo 
GaAyOA firiAg sites iA 196:J is aessrises iA aA histoFisal FepoFI {bASb 196:J, Q4771). All FOFAaiAiAg firiAg 
site sesFis was rerno•;ea allhis time aAa AO l=le was feuAd iA this sesFis {p. 6, bASb 196:l, Q4771 ). 

TNT is lisles iA three aisposal logbook eAIFies for Shafi Grnup 3. The origiA of this waste is WiAg 9 of the 
GherniGal aAa Metallurgy BuilaiAg, whern sigAifisaAt E!UaAtities of l=le would ROI se preseAt for safety 
FeasoAs. The waste aessFiptieA for some of the TNT refoFs lo "HIT SS GeAler elerneAts," "HIT elerneAI 
samples," OF "HIT rnouAls." There is also assornpaAyiAg fissioA prndusl or U with the TNT. The uAits ef 
aisposal arn galloA saAs, so oAly a small EtUaAtily was disposes of. The results of Phase I Rf'I SVOG 
analyses sis Roi iaoAlify detestasle arnouAls of 2,4 dinitretolueAe or 2,6 aiAitrnlolueAe, whish are 
assosiated with TNT, iA aAy luff samples. AaditioAally, 2:J;J phase I Rf'I borehole samples were ssFeeAea 
for l=le ans there weFe Ao setesls, insluaiAg those soFe samples iA boFeholes §Q Q91Q§ aAs §Q Q91Q6 that 
passed seAeath Shafi Group a. 

A review of the waste inventory records (see Appendix B) does not indicate the presence of dioxins or 
furans in the disposed wastes. However, dioxin and furans can be generated by the combustion of 
organic material containing, or in the presence of, chlorine atoms. Themfore I-hree luff samples from 
each borehole will be submitted to an analytical laboratory for dioxinlfuran analysis. The first sample will 
be collected at a depth adjacent to the disposal unit. The second sample will be collected at the base of 
the corresponding pit or shaft. The final sample will be collected at TD. One sample will be submitted for 
dioxinlfuran analysis in the perimeter boreholes BH-39 through BH-42. the fiFsl luff sample sollestes 
sireslly seAealh the Ghernisal Pit {sorehole A) will se aAal')'2es foF aioxiAs aAd fuFaAs sesause of the 
repoFled pFaGliGe of buFAiAg shernisals aisposea iA the Ghernisal Pit {Rogers 1977, Q216). /1.ddilioAally, 
the fiFst luff sample solleslea beAeath a pit OF shaft iA sornholes B lhrnugh J will also ha•;e dioxins aAa 
furaAs added lo the aAalyte suite. Tuff samples fForn veFliGal boreholes K lhFOU!Jh M will Aot be aAaly2ed 
foF aioxins oF furaAs. 

5.0 INVESTIGATION METHODS 

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

• SOP-1.01 

• SOP-1.02 

• SOP-1.03 
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General Instructions for Field Investigations 

Sample Containers and Preservation 

Handling, Packaging, and Shipping of Samples 
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• SOP-1.04 Sample Control and Field Documentation 

• SOP-1.05 Field Quality Control Samples 

• SOP-1.06 Management of ER Project Wastes 

• SOP-1.08 Field Documentation of Drilling and Sampling Equipment 

• SOP-1.10 Waste Characterization 

• SOP-1.12 Field Site Closeout Checklist 

• SOP-3.11 Geodetic Surveys 

• SOP-5.03 Monitor Well and RF/ Borehole Abandonment 

• SOP-5.07 Operation of LANL Owned Borehole Logging Trailer 

• SOP-6.09 Spade and Scoop Method for Collection of Soil Samples 

• SOP-6.26 Core Barrel Sampling for Subsurface Earth Materials 

• SOP-6.31 Sampling of Sub-Atmospheric Air 

• SOP-7.05 Subsurface Moisture Measurements Using a Neutron Probe 

• SOP-12.01 Field Logging, Handling and Documentation of Borehole Materials 

5.1 Methods for Drilling and Sampling Bornholes A thro11gh b a Rd N 

5.1.1 Drilling Protocol 

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

Hollow-Stem Auger 

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

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

Bo,elaoles A llarou§R b aAS ~I will be d,illed iA llae appreximale losaliOAS SROWA iA Fi9ure 11. Tlae deplla, 
aA§le, aAd sampliA§ protosol fer easla borelaole a,e dessribed iA Table 3. easla borelaole will be 
SOAtiAueusly so,ed usiA§ a split barrel sample, fellowiA§ U\~lb eR SOP 4 .Q1, Rev. 1, lo TD. Ge,e will be 
ss,eeAea to, ,aaiole§isal seAlamiAalioA, visually iAspestea, aAa 9eole9isally le99ea. If rnelielo9isal 
soAlamiAalioA is eletestea usiA§ field ss,eeAiA§ metlaeas at tlae proposes TD, tlae be,iA§ will be ael¥aAseel 
UAlil SOAtamiAatioA is AO IOA§8F eletesteel. 

Tlae exasl losatioA of easla borelaole will be determiAeel afte, m(teAsi¥e aAel sa,eful re•,iew of tlae poteAtial 
,isl1s aAel assess limitatieAs. Pit aAa slaaft beuAda,ies will be mappea ¥ia a eliffe,eAtial 9lebal pesilioAiA§ 
system suF¥ey (-./ 2 sm X, ¥, Z) fellowiA§ bA~lb eR SOP 3.11, Re•,. 1, lo furtiae, ,efiAe borelaole 
losaliOAS. A GPR SUF¥ey will alse be 69Aelusled iA 9F98F lo aefiAe poleAlially laa2aFSous utility liAes iA llae 
wo,k area. easla site will be llaoreu9laly examiAea to iaeAlify poteAtial laa2aFSs fe, subsuFfase arilliA§. 

5.1.2 Collection of Tuff Samples 

Subsurface luff samples will be collected from the split-spoon core barrel into sealed sleeves or core­
protect bags to preserve core moisture following ENV-ECR SOP-06.26, Rev. 1. Tlae aAalytisal suites fer 
easla berelaole aFe lisles iA Table 3 /\ minimum of one sample for every 50 ft of boring will be submitted 
for laboratory analysis. ~ 

Tuff samples will be sellestea at least e¥ery 2Q ft iA tlae leA aA§leel berelaoles (A tia,ou§la J) be§iAAiA§ 
beAealla tlae laF§el elisposal uAil. Vertisal borelaoles K, b, aAel ~I will be samploa at least every 2Q ft 
be§iAAiA§ al llae same deplla as llae Aea,esl elisposal UAit. Samples will be collected from intervals where 
contamination is suspected because the field-screening results are elevated and/or visual inspection 
identifies fractures or staining. 

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

Tuff samples will bcfFom borelaoles A tlarou9la b aAel N will be analyzed for cyanide, nitrates, perchlorate, 
explosive compounds, TAL metals, SVOCs, pH, PCBs, syaAiele, Ailrates, pernlalornle, and radionuclides 
(americium-241, strontium-90, isotopic uranium, isotopic plutonium, and other radionuclides by gamma 
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spectroscopy). Additionally, luff samples collected ffilfiRfj-adjacent to the disposal unit. the first sampling 
interval below each pit or shaft. and at TD at soFeAoles A tArougA d will be analyzed for dioxins and 
furans. Tuff samples collected at depths less than 60 ft bgs that are submitted for laboratory analysis will 
be field-tested for HE. If HE is not present beneath the pits at depths less than 60 ft. samples collected at 
deeper intervals will not be submitted for explosive compound laboratory analysis. Analysis of all luff 
samples will be conducted using analytical methods specified by contract requirements of the statement 
of work. 

Quality assurance (QA)/quality control (QC) samples will include field-duplicate samples to evaluate the 
reproducibility of the sampling technique and rinsate blanks to evaluate the decontamination procedures. 
These samples will be collected following ENV-ECR SOP-01.05, Rev. 1, and will be collected at the 
frequency specified in Section IX.B.2.e of tho ~los·emseF 2eMarch 1, 200~, Consent Order. 

5.1.3 Collection of Pore-Gas Samples 

Subsurface pore-gas samples will be collected from the 42 vertical boreholes A through K ans ~I and 
boreholes 50-09100 and 50::-10131 following ENV-ECR SOP-06.31, Rev. 1 and in compliance with 
Section IX.B.2.g of the Consent Order. In each borehole. pore-gas samples will be collected at each 
depth interval where core samples were selected for off-site laboratory analyses (pore-gas VOC analyses 
are performed in lieu of VOC analyses on core samples). In eash soFoholo, one samf)lo will se sollesloEl 
al the Elef)th in whish lhe sOFehole is nearest tho largoleEl Elisf)osal unit, and Iha sesonEl samf)le will se 
sollesloEl al TD. Pore-gas samples will be collected using a straddle packer to isolate discrete depths in 
the borehole. Each interval will be purged before sampling until the measurements of carbon dioxide and 
oxygen are stable and representative of subsurface conditions. A purge pump will be used to withdraw 
borehole and formation vapors through the borehole or constructed sampling port. Concentrations of 
purge indicator gases (carbon dioxide and oxygen) will be monitored continuously during this pre­
sampling cycle. Once indicator-gas concentrations are stable. proper purge is achieved and formation 
vapor sampling can proceed. Subsurface pore-gas samples will be collected in SUMMA canisters and 
submitted for analysis of VOCs using EPA Method TO-1§4 and in silica gel samplers for tritium analysis 
using EPA Method 906.0. 

QA/QC samples for VOCs in pore-gas will consist of an equipment blank and field duplicate for each 
sampling round. After sampling and purge decontamination, the equipment blank will be collected by 
pulling zero gas (99.9% ultrahigh-purity nitrogen) through the packer sampling apparatus. This sample 
will be used to evaluate the decontamination procedures. The field duplicate sample will be used to 
evaluate the reproducibility of the sampling technique. A field duplicate sample will also be collected for 
tritium. QA/QC samples will be collected in accordance with ENV-ECR SOP-01.05, and will be collected 
at the frequency specified in Section IX.B.2.e of the MovemseF 2e, 2QQ2March 1. 2005, Consent Order. 

5.1.4 Borehole Abandonment 

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

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

5.2 Methods for Drilling and Sampling BH-09BaFehale M 

5.2.1 Drilling Protocol 

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

Hollow-stem auger drilling will be used until refusal (down to at least 400--300 ft) because it has proven to 
be capable of collecting undisturbed samples of core and subsurface vapors within the Tshirege Member 
of the Bandelier Tuff. Upon refusal, air-rotary drilling will be deployed down the same borehole for 
completion. A description of the air-rotary method is provided in Section 5. 1.1. The coupling of these 
drilling methods is practical and allows the objectives of the sampling for this borehole to be met. The 
vertical borehole will be cored continuously with a split-barrel sampler to 800 ft following 
ENV-ECR SOP-04.01, Rev. 1. Core will be screened for radiological contamination, visually inspected, 
and geologically logged. Ti'le exaet leeatieA ef ti'lis ee,ei'lele will Ile aeternaiAeEl iA ti'le FAaAAer aAEl witi'l ti'le 
saFAe ser~tiAy Eleserillea iA SeetieA a.1.1 for llerel'leles A ti'lre~€JR L aAEl ~I. 

5.2.2 Collection of Pore-Gas Samples 

The sampling depth and analytical suites for ee,ei'lele MBH-09 are described in Table 4.1-1. Subsurface 
pore-gas samples will be collected every 100 ft down the borehole to the depth where hollow-stem auger 
drilling cannot be continued (approximately 400 ft or deeper). Pore-gas samples will be collected following 
ENV-ECR SOP-06.31, Rev. 1, using a straddle packer to isolate discrete depths of the borehole. Each 
interval will be purged before sampling until the measurements of carbon dioxide and oxygen are stable 
and representative of subsurface conditions. Subsurface pore-gas samples will be collected in SUMMA 
canisters and submitted for analysis of VOCs using EPA Method TO-1§4; samples collected in silica gel 
samplers and submitted for tritium analysis using EPA Method 906.0. An additional sample will be 
collected at TD (800 ft) with a single packer through the end of the air-rotary drill string; however, the 
potential instability of the Puye Formation and the effects of air-rotary drilling on subsurface vapors may 
preclude collecting a sample representative of true subsurface conditions. The subsurface vapor sample 
at TD will be collected only if the conditions for purge-gas stabilization according to ENV-ECR SOP-06.31 
are met. 
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QA/QC samples for VOCs in pore-gas will consist of an equipment blank and field duplicate for each 
sampling round. After sampling and purge decontamination, the equipment blank will be collected by 
pulling zero gas (99.9% ultrahigh-purity nitrogen) through the packer sampling apparatus 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 ENV-ECR SOP-01.05, Rev. 1. 

5.2.3 Collection of Geotechnical Data 

Bo,otiole MBH-09 will be cored continuously and geologically logged to TD following ENV-ECR SOP-
04.01, Rev 1, and ENV-ECR SOP-12.01, Rev. 4. Samples will be collected from core provided by a split­
barrel sampler throughout the Tshirege Member of the Bandelier Tuff to allow for visual inspection. Brass 
sleeves will then be used in the relatively unconsolidated Cerro Toledo interval, the Otowi Member, and 
the Puye Formation to improve recovery and maintain the structural integrity in the hole for hydrogeologic 
characterization. Samples collected from the split-barrel sampler will be preserved in sealed sleeves or 
core-protect bags to preserve core moisture following ENV-ECR SOP-06.26, Rev. 1. 

Moisture content-Bf!G. matrix potential~ sam~les will IJe sollecled eveFY § ft IFom IJoFeRole M. Sam~les 
fefand chloride analysis will be collected every 20 ft from this borehole. Samples for saturated and 
unsaturated hydraulic conductivity, porosity, and bulk density will be collected once in each luff unit, twice 
from the Cerro Toledo interval, and five times in the Otowi Member at varying depths. Five samples will 
also be collected from the Puye Formation. The samples collected from the Cerro Toledo interval, the 
Otowi Member, and the Puye Formation will be selected from core to be representative of all the textural 
intervals encountered. Analyses for saturated and unsaturated hydraulic conductivity, porosity, and bulk 
density will be performed using analytical methods specified by contract requirements of the statement of 
work. One field duplicate sample will be collected and analyzed to evaluate the reproducibility of the 

sampling technique. 

5.2.4 Collection of Perched Water Samples 

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

text 

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

If sufficient volume exists, a groundwater sample would be collected and analyzed for the screening 
constituents on a rapid turnaround basis at a geochemistry laboratory at the Laboratory. Typically, results 
of groundwater screening samples are available in the R-well drilling program within 48 hr. During this 
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time, the borehole will be advanced to the base of saturation, or the perching horizon, and halted. If 
possible, the perching horizon will be identified and not penetrated, and the thickness of the zone of 
saturation and the characteristics of the perching horizon will be determined. Once drilling ceases, aH€1-a 
monitoring well will be designed, and !Re-a monitoring well design llli!.!l.Will be submitted to NMED for 
approval_before well construction. Following approval of the design, the well will be installed. A borehole 
will be drilled adjacent to the well and the saturated zone isolated with a double wall casing advancement 
drilling method to isolate the known saturated zone. The additional borehole will then be completed to the 
planned depths and the process repeated. 

5.3 Surface Sampling 

5.3.1 Radiological Survey 

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

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

5.3.2 Surface Soil Sampling 

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

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

6.0 MONITORING AND SAMPLING PROGRAM 

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

6.1 Pore-Gas Sampling 

Two boreholes at MDA C, equipped with positive pressure membranes for sampling, were monitored at 
multiple depths for 11 quarters. Boreholes 50-9100 and 50-10131 are located in areas of elevated surface 
flux of VOCs, as determined by the EM FLUX soil-gas surveys and are therefore the likely areas of 
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maximum vertical extent. Measured VOC concentrations are in the low ppmv range near the depth of 
disposal and diffuse with depth. Subsurface VOC concentrations at MDA C have been monitored from the 
fourth quarter of 2000 until the third quarter of 2003 when quarterly pore-gas monitoring was 
discontinued. 

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

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

Monitoring of subsurface VOCs has been completed at MDA C for a total of 11 quarters, beginning in the 
fourth quarter of 2000 until the third quarter of 2003. Every available port at boreholes 50-09100 and 
50-10131 was screened with a Brue! and Kjaer (B&K) multigas analyzer during every quarter of the 
monitoring period following ENV-ECR SOP-06.31. SUMMA canister samples were also collected from 
one port of one borehole each quarter. SUMMA samples were collected from borehole 50-09100 for 10 
quarters and from borehole 50-10131 for 6 quarters. In the second quarter of 2003, all sample ports in 
both boreholes were sampled simultaneously to assess the potential infiuence of temporal variability on 
VOC concentrations measured between 2000 and 2002. All pore gas sampling at MDA C was completed 
per ENV-ECR SOP-06.31, Rev. 1, "Sampling of Subatmospheric Air." 

6.2 Tritium in Air Sampling 

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

7.0 SCHEDULE 

RevisieR 1 ef the MD/\ C werk plaR will be updated aRd FesubR1illed le ~IMeD eR JaRUafY 2:J, 2QQ4. 
/\ssuR1iR!J a @Q say ~IMeD rn,•iew peFied aRd :JQ says le reselve seR1R1eRts bet•A•eeR ~IMeD aRd the 
babeFalefY, !he weFk plaR will be apprnves iR eaFly May ef 2QQ4. 

/\ulheFicalieR basis (AB) desuR1eRtalieR (DSA) is beiR!J prepaFOS HJF DOe Feview le deGUR1eRt that dFilliR!J 
beReath the MD/\ C iRveRteFY saR be seRdusled iR a safe R1aRRer iR asseFdaRse with RusleaF safety 
FequiFeR1eRIS iR 1 QCf'R 8:JQ. The DSA will be subR1illed le DOe iR May 2QQ4. f'ieldweFk will Rel be 
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allowed lo start uRlil AB approval is Fesei,•ed fFom DOeS (aG day ,eview pe,iod), sul pe,milliRg aRd 
,eadiRess ,eview aslivilies will proseed iR parallel will'l tl'le AB p,osess. 

Field activities, including drilling and surface and subsurface sampling, will take approximately feHf-eight 
to sill-ten weeks-months to complete (barring inclement weather or other unforeseen delays). The 
subsurface sampling will include the first round of pore-gas sampling using SUMMA canisters and silica 
gel samplers. A second round of pore-gas sampling will take place approximately du,iRg weel< 1 Gone 
month after the first round has been sompleteacollected . .'\ssumiRg a e week IUFRaFOURd time to ,esei•,e 
aRd aRaly2e data SR tl'le poFO gas sampliRg ,esults, Laboratory and NMED representatives will meet to 
review the pore-gas data duFiRg week 1 e and determine whether to instrument any additional boreholes 
for pore-gas monitoring. If FequiFed, po,e gas moAite,iRg sorel'leles will se iRslrnmeAted duFiAg weok 22 
aAd samples solleslod iR weel< 24. 

Deep •,ertisal soFOl'lele M will se iRst,umeAted selweeR weeks 8 aRd 1 Q, aREl pom gas samples sollested 
setweeR weeks 1 Q aRd 12. 

The investigation report will-is scheduled to be submitted by December 6, 2006fiRali2ed 1 Q moRIRs afte, 
tl'le wOFk plaR is appro•,•ed. 
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Table 2.1-1 
Dimensions of the Disposal Units at MDA C 

Dimensions a 

Disposal Unit (ft) 

Pit 1 610x40x25 

Pit 2 610 X 40 X 25 

Pit 3 610 X 40 X 25 

Pit 4 610x40x25 

Pit5 705x110x18 

Pit6 505x100x25 

Chemical Pit 180x25x 12 

Shaft Group 1 (12 [Shafts 56-671) 2 X 10 

Shaft Group 2 (55 [Shafts 1-551) 2 X 15 

Shaft Group 3 (40 [Shafts 68-1071) 1-2 X 20-25 

Shaft 108 (Strontium-90 Disposal Shaft) l::IAl<R8WA4 X 4 X 4 

Period of 
Operations 

1948-1951 

1950-1951 

1951-1953 

1951-1955 

1953-1959 

1956-1959 

1960-1964 

1959 

1959-1967 

1962-1966 

19§0s or 
4W061956 

8 
As stated in Table 2-11 of the OU 1147 Work Plan, pit dimensions are length by width by depth; 
shaft dimensions are diameter by depth (LANL 1992, 07672). Dimensions are approximate. 

b Shafts 98-107 are 1 ft in diameter and lined with 12-in.-thick concrete. Shafts 68-97 are 2 ft in 
diameter and unlined. 

Table 2.7-1 
Summary of RFI Field Sampling Results for Subsurface Core Samples 

Submitted for Laboratory Analysis 

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

Alpha counts per minute 

Range 0-3 0-2 

Median 

Average 0.8 0.7 

Beta/Gamma counts per minute 

Range 120-220 140-210 

Median 180 165 

Average 177 170 
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Table 2,7-2 

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

Inorganic Chemicals 

Borehole Maximum Maximum Depth of Inorganic Chemicals> BV 
Depth Sample Depth Inorganic> BV at Maximum Depth 

Borehole (ft) (ft) (ft) of Inorganic > BV 

50-09100 316.0 163.1 43.5 CN@ 0.533 mg/kg 

50-09101 82.7 81.0 69.3 Se@ 1.2 x BV 

50-09102 77.8 77.8 0.0 None> BV 

50-09103 84.9 82.6 43.8 Pb@ 1.4 x BV 

50-09104 90.0 87.0 87.0 

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

50-09106 84.9 83.4 83.4 Tl@1.1xBV 

50-09107 83.4 78.5 34.3 Se@3.7 xBV 

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

50-09109 84.9 81.1 47.4 Al@ 1.1 x BV, Ba@ 1.6 x BV, Ca@ 34 x BV, Cr 
@ 1.8 x BV, Co@ 1.2 x BV, Cu@ 6.6 x BV, Pb 
@ 1.01 x BV, Mg @ 1.6 x BV, Ni@ 2.0 x BV, Se 
@ 4.3 x BV, Tl @ 1.3 x BV 

50-09110 85.5 84.0 57.1 Pb@6.7 xBV 

Radionuclides 

Maximum Depth of 
Borehole Maximum Detected 

Depth Sample Depth Radionuclide Other Detected Radionuclides 
Borehole (ft) (ft) Than Tritium (ft) at Maximum Detected Depth 

50-09100 316.0 163.1 43.5 Pu-239 @ 0.014 pCi/gfQ.3 • Pl) 

50-09101 82.7 81.0 81.0 Am-241 @ 0.011 pCi/gfQ.8" Pl) 

50-09102 77.8 77.8 0.0 None detected 

50-09103 84.9 82.6 82.6 Sr-90@ 0.599 pCi/gfQ.§" FV) 

50-09104 90.0 87.0 45.1 U-235@ 2.6 x BV 

50-09105 84.9 84.8 84.8 Pu-239 @ 0.080 pCi/g(U " FV) 

50-09106 84.9 83.4 83.4 Sr-90@ 0.767 pCi/gfQ.e • FV) 

50-09107 83.4 78.5 78.5 Am-241 @ 0.032 pCi/g(<.§ "FV) 

50-09108 84.9 81.3 68.9 Pu-238 @0.014 pCi/g(Q.e • FV) 

50-09109 84.9 81.1 81.1 Am-241 @ 0.056 pCi/gf4.3 • FV) 

50-09110 85.5 84.0 46.5 U-235 @ 2.3 x BV 
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Table 4.1-1 
Summary of Proposed Borehole Sampling 

Number 
of Core 

Samples 
(per 

Borehole borehole) Sample Type Analyses 

BH-01 to BH-08 5 Subsurface FillfTuff - Cyanide 

BH-10 to BH-42 - Nitrates 
- Perch I orates 
- TAL metals 
- SVOCs 
- pH 
- PCBs 
- Americium-241 

- Gamma spectroscopy 
- Isotopic Plutonium 
- Isotopic Uranium 

- Strontium-90 

3 Subsurface FillfTuff - Oioxins/Furansb 

2 Subsurface FillfTuff - Explosive compoundsc 

10' Subsurface Pore Gas - voes 
- Tritium 

BH-09 16 Subsurface FillfTuff - Cyanide 
- Nitrates 
- Perchlorates 
- TAL metals 
- SVOCs 
- pH 
- PCBs 
- Americium-241 
- Gamma spectroscopy 
- Isotopic Plutonium 
- Isotopic Uranium 
- Strontium-90 

- Geotechnical parameters 

3 Subsurface FillfTuff - Dioxins/Furansb 

2 Subsurface FillfTuff - Explosive compoundsc 

32' Subsurface Pore Gas - voes 
- Tritium 

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

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

c Two samples for explosive compounds will be submitted for analysis within the first 60 ft of each borehole. The first 
sample location will be adjacent to the disposal unit and the second sample at the estimated base of the disposal unit. 
HE field•screening will be conducted on these two samples. If HE is not detected from field•screening, no additional 
analytical samples will be submitted at depths greater than 60 ft. For boreholes BH·39 through BH42, only one sample 
will be collected and submitted for laboratory analysis. 

d A VOC and tritium sample will be collected at each subsurface fill/tuff sample location based on the criteria specified in 
the approval with modifications letter. A second round of subsurface sampling will be collected at the same sample 
locations approximately one month after the first round samples were collected. 
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Table 4.1-2 

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

Samples within Radionuclides Other Than Samples with Radionuclides Other Than 
Radiological Field Screening Results Tritium within Background Range Tritium above Background 

Alpha (cpm) 

Range 0-3 0-2 

Median 1 1 

Average 0.8 0.7 

Beta/Gamma (cpm) 

Range 120-220 140-210 

Median 180 165 

Average 177 170 



Table 5.0-1 
Brief Description of Field Investigation Methods 

Title Summary 

Sample Containers and This method covers the specific requirements/process for sample containers, preservation techniques, and holding times as specified 
Preservation by field regulations and guidance documents. The use of specific types of sample containers and preservation techniques is 

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

Handling, Packaging Field team members seal and label samples befor~ packing and ensure that the sample and transport containers are free of external 
and Transporting Field contamination. Field team members package all samples so as to minimize the possibility of breakage during transportation. After all 
Samples environmental samples are collected, packaged, and preserved, a field team member transports them to either the Sample 

Management Office (SMO) or an SMO-approved radiation screening laboratory under chain-of-custody. The SMO arranges to ship 
samples to analytical laboratories. The field team member must inform the SMO and/or the radiation screening laboratory coordinator 
when levels of radioactivity are in the action-level or limited-quantity ranges. 

Sample Control and The collection, screening, and transport of samples is documented on standard forms generated by the SMO. These include sample-
Field Documentation collection logs, chain-of-custody forms, and sample-container labels. The collection logs are completed at the time of sample collection 

and are signed by the sampler and a reviewer who verifies the logs for completeness and accuracy. The corresponding labels are 
initialed and applied to each sample container, and custody seals are placed around container lids or openings. Chain-of-custody 
forms are completed and assigned to verify that the samples are not left unattended. 

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

Field Duplicate: At a frequency of 10%, collected at the same time as a regular sample and submitted for the same analyses. 
Equipment Rinsate Blank: At a frequency of 10%, collected by rinsing decontaminated sampling equipment with deionized water, 
which is collected in a sample container and submitted for laboratory analysis. 
Trip Blanks: Required for all field events that include collecting samples for volatile organic compound (VOC) analysis. Trip blanks 
containers of certified clean sand are opened and kept with the other sample containers during the sampling process. 

Field Decontamination Dry decontamination is the preferred method to minimize the generation of liquid waste. Dry decontamination may include using a wire 
of Drilling and Sampling brush or other tool to remove soil or other material adhering to the sampling equipment, followed by using a commercial cleaning agent 
Equipment (nonacid, waxless cleaners) and paper wipes. Dry decontamination may be followed by wet decontamination, if necessary. Wet 

decontamination may include washing with a nonphosphate detergent and water, followed by a water rinse and a second rinse with 
deionized water. Alternatively, equipment may be steam cleaned. 

Coordinating and Geodetic surveys will be conducted using a Trimble 5700 differential global positioning system (DGPS). The survey data will conform 
Evaluating Geodetic to Laboratory Information Architecture (IA) project standards IA-CB02, "GIS Horizontal Spatial Reference System," and IA-D802, 
Surveys "Geospatial Positioning Accuracy Standard for A/E/C/ and Facility Management." All coordinates will be expressed as SPCS 83, NM 

Central, U.S. ft coordinates. All elevation data will be reported relative to the National Geodetic Vertical Datum of 1929. 



Table 5.0-1 (continued) 

Title Summary 
Radiological Screening Samples may be field-screened continuously using an Eberline E-600/SHP380AB to detect both alpha and undifferentiated 

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

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

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

Core-Barrel Sampling A stainless steel core barrel (varying in length and diameter depending on drilling method) will be advanced using a powered drilling 
for Subsurface Earth rig. The core barrel extracts a continuous length of soil and/or rock that was examined as a unit. The split-spoon core barrel is a 
Materials cylindrical barrel split lengthwise so the two halves can be separated to expose the core sample. Once extracted, the section of core is 

screened for radioactivity and organic vapors, photographed, and described in a geologic log. A portion of the core will be collected as 
a discrete sample from the desired depth. 

Sampling of Sub- Subsurface samples will be collected from discrete zones within each borehole and selected based on investigation and field-
Atmospheric Air screening results. During field measurements, vapor samples will be monitored for percent oxygen and carbon dioxide. Analytical 

samples will be collected only after readings have stabilized. Vapor samples will be collected using a SUMMA canister and analyzed 
by U.S. Environmental Protection Agency Method T0-15. All instruments used during field-screening will be calibrated daily following 
the manufacturer's specifications. 

Vapor Screening with a Subsurface vapor samples will be collect at specific intervals and field-screened using a photoionization detector (PIO). The peak 
Photoionization reading on the PIO will be noted in the daily field logs. A PIO with an 11.?eV bulb will be used for all field-screening. The instrument will 
Detector be field-checked and calibrated daily according to the operation manual supplied by the manufacturer. 

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

Field Logging, Handling, This method is limited to the activities necessary to take custody of core and cuttings from drill rig personnel; conduct field screening; 
and Documentation of remove time-sensitive analytical samples and subsamples for preliminary characterization; complete photographic documentation 
Borehole Materials when necessary; perform field structural and lithologic description; and mark, package, and temporarily store the borehole materials at 

a drill-site borehole material storage trailer, if required. 
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APPENDIX A ACRONYMS, GLOSSARY, AND METRIC CONVERSION TABLE 

ACRONYMS 

AB 

ALLH 

AOC 

ARS 

B&K 

bgs 

BV 

Cl 

CMS 

COG 

COPC 

DGPA 

DL 

DOE 

DOT 

DSA 

DU 

EM 

ENV-ECR 

ENV-ERS 

ENV-MAQ 

EPA 

ER Project 

EQL 

FV 

GPR 

GPS 

HE 

HIR 

HSWA 

IA 

ICPMS 

ER2005-0172 

authorization basis 

all-soil horizon 

area of concern 

American Radiation Services of New Mexico 

Br0el and Krajer 

below ground surface 

background value 

confidence interval 

corrective measure study 

chain of custody 

chemical of potential concern 

differential global-positioning system 

detection limit 

Department of Energy 

Department of Transportation 

documented safety analysis 

depleted uranium 

electromagnetic 

Environmental Stewardship Division-Environmental Characterization and 
Remediation Group 

Environmental Stewardship Division-Environmental Remediation and Surveillance 
Program 

Environmental Stewardship Division-Meteorology and Air Quality Group 

Environmental Protection Agency 

Environmental Restoration Project 

estimated quantitation limit 

fallout value 

ground-penetrating radar 

global-positioning system 

high explosive 

historical investigation report 

Hazardous and Solid Waste Amendments of 1984 

Information Architecture 

inductively coupled plasma/mass spectroscopy 
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ICPES 

IDW 

LANL 

LASL 

LIR 

LLW 

MDA 

MDA 

MTADS 

NMED 

NMSA 

OU 

PCB 

PCE 

PIO 

PPE 

QA 

QC 

OP 

RCRA 

RDX 

RFI 

RLWTF 

RRES-RS 

SAA 

SAP 

SMO 

SOP 

svoc 
SWMU 

TA 

TAL 

TCA 

TCE 

October 2005 

inductively coupled plasma emission spectroscopy 

investigation-derived waste 

Los Alamos National Laboratory 

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

Laboratory Implementation Requirement 

low-level radioactive waste 

material disposal area 

minimum detectable activity 

Multisensor Towed Array Detection System 

New Mexico Environmental Department 

New Mexico Statutes Annotated 

operable unit 

polychlorinated biphenyl 

tetrachloroethene 

photoionization detector 

personal protective equipment 

quality assurance 

quality control 

quality procedure 

Resource Conservation and Recovery Act 

Research Department Explosive (1,3,5-trintro-1,3,5-triazacyclohexane) 

RCRA facility investigation 

Radioactive Liquid Waste Treatment Facility 

Risk Reduction and Environmental Stewardship-Remediation Services (now the 
Environmental Stewardship Division-Environmental Remediation and Surveillance 
Program) 

Satellite Accumulation Area 

sampling and analysis plan 

Sample Management Office 

standard operating procedure 

semivolatile organic compound 

solid waste management unit 

technical area 

target analyte list (EPA) 

1, 1 , 1-trichloroethane 

trichloroethane 
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TCLP 

TLD 

TNT 

TSDF 

UC 

USGS 

UTL 

voe 
WCSF 

XRF 

GLOSSARY 

toxicity characteristic leaching procedure 

thermoluminescent dosimeter 

trinitrotoluene 

treatment, storage, and disposal facility 

University of California 

United States Geological Survey 

upper tolerance limit 

volatile organic compound 

Water Characterization Strategy Form 

x-ray fluorescence 

abandonment The plugging of a well or borehole in a manner that precludes the migration of surface 

runoff or groundwater along the length of the well or borehole. 

absorption-The uptake of water. other fluids. or dissolved chemicals by a cell or organism (e.g .• tree 

roots absorb dissolved nutrients in soil). 

administrative authority For Los Alamos National Laboratory, one or more regulatory agencies. such 

as the New Mexico Environment Department. the U.S. Environmental Protection Agency, or the U.S. 

Department of Energy, as appropriate. 

adsorption The surface retention of solid. liquid. or gas molecules. atoms. or ions by a solid. 

alluvial Pertaining to geologic deposits or features formed by running water. 

alluvial fan A fan-shaped piedmont accumulation of alluvium. 

alluvium Soil deposited by a river or other running water. 

alpha radiation A form of particle radiation that is highly ionizing and has low penetration. Alpha 

radiation consists of two protons and two neutrons bound together into a particle that is identical to a 

helium nucleus and can be written as He2
•. 

analysis A critical evaluation. usually made by breaking a subject (either material or intellectual) down 

into its constituent parts. then describing the parts and their relationship to the whole. Analyses may 

include physical analysis. chemical analysis. toxicological analysis. and knowledge-of-process 

determinations. 

analyte-The element. nuclide. or ion a chemical analysis seeks to identify and/or quantify: the chemical 

constituent of interest. 

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

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

anthropogenic-Of. relating to. or resulting from. the influence of human beings. 

aquifer An underground geological formation (or group of formations) containing water that is the 

source of groundwater for wells and springs. 

area of concern-( 1) A release that may warrant investigation or remediation and is not a solid waste 

management unit ISWMU). {2) An area at Los Alamos National Laboratory[Oj that may have had a 

release of a hazardous waste or a hazardous constituent but is not a SWMU. 

area of contamination As defined by the U.S. Environmental Protection Agency. certain areas of 

generally dispersed contamination that could be equated to a Resource Conservation and Recovery 

Act (RCRA) landfill. The movement of hazardous wastes within those areas would not be considered 

land disposal and would not trigger RCRA land-disposal restrictions. An area of contamination may 

be designated by the Environmental Remediation and Surveillance Program as part of a corrective 

action for waste management purposes. subiect to approval by the administrative authority. 

ash-flow tuft-A luff deposited by a hot. dense volcanic current. Ash-flow luff can be either welded luff or 
nonwelded luff. 

assessment 11) The act of reviewing. inspecting. testing, checking. conducting surveillance, auditing. or 

otherwise determining and documenting whether items. processes. or services meet specified 

requirements. (2) An evaluation process used to measure the performance or effectiveness of a 

system and its elements. In this glossary, assessment is an all-inclusive term used to denote any 

one of the following: audit. performance evaluation. management system review. peer review. 
inspection. or surveillance. 

background concentration-Naturally occurring concentrations of an inorganic chemical or radionuclide 
in soil. sediment. or tuft. 

background data-Data that represent naturally occurring concentrations of inorganic and radionuclide 

constituents in a geologic medium. Los Alamos National Laboratory's (the Laboratory's) background 

data are derived from samples collected at locations that are either within. or adjacent to. the 

Laboratory. These locations ( 1) are representative of geological media found within Laboratory 

boundaries. and (2) have not been affected by Laboratory operations. 

background level (1) The concentration of a substance in an environmental medium (air. water. or soil) 

that occurs naturally or is not the result of human activities. {2) In exposure assessment. the 

concentration of a substance in a defined control area over a fixed period of time before, during. or 
after a data-gathering operation. 

background radiation The amount of radioactivity naturally present in the environment. including 

cosmic rays from space and natural radiation from soils and rock. 

background sample-A sample collected from an area or site that is similar to the one being studied but 

known. or thought. to be free from constituents of concern. 
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background value IBV)-A statistically derived concentration (i.e .• the upper tolerance limit IUTL)) of a 

chemical used to represent the background data set. If a UTL cannot be derived. either the detection 

limit or maximum reported value in the background data set is used. 

barrier-Any material or structure that prevents. or substantially delays. the movement of solid-. liquid-. 

or gaseous-phase chemicals in environmental media. 

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

magnetite. 

baseline risk assessment-A site-specific analysis of the potential adverse effects of hazardous 

constituents that have been released from a site in the absence of any controls or mitigating actions. 

A baseline risk assessment consists of the following four steps: data collection and analysis. 

exposure assessment. toxicity assessment. and risk characterization. 

bentonite-An absorbent aluminum silicate clay formed from volcanic ash and used in various 

adhesives. cements. and ceramic fillers. Because bentonite can absorb large quantities of water and 

expand to several times its normal volume, it is a common drilling mud additive. 

beta radiation-High-energy electrons emitted by certain types of radioactive nuclei. such as potassium-

40. The beta particles emitted are a form of ionizing radiation also known as beta rays. 

blank-A sample that is expected to have a negligible or unmeasurable amount of an analyte. Results of 

blank sample analyses indicate whether field samples might have been contaminated during the 

sample collection. transport. storage, preparation, or analysis processes. 

borehole-(1 l A hole drilled or bored into the ground, usually for exploratory or economic purposes. (2) A 

hole into which casing, screen. and other materials may be installed to construct a well. 

borehole logging-The process of making remote measurements of physical. chemical. or other 

parameters at multiple depths in a borehole. 

calibration-A process used to identify the relationship between the true analyte concentration or other 

variable and the response of a measurement instrument. chemical analysis method. or other 

measurement system. 

canyon-A stream-cut chasm or gorge, the sides of which are composed of cliffs or a series of cliffs 

rising from the chasm's bed. Canyons are characteristic of arid or semiarid regions where 

downcutting by streams greatly exceeds weathering. 

chain of custody-An unbroken, documented trail of accountability that is designed to ensure the 

uncompromised physical integrity of samples, data, and records. 

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

composition. 

chemical analysis-A process used to measure one or more attributes of a sample in a clearly defined, 

controlled, and systematic manner. Chemical analysis often requires treating a sample chemically or 

physically before measurement. 
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chemical of potential concern (COPC)-A detected chemical compound or element that has the 

potential to adversely affect human receptors as a result of its concentration, distribution, and 

toxicity. 

chemical of potential ecological concern-A detected chemical compound or element that has the 

potential to adversely affect ecological receptors as a result of its concentration, distribution, and 

toxicity. 

Compliance Order on Consent (Consent Order}=For the Environmental Remediation and Surveillance 

Program, an enforcement document signed by the New Mexico Environment Department, the U.S. 

Department of Energy, and the Regents of the University of California on March 1, 2005, which 

prescribes the requirements for corrective action at Los Alamos National Laboratory. The purposes 

of the Consent Order are (1) to define the nature and extent of releases of contaminants at, or from, 

the facility: (2) to identify and evaluate, where needed, alternatives for corrective measures to clean 

up contaminants in the environment and prevent or mitigate the migration of contaminants at, or 

from, the facility: and (3) to implement such corrective measures. The Consent Order supersedes 

the corrective action requirements previously specified in Module VI 11 of the Laboratory's Hazardous 

Waste Facility Permit. 

contaminant (1) Chemicals and radionuclides present in environmental media or on debris above 

background levels. (2) According to the March 1, 2005, Compliance Order on Consent (Consent 

Order), any hazardous waste listed or identified as characteristic in 40 Code of Federal Regulations 

(CFR) 261 (incorporated by 20.4.1.200 New Mexico Administrative Code (NMAC)); any hazardous 

constituent listed in 40 CFR 261 Appendix VIII (incorporated by 20.4.1.200 NMAC) or 40 CFR 264 

Appendix IX (incorporated by 20.4.1.500 NMAC): any groundwater contaminant listed in the Water 

Quality Control Commission (WQCC) Regulations at 20.6.3.3103 NMAC: any toxic pollutant listed in 

the WQCC Regulations at 20.6.2.7 NMAC: explosive compounds: nitrate: and perchlorate. (Note: 

Under the Consent Order, the term "contaminant" does not include radionuclides or the radioactive 

portion of mixed waste.) 

corrective measures study A formal process for identifying and evaluating alternative remedies for 

releases at a facility. 

data-quality assessment-The statistical and/or scientific evaluation of a data set that establishes 

whether the data set is adequate for its intended use. 

decommissioning The permanent removal of facilities and their components from service after the 

discontinued use of structures or buildings that are deemed no longer useful. Decommissioning must 

take place in accordance with regulatory requirements and applicable environmental policies. 

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

materials for weapons production. 

detection limit-The minimum concentration that can be determined by a single measurement of an 

instrument. A detection limit implies a specified statistical confidence that the analytical 

concentration is greater than zero. 
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disposal-The discharge. deposit. injection. dumping. spilling. leaking. or placing of any solid waste or 

hazardous waste into. or on. any land or water so that such solid waste or hazardous waste or any 

constituent thereof may enter the environment or be emitted into the air or discharged into any 

waters. including groundwaters. 

dose {dosage)-(1) The actual quantity of a chemical that is administered to an organism or to which it is 

exposed. 12) The amount of a substance that reaches a specific tissue (e.g .• the liver). (3) The 

amount of a substance that is available for interaction with metabolic processes after it has crossed 

an organism's outer boundary. 

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

drilling fluid-The fluid used to lubricate a bit and to convey drill cuttings to the surface with rotary drilling 

equipment. Usually composed of bentonite slurry or muddy water. The fluid can become 

contaminated. lead to cross-contamination. and may require special disposal. 

drilling string-The string of pipe {extending from the bit to the driving mechanism) that serves to carry 

mud down a borehole and to rotate a bit. 

drill rod (drill pipe)-Special pipe used to transmit rotation and energy from the drill rig to the bit. This 

conduit conveys circulation fluids such as air. water. or other mixtures to cool the bit and evacuate 

the borehole cuttings. 

Environmental Restoration {ER) Project-A Los Alamos National Laboratory proiect established in 

1989 as part of a U.S. Department of Energy nationwide program. and precursor of today"s 

Environmental Remediation and Surveillance (ERS) Program. This program is designed (1) to 

investigate hazardous and/or radioactive materials that may be present in the environment as a 

result of past Laboratory operations. 12) to determine if the materials currently pose an unacceptable 

risk to human health or the environment. and (3) to remediate (clean up. stabilize. or restore) those 

sites where unacceptable risk is still present. 

estimated guantitation limit IEQL)-The lowest concentration that can be reliably achieved within 

specified limits of precision and accuracy during routine analytical-laboratory operating conditions. 

The low point on a calibration curve should reflect this guantitation limit. The EQL is not used to 

establish detection status. Sample EQLs are highly matrix dependent. and the specified EQLs might 

not always be achievable. 

evapotranspiration-11) The discharge of water from the earth's surface to the atmosphere by 

evaporation from lakes. streams. and soil surfaces and by transpiration from plants. (2) The loss of 

water from the soil by evaporation and/or by transpiration from the plants growing in the soil. 

exposure pathway-Any path from the sources of contaminants to humans and other species or settings 

through air. soil. water. or food. 

fallout radionuclides-Radionuclides that are present at globally elevated levels in the environment as a 
result of fallout from world-wide atomic weapons tests. The Los Alamos National Laboratory (the 
Laboratory) background data sets consist of environmental surveillance samples taken from marginal 
and regional locations for the following radionuclides associated with fallout: tritium. cesium-137, 
americium-241. plutonium-238. plutonium-239/240. and strontium-90. Samples were collected from 
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regional and marginal locations in the Laboratory's vicinity that were (1) representative of geological 
media found within Laboratory boundaries. and (2) were not impacted by Laboratory operations. 

field blank {field reagent blank}---A blank sample prepared in the field or carried to the sampling site. 

exposed to sampling conditions ( e.g., by removing bottle caps). and returned to a laboratory to be 

analyzed in the same manner in which environmental samples are being analyzed. Field blanks are 

used to identify the presence of any contamination that may have been added during the sampling 

and analysis process. 

field duplicate (replicate) samples-Two separate. independent samples taken from the same source. 

which are collected as collocated samples (i.e .• equally representative of a sample matrix at a given 

location and time). 

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

field sample-See sample. 

gamma radiation A form of electromagnetic. high-energy ionizing radiation emitted from a nucleus. 

Gamma rays are essentially the same as x-rays (though at higher energy) and require heavy 

shielding. such as concrete or steel. to be blocked. 

geohydrology-The science that applies hydrologic methods to the understanding of geologic 

phenomena. 

gravimetric moisture content See water content. 

ground cover Natural or human-made materials (e.g .• grasses. pine needles. asphalt. or concrete) 

which overlay soils. 

groundwater-Interstitial water that occurs in saturated earth material and is capable of entering a well in 

sufficient amounts to be used as a water supply. 

grout Cement or bentonite mixtures used for sealing boreholes and wells and for zone isolation. Only 

Portland Type I or II cement is approved for use at investigative sites. 

hazard index The sum of hazard quotients for multiple contaminants to which a receptor may have 

been exposed. 

Hazardous and Solid Waste Amendments (HSWA) Public Law No. 98-616. 98 Stat. 3221. enacted in 

1984. which amended the Resource Conservation and Recovery Act of 1976 (42 United States 

Code § 6901 et seq). 

hazardous waste (1) Solid waste that is listed as a hazardous waste. or exhibits any of the 

characteristics of hazardous waste (i.e .• ignitability. corrosivity. reactivity. or toxicity. as provided in 

40 CFR. Subpart C). (2) According to the March 1. 2005. Compliance Order of Consent {Consent 

Order). any solid waste or combination of solid wastes that. because of its quantity. concentration. or 

physical. chemical, or infectious characteristics. meets the description set forth in New Mexico 

Statutes Annotated 1978. § 7 4-4-3(K) and is listed as a hazardous waste or exhibits a hazardous 

waste characteristic under 40 CFR 261 (incorporated by 20.4.1.200 New Mexico Administrative 

Code). 
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Hazardous Waste Bureau The New Mexico Environment Department bureau charged with providing 

regulatory oversight and technical guidance to New Mexico hazardous waste generators and to 

treatment. storage. and disposal facilities. as required by the New Mexico Hazardous Waste Act. 

hazard quotient (HQ)-The ratio of the estimated site-specific exposure concentration of a single 

chemical from a site to the estimated daily exposure level at which no adverse health effects are 
likely to occur. 

high-explosive wastes Any waste-containing material having an amount of stored chemical energy 

that could start a violent reaction when initiated by impact. spark. or heat. This violent reaction would 

be accompanied by a strong shock wave and the potential for high-velocity particles to be propelled. 

holding time-The maximum elapsed time a sample can be stored without unacceptable changes in 

analyte concentrations. Holding times apply under prescribed conditions. and deviations from these 

conditions may affect the holding times. Extraction holding time refers to the time lapsed between 

sample collection and sample preparation. Analytical holding time refers to the time lapsed between 

sample preparation and analysis. 

HSWA module-See Module VIII. 

hydraulic conductivity (1) A coefficient of proportionality that describes the rate at which a fluid can 

move through a permeable medium. The rate is a function of both the medium and the fluid flowing 

through it. (2) The quantity of water that will flow through a unit of cross-sectional area of a porous 

material per unit time under a hydraulic gradient of 1.00 (measured at right angles to the direction of 

flow) at a specified temperature. 

hydraulic gradient-The rate of change in hydraulic head per unit of distance in the direction of 

groundwater flow. 

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

hydrogen-ion activity (pH) The effective concentration (activity) of dissociated hydrogen ions (H+): a 

measure of the acidity or alkalinity of a solution that is numerically equal to 7 for neutral solutions. 

increases with alkalinity. and decreases as acidity increases. 

"Hydrogeologic Workplan" The document that describes the activities planned by Los Alamos 

National Laboratory (the Laboratory) to characterize the hydrologic setting beneath the Laboratory 

and to enhance the Laboratory's groundwater monitoring program. 

hydrogeology-The science dealing with the occurrence of surface water and groundwater. their uses. 

and their functions in modifying the earth primarily by erosion and deposition. 

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

infiltration-(1) The penetration of water through the ground surface into subsurface soil. (2) The 

technique of applying large volumes of wastewater to land to penetrate the surface and percolate 

through the underlying soil. 

investigation-derived waste-Solid waste or hazardous waste that was generated as a result of 

corrective action investigation or remediation field activities. Investigation-derived waste may include 

ER2005-0172 A-9 October 2005 



MDA C Investigation Work Plan, Revision 2 

drilling muds. cuttings, and purge water from the installation of test pits or wells: purge water, soil, 

and other materials from the collection of samples: residues from the testing of treatment 

technologies and pump-and-treat systems: contaminated personal protective equipment: and 

solutions (aqueous or otherwise) used to decontaminate nondisposable protective clothing and 

equipment. 

log book A notebook used to record tabulated data (e.g., the history of calibrations. sample tracking, 

numerical data, or other technical data). 

logging run A single data-collecting pass with a logging tool as the tool moves up or down in the 

borehole or a portion of the borehole. A logging operation generally consists of a main run and one 

or more repeat runs with each logging tool. 

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

material disposal area (MDAl A subset of the solid waste management units at Los Alamos National 

Laboratory (the Laboratory) that include disposal units such as trenches. pits, and shafts. 

Historically, various disposal areas (but not all) were designated by the Laboratory as MDAs. 

matrix Relatively fine material in which coarser fragments or crystals are embedded: also called 

"ground mass" in the case of igneous rocks. 

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

materials. 

migration pathway-A route (e.g., a stream or subsurface flow path) for the potential movement of 

contaminants to environmental receptors (plants, humans. or other animals). 

mitiqation-(1) Minimizing environmental impacts by limiting the degree or magnitude of an action and 

its implementation. (2) Rectifying an environmental impact by repairing. rehabilitating, or restoring 

the affected environment. (3) Reducing or eliminating an environmental impact over time by 

preservation and maintenance operations during the life of the action. (4) Compensating for an 

environmental impact by replacing or providing substitute resources or environments. 

mixed waste-Waste containing both hazardous and source, special nuclear, or byproduct materials 

subject to the Atomic Energy Act of 1954. 

model A schematic description of a physical, biological. or social system. theory, or phenomenon that 

accounts for its known or inferred properties and may be used for the further study of its 

characteristics. 

monitoring well-(1) A well used to obtain water-quality samples or to measure groundwater levels, (2) 

A well drilled at a hazardous waste management facility or Superfund site to collect groundwater 

samples for the purpose of physical, chemical. or biological analysis and to determine the amounts, 

types, and distribution of contaminants in the groundwater beneath the site. 

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

notice of deficiency-A written notification from the administrative authority to a facility owner/operator 

following the review of a permit application or other permit-related plan or report. A notice of 
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deficiency requests additional information before a decision can be made regarding the original plan 

or report. 

notices of approval. of approval with modification. or of disapproval-Notices issued by the New 

Mexico Environment Department (NMED). Upon receipt of a work plan. schedule. report. or other 

deliverable document. NMED reviews the document and approves the document as submitted. 

modifies the document and approves it as modified, or disapproves the document. A notice of 

approval means that the document is approved as submitted. A notice of approval with modifications 

means that the document is approved but with modifications specified by NMED. A notice of 

disapproval means that the document is disapproved and it states the deficiencies and other 

reasons for disapproval. 

operable units (OUs)-At Los Alamos National Laboratory, 24 areas originally established for 

administering the Environmental Remediation and Surveillance Program. Set up as groups of 

potential release sites. the OUs were aggregated according to geographic proximity for the purposes 

of planning and conducting Resource Conservation and Recovery Act (RCRA) facility assessments 

and RCRA facility investigations. As the project matured. it became apparent that there were too 

many areas to allow efficient communication and to ensure consistency in approach. In 1994. the 

24 OUs were reduced to 6 administrative field units. 

outfall-A place where effluent is discharged into receiving waters. 

perched water-A zone of unpressurized water held above the water table by impermeable rock or 

sediment. 

polychlorinated biphenyls !PCBs)-Any chemical substance limited to the biphenyl molecule that has 

been chlorinated to varying degrees, or any combination that contains such substances. PCBs are 

colorless. odorless compounds that are chemically, electrically, and thermally stable and have 

proven to be toxic to both humans and other animals. 

porosity-The degree to which soil. gravel, sediment. or rock is permeated with pores or cavities through 

which water or air can move. 

quality assurance/quality control-A system of procedures, checks, audits, and corrective actions set 

up to ensure that all U.S. Environmental Protection Agency research design and performance. 

environmental monitoring and sampling, and other technical and reporting activities are of the 

highest achievable quality. 

quality control-See quality assurance/quality control. 

quality procedure-A document that describes the process. method. and responsibilities for performing, 

controlling, and documenting any quality-affecting activity governed by a quality management plan. 

radiation-A stream of particles or electromagnetic waves emitted by atoms and molecules of a 

radioactive substance as a result of nuclear decay. The particles or waves emitted can consist of 

neutrons, positrons, alpha particles, beta particles, or gamma radiation. 
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radioactive waste Waste that. by either monitoring and analysis. or acceptable knowledge. or both. has 

been determined to contain added (or concentrated and naturally occurring) radioactive material or 

activation products. or that does not meet radiological release criteria. 

radioactivity (radioactive decay: radioactive disintegration) The spontaneous change in an atom by 

the emission of charged particles and/or gamma rays. 

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

RCRA facility investigation !Rfll A Resource Conservation and Recovery Act (RCRA) investigation 

that determines if a release has occurred and characterizes the nature and extent of contamination 

at a hazardous waste facility. The RFI is generally equivalent to the remedial investigation portion of 

the Comprehensive Environmental Response. Compensation. and Liability Act (CERCLA) process. 

record Any book. paper. map. photograph. machine-readable material. or other documentary material. 

regardless of physical form or characteristics. 

regional aquifer-Geologic material(s) or unit(s) of regional extent whose saturated portion yields 

significant quantities of water to wells. contains the regional zone of saturation. and is characterized 

by the regional water table or potentiometric surface. 

release Any spilling. leaking. pumping. pouring. emitting. emptying. discharging. injecting. escaping. 

leaching. dumping. or disposing of hazardous waste or hazardous constituents into the environment. 

remediation-(1) The process of reducing the concentration of a contaminant (or contaminants) in air. 

water. or soil media to a level that poses an acceptable risk to human health and the environment. 

(2) The act of restoring a contaminated area to a usable condition based on specified standards. 

Resource Conservation and Recovery Act The Solid Waste Disposal Act as amended by the 

Resource Conservation and Recovery Act of 1976 {Public Law IPL) 94-580. as amended by PL 95-

609 and PL 96-482. United States Code 6901 et seq.). 

restricted area-Any area to which access is controlled by a licensee to protect individuals from 

exposure to radiation and radioactive materials. The "restricted area" shall not include areas used as 

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

a restricted area. 

runoff The portion of the precipitation on a drainage area that is discharged from the area. 

run-on-Surface water that flows onto an area as a result of runoff occurring higher up on a slope. 

sample A portion of a material (e.g., rock. soil water or air) which alone or in combination with other 

portions. is expected to be representative of the material or area from which it is taken. Samples are 

typically either sent to a laboratory for analysis or inspection or are analyzed in the field. When 

referring to samples of environmental media. the term field sample may be used. 

sample matrix In chemical analysis. that portion of a sample that is exclusive of the analytes of interest. 

Together. the matrix and the analytes of interest form the sample. 

screening action level (SALi-A radionuclide's medium-specific concentration level; it is calculated by 

using conservative criteria below which it is generally assumed that no potential exists for a dose 
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that is unacceptable to human health. The derivation of a SAL is based on conservative exposure 

and on land-use assumptions. However. if an applicable regulatory standard exists that is less than 

the value derived. ii is used in place of the SAL. 

screening risk assessment-A risk assessment that is performed with few data and many assumptions 

in order to identify exposures that should be evaluated more carefully for potential risk. 

sediment (1) A mass of fragmented inorganic solid that comes from the weathering of rock and is 

carried or dropped by air. water. gravity. or ice. (2) A mass that is accumulated by any other natural 

agent and that forms in layers on the earth's surface (e.g .• sand. gravel. silt. mud. fill. or loess). (3) A 

solid material that is not in solution and is either distributed through the liquid or has settled out of 

the liquid. 

Shelby tube sampler A thin-wall tube sampler that is latched onto a lead auger while hollow-stem 

augering or pushed/driven ahead of the auger. 

site conceptual model-A qualitative or quantitative description of sources of contamination. 

environmental transport pathways for contamination. and receptors that may be impacted by 

contamination and whose relationships describe qualitatively or quantitatively the release of 

contamination from the sources. the movement of contamination along the pathways to the exposure 

points. and the uptake of contaminants by the receptors. 

site-specific health and safety plan (SSHASP)-A health and safety plan that has been tailored to a 

site or to an Environmental Remediation and Surveillance /ERS) Program field activity and that has 

been approved by an ERS health and safety representative. A SSHASP contains information 

specific to the project. including the scope of work. relevant history. descriptions of hazards from 

activity associated with the project site(s). and techniques for exposure mitigation (e.g .• personal 

protective equipment and hazard mitigation). 

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

soil-(1) A material that overlies bedrock and has been subject to soil-forming processes. (2) A sample 

media group that includes naturally occurring and artificial fill materials. 

soil gas-Gaseous elements and compounds in the small spaces between particles of the earth and soil. 

Such gases can be moved or driven out under pressure. 

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

soil screening level (SSL)-The concentration of a chemical /inorganic or organic) below which no 

potential for unacceptable risk to human health exists. The derivation of an SSL is based on 

conservative exposure and land-use assumptions. and on target levels of either a hazard quotient of 

1.0 for a noncarcinogenic chemical or a cancer risk of 10·5 for a carcinogenic chemical. 

solid waste management unit (SWMU} (1) Any discernible site at which solid wastes have been 

placed at any time. whether or not the site use was intended to be the management of solid or 

hazardous waste. SWMUs include any site at a facility at which solid wastes have been routinely 

and systematically released. This definition includes regulated sites /i.e .• landfills. surface 

impoundments. waste piles. and land treatment sites), but does not include passive leakage or one-
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time spills from production areas and sites in which wastes have not been managed (e.g .• product 

storage areas). (2) According to the March ·1. 2005, Compliance Order on Consent (Consent Order). 

any discernible site at which solid waste has been placed at any time. and from which the New 

Mexico Environment Department determines there may be a risk of a release of hazardous waste or 

hazardous waste constituents (hazardous constituents). whether or not the site use was intended to 

be the management of solid or hazardous waste. Such sites include any area in Los Alamos 

National Laboratory at which solid wastes have been routinely and systematically released: they do 

not include one-time spills. 

split-spoon sampler A hollow. tubular sampling device below a drill stem that is driven by a weight to 

retrieve soil samples. The core barrel can be opened to remove samples. This is a sampling method 

commonly used with auger drilling. The split-spoon sampler can be driven into the ground or can be 

advanced inside hollow-stem augers. 

standard operating procedure A document that details the officially approved method(s) for an 

operation. analysis. or action. with thoroughly prescribed techniques and steps. 

surface sample A sample taken at a collection depth that is (or was) representative of the medium's 

surface during the period of investigative interest. A typical depth interval for a surface sample is Oto 

6 in. for mesa-top locations. but may be up to several feet in sediment-deposition areas within 

canyons. 

target analyte A chemical or parameter. the concentration. mass. or magnitude of which is designed to 

be quantified by a particular test method. 

technical area ITAl-At Los Alamos National Laboratory. an administrative unit of operational 

organization (e.g .• TA-21 ). 

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

tremie pipe-A small-diameter pipe used to carry sand pack. bentonite. or grouting materials to a 

borehole's bottom. Materials are pumped under pressure or poured to the hole bottom through the 

pipe. The pipe is retracted as the annular space is filled. 

trip blank-A sample of analyte-free medium taken from a sampling site and returned to an analytical 

laboratory unopened. along with samples taken in the field: used to monitor cross contamination of 

samples during handling and storage both in the field and in the analytical laboratory. 

luff Consolidated volcanic ash. composed largely of fragments produced by volcanic eruptions. 

unsaturated hydraulic conductivity A coefficient that describes the rate at which a fluid can potentially 

move through a permeable. unsaturated medium. 

unsaturated zone-The area above the water table where soil pores are not fully saturated. although 

some water may be present. 

U.S. Department of Energy The federal agency that sponsors energy research and regulates nuclear 

materials for weapons production. 

U.S. Environmental Protection Agency IEPA) The federal agency responsible for enforcing 

environmental laws. Although state regulatory agencies may be authorized to administer some of 
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this responsibility. EPA retains oversight authority to ensure the protection of human health and the 

environment. 

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

welded luff-A volcanic deposit hardened by the action of heat. pressures from overlying material. and 

hot gases. 

well casing A solid piece of pipe. typically steel or polyvinyl chloride (PVC) plastic. used to keep a well 

open in either unconsolidated materials or unstable rock and as a means to contain zone-isolation 

materials such as cement grout or bentonite. 

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

work plan A document that specifies the activities to be performed when implementing an investigation 

or remedy. At a minimum. the work plan should identify the scope of the work to be performed. 

specify the procedures to be used to perform the work. and present a schedule for performing the 

work. The work plan may also present the technical basis for performing the work. 

METRIC CONVERSION TABLES 

Metric to English Conversions 

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

kilometers (km) 0.622 miles (mi) 

kilometers (km) 3281 feet (ft) 

meters (m) 3.281 feet (ft) 

meters (m) 39.37 inches (in.) 

centimeters (cm) 0.03281 feet (ft) 

centimeters (cm) 0.394 inches (in.) 

millimeters (mm) 0.0394 inches (in.) 

micrometers or microns (µm) 0.0000394 inches (in.) 

square kilometers (km2
) 0.3861 square miles (mi2) 

hectares (ha) 2.5 acres 

square meters (m2
) 10.764 square feet (ft2

) 

cubic meters (m3
) 35.31 cubic feet (ft3) 

kilograms (kg) 2.2046 pounds (lb) 

grams (g) 0.0353 ounces (oz) 

grams per cubic centimeter (g/cm3
) 62.422 pounds per cubic foot (lb/ft3) 

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

micrograms per gram (µgig) 1 parts per million (ppm) 

liters (I) 0.26 gallons (gal.) 

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

degrees Celsius ('C) 9/5 + 32 degrees Fahrenheit ('F) 
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APPENDIX B HISTORICAL INVESTIGATION REPORT 

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

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

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

Fill dirt was used to cover the material disposed in the pits as they were being filled. The dirt acted as a 
temporary cover. A 1959 memo indicates that Pit 6 received approximately 10,000 yd3 of waste and 
24,000 yd3 of fill dirt, an approximate ratio of 2.5 yd3 of fill to 1.0 yd3 of waste material that was typical of 
MDA C operations (LASL 1959, 27781 ). When MDA C was decommissioned in 197 4, most of the surface 
was covered with crushed luff and fill, and the new surface was recontoured and seeded with a native 
grama grass mixture. 

B-1.1 Waste Inventory and Disposal History 

Waste disposal records for MDA C from 1948 to 1969 are found in LASL logbooks 1743, 2587, 3478, 
4644, 6030, 7277, 8453, 9293, 9593, and 12442 (LASL 1948-1969, 76035). These logbooks were used 
to record information on the type, date, location, and volume of waste placed in MDA C. Records prior to 
1954 are incomplete and most logbook entries contain only brief descriptions of the wastes disposed at 
MDA C. Historical reports (Rogers, 1977, 05707, p. C-7) indicate that it was common practice for 
chemicals to be burned in the chemical disposal pit at MDA C. Hazardous constituents and 
uncontaminated classified material were buried with radioactive contaminated material. Routine 
radioactive contaminated trash disposed at MDA C consisted of cardboard boxes, 5-mil plastic bags of 
waste generated in LASL chemistry labs, and 55-gal. barrels of sludge from wastewater treatment plants 
at Building 35 at TA-21, DP WesVTA-21, and TA-45. Nonroutine contaminated waste included debris 
from the demolition of Bayo site and TA-1, classified materials, and tuballoy chips (Rogers 1977, 05707, 
p. C-3). Waste inventory information gleaned from the logbooks is summarized in the approved Resource 
Conservation and Recovery Act (RCRA) facility investigation (RFI) work plan for Operable Unit (OU) 1147 
(LANL 1992, 07672, pp. 2-52-2-56). The logbooks are currently being reviewed to estimate the specific 
quantities of individual contaminants in the MDA C disposal inventory. An updated inventory will be 
presented in the MDA C investigation report. 
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B-1.1.1 MDA C Disposal Pit Inventory 

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

Pit 1 (Nov 1948-Sept 1951) 

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

Pit 2 (Apr 1950-Sept 1951) 

From LASL logbooks 2587 and 3478: TCE and contaminated materials and trash, boron, tritium, 
americium-241, uranium, sulfuric acid, biological waste, graphite, classified material, plutonium, 
cyanide, mercury, radium-226, acids, lead, and waste oil. 

Pit 3 (Oct 1951-Apr 1953) 

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

Pit 4 (Oct 1951-Feb 1955) 

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

Pit 5 (Apr 1953-Sept 1959) 

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

Pit 6 (Oct 1956-Sept 1959) 

From LASL logbooks 9593, 11363, and 9293: radionuclide-contaminated oil, tritium-contaminated oil, 
copper sheets, cobalt chips, bottles of cadmium-boron tungstate, tritium-contaminated boxes and 
cans, a can of oil, approximately 100 curies (Ci) of source-strength cobalt-60, a lanthanum source, 10 
bottles of platinum chloride, beryllium chips, carbon-14-contaminated graphite, a plutonium slug, 
contaminated materials and trash, TCE, boron, americium-241, uranium, sulfuric acid, biological 
waste, classified material, mercury, actinium-227, radium-226, acids, and lead. 
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Chemical Pit (early 1960-June 1964) 

No logbook entries were made for specific wastes disposed of in the Chemical Pit at MDA C. The 
following quotes were recorded in the approved RFI Work Plan for OU 1147 (LANL 1992, 07672, 
p. 2-54): the area "was used for burial of a variety of chemicals, pyrophoric metals, natural uranium 
powders and hydrides, sealed vessels containing sodium-potassium alloy, compressed gases, and 
unspecified equipment. ... Undoubtedly, some plutonium- and uranium-contaminated objects were 
inadvertently placed in the pit. ... No high explosives were ever interred in this pit. ... Low-level 
radioactive waste placed in the pit may have included cardboard boxes containing materials from the 
chemistry labs, as well as 55-gal. barrels of sludge from the waste treatment plants at Building 35, 
DP West, and TA-45." 

B-1.1.2 MDA C Disposal Shaft Inventory 

The disposal shafts at MDA C were primarily used for disposal of beta- and gamma-contaminated waste 
from the Chemical Metallurgy Research Building at TA-35; however, other Laboratory groups used the 
MDA C shafts for waste disposal as well. The activity of solid radioactive wastes disposed in the MDA C 
shafts between 1959 and 1972, decay-corrected to January 1989, includes 20,000 Ci tritium, 0.58 Ci 
sodium-22, 2.4 Ci cobalt-60, 21 Ci strontium-90/ytlrium-90, 1 Ci radium-226, 5 Ci uranium-233, <0.1 Ci 
uranium-234, -235, -236, and -238, 50 Ci fission products, and 200 Ci of activation products. All of the 
shafts were unlined with the exception of Shafts 98-107, which were lined with 12-in. thick concrete. A 
single disposal shaft was dug at MDA C solely for disposing of a single strontium-90 source in the 1950s 
or 1960s.Three groups of shafts were used sequentially over time. The Shaft Group 1 consists of 12 
shafts numbered 56-67. These shafts were originally numbered 1-12; however, they were renumbered in 
1962 to be sequential with subsequent shafts. Shaft Group 1 is south of Pit 5. Shaft Group 2 consists of 
Shafts 1-55, which are located between Pits 1 and 3. Shaft Group 3 (Shafts 68-107) is west pf Pits 1 
through 4. 

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

Shaft Group 1 (Shafts 56-67 [Feb 1959-Oct 19591) 

From LASL logbook 9593: Barium, tritium, radium, lanthanum-140, strontium-89 and -90, tantalum, 
cerium waste, two cerium sources, fission products, one lanthanum-140 static source, phosphoric 
acid, depleted uranium (DU), a charcoal trap, and polonium-beryllium-fluorine compounds. 

Shaft Group 2 (Shafts 1-55 [Nov 1959-May 19671) 

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

From LASL logbooks 11363 and 12442: plutonium-contaminated trash, fission products, aluminum 
sheets and tubes, acids, cesium-137, sodium, cobalt-60, antimony, lanthanum-140, cobalt-60 
sources, polonium, beryllium, vacuum pump oil, empty glass bottles, graphite, plutonium, boron, fuel 
element end caps, thermocouples, acetone, uranium, zirconium carbide, zinc and aluminum residues, 
barium, irradiated tantalum, tuballoy (a uranium alloy), shell waste, yttrium-91, radioactive chemicals 
and organic solutions, hydrochloric acid waste, plutonium in ether solution, zinc and mercury 
solutions, DU chips, miscellaneous sources, oralloy solution, iridium-192, tantalum, indium-114, 
animal tissues, solvents, a LAMPRE rod assembly, waste oil, detonator components, NRX (Navy 
experiment) reactor parts, trinitrotoluene (TNT) element samples, americium-242, aluminum-105, 
zinc-65, neptunium-237, contaminated materials and trash, americium-241, classified material, 
actinium-227, radium-226, lead, silver, strontium-90, and "induced activity." 

8-1.2 Previous Field Investigations 

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

8-1.2.1 USGS Water-Infiltration Tests (1956-1961) 

From 1956 through 1961, the United States Geological Society (USGS) conducted water infiltration tests 
at MDA C using shallow pits approximately one ft deep, which were filled with water. One of the tests 
conducted during the study involved placing 0.75 ft of standing water in a shallow pit and maintaining this 
level of water in the pit for 99 days. The USGS found that the water did not percolate from the soil into the 
unweathered luff, which was encountered at 6 ft beneath the ground surface. The study concluded that in 
the presence of a continuous and consistent hydraulic head in the shallow pit, subsurface moisture 
preferentially moved laterally in the soil profile rather than downward into luff. The study further concluded 
that the downward movement through soil and luff is slow and inefficient, requiring more hydraulic head 
than is typically present at MDA C (LANL 1992, 07672, p. 2-57). 

8-1.2.2 Surface Radiation Surveys and Sampling (1976-1986) 

Between 1976 and 1984, radiation surveys were conducted on the surface of MDA C to identify localized 
areas of elevated radioactivity (LANL 1992, 07672, p. 2-57). Surface soil and vegetation samples were 
subsequently collected from areas with elevated radiation levels and analyzed for radionuclides. Based 
on the results of these radiation surveys, MDA C was covered with crushed luff, except in the northeast 
corner where no disposal pits or shafts are located. 

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

A Phoswich detector was used to perform a second 1985 radiation survey for the low end of the energy 
spectrum to detect the presence of x-ray and gamma-ray emitters on the soil surface using a 64 ft by 64 ft 
grid over the entire site. A high-pressure ion chamber was used to measure radiation doses at the high 
end. Both surveys indicated background conditions over most of the site; however, elevated levels of 
radioactivity were measured in the northeast corner of MDA C. 

October 2005 8-4 ER2005-0172 



MDA C Investigation Work Plan, Revision 2 

Surface soil samples were collected from the surface at Oto 1 cm and analyzed for tritium, plutonium-238, 
-239, -240, and uranium. Tritium samples from the eastern half of MDA C were below the local 
background concentration of 4.0 pCi/mL (LANL 1998, 59730). Isotopic plutonium (up to 10 pCi/g of 
plutonium-239 and -240 and 30 pCi/g of plutonium-238) was detected on the north and east sides of 
MDA C. Concentrations of uranium were all less than background value within the MDA C boundary. The 
areas with elevated radionuclides correspond to the portion of MDA C that was not covered in 1984. 
Additional soil sampling was performed in 1986 at the radiation survey locations shown in Figure 8-1. 
Surface soil samples were analyzed for americium-241, cesium-137, plutonium-238 and -239, and 
tritium. Results of these analyses are presented in Table 8-2 and are consistent with the 1985 results. 

B-1.2.3 Perimeter Pore-Gas Sampling (1989) 

In 1989, pore-gas samples collected from a depth of 4 ft at six locations near the Chemical Pit and 12 
perimeter locations immediately surrounding MDA C were analyzed for volatile organic compounds 
(VO Cs). Results indicated that no VOCs were present at concentrations greater than method detection 
limits (DOE 1989, 15364). TCE was detected in four of the eighteen samples at 0.2 to 0.3 mg/m3, carbon 
disulfide was detected in one sample at 0.4 mg/m3

, and 2-butanone was detected in one sample at 
4.0 mg/m3

. 

Three sediment samples were collected at 0- to 12-in. intervals from a drainage channel at the top of 
Ten Site Canyon and were analyzed for pesticides, polychlorinated biphenyls (PC8s), VOCs, semivolatile 
organic compounds (SVOCs), inorganic chemicals, and radionuclides. Toluene was detected in one 
sample at 4.0 µg/kg, eight SVOCs were detected at concentrations ranging from 8.0 to 190.0 µg/kg, and 
four pesticides were detected at concentrations ranging from 1.0 to 36.0 µg/kg. Inorganic chemicals 
including barium (28 to 110 mg/kg), chromium (7.0 to 19 mg/kg), nickel (58 mg/kg), and zinc (22 to 
47 mg/kg) were detected. Radionuclides including radium-226 (800 to 900 pCi/kg), uranium-235 (64 to 
100 pCi/kg), total uranium (4000 to 6000 µg/kg), plutonium-238 (8 to 420 pCi/kg), plutonium-239, -240 
(328 to 7840 pCi/kg), cesium-137 (160 to 395 pCi/kg), and americium-241 (790 pCi/kg) were detected 
(DOE 1989, 15364). The 1989 perimeter pore gas and sediment sample locations are provided in 
Figure 8-2, and the analytical results are listed in Table 8-3. 

B-2.0 PHASE I RFI FIELD INVESTIGATIONS AND REVIEW OF FIELD SCREENING, SURVEY, AND 
LABORATORY RESULTS 

Field Investigations Summary 

Phase I RFI fieldwork was conducted at MDA C from 1993 through 2002. The approved RFI work plan for 
OU 1147 specified the sampling of surface soil, fill, and subsurface luff and analyzing samples for 
inorganic chemicals (target analyte list [TAL] metals), organic chemicals (VOCs, SVOCs, pesticides, and 
PC8s), and radionuclides (LANL 1992, 07672, p. 5-35). The objectives of the Phase I RFI were to 
determine if contaminants had been released from MDA C, to define the nature and extent of any 
contaminant releases, to collect data to support and supplement existing data, and to collect data to be 
used in a risk assessment. Phase I RFI fieldwork conducted at MDA C included 

• collecting and analyzing 68 surface soil and fill samples, 

• drilling two vertical boreholes and 9 angled boreholes, 

• collecting and analyzing 82 core samples, 

• collecting and analyzing 34 subsurface pore-gas samples for VOCs, 
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• collecting and analyzing 15 near-surface pore-gas samples for tritium, and 

• collecting and analyzing 105 EMFLUx® soil-gas survey samples. 

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

Data Review Summary 

The Phase I RFI data for MDA C include analytical data from 68 surface samples (16 surface soil 
samples and 52 fill samples), 15 tritium probe samples, 82 luff samples collected from 11 boreholes (79 
from Qbt 3, 2 from Qbt 2, and 1 from Qbt 1v), 105 EMFLUX soil-gas survey samples, and 34 pore-gas 
samples; ~ig~res !l a, !l 6, and !l 7 si'1ow !Re saR1Ja)le lesations. All data used quantitatively to identify 
chemicals of potential concern (COPCs) at MDA C were subjected to Environmental Stewardship­
Environmental Remediation Services (ENV-ERS) Program quality assurance/quality control (QA/QC) 
procedures. The data review process for identifying COPCs begins with a comparison of site data with 

• naturally occurring background concentrations for inorganic chemicals, 

• naturally occurring background and fallout concentrations for radionuclides, and 

• analy1ical estimated quantitation levels (EQLs) for organic chemicals. 

Background comparisons and a variety of statistical and graphical methods were used to compare site 
inorganic and radionuclide data with Laboratory background data (LANL 1998, 59730). Organic chemical 
data were evaluated for detection status only. For background comparisons, the first step was to compare 
the site data with a background value (BV). A BV may be an estimated value for the background data set 
(upper tolerance limit [95, 95] or the 95% upper confidence bound on the 95th quartile), a detection limit 
(DL), a fallout value (FV), a minimum detectable activity, or it may be calculated based on secular 
equilibrium or a total analysis. The term "background value" will be used in this report to represent any of 
these values. 

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

Only data that are relevant for identifying COPCs are discussed in this section; this includes 
measurements above applicable thresholds or DLs that are greater than an applicable threshold. 
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B-2.1.1 Geophysical Surveys in 1994, 2001, and 2002 

1994 Magnetometry Survey 

MDA C Investigation Work Plan, Revision 2 

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

2001 Geophysical Survey 

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

2002 Geophysical Survey 

A second geophysical survey was performed at MDA C in September 2002 (AGS 2002, 73711) after the 
chain-link fence along the southern and eastern boundaries of MDA C had been removed. This 
geophysical survey was done to confirm the southern and eastern pit boundaries and to determine if the 
pits extend beyond the southern fence line. The geophysical survey was performed using terrain 
conductivity (EM31 ), high-sensitivity metal detector (EM61 ), and digital GPR techniques. The 
methodology and instrumentation used during this survey were consistent with the previous survey to 
allow integrated data processing and interpretation. 

B-2.1.2 Geophysical Survey Results 

Magnetometry Demonstration (1994) 

Results of the August 1994 magnetometry demonstration indicate that all seven pits probably extend 
beyond the boundaries shown on historical maps. In particular, Pits 1--4 extend farther to the east than 
indicated on historical maps. The line of Shafts 98-107 (a portion of Shaft Group 3) closely correlates 
with detected magnetic anomalies. The other two shaft fields were not prominently displayed in the 
magnetic data. Shaft 108 (the strontium-90 disposal shaft) was not identified by magnetic anomalies at its 
expected location; however, if any ferrous material contained in the shaft is located beneath the 12-ft 
range of the instrumentation, its location would not have been obvious (McDonald and Robertson 1995, 
56357). 

Survey results also indicated that Pit 6 may extend to the fence on the north side of MDA C and possibly 
beyond the fence at the east end of the pit. However, a photograph confirms the proximity of the northern 
edge of Pit 6 to the north perimeter fence (Rogers 1977, 05707, p. C-9). 

ER2005-0172 B-7 October 2005 



MDA C Investigation Work Plan, Revision 2 

2001 Geophysical Survey 

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

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

The interpreted pit boundaries based on the EM61 and EM31 data show a strong correlation. The GPR 
survey showed that the minimum and maximum cover thicknesses at MDA Care 0.0 and 8.76 ft, 
respectively, with a mean value of 3.4 ft. Figure B-4-l_illustrates the fill thicknesses at MDA C. 

2002 Geophysical Survey 

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

Throughout this work plan, figures are based on the disposal pit boundaries shown on LASL engineering 
drawing ENG-R 4459 (LASL 1974, 38446). The interpretation of the pit boundaries from the geophysical 
survey differs slightly from the engineering drawing. When the pit boundaries are overlaid on the 2001 
geophysical survey (Figure B-1a), the anomalies extend to a greater distance than the reported pit 
boundaries. These differences will be taken into consideration when locating new boreholes during 
implementation of this work plan. 

B-2.1.3 Biota Screening and Sampling 

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

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

On March 20, 2003, 29 surface soil samples were collected from nine ant mounds and 20 animal burrows 
and submitted to American Radiation Services (ARS) of New Mexico for gross alpha, beta and gamma 
analysis. Figure B-§e shows the sample locations of the ant mound and animal burrow samples. Samples 
of pine needles were collected on March 21, 2003, from all sixteen ponderosa pine trees on the surface of 
MDA C and submitted to ARS for gross alpha, beta and gamma analysis (Figure B-§e). Approximately 
500 g of plant material were collected from each tree. Pine needles were rinsed with deionized water in 
the field. Each location was surveyed by global-positioning system (GPS). Table B-5 presents all of the 
samples that were collected and sent to the analytical laboratory. The analytical screening results from 
ant mounds and burrow spoil material are presented in Table B-6. Analytical screening results for pine 
needles are presented in Table B-7. 

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

8 :l.1.4 8ieta SampliR!I 

Hie 2QQ;3 radiele§isal field ssreenin§ results !rem ant rneunds and surrew spoil material lesated asress 
!Re surlase el MDA Care presented in Tasia B 7 and Tasia B 8. f'er selR ant rneund and surrew 
material, alpRa seunls were net detested durin§ field ssreenin§. Plant material was net ssreened. Biela 
sarnplin§ data frern /\RS will so reported in !Re MDA C lnvesli§atien Reper!. 

B-2.2 Surface Investigation 

B-2.2.1 Surface Soil and Fill Sampling 

The Phase I RFI surface sampling was conducted at MDA C from June 14 to July 14, 1993. A 60- by 60-ft 
sampling grid was laid out across and beyond the boundary of MDA C, and a radiation survey was 
conducted using a VIOLINIST field instrument to measure gamma radiation and x-rays at 208 locations at 
midpoints between the nodes of the sampling grid. However, Dls were not available for the VIOLINIST 
field instrument; therefore, these data are not included in this report. 

A total of 203 soil samples were collected from the 0- to 6-in. interval at nodes of the 60- by 60-ft grid 
(Figure B-§3) and screened for gross alpha, beta, and gamma radiation using hand-held field 
instruments. Based on radiation screening results, a total of 68 surface samples. whose locations are 
shown in Figure B-7. were submitted to an off-site contract laboratory for analysis: 59 samples were 
analyzed for PCBs, and 68 samples were analyzed for inorganic chemicals (limited list of antimony, 
arsenic, barium, beryllium, cadmium, chromium, lead, mercury, nickel, potassium, selenium, silver, and 
thallium) and radionuclides (gamma-emitting radionuclides by gamma spectroscopy, strontium-90, 
americium-241, total and isotopic uranium, and isotopic plutonium). A summary of surface samples 
collected and requested analyses is presented in Table B-9. 
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B-2.2.2 Phase I RFI Surface Soil and Fill Samples 

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

Inorganic Chemical Comparison with BV 

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

Lead and silver are the only inorganic chemicals that were detected above their respective BVs. Lead 
was detected above the BV in 9 samples (7 to 30 mg/kg) at concentrations close to the BV (22.3 mg/kg). 
The results of the Gehan and quantile tests for lead presented in Appendix D (Table D-1) indicate that 
lead is elevated above background. Silver was detected in two samples at concentrations of 1.1 and 
6.0 mg/kg, which are above the BV of 1.0 mg/kg. No further background tests for silver were performed 
since there is no background data set for silver. All other inorganic chemicals were similar to Laboratory 
site-wide soil BVs (LANL 1998, 59730). Table B-11 presents the concentrations of lead and silver above 
background in surface soil and fill material at MDA C. Lead and silver were identified as COPCs in 
surface soil and fill. 

Radionuclide Comparison with BVs and Fallout Values 

Sixty-eight surface soil and fill samples were analyzed for americium-241, isotopic plutonium, isotopic 
uranium, strontium-90, and gamma-emitting radionuclides. Because the surface of MDA C has been 
disturbed and fill has been added, distinct soil horizons are not evident for the surface samples; therefore, 
the BVs for all soil horizons are used for background comparisons (LANL 1998, 59730). FVs apply to 
americium-241, tritium, isotopic plutonium, strontium-90, and gamma-emitting radionuclides. The term 
"background value" will be used in the following tables and text to represent both BVs and FVs. 
Table B-12 presents the frequency of detected radionuclides above BV collected in surface soil and fill 
samples. 

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

Table B-13 presents the concentrations above the BV in surface soil and fill. Americium-241, 
plutonium-238, plutonium-239, thorium-232, and uranium-238 are identified as COPCs in surface soil and 
fill at MDA C. 
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During the Phase I RFI, 59 surface soil/fill samples were analyzed for tritium and soil moisture to evaluate 
the spatial distribution of tritium concentrations in surface soil. Although tritium related to historical surface 
releases would long since have dissipated to the atmosphere, locally elevated concentrations of tritium in 
surface soil may reflect areas where subsurface tritium is diffusing to the atmosphere as tritiated water 
vapor. The analytical results from these surface samples, with tritium concentrations ranging between 
0.17 and 12.82 peilmL, showed that the higher tritium concentrations were consistently correlated with 
low moisture contents in the soil/fill samples. This correlation results from the greater uncertainty in tritium 
values when a sample available for analysis contains little moisture. Because this correlation may 
confound interpretation of the tritium soil data, 15 shallow pore-gas vapor probes were installed across 
MDA e in accordance with the MDA e SAP Addendum (LANL 2003, 74067). Pore-gas samples were 
collected in February 2003 from each probe using absorbent silica gel columns and analyzed for tritium 
(Section B-2.3.1 ). The vapor probe data indicate more reliably the locations where releases of tritium to 
the atmosphere occur. The surface tritium data, including the sample locations and sample identification 
numbers, are provided in Appendix E but were not used to support the evaluation of the nature and extent 
of tritium contamination at MDA e. 

Evaluation of Organic Chemicals 

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

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

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

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

B-2.2.3 voe Surface-Flux Measurements 

voe surface flux was measured across MDA e in two surveys conducted in June and July 2000 to 
identify the nature and extent of potential subsurface voe contamination. EM FLUX collectors, consisting 
of an adsorbent cartridge suspended on a stake beneath a protective shell for a 72-hr period, were used 
in the survey. voe analysis was performed by Maryland Spectral Services using gas 
chromatography/mass spectrometry techniques following a modified US Environmental Protection 
Agency (EPA) Method TO-1. Additional information on surface-flux sampling and analysis protocols is 
provided in the EM FLUX soil gas survey report for MDA e (BES 2000, 76046). 
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Eighty-four sample locations were identified in the first survey in June 2000; subsequenily, an additional 

21 locations were selected in the July 2000 survey. The EMFLUX surface flux measurement locations are 
shown in Figure B-§7. Four trip blanks were included among the samples of the first survey and one trip 
blank for the second survey. Two field duplicate samples were also collected during the first survey, and 
laboratory method blanks were analyzed daily by the analytical laboratory. 

B-2.2.4 VOCs in Soil-Gas Survey Samples 

Eighty-four surface flux samples were analyzed for voes (Figure B-§7). Six voes were detected at 
concentrations above the laboratory quantitation limit: aliphatics hydrocarbons, benzene, carbon 
tetrachloride, chloroform, tetrachloroethene (PeE), and TeE. The rates of flux for these detected organic 
chemicals are summarized in Table B-16. PeE was one of the most frequently detected organic 
chemicals in the surface flux samples. Figure B-l!!l shows the locations of the highest concentrations of 

PeE atMDAe. 

The aliphatic hydrocarbons, benzene, carbon tetrachloride, chloroform, PeE and TeE are identified as 

eoPes at MDA e. 

B-2.3 Subsurface Investigations 

B-2.3.1 Subsurface Sampling 

Phase I RFI Core Sampling 

From July 17 to September 22, 1995, two vertical and nine angled boreholes were advanced at MDA e 
as part of the Phase I RFI. From January 29 to February 5, 1996, the borehole 50-09100 cap was 
removed and borehole 50-09100 was extended from 210 to 316 ft bgs to collect stratigraphic and 
geohydrologic data. Detailed borehole logs, including lithologies and well construction diagrams, are 
presented in Appendix C. Borehole locations and trajectories are shown on Figure B-109. The boreholes 
are described by depth, declination, and adjacent disposal unit in Table B-17. The exterior and ends of 
each core barrel and each 5-11. interval of core along the borehole were screened for voes using a 
photoionization detector (PID); hand-held field instruments were used to screen for gross alpha, and beta 
and gamma radiation. These field screening results are presented in Table B-18. Each 5-11 interval of core 
along the borehole was inspected for fractures or stains, and the results were noted in borehole logs 
(Appendix e). The screening samples were collected from fractures or stained luff if present; if no 
fractures or staining was present, screening samples were collected from the bottom of each 5-11. interval 
along the borehole. Field-screening results were not used to select samples because gross alpha, beta, 
or gamma activity in the core did not exceed local background levels. Results of core sample field 
screening using the PID showed no voes in the core at concentrations exceeding readings in ambient air 
(Table B-18). A review of sample collection log results of core samples screened with field spot-test kits 
indicated no high explosives (HE) detections in any of the 5-11 intervals of core collected at MDA e 

(Table B-18). 

During the 1995 Phase I RFI, 66 core samples were collected from 20-11 intervals along the borehole and 
were submitted to an off-site contract laboratory for analysis of TAL metals, cyanide, and radionuclides 
(gamma-emitting radionuclides by gamma spectroscopy, tritium, strontium-90, americium-241, total and 
isotopic uranium, isotopic plutonium, and isotopic thorium). The 66 core samples also were submitted to 
an off-site contract laboratory for analysis of SVOes and tritium, and 54 core samples collected from 
boreholes 50-09101, 50-09103, 50-09104, 50-09105, 50-09106, 50-09107, 50-09108, 50-09109, and 
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51-09110 were analyzed at an off-site contract laboratory for voes and pesticides/PeBs. Table B-19 lists 
the core sample locations, sample identification numbers, and requested analyses. 

The core was photographed, logged, and curated from July through September 1995. On 
February 27, 1996, in response to a request from the EPA to collect samples at additional intervals, 
15 more luff samples were collected from curated core from boreholes 50-09100, 50-09101, 50-09103, 
50-09104, 50-09105, 50-09106, 50-09107, 50-09108, 50-09109, and 50-09110 (Neleigh 1995, 55112). 
These samples were submitted to an off-site contract laboratory for analysis of inorganic chemicals (not 
including cyanide and mercury because the holding times had been missed) and radionuclides (except 
tritium). However, based on the core collection dates and the actual date the samples were analyzed, 
more than half of the curated core samples missed the 180-day holding lime for inorganic chemicals. The 
inorganic chemical data from these samples are provided for comparison purposes only. voes, SVOes, 
and PeBs were not analyzed from the curated samples because holding times for these analytes had 
been exceeded. In addition, tritium in the curated core was not analyzed at an off-site contract laboratory 
because tritium is found primarily in vapor phase, and water-vapor levels in core that had been curated 
for several months would not be representative of moisture levels at the time of core extraction. The 
curated core samples are given in Table B-19. 

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

Results of geologic logging were recorded in the borehole logs (Appendix e). Ten of the 11 boreholes 
were drilled into unit 3 of the Tshirege Member of the Bandelier Tuff (Qbt 3). Borehole 50-09100 was 
extended to 316 ft, ending in the Tsankawi Pumice Bed (the basal unit of the Tshirege Member). 

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

Borehole Air-Flow Velocity 

In 1995 and 1996, air-flow velocity, oxygen content of the air entering or leaving the borehole, and 
atmospheric pressure were monitored at boreholes 50-09100, 50-09101, 50-09102, 50-09103, 50-09105, 
and 50-09107 to evaluate passive venting. Monitoring was performed for four days at borehole 50-09100, 
14 days at 50-09101, 36 days at 50-09102, 14 days at 50-09103, 19 days at 50-09105, and 6 days at 
54-09107. The results of the air-flow monitoring demonstrate that air-flow characteristics of MDA e 
boreholes are similar to those of other boreholes located on Mesita del Buey within the Bandelier Tuff. 
Because the Bandelier Tuff has a porosity of 40% to 50%, at times these boreholes exhaust air of lower 
atmospheric pressure (in the afternoon and evening) and at times inhale air of higher atmospheric 
pressure (from night to mid-morning). During the air-flow monitoring at MDA e, atmospheric pressure 
ranged from a minimum of 755 mb to a maximum of 790 mb. Atmospheric pressure varied from ±3 to 
5 mb daily. Airflow in MDA e boreholes peaked at approximately 1.0 standard cubic feet per minute 
(scfm). The total volume of air flowing into and out of each MDA e borehole monitored was approximately 
250113/day (SEA 1997, 76055). 
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Pore-Gas Sampling 

In 2001, an additional borehole (50-10131) was advanced in the vicinity of the Chemical Pit where high 
PCE flux concentrations were detected in June and July 2000 (BES 2000, 76046 [see Figure B-107for 
borehole location]). Boreholes 50-09100 and 50-10131 are instrumented with FLUTe positive-pressure 
sampling membranes, which each maintain 10 sampling ports at discrete depths. After purge of each 
port, a VOC screening measurement from each port was made using a Brue! & Kjaer (B&K) gas analyzer 
calibrated for measuring TCE and PCE in the sub-ppm concentration range. A SUMMA canister sample 
was collected from two of the ports in each borehole during quarterly sampling based on B&K screening. 
The samples for each borehole were screened and sampled for VOCs in accordance with the most recent 
revision of ENV-ECR SOP-6.31, "Sampling of Subatmospheric Air." These samples were submitted to an 
off-site contract laboratory for VOC analyses by EPA Method TO-14. QA/QC samples were collected per 
applicable SOPs, including one field duplicate, one equipment blank, and one performance evaluation 
sample. 

Pore-gas sampling in borehole 50-09100 began in August 2000, and borehole 50-10131 was first 
sampled in November 2001. These boreholes were sampled continually each quarter since 
November 2001. However, SUMMA canister samples were collected from only two different ports in each 
borehole during a sample event, making it difficult to compare and correlate B&K screening data and off­
site contract laboratory data as well as to evaluate temporal trends. In January 2003, pore-gas samples 
were collected from all ten ports in both boreholes and analyzed for VOCs. The sampling of all ports in 
the same event eliminates the temporal variability that confounded interpretation of the patterns of 
existing voe concentrations in these boreholes. 

Tritium Probe Sampling 

Fifteen shallow pore-gas vapor probes were installed across MDA C in accordance with the MDA C SAP 
addendum (LANL 2003, 74067). Two vapor probes were installed within the boundary of each disposal pit 
(except the Chemical Pit) and five discretionary locations were selected on the perimeter of the site 
(Figure B-§6). Vapor probes consist of a disposable-screened port bit driven down approximately 3 ft and 
connected to the surface with Teflon tubing. The disposable-screened bit was left at 2.5 ft, and the holes 
were backfilled and sealed. 

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

B-2.3.2 Subsurface Tuff Samples 

Eighty-two luff samples were collected from nine angled boreholes and two vertical boreholes. Seventy­
nine samples were collected from Qbt 3 of the Tshirege Member of the Bandelier Tuff, two samples were 
collected from Qbt 2, and one sample was collected from Qbt 1v. Table B-19 summarizes the subsurface 
luff samples collected during the Phase I RFI and the requested analyses for each sample. It should be 
noted that 15 of the luff samples were collected from curated core in 1996 from boreholes 50-09100, 
50-09101, 50-09103, 50-09104, 50-09105, 50-09106, 50-09107, 50-09108, 50-09109, and 50-09110. 

Inorganic Chemical Comparison with BV 

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

Based on the core collection dates and the actual date the samples were analyzed, more than half of the 
curated core samples missed the 180-day holding time for inorganic chemicals; therefore, the inorganic 
chemical data from these samples are provided for comparison purposes only. The curated core samples 
were not analyzed for VOCs, SVOCs, PCBs, tritium, cyanide, or mercury because the holding times for 
these analytes had been exceeded by several months. 

Antimony, selenium, and thallium results were qualified UJ (indicating that the reported DL is estimated) 
for some samples because of a low recovery in the matrix spike sample. Some results for manganese, 
lead, zinc, antimony, and cyanide were qualified J- (indicating that the result is estimated and biased low) 
because of a low recovery in the matrix spike sample. Seven inorganic chemicals (aluminum, beryllium, 
iron, manganese, lead, thallium, and zinc) had some results qualified J (result is estimated) because the 
relative percent difference between the sample and the laboratory duplicate was greater than the advisory 
limit. Some inorganic chemicals also had results qualified J (result is estimated) because the result was 
less than the estimated DL but above the method detection limit. Results for potassium and sodium were 
qualified J+ (result is estimated and biased high) in six samples because the interference check sample 
was high. Many inorganic chemicals had results that were qualified U (not detected) because the 
concentration was less than five times the concentration in the method blank. 

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

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

Analytical results for inorganic chemicals in samples collected from Qbt 2 and Qbt 3 were compared with 
the appropriate BVs for Obis 2, 3, and 4, and results for inorganic chemicals in samples collected from 
Qbt 1 v were compared with BVs for that unit (LANL 1998, 59730). Table B-20 presents the frequency of 
inorganic chemicals detected in the subsurface luff at MDA C. Analytical results for all inorganic 
chemicals are presented in box plots in Figure D-9 in Appendix D. The box plots show that the 
concentrations for most inorganic chemicals are similar to the distribution of background concentrations. 
Seven inorganic chemicals (aluminum, beryllium, calcium, chromium, cobalt, magnesium, and nickel) 
were detected above the BV only once. Eight inorganic chemicals (antimony, arsenic, barium, copper, 
cyanide, lead, selenium, and thallium) had at least two detected concentrations above their respective 
BVs. DLs for mercury and silver were above BVs. Analytical results for inorganic chemicals with at least 
two detected concentrations above the BV were plotted by depth bgs in each borehole to identify patterns 
that might be associated with a release and migration through a fractured medium (see Appendix D, 
Figures D-10 to D-17). Lead and cyanide were detected most frequently in the subsurface. Boreholes 
50-09101 and 50-09104 had the highest number of detects for cyanide. Table B-21 presents the 
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concentrations of inorganic· chemicals detected above 8Vs in the subsurface luff at MDA ·c (luff samples 

collected from curated core are noted). 

Antimony, arsenic, barium, copper, cyanide, lead, selenium, thallium are identified as COPCs because 
they were detected above their respective luff 8Vs in more than one sample. Mercury and silver are also 
identified as COPCs because more than one DL was above the luff 8V. 

Radionuclide Comparison with Background and Fallout Values 

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

Data validation results for the subsurface radionuclide data for luff at MDA C indicate that some of the 
data were qualified. Three samples analyzed for thorium-232 and one sample analyzed for uranium-234 
and uranium-238 had results qualified J (result is estimated) because the relative percent difference 
between the sample and the laboratory duplicate was greater than the advisory limit. These estimated 
results (J) will be evaluated in the data review along with other detected results. In addition, thirty-one 
samples that were analyzed for uranium-235 by inductively coupled plasma mass spectrometry (ICPMS) 
instead of alpha spectroscopy. The analytical results from these two methods are not comparable, and 
the samples analyzed using ICPMS generally have higher results than those analyzed by alpha 
spectroscopy. Therefore, the uranium-235 data analyzed by ICPMS were evaluated by detection status 
rather than against the 8V. Radionuclide concentrations were compared with the appropriate Laboratory 
luff 8Vs set or evaluated based on detection status (LANL 1998, 59730). Overall, the subsurface 
radionuclide data are of good quality and suitable for data assessment. Table 8-22 presents the 
frequency of radionuclides detected above 8V in subsurface luff samples collected at MDA C. 

As with the surface soil samples, americium-241, plutonium-238, plutonium-239, tritium, and uranium-235 
were detected in the subsurface tuff. Since there are no 8Vs/FVs to compare with these radionuclides, 
they are evaluated according to detection status. Strontium-90 was also detected in subsurface luff 
samples; the highest detected concentration of strontium-90 was at a depth of approximately 18 ft in 
angled borehole 50-09109 (13 ft bgs). Tritium was detected in all boreholes at concentrations ranging 
between 1.5 and approximately 650,000 pCi/mL.1 Figure D-18 in Appendix D presents a borehole profile 
plot of the tritium data. The highest concentrations of tritium in pCi/mL were measured in borehole 
50-09107 in the sampling intervals beneath Pit 6. Table 8-23 presents the concentrations of radionuclides 
above the 8Vs in subsurface luff samples (luff samples collected from curated core are noted). 

1 The accuracy of the tritium values is questionable. Tritium in core is measured by EPA Method 906.0, which is 
performed on the water extracted from the core sample. At gravimetric moisture content less than 10%, a 3-in. 
length of 2-in. diameter core will yield less water than the minimum required volume of 5 ml. To reach the necessary 
volume, de-ionized water is added to the extracted water. The reported activity and uncertainty are corrected for the 
dilution. Therefore, any moisture loss from a core sample prior to analysis at low moisture contents may 
substantially increase the uncertainty of the measurement. Moreover, the EPA method requires the core material be 
ground to a fine mesh before the water is extracted, such that significant moisture loss is inevitable. Given these 
issues, ~ENV-,SRS concluded that tritium contamination is best characterized in low moisture content 
environments by using sorbent materials to extract and retain in situ subsurface water samples from pore gas. 
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Americium-241, cesium-134, cesium-137, cobalt-60, europium-152, plutonium-238, plutonium-239, 
sodium-22, strontium-90, tritium, uranium-235, and uranium-238 were identified as COPCs because the 
concentrations of these radionuclides were detected above BVs or detected (if no BV is available) in the 
subsurface luff. 

Evaluation of Organic Chemicals 

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

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

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

voes in Pore-Gas Samples 

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

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

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

TCE was detected over a large range of concentrations in borehole 50-09100 at the ports sampled more 
than once. At 20 ft, the concentration of TCE ranged from 0.76 to 1.6 ppmv, at 90 ft it ranged from 3.3 to 
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9.4 ppmv, and at 200 ft it ranged from 8.8 to 12 ppmv. However, the maximum TCE concentration 
detected in all of the pore-gas sampling events to date was at the bottom of borehole 50-09100 at 
13 ppmv at a depth of 316 ft. Figure D-28 illustrates the trend of increasing concentration with increasing 
depth. Although the maximum concentration was not detected at the bottom of the borehole each year, 
the maximum concentration was always below a depth of 200 ft. 

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

Tritium in Pore-Gas Samples 

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

Gravimetric Moisture 

Gravimetric moisture content was measured concurrently with tritium sample collection during the Phase I 
RFI. The gravimetric moisture content ranged from 1% to 11% (Table B-26). 
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Table B-1 

Dimensions of the Disposal Units at MDA C 

Dimensions a Period of 
Disposal Unit (ft) Operations 

Pit 1 610 X 40 X 25 1948--1951 

Pit 2 610x40x25 1950-1951 

Pit 3 610x40x25 1951-1953 

Pit 4 610x40x25 1951-1955 

Pit 5 705 X 110 X 18 1953-1959 

Pit 6 505x100x25 1956-1959 

Chemical Pit 180x25x12 1960-1964 

Shaft Group 1 (12 [Shafts 56-67]) 2 X 10 1959 

Shaft Group 2 (55 [Shafts 1-55]) 2 X 15 1959-1967 

Shaft Group 3 (40 [Shafts 68-1071) 1-2 X 20-25 1962-1966 

Shaft 108 (Strontium-90 Disposal Shaft) 4 X 4 X 41JAl<R9WA 19§0s er 
4000s1956 

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

b Shafts 98-107 are 1 ft in diameter and lined with 12-in.-thick concrete. Shafts 68-97 are 2 ft in 
diameter and unlined. 
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Table B-2 
Summary of 1986 Field Instrument and Radiochemical Surveys at MDA C 

Grid Media 
Loe. Code 

1 Soil 

2 Soil 

3 Soil 

4 Soil 

5 Soil 

6 Soil 

7 Soil 

8 Soil 

9 Soil 

10 Soil 

11 Soil 

12 Soil 

13 Soil 

14 Soil 

15 Soil 

16 Soil 

17 Soil 

18 Soil 

1 Vegetation 

2 Vegetation 

3 Vegetation 

4 Vegetation 

5 Vegetation 

6 Vegetation 

7 Vegetation 

8 Vegetation 

9 Vegetation 

10 Vegetation 

11 Vegetation 

12 Vegetation 

13 Vegetation 

14 Vegetation 

15 Vegetation 

16 Vegetation 

17 Vegetation 

18 Vegetation 

a ND = Nondetect. 
b 

NA= Not analyzed. 

October 2005 

H-3 Am-241 
(pCi/L) (pCi/g) 

11000.0 0.72 

13000.0 0.78 

3200.0 1.18 

3400.0 0.29 

7000.0 1.48 

4000.0 1.07 

7700.0 0.08 

29000.0 1.60 

21000.0 0.39 

41000.0 1.12 

39000.0 1.10 

21000.0 0.11 

50000.0 1.21 

3000.0 0.22 

23000.0 1.11 

33000.0 0.19 

44000.0 1.22 

43000.0 1.31 

400.0 Samples lost 

ND Samples lost 

ND Samples lost 

ND Samples lost 

ND Samples lost 

ND Samples lost 

ND Samples lost 

1000.0 Samples lost 

1800.0 Samples lost 

2100.0 Samples lost 

ND Samples lost 

ND Samples lost 

3400.0 Samples lost 

ND Samples lost 

500.0 Samples lost 

300.0 Samples lost 

ND Samples lost 

ND Samples lost 

Cs-137 Pu-238 Pu-239 Phoswich 
(pCi/g) (pCi/g) (pCi/g) (c/100 sec) 

0.12 0.007 . 0.34 5319 

0.21 0.006 0.60 6070 

0.05 0.007 0.20 5986 

0.07 0.030 0.80 6141 

0.38 0.004 0.60 6736 

0.28 0.096 7.30 6856 

0.55 0.091 10.40 6333 

ND 0.022 2.35 6458 

0.09 0.005 0.36 5508 

0.30 0.032 2.26 6169 

0.13 0.070 15.10 5698 

0.22 0.084 1.62 5488 

0.03 0.0004 0.01 5887 

0.03 0.003 0.06 4544 

0.14 0.008 0.15 4391 

0.30 0.011 0.13 5361 

0.26 0.014 0.60 5272 

0.07 0.013 0.78 4877 

ND" 0.002 0.012 NAb 

ND 0.005 0.069 NA 
0.35 0.014 0.203 NA 
0.25 0.012 0.078 NA 
1.97 0.004 0.040 NA 
1.87 0.002 0.333 NA 
1.83 0.005 0.450 NA 
0.20 0.006 0.259 NA 
ND 0.Q18 0.187 NA 
ND 0.003 0.057 NA 

0.02 0.014 0.174 NA 
0.69 0.007 0.059 NA 
3.73 0.002 0.011 NA 
0.08 0.022 0.121 NA 
1.06 0.004 0.028 NA 
1.75 0.003 0.026 NA 
0.83 0.006 0.248 NA 
0.45 0.005 0.022 NA 

B-34 

RASCAL 
(c/120 sec) 

1656 

1649 

1902 

1755 

2202 

2139 

1755 

1510 

1625 

1923 

1474 

1945 

1853 

1208 

1324 

1440 

1512 

1554 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ER2005-0172 



Table B-3 
Summary of 1989 Perimeter Pore-Gas and Sediment Sampling at MDA C 

Sample Reference on Figure 1 2 3 4 5 6 7 

Sample Number LA80801 LA80802 LA80803 LA80804 LA80805 LA80806 LA80807 

Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas 

Units mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 

Suite Field Measurements Depth (ft) 4 4 4 4 4 4 4 

voe Target Compounds Acetone ' - - - - - -
voe Target Compounds Carbon Disulfide - - - - - - -

voe Target Compounds 1,2-Dichloroethene (total) - - - - - - -
voe Target Compounds 2-Butanone - 4BQ - - - - -
voe Target Compounds Trichlorethene - - - - - - -
voe Target Compounds Tetrachloroethene - - - - - - -
voe Target Compounds Toluene - - - - - - -
voe Target Compounds Styrene - - - - - - -
voe Total (Allowed) Hold Time 16(ns)d 16(ns)d 16(ns)d 16(ns)d 16(ns)d 16(ns)d 16(ns)d 

voe ELEVated/DECReased CRQL DECR DECR DECR DECR DECR DECR DECR 

voe Dilution Factor 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

svoc Target Compounds lsophorone NA' NA NA NA NA NA NA 

svoc Target Compounds Benzoic acid NA NA NA NA NA NA NA 

svoc Target Compounds Phenanthrene NA NA NA NA NA NA NA 

svoc Target Compounds Fluoranthene NA NA NA NA NA NA NA 

svoc Target Compounds Pyrene NA NA NA NA NA NA NA 

svoc Target Compounds Benz(a)anthracene NA NA NA NA NA NA NA 

svoc Target Compounds Chyrsene NA NA NA NA NA NA NA 

svoc Target Compounds Benzo(b)fiuoranthene NA NA NA NA NA NA NA 

svoc Total (Allowed) Hold Time NA NA NA NA NA NA NA 

svoc ELEVated/DECReased CRQL NA NA NA NA NA NA NA 

svoc Dilution Factor NA NA NA NA NA NA NA 



'P 
w 
0) 

Suite 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

Field Measurements 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Table B-3 (continued) 

Sample Reference on Figure 1 2 
Sample Number LA80801 LA80802 
Media Soilgas Soilgas 

Units mg/m3 mg/m3 

Depth (ft) 4 4 
alpha-BHC NA NA 
beta-BHC NA NA 
delta-BHC NA NA 
gamma-BHC (Lindane) NA NA 
Heptachlor epoxide NA NA 
Endosulfan I NA NA 
Dieldrin NA NA 
4,4'-DDE NA NA 
Endosulfan II NA NA 
4,4'-DDD NA NA 
4,4'-DDT NA NA 
alpha-chlordane NA NA 
gamma-chlordane NA NA 
Arclor-1254 NA NA 
Arclor-1260 NA NA 
Total (Allowed) Hold Time NA NA 
ELEVated/DECReased CRQL NA NA 
Dilution Factor NA NA 
Antimony NA NA 
Arsenic NA NA 
Barium NA NA 
Beryllium NA NA 

Cadmium NA NA 

3 4 5 6 7 
LA80803 LA80804 LA80805 LA80806 LA80807 
Soilgas Soilgas Soilgas Soilgas Soilgas 

mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 

4 4 4 4 4 
NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 
NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 



Table B-3 (continued) 

Sample Reference on Figure 1 2 3 4 5 6 7 

Sample Number LA80801 LA80802 LA80803 LA80804 LA80805 LA80806 LA80807 

Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas 

Units mg/m3 mg/m3 mglm3 mglm3 mg/m3 mg/m3 mg/m3 

Suite Field Measurements Depth (ft) 4 4 4 4 4 4 4 

INORGANIC Analytes Chromium NA NA NA NA NA NA NA 

INORGANIC Analytes Copperc NA NA NA NA NA NA NA 

INORGANIC Analytes Lead NA NA NA NA NA NA NA 

INORGANIC Analytes Mercurl NA NA NA NA NA NA NA 

INORGANIC Analytes Nickel NA NA NA NA NA NA NA 

INORGANIC Analytes Selenium NA NA NA NA NA NA NA 

INORGANIC Analytes Silver NA NA NA NA NA NA NA 

INORGANIC Analytes Thallium NA NA NA NA NA NA NA 

INORGANIC Analytes Zinc NA NA NA NA NA NA NA 

INORGANIC % Solids NA NA NA NA NA NA NA 

INORGANIC Total (Allowed) Hold Time' NA NA NA NA NA NA NA 

INORGANIC Total (Allowed) Hold Time' NA NA NA NA NA NA NA 

RAD Alpha Emitters Radium-226 NA NA NA NA NA NA NA 

RAD Alpha Emitters Thorium-230 NA NA NA NA NA NA NA 

RAD Alpha Emitters Thorium 232' NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium-235 NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium-2381 NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium-2389 NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium (all isotopes) NA NA NA NA NA NA NA 

RAD Alpha Emitters Plutonium-238 NA NA NA NA NA NA NA 

RAD Alpha Emitters Plutonium-239, 240 NA NA NA NA NA NA NA 

RAD Alpha Emitters Americium-241 NA NA NA NA NA NA NA 

RAD Beta Emitters Strontium-90 NA NA NA NA NA NA NA 



Table B-3 (continued) 

Sample Reference on Figure 1 2 3 4 5 6 7 

Sample Number LA80801 LA80802 LA80803 LA80804 LA80805 LA80806 LA80807 

Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas 

Units mglm3 mglm3 mg/m3 mglm3 mg/m3 mg/m3 mg/m3 

Suite Field Measurements Depth (fl) 4 4 4 4 4 4 4 

RAD Gamma Emitters Beryllium-? NA NA NA NA NA NA NA 

RAD Gamma Emitters Potassium-40 NA NA NA NA NA NA NA 

RAD Gamma Emitters Cobalt-60 NA NA NA NA NA NA NA 

RAD Gamma Emitters Cadmium-109 NA NA NA NA NA NA NA 

RAD Gamma Emitters Cesium-137 NA NA NA NA NA NA NA 

Table B-3 (continued) 

Sample Reference on Figure 8 9 10 11 12 13 14 

Sample Number LA80808 LA80809 LA80810 LA80811 LA80812 LA80813 LA80814 

Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas 

Units mglm3 mglm3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 

Suite Field Measurements Depth (fl) 4 4 4 4 4 4 4 

voe Target Compounds Acetone - - - - - - -
voe Target Compounds Carbon Disulfide - 0.4 J - - - - -
voe Target Compounds 1,2-Dichloroethene (total) - - - - - - -
voe Target Compounds 2-Butanone - - - - - - -
voe Target Compounds Trichlorethene - 0.3 J - - 0.3 J - -
voe Target Compounds Tetrachloroethene - - - - - - -
voe Target Compounds Toluene - - - - - - -
voe Target Compounds Styrene - - - - - - -

voe Total (Allowed) Hold Time 17(ns)d 17(ns)d 16(ns)d 16(ns)d 16(ns)d 16(ns)d 16(ns)d 

voe ELEVated/DECReased CRQL DECR DECR DECR DECR DECR DECR DECR 

voe Dilution Factor 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
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Suite 

svoc 
svoc 
svoc 
svoc 
svoc 
SVOC 

SVOC 

SVOC 

SVOC 

svoc 
svoc 
PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

Field Measurements 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Target Compounds 

Table B-3 (continued) 

Sample Reference on Figure 8 9 

Sample Number LA80808 LA80809 

Media Soilgas Soilgas 

Units mg/m3 mg/m3 

Depth {fl) 4 4 

lsophorone NA NA 

Benzoic acid NA NA 

Phenanthrene NA NA 

Fluoranthene NA NA 

Pyrene NA NA 

Benz(a)anthracene NA NA 

Chyrsene NA NA 

Benzo(b)fluoranthene NA NA 

Total (Allowed) Hold Time NA NA 

ELEVated/DECReased CRQL NA NA 

Dilution Factor NA NA 

alpha-BHC NA NA 

beta-BHC NA NA 

delta-BHC NA NA 

gamma-BHC {Lindane) NA NA 

Heptachlor epoxide NA NA 

Endosulfan I NA NA 

Dieldrin NA NA 

4,4'-DDE NA NA 

Endosulfan II NA NA 

4,4'-DDD NA NA 

4,4'-DDT NA NA 

alpha-chlordane NA NA 

10 11 12 13 14 

LA80810 LA80811 LA80812 LA80813 LA80814 

Soilgas Soilgas· Soilgas Soilgas Soilgas 

mg/m3 mglm3 mg/m3 mg/m3 mg/m3 

4 4 4 4 4 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 
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Suite 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

PEST/PCB 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

Field Measurements 

Target Compounds 

Target Compounds 

Target Compounds 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Table B-3 (continued) 

Sample Reference on Figure 8 9 

Sample Number LA80808 LA80809 

Media Soilgas Soilgas 

Units mg/m3 mg/m3 

Depth (ft) 4 4 

gamma-chlordane NA NA 

Arclor-1254 NA NA 

Arclor-1260 NA NA 

Total (Allowed) Hold Time NA NA 

ELEVated/DECReased CRQL NA NA 

Dilution Factor NA NA 

Antimony NA NA 

Arsenic NA NA 

Barium NA NA 

Beryllium NA NA 

Cadmium NA NA 

Chromium NA NA 

Copperc NA NA 

Lead NA NA 

Mercurl NA NA 

Nickel NA NA 

Selenium NA NA 

Silver NA NA 

Thallium NA NA 

Zinc NA NA 

% Solids NA NA 

Total (Allowed) Hold Time' NA NA 

Total (Allowed) Hold Time' NA NA 

10 11 12 13 14 

LA80810 LA80811 LA80812 LA80813 LA80814 

Soilgas Soilgas Soilgas Soilgas Soilgas 

mg/m3 mg/m3 
mg/m3 mg/m3 

mg/m3 

4 4 4 4 4 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 



Table B-3 (continued) 

Sample Reference on Figure 8 9 10 11 12 13 14 

Sample Number LA80808 LA80809 LA80810 LA80811 LA80812 LA80813 LA80814 

Media Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas Soilgas 

Units mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 

Suite Field Measurements Depth (ft) 4 4 4 4 4 4 4 

RAD Alpha Emitters Radium-226 NA NA NA NA NA NA NA 

RAD Alpha Emitters Thorium-230 NA NA NA NA NA NA NA 

RAD Alpha Emitters Thorium 232' NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium-235 NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium-238f NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium-2389 NA NA NA NA NA NA NA 

RAD Alpha Emitters Uranium (all isotopes) NA NA NA NA NA NA NA 

RAD Alpha Emitters Plutonium-238 NA NA NA NA NA NA NA 

RAD Alpha Emitters Plutonium-239, 240 NA NA NA NA NA NA NA 

RAD Alpha Emitters Americium-241 NA NA NA NA NA NA NA 

RAD Beta Emitters Strontium-90 NA NA NA NA NA NA NA 

RAD Gamma Emitters Beryllium-? NA NA NA NA NA NA NA 

RAD Gamma Emitters Potassium-40 NA NA NA NA NA NA NA 

RAD Gamma Emitters Cobalt-60 NA NA NA NA NA NA NA 

RAD Gamma Emitters Cadmium-109 NA NA NA NA NA NA NA 

RAD Gamma Emitters Cesium-137 NA NA NA NA NA NA NA 



Table B-3 (continued) 

Sample Reference on Figure 15 16 17 18 LA84801 LA84802 LA84803 

Sample Number LA80815 LA80816 LA80817 LA80818 LA84801 LA84802 LA84803 

Media Soilgas Soilgas Soilgas Soilgas Soil Soil Soil 

Units mg/m3 mg/m3 mg/m3 mg/m3 µg/kg µg/kg µg/kg 

Suite Field Measurements Depth (ft) 4 4 4 4 0-1 0-1 0-1 

voe Target Compounds Acetone - - - - - 180 B -
voe Target Compounds Carbon Disulfide - - - - - - -
voe Target Compounds 1,2-Dichloroethene_(total) - - - - - - -

voe Target Compounds 2-Butanone - - - - - - -

voe Target Compounds Trichlorethene 0.2 J - 0.3 J - - - -

voe Target Compounds T etrachloroethene - - - - - - -

voe Target Compounds Toluene - - - - - 4J -

voe Target Compounds Styrene - - - - - - -

voe Total (Allowed) Hold Time 18(ns)d 18(ns)d 18(ns)d 18(ns)d - 19(14)d 13(14)d 

voe ELEVated/DECReased CRQL DECR DECR DECR DECR - ELEV ELEV 

voe Dilution Factor 1.000 1.000 1.000 1.000 - 1.000 1.000 

svoc Target Compounds lsophorone NA NA NA NA NA - 13 J 

svoc Target Compounds Benzoic acid NA NA NA NA NA - 190 J 

svoc Target Compounds Phenanthrene NA NA NA NA NA 51 J BJ 

svoc Target Compounds Fluoranthene NA NA NA NA NA 100 J 17 J 

SVOC Target Compounds Pyrene NA NA NA NA NA 81 J 14 J 

SVOC Target Compounds Benz(a)anthracene NA NA NA NA NA 47 J -

svoc Target Compounds Chyrsene NA NA NA NA NA 48 J -
svoc Target Compounds Benzo(b)fluoranthene NA NA NA NA NA 33 J -

SVOC Total (Allowed) Hold Time NA NA NA NA NA 12(14)d 12(14)d 

svoc ELEVated/DECReased CRQL NA NA NA NA NA ELEV ELEV 

svoc Dilution Factor NA NA NA NA NA 1.000 1.000 

PEST/PCB Target Compounds alpha-BHC NA NA NA NA NA - -



Table B-3 (continued) 

Sample Reference on Figure 15 16 17 18 LA84801 LA84802 LA84803 

Sample Number LA80815 LA80816 LA80817 LA80818 LA84801 LA84802 LA84803 

Media Soilgas Soilgas Soilgas Soilgas Soil Soil Soil 

Units mg/m3 mg/m3 mg/m3 mg/m3 µg/kg µg/kg µg/kg 

Suite Field Measurements Depth (ft) 4 4 4 4 0-1 0-1 0-1 

PEST/PCB Target Compounds beta-BHC NA NA NA NA NA - -

PEST/PCB Target Compounds delta-BHC NA NA NA NA NA - -

PEST/PCB Target Compounds gamma-BHC (Lindane) NA NA NA NA NA - -
PEST/PCB Target Compounds Heptachlor epoxide NA NA NA NA NA - -
PEST/PCB Target Compounds Endosulfan I NA NA NA NA NA 36 -
PEST/PCB Target Compounds Dieldrin NA NA NA NA NA - -

PEST/PCB Target Compounds 4,4'-DDE NA NA NA NA NA - -

PEST/PCB Target Compounds Endosulfan II NA NA NA NA NA - -

PEST/PCB Target Compounds 4,4'-DDD NA NA NA NA NA 4.50 J 6J 

PEST/PCB Target Compounds 4,4'-DDT NA NA NA NA NA 11 J 16 J 

PEST/PCB Target Compounds alpha-chlordane NA NA NA NA NA - -
PEST/PCB Target Compounds gamma-chlordane NA NA NA NA NA 0.83 J -

PEST/PCB Target Compounds Arclor-1254 NA NA NA NA NA - -

PEST/PCB Target Compounds Arclor-1260 NA NA NA NA NA - -
PEST/PCB Total (Allowed) Hold Time NA NA NA NA NA 12(14)d 12(14)d 

PEST/PCB ELEVated/DECReased CRQL NA NA NA NA NA ELEV ELEV 

PEST/PCB Dilution Factor NA NA NA NA NA 1.000 1.000 

INORGANIC Analytes Antimony NA NA NA NA NA - -
INORGANIC Analytes Arsenic NA NA NA NA NA - -
INORGANIC Analytes Barium NA NA NA NA NA 89.0 106 

INORGANIC Analytes Beryllium NA NA NA NA NA - -

INORGANIC Analytes Cadmium NA NA NA NA NA - -

INORGANIC Analytes Chromium NA NA NA NA NA 7.4 19.2 
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INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

INORGANIC 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

RAD 

Field Measurements 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Analytes 

Alpha Emitters 

Alpha Emitters 

Alpha Emitters 

Alpha Emitters 

Alpha Emitters 

Alpha Emitters 

Alpha Emitters 

Alpha Emitters 

Alpha Emitters 

Alpha Emitters 

Beta Emitters 

Gamma Emitters 

Table B-3 (continued) 

Sample Reference on Figure 15 16 17 

Sample Number LA80815 LA80816 LA80817 

Media Soilgas Soilgas Soilgas 

Units mg/m3 mg/m3 mg/m3 

Depth (ft) 4 4 4 

Copper' NA NA NA 

Lead NA NA NA 

Mercuri NA NA NA 

Nickel NA NA NA 

Selenium NA NA NA 

Silver NA NA NA 

Thallium NA NA NA 

Zinc NA NA NA 

% Solids NA NA NA 

Total (Allowed) Hold Time' NA NA NA 

Total (Allowed) Hold Time' NA NA NA 

Radium-226 NA NA NA 

Thorium-230 NA NA NA 

Thorium 232' NA NA NA 

Uranium-235 NA NA NA 

Uranium-2381 NA NA NA 

Uranium-2389 NA NA NA 

Uranium (all isotopes) NA NA NA 

Plutonium-238 NA NA NA 

Plutonium-239, 240 NA NA NA 

Americium-241 NA NA NA 

Strontium-90 NA NA NA 

Beryllium-? NA NA NA 

18 LA84801 LA84802 LA84803 

LA80818 LA84801 LA84802 LA84803 

Soilgas Soil Soil Soil 

mg/m3 µg/kg µg/kg µg/kg 

4 0-1 0-1 0-1 

NA NA - -
NA NA - -
NA NA NR NR 

NA NA - 58.0 

NA NA - -

NA NA - -
NA NA - -
NA NA 47.1 46.6 

NA NA 79.0 76.6 

NA NA 7(182)d 11(182)d 

NA NA - -
NA NA 900 h 900 h 

NA NA NA NA 

NA NA <12890' <12700' 

NA NA 79' 100' 

NA NA <12800 1 <12200' 

NA NA NA NA 

NA NA 5000 h 6000 h 

NA NA 190 h 420 h 

NA NA 7840' 5280 h 

NA NA 790' 310' 

NA NA <720 h <900 h 

NA NA NA NA 



Suite Field Measurements 

RAD Gamma Emitters 

RAD Gamma Emitters 

RAD Gamma Emitters 

RAD Gamma Emitters 

a - = Not detected. 
b 

NA= Not analyzed. 

Table B-3 (continued) 

Sample Reference on Figure 15 16 

Sample Number LA80815 LA80816 

Media Soilgas Soilgas 

Units mg/m3 mg/m3 

Depth (fl) 4 4 

Potassium-40 NA NA 
Cobalt-60 NA NA 
Cadmium-109 NA NA 
Cesium-137 NA NA 

C 
Copper not quantitated due to suspected interference and/or external contamination. 

dCVMS 
9

1CP. 
f 

Total unbroken chain activity in equilibrium. 
9 Activity in excess of U-238 natural chain. 
h . . 

Units are pC1/kgD. 

i Units are pCi/kgW. 

17 18 LA84801 LA84802 LA84803 

LA80817 LA80818 LA84801 LA84802 LA84803 

Soilgas Soilgas Soil Soil Soil 

mg/m3 mg/m3 µg/kg µg/kg µg/kg 

4 4 0-1 0-1 0-1 

NA NA NA 24100; 21200; 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA 395; 291 ; 



Table B-4 
Summary of Work Plan Specifications, Actual Fieldwork, and Rationale for Deviations 

Work Plan Specificationa Actual Fieldwork Performed 

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

Surface soil 223 Semivolatile organic 203 samples were collected 59 samples analyzed for 20 of the originally planned samples were not 
and fill compounds (SVOCs), and screened for gross PCBs/pesticides. collected because the locations were covered 

inorganic chemicals, alpha, beta, and gamma 68 samples analyzed for by asphalt. 
gamma spec, tritium, 68 samples submitted to an SVOCs, inorganic chemicals 
isotopic Pu, Sr-90, total off-site contract laboratory. (limited list of metals), gamma 
uranium, Am-241. 

spec, Sr-90, Am-241, isotopic 
Pu, isotopic U. 

10 samples analyzed for Hg. 

59 samples analyzed for 
tritium but data were not used. 

Tuff See proposed drilling svocs, voes, inorganic 82total: svoes, voes, pesticides The 6 vertical boreholes specified in the Work 
modifications (LANL chemicals, gamma spec, 67 in 1995 and PCBs, inorganic Plan were to be 80 ft deep and the 4 angled 
1995, 49969) called for tritium, isotopic Pu, Sr-90, 15 in 1996 from curated chemicals, cyanide, gamma holes were to range in length from 483 to 706 
20-ft sampling interval, total uranium core spec, tritium, Am-241, isotopic ft bgs; the 2 vertical boreholes drilled were 90 
all samples to be Pu, isotopic U, isotopic Th, and 316 ft deep and the 9 angled boreholes 
analyzed by mobile Sr-90 drilled ranged in length from 91 to 120 ft bgs. 
labs, only 2 samples per 82 T AL metals except Sb Samples were collected for field screening 
borehole for fixed lab (76), Cn (61) every 5 feet; one sample per 20 feet was 
analysis. 82 radionuclides submitted to a fixed contract laboratory based 

67 tritium, svoes on the proposed OU 114 7 Work Plan 
54 voes, PCBs, and modifications. 
pesticides. EPA's response to LAN L's proposed drilling 

modifications maintained the 10-ft sampling 
interval requirement in all boreholes (Neleigh 
1995, 55112). Phase I RFI fieldwork was 
already completed so additional core 
samples (15 of the 82) were collected from 
curated core and submitted to an offsite 
contract laboratory for analysis in 1996. 

The RFI work plan specified locations for 
boreholes. Actual borehole locations were 
selected to maximize the area sampled and 
avoid obstacles such as buried utilities and 
waste. 



Table B-4 (continued) 

Work Plan Specification 
a 

Actual Fieldwork Performed 

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

Pore gas n/a
0 

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

Near-surface n/a n/a 15 Tritium 15 shallow pore-gas vapor probes were 
pore gas installed across MDA C to identify potential 

locations of tritium releases to the 
atmosphere 

voe surface n/a n/a 105 voes Surface flux data can help identify lateral 
flux extent of subsurface VOC contamination 

Biota - ant Not specified n/a 29 Gross alpha, beta and gamma Biota samples were collected and analyzed 
mounds and radiation to determine if there has been any uptake of 
burrow spoils contaminants at MDA C. 

Biota- Not specified n/a 16 Gross alpha, beta and gamma Biota samples were collected and analyzed 
Ponderosa radiation to determine if there has been any uptake of 
pine needles contaminants at MDA C. 

Air-flow Not specified scfmc 6 boreholes scfm of air Air-flow monitoring was performed at six 
monitoring boreholes to provide additional data to 

assess potential contaminant transport at 
MDAe 

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

b n/a = Not applicable. 

c scfm = Standard cubic feet per minute. 



MDA C Investigation Work Plan, Revision 2 

Table B-5 

2003 Biota Samples Submitted to ARS 

Sample ID Location ID Depth (ft) Media Sample Description 

MD50-03-50891 50-21981 0-0.5 Soil Ant mounds and burrows 

MD50-03-50892 50-21982 0-0.5 Soil Ant mounds and burrows 

MD50-03-50893 50-21983 0-0.5 Soil Ant mounds and burrows 

MD50-03-50894 50-21984 0-0.5 Soil Ant mounds and burrows 

MD50-03-50895 50-21985 0-0.5 Soil Ant mounds and burrows 

MD50-03-50896 50-21986 0-0.5 Soil Ant mounds and burrows 

MD50-03-50897 50-21987 0-0.5 Soil Ant mounds and burrows 

MD50-03-50898 50-21988 0-0.5 Soil Ant mounds and burrows 

MD50-03-50899 50-21989 0-0.5 Soil Ant mounds and burrows 

MD50-03-50900 50-21990 0-0.5 Soil Ant mounds and burrows 

MD50-03-50901 50-21991 0-0.5 Soil Ant mounds and burrows 

MD50-03-50902 50-21992 0-0.5 Soil Ant mounds and burrows 

MD50-03-50903 50-21993 0-0.5 Soil Ant mounds and burrows 

MD50-03-50904 50-21994 0-0.5 Soil Ant mounds and burrows 

MD50-03-50905 50-21995 0-0.5 Soil Ant mounds and burrows 

MD50-03-50906 50-21996 0-0.5 Soil Ant mounds and burrows 

MD50-03-50907 50-21997 0-0.5 Soil Ant mounds and burrows 

MD50-03-50908 50-21998 0-0.5 Soil Ant mounds and burrows 

M D50-03-50909 50-21999 0-0.5 Soil Ant mounds and burrows 

MD50-03-50910 50-22000 0-0.5 Soil Ant mounds and burrows 

MD50-03-50911 50-22001 0-0.5 Soil Ant mounds and burrows 

MD50-03-50912 50-22002 0-0.5 Soil Ant mounds and burrows 

MD50-03-50913 50-22003 0-0.5 Soil Ant mounds and burrows 

MD50-03-50914 50-22004 0-0.5 Soil Ant mounds and burrows 

MD50-03-50915 50-22005 0-0.5 Soil Ant mounds and burrows 

MD50-03-50916 50-22006 0-0.5 Soil Ant mounds and burrows 

MD50-03-50917 50-22007 0-0.5 Soil Ant mounds and burrows 

MD50-03-50918 50-22008 0-0.5 Soil Ant mounds and burrows 

MD50-03-50919 50-22009 0-0.5 Soil Ant mounds and burrows 

MD50-03-51115 50-22027 0-0 n/a* Pine needles 

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

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

MD50-03-51118 50-22030 0-0 n/a Pine needles 

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

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

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

MD50-03-51122 50-22034 0-0 n/a Pine needles 

October 2005 B-48 ER2005-0172 

• 



MDA C Investigation Work Plan, Revision 2 

Table B-5 (continued) 

Sample ID Location ID Depth (ft) Media Sample Description 

MD50-03-51123 50-22035 0--0 n/a Pine needles 

MD50-03-51124 50-22036 0--0 nla Pine needles 

MD50-03-51125 50-22037 0--0 n/a Pine needles 

MD50-03-51126 50-22038 0--0 n/a Pine needles 

MD50-03-51127 50-22039 0--0 n/a Pine needles 

MD50-03-51128 50-22040 0--0 n/a Pine needles 

MD50-03-51129 50-22041 0--0 n/a Pine needles 

MD50-03-51130 50-22042 0--0 n/a Pine needles 

*n/a = Not applicable. 

ER2005-0172 B-49 October2005 



MDA C Investigation Work Plan, Revision 2 

Table B-6 

Analytical Screening Results on Ant Mound and Mammal Burrow Spoil Material at MDA C 

Gross Algha Gross Beta Gross Gamma 
Samgle ID Location ID ~ ~ ~ mg 

MD50-03-50891 50-21981 11.07 54.05 11.67 Ant mound 

MDS0-03-50892 50-21982 17.44 50.97 16.18 Ant mound 

MD50-03-50894 50-21984 11.18 53.11 -8.63 Ant mound 

M D50-03-50901 50-21991 16.77 56.05 13.09 Ant mound 

MD50-03-50903 50-21993 9.43 35.12 12.19 Ant mound 

MD50-03-50907 50-21997 23.29 64.98 11.05 Ant mound 

MD50-03-50908 50-21998 7.31 47.15 15.41 Ant mound 

MD50-03-50916 50-22006 13.93 43.45 12.84 Ant mound 

MD50-03-50919 50-22009 16.47 48.07 11.72 Ant mound 

MD50-03-50893 50-21983 18.48 52.85 17.64 Burrow sgoil 

M D50-03-50895 50-21985 16.01 56.94 20.05 Burrow sgoil 
M D50-03-50896 50-21986 13.88 48.38 15.19 Burrow sgoil 

MD50-03-50897 50-21987 10.93 53.91 14.55 Burrow SQOil 

MD50-03-50898 50-21988 10.11 36.53 14.07 Burrow s12oil 

MD50-03-50899 50-21989 11.35 5 13.07 Burrow s12oil 

MD50-03-50900 50-21990 17.36 58.09 20.66 Burrow sgoil 

MD50-03-50902 50-21992 7.15 39.41 15.2 Burrow sgoil 
MD50-03-50904 50-21994 11.38 62 19.64 Burrow sgoil 

MD50-03-50905 50-21995 16.17 59.39 17.54 Burrow sgoil 

MD50-03-50906 50-21996 13.29 49.15 17.11 Burrow sgoil 

MD50-03-50909 50-21999 16.28 57.38 11.72 Burrow sgoil 

MD50-03-50910 50-22000 19.73 59.25 20.44 Burrow SQoil 

MD50-03-50911 50-22001 21.35 61.44 18.73 Burrow s12oil 

MD50-03-50912 50-22002 14.63 44.2 20.32 Burrow SQOil 

MD50-03-50913 50-22003 19.19 60.08 19.42 Burrow sgoil 

MDS0-03-50914 50-22004 21.13 64.97 20 Burrow s12oil 

MD50-03-50915 50-22005 15.66 54.06 18.29 Burrow sgoil 

M D50-03-50917 50-22007 16.22 54.84 16.16 Burrow s12oil 
MD50-03-50918 50-22008 19.77 58.25 19.4 Burrow s12oil 
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Table B-7 
Analytical Screening Results Results af field RadiaaGti'lity SGFeeRiRg on Pine Needles at 

MDA CMammal BUFF8'1.' Spail Mate,ial 

Gross Al~ha Gross Beta Gross Gamma 
Sam~le ID Location ID ~ ~ ~ 

MD50-03-51115 50-22027 3.95 14.1 6.34 

MD50-03-51116 50-22028 1.71 6.54 7.18 

MD50-03-51117 50-22029 5.05 7.96 2.77 

MD50-03-51118 50-22030 3.30 235.9 0.51 

MD50-03-51119 50-22031 17.89 54.4 5.47 

MD50-03-51120 50-22032 3.46 265.70 4.24 

MD50-03-51121 50-22033 -0.64 8.44 2.94 

MD50-03-51122 50-22034 91.40 11.57 -0.15 

MD50-03-51123 50-22035 77.18 10.97 8.99 

MD50-03-51124 50-22036 3.77 6.92 2.52 

MD50-03-51125 50-22037 3.73 10.24 0.85 

MD50-03-51126 50-22038 2.43 13.26 4.94 

MD50-03-51127 50-22039 4.19 8.55 7.45 

MD50-03-51128 50-22040 2.33 10.54 9.15 

M D50-03-51129 50-22041 2.33 10.54 1.35 

MD50-03-51130 50-22042 0.91 12.91 9.54 
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Table B-8 
Tree Sampling Information from MDA C 

Tree Sample Location Approximate Age 
ID ID (Years) Pine Needle Analysis 

T-1 50-22027 8 Gross alpha, beta, and gamma 

T-2 50-22028 17 Gross alpha, beta, and gamma 

T-3 50-22029 10 Gross alpha, beta, and gamma 

T-4 50-22030 18 Gross alpha, beta, and gamma 

T-5 50-22042 14 Gross alpha, beta, and gamma 

T-6 50-22036 9 Gross alpha, beta, and gamma 

T-7 50-22035 12 Gross alpha, beta, and gamma 

T-8 50-22031 15 Gross alpha, beta, and gamma 

T-9 50-22032 17 Gross alpha, beta, and gamma 

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

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

T-12 50-22037 11 Gross alpha, beta, and gamma 

T-13 50-22033 10 Gross alpha, beta, and gamma 

T-14 50-22040 18 Gross alpha, beta, and gamma 

T-15 50-22039 9 Gross alpha, beta, and gamma 

T-16 50-22041 No sample" Gross alpha, beta, and gamma 

*Sample not delivered for tree ring dating. 
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Table B-9 
Summary of Phase I RFI Surface Soil and Fill Samples at MDA C 

-· >, 
g Q. g 
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., ., 

0 u E .2 E :::i m ., - .. .. " .. ., .... E u -- :, Q. :, C> "C.; 0 ., Q.•-
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0 ~ E 2 0 " 0 -- ~ ~ a .. _s::;; c.., - 0 - " E ::;; c.. > E .. - o- 0 .. "' .. u .. ·e _. "' < C) :;: ., :, ., ~ 
"' 0 Cl -- < - ii: - :::, 

..J ..J ,_ Q. 

"' 
AAA3153 50-08010 0-0.5 Fill 14924b 14927 14927 14925 14925 14925 14925 14925 

AAA3154 50-08062 0-0.5 Fill 14924 14927 14927 14925 14925 14925 14925 14925 

AAA3155 50-08064 0-0.5 Fill 14924 14927 14927 14925 14925 14925 14925 14925 

AAA3156 50-08106 0-0.5 Fill 14924 14927 14927 14925 14925 14925 14925 14925 

AAA3157 50-08110 0-0.5 Fill 14924 14927 14927 14925 14925 14925 14925 14925 

AAA3158 50-08116 0-0.5 Fill 14924 14927 14927 14925 14925 14925 14925 14925 

AAA2797 50-08126 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 

AAA3242 50-08131 0-0.5 Fill 15092 C 15089 15093 15093 15093 15093 15093 -

AAA2798 50-08134 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 

AAA3243 50-08137 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 

AAA3244 50-08139 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 

AAA3159 50-08156 0-0.5 Fill 14924 14927 14927 14925 14925 14925 14925 14925 

AAA3160 50-08162 0-0.5 Fill 14924 14927 14927 14925 14925 14925 14925 14925 

AAA3189 50-08168 0-0.5 Fill 14952 14949 14949 14948 14948 14948 14948 14948 

AAA2799 50-08176 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 

AAA2800 50-08180 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 

AAA3245 50-08185 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 

AAA3246 50-08189 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 

AAA3247 50-08193 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 

AAA2801 50-08194 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 

AAA3248 50-08195 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 

AAA3190 50-08214 0-0.5 Fill 14952 14949 14949 14948 14948 14948 14948 14948 

AAA3191 50-08216 0-0.5 Fill 14952 14949 14949 14948 14948 14948 14948 14948 

AAA2802 50-08222 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 

AAA2803 50-08224 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 

AAA2804 50-08226 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 

AAA2805 50-08228 0-0.5 Fill 14867 14865 14865 14866 14866 14866 14866 14866 

AAA3249 50-08231 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 

AAA3092 50-08240 0-0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 

AAA3093 50-08244 0-0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 

AAA3250 50-08245 0-0.5 Fill 15092 - 15089 15093 15093 15093 15093 15093 

AAA3192 50-08266 0-0.5 Fill 14952 14949 14949 14948 14948 14948 14948 14948 

AAA3094 50-08274 0-0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 

AAA3095 50-08286 0-0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 

AAA3096 50-08290 0-0.5 Fill 14873 -14870 14870 14869 14869 14869 14869 14869 
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Table B-9 (continued) 

-· >, e C. e g .!a .!!!, .. 0 u E -~ E C: .. -' 5 ., - u -- ::, .. ., u .... E ., c.-- C. ::, C> 
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"' 0 C -- c( - a: -' -' .... C. 
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AAA3193 50-08312 0--0.5 Fill 14952 14949 14949 14948 14948 14948 14948 14948 

AAA3097 50-08324 0--0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 
AAA3098 50-08326 0--0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 

AAA3099 50-08328 0--0.5 Fill 14873 14870 14870 14869 14869 14869 14869 14869 

AAA3118 50-08336 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 . 14890 

AAA3119 50-08340 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3120 50-08342 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3121 50-08370 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3122 50-08374 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3123 50-08386 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3124 50-08428 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3125 50-08432 0--0.5 Fill 14887 14889 14889 14890 14890 14890 14890 14890 

AAA3147 50-08436 0--0.5 Fill 14914 14880 14880 14916 14916 14916 14916 14916 

AAA3148 50-08438 0--0.5 Fill 14914 14880 14880 14916 14916 14916 14916 14916 

AAA3149 50-08440 0--0.5 Fill 14914 14880 14880 14916 14916 14916 14916 14916 

AAA3151 50-08486 0--0.5 Fill 14914 14880 14880 14916 14916 14916 14916 14916 

AAA3152 50-08492 0--0.5 Fill 14914 14880 14880 14916 14916 14916 14916 14916 

AAA2768 50-08086 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA2769 50-08088 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA3143 50-08102 0--0.5 Soil 14914 14880 14880 14916 14916 14916 14916 14916 

AAA2770 50-08136 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA2771 50-08138 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA2772 50-08140 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA2773 50-08142 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA2774 50-08144 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA3144 50-08154 0--0.5 Soil 14914 14880 14880 14916 14916 14916 14916 14916 

AAA2775 50-08346 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA3145 50-08364 0--0.5 Soil 14914 14880 14880 14916 14916 14916 14916 14916 

AAA2776 50-08396 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA3146 50-08418 0--0.5 Soil 14914 14880 14880 14916 14916 14916 14916 14916 

AAA2777 50-08446 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA2778 50-08474 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

AAA2779 50-08494 0--0.5 Soil 14841 14840 14840 14845 14845 14845 14845 14845 

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

b 
Sample request number. 

c ~ = Sample not requested for the suite. 
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Table B-10 
Frequency of Detected Inorganic Chemicals 

Above BV in Phase I RFI Surface Soil and Fill Samples at MDA C 

Number Number 
of of 

Analyte Media Analyses Detects 

Antimony Fill 52 1 

Antimony Soil 16 5 

Arsenic Fill 52 49 

Arsenic Soil 16 16 

Barium Fill 52 52 

Barium Soil 16 16 

Beryllium Fill 52 52 

Beryllium Soil 16 16 

Cadmium Fill 52 0 

Cadmium Soil 16 0 

Chromium, Fill 52 52 
Total 

Chromium, Soil 16 16 
Total 

Lead Fill 52 52 

Lead Soil 16 16 

Mercury Fill 9 0 

Mercury Soil 1 0 

Nickel Fill 52 52 

Nickel Soil 16 12 

Potassium Fill 1 1 

Potassium Soil 1 1 

Selenium Fill 52 28 

Selenium Soil 16 3 

Silver Fill 52 1 

Silver Soil 16 1 

Thallium Fill 52 51 

Thallium Soil 16 16 

a Values in square brackets indicate nondetects. 

b BVs obtained from LANL 1998, 59730. 
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Concentration Background Frequency of 
Range" Valueb Detects Above 
(mg/kg) (mg/kg) Background Value 

[0.04] to 0.21 0.83 0/52 

[0.04] to 0.25 0.83 0/16 

[0.2] to 5.2 8.17 0/52 

0.9 to 8 8.17 0/16 

36 to 250 295 0/52 

26 to 190 295 0/16 

0.41 to 1.4 1.83 0/52 

0.32 to 1.2 1.83 0/16 

[0.4] 0.4 0/52 

[0.4] 0.4 0/16 

2.4to18 19.3 0/52 

1.3to12 19.3 0/16 

7 to 30 22.3 6/52 

10 to 27 22.3 3/16 

[0.1] 0.1 0/9 

[0.1] 0.1 0/1 

2.3 to 14 15.4 0/52 

[2] to 8.2 15.4 0/16 

1800 3460 0/1 

1300 3460 0/1 

[0.2] to 1 1.52 0/52 

[0.2] to 0.5 1.52 0/16 

[1]to1.1 1 1/52 

[1] to 6 1 1/16 

[0.04] to 0.21 0.73 0/52 

0.04 to 0.18 0.73 0/16 

B-55 

Frequency of Non-
detects Above 

Background Value 

0/52 

0/16 

0/52 

0/16 

0/52 

0/16 

0/52 

0/16 

0/52 

0/16 

0/52 

0/16 

0/52 

0116 

0/9 

0/1 

0/52 

0/16 

011 

0/1 

0/52 

0/16 

0/52 

0/16 

0/52 

0/16 
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Table B-11 

Inorganic Chemicals Detected Above BV in Phase I RFI Surface Soil and Fill Samples at MDA C 

Sample ID Location ID Depth {ft) 

Soil Background Value8 

NMED SSLb 

AAA3143 50-08102 0.00--0.50 

AAA3144 50-08154 0.00--0.50 

AAA3093 50-08244 0.00-0.50 

AAA3096 50-08290 0.00-0.50 

AAA3193 50-08312 0.00--0.50 

AAA3098 50-08326 0.00--0.50 

AAA3099 50-08328 0.00--0.50 

AAA3119 50-08340 0.00--0.50 

AAA3145 50-08364 0.00--0.50 

AAA3146 50-08418 0.00--0.50 

AAA3151 50-08486 0.00--0 50 

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

b NMED soil screening level for residential soils. 

c - = Not above the BV. 
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Media Lead (mg/kg) Silver (mg/kg) 

22.3 1 

400 380 

Soil 27 C -
Soil 27 -

Fill - 1.1 

Fill 23 -
Fill 30 -

Fill 26 -

Fill 24 -
Fill 23 -
Soil 24 -
Soil - 6 

Fill 23 -

ER2005-0172 



MDA C Investigation Work Plan, Revision 2 

Table B-12 
Frequency of Detected Radionuclides 

Above BVs/FVs in Phase I RFI Surface Soil and Fill Samples at MDA C 

Number of 
Analyte Media Analyses 

Americium-241 Soil 16 

Americium-241 Fill 52 

Cesium-137 Soil 16 

Cesium-137 Fill 52 

Cobalt-60 Soil 16 

Cobalt-60 Fill 52 

Plutonium-238 Soil 16 

Plutonium-238 Fill 52 

Plutonium-239 Soil 16 

Plutonium-239 Fill 52 

Strontium-90 Soil 16 

Strontium-90 Fill 52 

Thorium-232 Soil 16 

Thorium-232 Fill 52 

Uranium-234 Soil 16 

Uranium-234 Fill 52 

Uranium-235 Soil 16 

Uranium-235 Fill 52 

Uranium-238 Soil 16 

Uranium-238 Fill 52 

a Values in square brackets indicate nondetects. 

bTuff BVs obtained from LANL 1998, 59730. 

c na = Not available. 
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Number of 
Detects 

13 

37 

1 

1 

0 

0 

12 

20 

16 

46 

0 

0 

4 

11 

16 

52 

0 

0 

16 

52 

Background/ Frequency of 
Concentration Range• Fallout Valueb Detects Above 

(pCi/g) (pCi/g) Background Value 

[0.005] to 1.017 0.013 11/16 

[0.003] to 0.292 0.013 24/52 

[0.24] to 1.22 1.65 0/16 

[0.269 to 0.915] 1.65 0/52 

[0.165 to 0.814] na0 0/16 

[0.128 to 0.761] na 0/52 

[0.004 to 0.219] 0.023 6/16 

[0.002] to 0.071 0.023 11/52 

0.01 to 10.687 0.054 15/16 

[0.003] to 2.91 0.054 29/52 

(-0.54 to 0.32] 1.31 0/16 

(-0.62 to 0.3] 1.31 0/52 

[2.09] to 4.01 2.33 4/16 

(1.83] to 4.8 2.33 11/52 

1.07 to 1.89 2.59 0/16 

0.91 to 1.83 2.59 0/52 

(0.036 to 0.13] 0.2 0/16 

[0.023 to 0.165] 0.2 0/52 

1.07 to 1.99 2.29 0/16 

1.08 to 2.45 2.29 1152 
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Table B-13 
Radionuclides Detected Above the BV/FV in Phase I RFI Surface Soil and Fill Samples at MDA C 

Sample Location Depth Americium- Plutonium-
ID ID (ft) Media 241 238 

Soil and Fill Background Value• (pCi/g) 0.013 0.023 

SALb 39 49 

AAA3153 50-08010 0.00-0.50 Fill C - -

AAA2768 50-08086 0.00--0.50 Soil - -

AAA2769 50-08088 0.00--0.50 Soil - 0.052 

AAA3143 50-08102 0.00-0.50 Soil 0.094 -

AAA3157 50-08110 0.00--0.50 Fill - -
AAA2798 50-08134 0.00-0.50 Fill - -
AAA2770 50-08136 0.00--0.50 Soil 0.048 -

AAA3243 50-08137 0.00--0.50 Fill - -

AAA2771 50-08138 0.00--0.50 Soil 1.017 -
AAA2772 50-08140 0.00-0.50 Soil 0.03 -
AAA2773 50-08142 0.00--0.50 Soil 0.032 -

AAA2774 50-08144 0.00--0.50 Soil 0.036 -
AAA3144 50-08154 0.00-0.50 Soil 0.257 0.035 

AAA2801 50-08194 0.00-0.50 Fill - -
AAA3191 50-08216 0.00-0.50 Fill - -

AAA2802 50-08222 0.00-0.50 Fill - -

AAA2804 50-08226 0.00-050 Fill - -
AAA3093 50-08244 0.00--0.50 Fill - -
AAA3250 50-08245 0.00--0.50 Fill - -

AAA3098 50-08326 0.00--0.50 Fill - -
AAA2775 50-08346 0.00-0.50 Soil 0.357 0.032 

AAA3145 50-08364 0.00--0.50 Soil - -
AAA3121 50-08370 0.00--0.50 Fill - -

AAA2776 50-08396 0.00-0.50 Soil 0.361 0.033 

AAA3147 50-08436 0.00--0.50 Fill - -
AAA2777 50-08446 0.00-0.50 Soil 0.192 0.027 

AAA2778 50-08474 0.00--0.50 Soil - -
AAA2779 50-08494 0.00--0.50 Soil 0.454 0.068 

a Soil background value is used for both fill and soil (LANL 1998, 59730). 

b LANL screening action level for residential soil. 

c - = The concentration was not above the BV. 
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Plutonium- Thorium- Uranium-
239 232 238 

0.054 2.33 2.29 

44 5.0 93 

- 3.97 -
10.687 - -

0.441 - -

0.446 - -
- 3.49 -
- 3.732 -

1.427 3.74 -

- 3.32 -

0.46 3.27 -
0.347 4.01 -
0.342 - -

0.276 - -
1.5 - -

- - 2.45 

- 3.46 -
- 307 -

- 3.73 -
- 3.34 -
- - -

- 4.8 -
2.082 - -

0.103 - -
- 2.96 -

2.499 - -

- 3.56 -
2.13 2.75 -

0.562 - -
8.69 - -
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Table B-14 
Frequency of Detected Organic Chemicals in Phase I RFI Surface Soil and Fill Samples at MDA C 

Number of Number of Concentration Frequency of 
Analyte Media Analyses Detects Range' (mg/kg) Detects 

Acenaphthene Fill 52 1 [0.00018] to 0.96 1/52 

Aroclor-1254 Fill 43 3 [0.03] to 1 3143 

Aroclor-1260 Fill 43 4 [0.03 to 0.15] 4/43 

Bis(2-ethylhexyl)phthalate Fill 52 2 [0.00018] to 1.4 2152 

Pentachlorophenol Soil 16 1 [0.85] to 1.9 1/16 

*Values in square brackets indicate nondetects. 

Table B-15 
Detected Organic Chemicals Analyses in Phase I RFI Surface Soil and Fill Samples at MDA C 

5! 5! §: .. C 

C. 0 .c 
li a E u .. .. 0 C en -' 

NMEDSSL8 

EPA SSL0 

AAA3153 50-08010 0.00-0.50 

AAA3155 50-08064 0.00--0.50 

AAA3156 50-08106 0.00-0.50 

AAA3157 50-08110 0.00--0.50 

AAA3158 50-08116 0.00--0.50 

AAA3193 50-08312 0.00--0.50 

AAA3098 50-08326 0.00-0.50 

AAA3146 50-08418 0.00-0.50 

AAA3151 50-08486 0.00-0.50 

AAA3152 50-08492 0.00--0.50 

Note: Units are mg/kg. 

a NMED soil screening level for residential soils. 

b na = Not available. 

.. 
'i:i .. 
:. 

Fill 

Fill 

Fill 

Fill 

Fill 

Fill 

Fill 

Soil 

Fill 

Fill 

c EPA Region 6 soil screening level for residential soils. 

d n/a = Not applicable. 

e - = The analyte was not detected. 
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fJ 0 
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0 0 ur=- 0 
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0 e .. u 
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.c .. 

.; "-

1.1 1.1 350 nab 

nla n/a n/a 3.0 

- - 1.4 -
- 0.04 1.4 -
- 0.03 - -

- O.Q? - -
- 0.04 - -

- - - -

1 - - -

- - - 1.9 

0.07 - - -

0.17 - - -
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Table B-16 

Detected Organic Chemicals in EMFLUx® Samples at MDA C 

Location Sample Aliphatics Carbon 
ID ID HCs Benzene Tetrachloride Chloroform Tetrachloroethene Trichloroethane 

50-10000 MD50-00-0011 0.00 0.00 0.00 0.00 2.08 1.17 

50-10001 MD50-00-0012 0.00 0.00 0.00 0.00 10.94 7.31 

50-10002 MD50-00-0013 0.00 0.00 0.00 0.00 8.58 1.57 

50-10003 MD50-00-0014 0.00 0.00 0.00 3.66 11.56 2.77 

50-10004 MD50-00-0015 0.00 0.00 0.00 6.68 10.16 2.27 

50-10005 MD50-00-0016 0.00 0.00 0.00 2.80 6.84 1.50 

50-10006 MD50-00-0017 0.00 0.00 9.26 1.94 27.82 4.44 

50-10007 MD50-00-0018 20.85 0.00 0.00 0.00 3.82 0.84 

50-10008 MD50-00-0019 0.00 0.00 0.00 0.00 2.86 0.00 

50-10009 MD50-00-0020 0.00 0.00 1.50 0.00 15.86 2.01 

50-10010 M D50-00-0021 0.00 0.00 2.67 0.00 15.21 1.17 

50-10011 MD50-00-0022 0.00 0.00 6.71 1.16 16.95 2.94 

50-10012 MD50-00-0023 86.40 0.00 4.58 0.00 9.30 4.15 

50-10013 MD50-00-0024 0.00 0.00 0.00 0.00 2.18 1.20 

50-10014 MD50-00-0025 0.00 0.00 0.00 0.00 2.77 3.18 

50-10015 MD50-00-0026 0.00 0.00 2.38 0.00 3.27 8.83 

50-10016 MD50-00-0027 0.00 0.00 0.00 0.00 2.09 0.94 

50-10017 MD50-00-0028 0.00 0.00 0.00 0.00 5.39 0.00 

50-10018 MD50-00-0029 0.00 0.00 0.00 0.00 9.22 0.00 

50-10019 MD50-00-0030 0.00 0.00 0.00 0.00 7.23 2.58 

50-10020 MD50-00-0031 0.00 0.00 0.00 0.00 4.21 2.65 

50-10021 MD50-00-0032 0.00 0.00 2.31 0.00 508 6.96 

50-10022 MD50-00-0033 0.00 0.00 36.15 4.67 2.52 3.52 

50-10023 MD50-00-0034 0.00 0.00 1.65 0.00 2.52 4.15 

50-10024 MD50-00-0035 0.00 0.00 0.00 0.00 1.28 3.82 

50-10025 M D50-00-0036 0.00 0.00 0.00 0.00 1.59 1.34 

50-10026 MD50-00-0037 0.00 0.00 0.00 0.00 7.54 0.90 

50-10027 M D50-00-0038 0.00 0.00 0.00 0.00 28.06 0.00 

50-10028 MD50-00-0039 0.00 0.00 0.00 0.00 9.23 0.00 

50-10029 MD50-00-0040 0.00 0.00 0.00 0.00 3.15 2.82 

50-10030 MD50-00-0041 0.00 0.00 0.00 0.00 2.53 1.58 

50-10031 MD50-00-0042 0.00 0.00 4.85 0.00 4.68 4.79 

50-10032 M D50-00-0043 0.00 0.00 2.87 0.00 4.77 3.65 

50-10033 M D50-00-0044 0.00 0.00 1.73 0.00 28.38 12.47 

50-10034 M D50-00-0045 0.00 0.00 0.00 0.00 1.25 3.85 

50-10035 M D50-00-0046 0.00 0.00 0.00 0.00 5.30 1.11 
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MDA C Investigation Work Plan, Revision 2 

Table B-16 

Location Sample Aliphatics Carbon 
ID ID HCs Benzene Tetrachloride Chloroform Tetrachloroethene Trichloroethane 

50-10036 MD50-00-004 7 0.00 0.00 0.00 0.00 13.32 0.00 

50-10037 MD50-00-0048 12.60 0.00 0.00 0.00 5.30 0.00 

50-10038 MD50-00-0049 0.00 0.00 0.00 0.00 6.92 1.58 

50-10039 MD50-00-0050 0.00 0.00 0.00 0.00 3.18 58.03 

50-10040 MD50-00-0051 0.00 0.00 0.00 0.00 5.43 3.19 

50-10041 MD50-00-0052 0.00 0.00 0.00 0.00 2.84 2.05 

50-10042 MD50-00-0053 0.00 0.00 0.00 0.00 4.96 0.97 

50-10043 MD50-00-0054 0.00 0.00 0.00 0.00 2.15 1.48 

50-10044 MD50-00-0055 0.00 0.00 0.00 0.00 0.87 1.98 

50-10045 MD50-00-0056 0.00 0.00 0.00 0.00 3.51 0.00 

50-10046 MD50-00-0057 0.00 0.00 0.00 0.00 2.20 0.00 

50-10047 MD50-00-0058 170.25 0.00 0.00 0.00 2.82 0.00 

50-10048 MD50-00-0059 0.00 0.00 0.00 0.00 0.00 0.00 

50-10049 MD50-00-0060 95.56 0.00 0.00 0.00 1.66 0.00 

50-10050 MD50-00-0061 0.00 0.00 0.00 0.00 2.92 0.00 

50-10051 MD50-00-0062 0.00 0.00 0.00 0.00 2.32 1.48 

50-10052 MD50-00-0063 0.00 0.00 0.00 0.00 200.92 0.00 

50-10053 M D50-00-0064 0.00 0.00 0.00 0.00 69.71 1.08 

50-10054 M D50-00-0065 0.00 0.00 0.00 0.00 4.38 4.27 

50-10055 MD50-00-0066 0.00 0.00 0.00 0.00 4.87 0.00 

50-10056 MD50-00-0067 0.00 0.00 0.00 0.00 1.92 0.00 

50-10057 MD50-00-0068 0.00 0.00 0.00 0.00 1.79 0.00 

50-10058 MD50-00-0069 0.00 0.00 0.00 0.00 1.10 0.00 

50-10059 MD50-00-0070 13.52 0.00 0.00 0.00 1.89 0.00 

50-10060 MD50-00-0071 0.00 0.00 0.00 0.00 1.32 0.00 

50-10061 MD50-00-0072 0.00 0.00 0.00 0.00 1.54 0.00 

50-10062 MD50-00-0073 0.00 0.00 0.00 0.00 1.19 0.00 

50-10063 MD50-00-007 4 0.00 0.00 0.00 0.00 4.21 0.00 

50-10064 MD50-00-0075 0.00 0.85 0.00 0.00 8.39 0.00 

50-10065 MD50-00-0076 0.00 0.00 0.00 0.00 1.51 0.00 

50-10066 MD50-00-0077 0.00 0.00 0.00 0.00 27.80 0.00 

50-10067 MD50-00-0078 0.00 0.00 0.00 1.52 207.30 10.37 

50-10068 MD50-00-0079 13.78 0.00 0.00 0.00 169.70 8.11 

50-10069 MD50-00-0080 54.59 0.00 0.00 0.00 140.79 5.78 

50-10070 MD50-00-0081 0.00 0.00 0.00 0.00 56.58 6.22 

50-10071 MD50-00-0082 0.00 0.00 0.00 0.00 150.02 29.58 

50-10072 MD50-00-0083 0.00 0.00 0.00 0.00 16.67 0.00 

50-10073 MD50-00-0084 0.00 0.00 0.00 0.00 58.84 0.00 
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Table B-16 

Location Sample Aliphatics Carbon 
ID ID HCs Benzene Tetrachloride Chloroform Tetrachloroethene Trichloroethene 

50-10074 MD50-00-0085 0.00 0.00 0.00 0.00 10.04 0.00 

50-10075 MD50-00-0086 0.00 0.00 0.00 0.00 3.05 0.00 

50-10076 MD50-00-0087 0.00 0.00 0.00 0.00 0.94 0.00 

50-10077 MD50-00-0088 0.00 0.00 0.00 0.00 7.40 0.00 

50-10078 MD50-00-0089 0.00 0.00 0.00 0.00 1.39 0.00 

50-10079 MD50-00-0090 0.00 0.00 0.00 0.00 1.42 0.00 

50-10080 MD50-00-0091 0.00 0.00 0.00 0.00 13.90 0.98 

50-10081 MD50-00-0092 0.00 0.91 0.00 0.00 8.26 1.36 

50-10082 MD50-00-0093 0.00 0.00 0.00 0.00 5.74 1.93 

50-10083 MD50-00-0094 0.00 0.00 0.00 0.00 3.41 2.14 

Note: Results are in ng/m2/min. 
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50-09100 90.0 n/ab 

50-09101 45.0 S82W 

50-09102 45.0 S 10W 

50-09103 45.0 N32W 

50-09104 90.0 n/a 

50-09105 45.0 S 86 E 

50-09106 45.0 S 75 E 

50-09107 45.0 N4W 

50-09108 45.0 N 40 E 

50-09109 45.0 N 84 E 

50-09110 70.0 S 67 E 

50-10131' 90.0 n/a 

a North American Datum of 1983. 

b n/a = Not applicable. 

C .c 0 C> ~ C 
> .. .. ..J 
w E"' .. = .. - o-u .c 
~ e 
:, 0 

VJ m 

7233.0 316.0 

7253.0 117.0 

7219.0 110.0 

7242.0 120.0 

7260.0 90.0 

7265.0 120.0 

7261.0 120.0 

7262.0 118.0 

7275.0 120.0 

7279.0 120.0 

7278.0 91.0 

7275.6 250 

c This borehole was not part of the Phase I RFI boreholes. 

Table B-17 
Summary of Phase I RFI Boreholes at MDA C 

.c "' -a. .c C -:5c ~ 
C - ·c: - C .!:?.2 .. C. 0 .. 0 C. 0 c::> o_ .. ·- u:.:; G) :.:; 0 o- .,_ 

C ni E"° .. u- 0 .. .c .!!! u .. -= 't: .. = - E "' e a. .. "' rl - - >- ::::,·-- ~ ·- 0 .!9.!:? .. ~ o E -c C. :e VJ e - 0 NAD83° ~w "- ~LL =c: m o <( "' .. 0 i5 > 0 

Northing Easting 

316.0 6917.0 0.0 Oct 1768776 1626312 7/17-31/95 Vapor Pit 5 
Monitoring 

82.7 7170.3 82.7 Obt 3 1768915 1625964 9/20-22/95 Backfilled Pit 6 

77.8 7141.2 77.8 Obt 3 1768750 1626610 8/2-8/95 Backfilled Pit 5 

84.9 7157.1 84.9 Obt 3 1768404 1626596 8/17-22/95 Backfilled Pits 1 and 3 

90.0 7170.0 0.0 Obt 3 1768444 1626044 8/15-17/95 Backfilled Pit 1 

84.9 7180.1 84.9 Obt 3 1768561 1625873 8/23-28/95 Backfilled Shaft Group 3 

84.9 7176.1 84.9 Obt 3 1768656 1625915 8/9-15/95 Backfilled Shaft Group 
3/ Pit 4 

83.4 7178.6 83.4 Obt 3 1768764 1625826 8/28-30/95 Backfilled Pit 6 

84.9 7190.1 84.9 Obt 3 1768770 1625544 8/30-9/11/95 Backfilled Chemical Pit/ 
Pit 6 

84.9 7194.1 84.9 Obt 3 1768863 1625429 9/11-14/95 Backfilled Pit 6 

85.5 7192.5 31.1 Obt 3 1768971 1625494 9/15-19/95 Backfilled Pit 6 

250 7025.6 0.0 Oct 1768774 1625545 6/21-6/25/01 Vapor Chemical Pit 
Monitoring 



MDA C Investigation Work Plan, Revision 2 

Table B-18 

Field Screening Results from Phase I Borehole Sampling 

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

50-09100 0550-95-0360 2.0-2.2 Negative 1 180 0 

50-09100 0550-95-0361 9.0-9.2 Negative 0 210 0 

50-09100 0550-95-0362 10.6-12.6 Negative 3 220 0 

50-09100 0550-95-0363 16.5-17.5 Negative 0 220 0 

50-09100 0550-95-0394 18.6-19.2 Negative 0 220 0 

50-09100 0550-95-0364 21.5-22.3 Negative 0 210 0 

50-09100 0550-95-0365 26.5-28.5 Negative 1 180 0 

50-09100 0550-95-0366 31.5-32.5 Negative 3 170 0 

50-09100 0550-96-01 oo• 32.7-33.7 b - - - -
50-09100 0550-95-0367 38.7-39.5 Negative 1 140 0 

50-09100 0550-95-0368 41.5-43.5 Negative 1 160 0 

50-09100 0550-95-0369 46.5-47.3 Negative 0 150 0 

50-09100 0550-95-0370 52.5-53.3 Negative 0 160 0 

50-09100 0550-95-0371 58.2-60.0 Negative 1 170 0 

50-09100 0550-95-0372 61.0-62.0 Negative 1 180 0 

50-09100 0550-95-0373 66.0-67.0 Negative 0 190 0 

50-09100 0550-95-0374 71.5-73.5 Negative 0 220 0 

50-09100 0550-95-0375 76.0-76.8 Negative 2 180 0 

50-09100 0550-95-0376 86.0-86.8 Negative 0 170 0 

50-09100 0550-95-0377 92.2-93.0 Negative 0 180 0 

50-09100 0550-95-0378 96.0-96.8 Negative 0 210 0 

50-09100 0550-95-0379 102.2-103.0 Negative 0 210 0 

50-09100 0550-95-0380 107.0-107.8 Negative 1 220 0 

50-09100 0550-95-0381 113.2-114.0 Negative 1 220 0 

50-09100 0550-95-0383 115.1-116.9 Negative 1 220 0 

50-09100 0550-95-0384 120.0-120.8 Negative 0 210 0 

50-09100 0550-95-0385 125.0-125.8 Negative 0 200 0 

50-09100 0550-95-0386 130.0-130.8 Negative 2 200 0 

50-09100 0550-95-0387 135.0-135.9 Negative 0 180 0 

50-09100 0550-95-0388 140.0-140.8 Negative 2 200 0 

50-09100 0550-95-0389 145.0-145.8 Negative 0 200 0 

50-09100 0550-95-0390 150.0-150.8 Negative 0 180 0 

50-09100 0550-95-0391 157.0-157.8 Negative 0 200 0 

50-09100 0550-95-0392 161.3-163.1 Negative 0 220 0 

50-09100 0550-95-0396 165.0-166.0 Negative 3 170 0 

50-09100 0550-95-0397 171.0-171.8 Negative 0 160 0 
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Table B-18 (continued) 

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

50-09100 0550-95-0398 177.0-177.8 Negative 0 170 0 
50-09100 0550-95-0399 182.2-183.0 Negative 0 180 0 
50-09100 0550-95-0400 185.0-185.8 Negative 1 160 0 

50-09100 0550-95-0401 191.5--192.5 Negative 0 170 0 
50-09100 0550-95-0402 197.3-198.0 Negative 1 200 0 
50-09100 0550-95-0403 202.5--203.2 Negative 0 120 0 

50-09100 0550-95-0404 206.4-207.2 Negative 0 140 0 
50-09100 0550-96-0001 210.8-211.0 - - - -

50-09100 0550-96-0002 213.0-214.0 - - - -
50-09100 0550-96-0003 215.8-216.0 - - - -
50-09100 0550-96-0004 220.7-221.0 - - - -
50-09100 0550-96-0006 222.7-223.0 - - - -

50-09100 0550-96-0007 225.7-226.0 - - - -
50-09100 0550-96-0008 228.1-228.4 - - - -

50-09100 0550-96-0009 230.7-231.0 - - - -
50-09100 0550-96-0010 233.0-233.3 - - - -
50-09100 0550-96-0011 235.7-236.0 - - - -

50-09100 0550-96-0012 238.1-238.4 - - - -
50-09100 0550-96-0013 240.7-241.0 - - - -
50-09100 0550-96-0014 243.7-244.0 - - - -
50-09100 0550-96-0015 245.7-246.0 - - - -

50-09100 0550-96-0016 247.3-248.0 - - - -
50-09100 0550-96-0017 250.7-251.0 - - - -
50-09100 0550-96-0018 253.0-253.3 - - - -
50-09100 0550-96-0019 255.2-255.5 - - - -

50-09100 0550-96-0020 257.2-257.5 - - - -
50-09100 0550-96-0021 260.2-260.5 - - - -

50-09100 0550-96-0022 262.7-263.0 - - - -
50-09100 0550-96-0023 265.2-265.5 - - - -
50-09100 0550-96-0025 267.2-267 .5 - - - -

50-09100 0550-96-0024 270.2-270.5 - - - -

50-09100 0550-96-0026 273.2-273.5 - - - -
50-09100 0550-96-0027 275.7-276.0 - - - -
50-09100 0550-96-0028 278.2-278.5 - - - -

50-09100 0550-96-0029 280.7-281.0 - - - -
50-09100 0550-96-0030 283.2-283.5 - - - -

50-09100 0550-96-0031 285.7-286.0 - - - -

50-09100 0550-96-0032 288.3-288.5 - - - -
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Table B-18 (continued) 

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

50-09100 0550-96-0033 290.7-291.0 - - - -
50-09100 0550-96-0034 293.2-293.5 - - - -

50-09100 0550-96-0035 295.7-296.0 - - - -

50-09100 0550-96-0036 298.3-298.5 - - - -
50-09100 0550-96-0037 299.7-300.0 - - - -
50-09100 0550-96-0038 303.2-303.5 - - - -
50-09100 0550-96-0039 305.7-306.0 - - - -
50-09100 0550-96-0040 308.2-308.5 - - - -

50-09100 0550-96-0041 310.7-311.0 - - - -

50-09100 0550-96-0042 312.5--313.0 - - - -
50-09100 0550-96-0043 315.2-315.5 - - - -
50-09101 0550-95-0281 2.5--2.6 Negative 0 170 0 

50-09101 0550-95-0282 5.7--6.0 Negative 2 180 0 

50-09101 0550-95-0283 7.6-7.9 Negative 1 160 0 

50-09101 0550-95-0284 10.6-12.0 Negative 1 180 0 

50-09101 0550-95-0285 10.6-12.0 Negative 1 180 0 

50-09101 0550-95-0286 14.1-14.5 Negative 1 180 0 

50-09101 0550-95-0287 17.7-18.0 Negative 1 150 0 

50-09101 0550-96-0101a 19.0-19.7 - - - -

50-09101 0550-95-0288 21.2-21.5 Negative 0 170 0 

50-09101 0550-95-0289 24.7-25.6 Negative 0 140 0 

50-09101 0550-95-0290 26.5--26.8 Negative 0 140 0 

50-09101 0550-95-0291 28.6--29.0 Negative 0 180 0 

50-09101 0550-96-0102• 31.1-31.9 - - - -
50-09101 0550-95-0292 32.0-32.3 Negative 1 160 0 

50-09101 0550-95-0293 37.0-37.4 Negative 0 200 0 

50-09101 0550-95-0294 38.9--40.3 Negative 0 180 0 

50-09101 0550-95-0295 38.9--40.3 Negative 0 180 0 

50-09101 0550-95-0296 43.8--44.2 Negative 1 140 0 

50-09101 0550-96-0103• 44.2--44.7 - - - -

50-09101 0550-95-0297 47.4--48.8 Negative 0 140 0 

50-09101 0550-95-0298 49.7-50.0 Negative 0 150 0 

50-09101 0550-95-0299 53.0-54.4 Negative 0 210 0 

50-09101 0550-95-0300 53.0-54.4 Negative 0 210 0 

50-09101 0550-95-0301 58.3-58.7 Negative 2 140 0 

50-09101 0550-95-0302 61.5--61.9 Negative 0 180 0 

50-09101 0550-95-0303 64.1--64.3 Negative 0 180 0 

50-09101 0550-95-0304 67.9--69.3 Negative 2 160 0 
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Table B-18 (continued) 

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

50-09101 0550-95-0305 67.9----69.3 Negative 2 160 0 

50-09101 0550-95-0306 72.5-72.8 Negative 1 150 0 

50-09101 0550-95-0307 75.7-76.0 Negative 0 160 0 

50-09101 0550-95-0308 78.2-78.5 Negative 1 160 0 

50-09101 0550-95-0309 79.2-81.0 Negative 0 180 0 

50-09101 0550-95-0310 79.2-81.0 Negative 0 180 0 

50-09102 0550-95-0001 2.5-2.6 Negative 0 200 0 

50-09102 0550-95-0002 4.2-4.5 Negative 0 210 0 

50-09102 0550-95-0003 9.9-10.6 Negative 0 120 0 

50-09102 0550-95-0004 11.3-13.4 Negative 0 130 0 

50-09102 0550-95-0005 11.3-13.4 Negative 0 130 0 

50-09102 0550-95-0006 16.3-17.0 Negative 0 180 0 

50-09102 0550-95-0007 18.4-19.0 Negative 0 160 0 

50-09102 0550-95-0008 23.3-23.9 Negative 0 110 0 

50-09102 0550-95-0009 26.2-28.9 Negative 0 220 0 

50-09102 0550-95-0010 26.2-28.9 Negative 0 220 0 

50-09102 0550-95-0011 32.4-33.0 Negative 0 190 0 

50-09102 0550-95-0012 34.9-35.4 Negative 2 250 0 

50-09102 0550-95-0013 36.8-37.4 Negative 0 210 0 

50-09102 0550-95-0014 40.3-42.4 Negative 0 180 0 

50-09102 0550-95-0015 40.3-42.4 Negative 0 180 0 

50-09102 0550-95-0016 43.8-44.5 Negative 0 200 0 

50-09102 0550-95-0017 47.6-48.4 Negative 1 210 0 

50-09102 0550-95-0018 50.9-51.6 Negative 0 170 0 

50-09102 0550-95-0019 51.8-53.7 Negative 2 210 0 

50-09102 0550-95-0020 51.8-53.7 Negative 2 210 0 

50-09102 0550-95-0021 58.0-58.7 Negative 2 210 0 

50-09102 0550-95-0022 60.5-61.2 Negative 0 200 0 

50-09102 0550-95-0039 62.2-82.6 Negative 0 180 0 

50-09102 0550-95-0023 62.6-82.9 Negative 0 180 0 

50-09102 0550-95-0025 66.5-67.2 Negative 0 200 0 

50-09102 0550-95-0024 67.2-88.6 Negative 1 200 0 

50-09102 0550-95-0026 67.2-88.6 Negative 1 200 0 

50-09102 0550-95-0027 72.1-72.8 Negative 1 170 0 

50-09102 0550-95-0028 75.0-75.7 Negative 2 200 0 

50-09102 0550-95-0029 76.4-77.8 Negative 0 200 0 

50-09102 0550-95-0030 76.4-77.8 Negative 0 200 0 

50-09103 0550-95-0101 3.5-3.6 Negative 0 180 0 
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Table B-18 (continued) 

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

50-09103 0550-95-0102 4.9-5.0 Negative 1 150 0 

50-09103 0550-95-0103 8.0-8.4 Negative 2 180 0 

50-09103 0550-95-0104 13.1-14.7 Negative 1 150 0 

50-09103 0550-95-0105 13.1-14.7 Negative 1 150 0 

50-09103 0550-95-0106 16.0-16.3 Negative 2 130 0 

50-09103 0550-95-0107 19.2-19.6 Negative 2 160 0 

50-09103 0550-95-0108 22.6-23.3 Negative 2 170 0 

50-09103 0550-95-0109 25.5-27.4 Negative 0 150 0 

50-09103 0550-95-0110 25.5-27.4 Negative 0 150 0 

50-09103 0550-95-0111 29.0-29.6 Negative 1 150 0 

50-09103 0550-95-0112 32.2-32.9 Negative 0 130 0 

50-09103 0550-96-01 04 a 32.9-33.8 - - - -
50-09103 0550-95-0113 36.6-37.1 Negative 1 150 0 

50-09103 0550-95-0114 39.6--41.6 Negative 1 150 0 

50-09103 0550-95-0115 39.6--41.6 Negative 1 150 0 

50-09103 0550-95-0116 44.8--45.3 Negative 2 130 0 

50-09103 0550-95-0117 48.1--48.6 Negative 0 180 0 

50-09103 0550-95-0118 49.8-50.3 Negative 2 180 0 

50-09103 0550-95-0119 55.2-56.6 Negative 1 158 0 

50-09103 0550-95-0120 55.2-56.6 Negative 1 158 0 

50-09103 0550-95-0121 56.6-57.3 Negative 1 170 0 

50-09103 0550-95-0122 60.8---<31 .4 Negative 0 160 0 

50-09103 0550-95-0123 64.9---<35.5 Negative 0 150 0 

50-09103 0550-95-0124 67.0---<39.3 Negative 0 180 0 

50-09103 0550-95-0125 67.0---<39.3 Negative 0 180 0 

50-09103 0550-95-0126 71.6-72.1 Negative 2 190 0 

50-09103 0550-95-0127 74.4-75.0 Negative 2 160 0 

50-09103 0550-95-0128 78.7-79.3 Negative 1 190 0 

50-09103 0550-95-0129 81.2---S2.6 Negative 0 200 0 

50-09103 0550-95-0130 81.2---S2.6 Negative 1 200 0 

50-09103 0550-95-0131 84.3---S4.9 Negative 0 190 0 

50-09104 0550-95-0073 4.0--4.1 Negative 1 170 0 

50-09104 0550-95-007 4 9.0-9.1 Negative 1 190 0 

50-09104 0550-95-0075 10.9-12.9 Negative 2 190 0 

50-09104 0550-95-0076 10.9-12.9 Negative 2 190 0 

50-09104 0550-95-0077 15.1-16.0 Negative 1 160 0 

50-09104 0550-95-0078 22.1-23.0 Negative 3 180 0 

50-09104 0550-95-0079 26.3-28.0 Negative 1 156 0 
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Table B-18 (continued) 

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

50-09104 0550-95-0080 26.3-28.0 Negative 1 156 0 
50-09104 0550-95-0081 31.8-32.3 Negative 3 140 0 
50-09104 0550-95-0082 34.3-35.0 Negative 2 150 0 
50-09104 0550-95-0083 36.6-38.6 Negative 2 180 0 
50-09104 0550-95-0084 36.6-38.6 Negative 2 180 0 
50-09104 0550-96-0105• 44.1-45.1 - - - -
50-09104 0550-95-0085 45.1-46.0 Negative 1 150 0 
50-09104 0550-95-0086 50.4-51.3 Negative 1 160 0 
50-09104 0550-95-0087 58.0--60.0 Negative 0 170 0 
50-09104 0550-95-0088 58.0--60.0 Negative 0 170 0 
50-09104 0550-95-0089 62.5--63.0 Negative 0 170 0 
50-09104 0550-95-0090 69.2-70.0 Negative 0 170 0 
50-09104 0550-95-0092 71.0-73.0 Negative 2 150 0 
50-09104 0550-95-0091 71.7-73.0 Negative 2 150 0 
50-09104 0550-95-0093 77.8-78.6 Negative 1 190 0 
50-09104 0550-95-0095 79.0-81.0 Negative 0 180 0 
50-09104 0550-95-0094 82.2-83.0 Negative 2 170 0 
50-09104 0550-95-0099 85.0-87.0 Negative 2 130 0 
50-09104 0550-95-0100 85.0 87.0 Negative 2 130 0 
50-09105 0550-95-0132 2.8-2.9 Negative 1 170 0 
50-09105 0550-95-0133 5.4-5.9 Negative 1 150 0 
50-09105 0550-95-0134 8.5-9.1 Negative 1 150 0 
50-09105 0550-95-0135 11.4-13.1 Negative 1 190 0 
50-09105 0550-95-0136 11.4-13.1 Negative 1 190 0 
50-09105 0550-95-0137 15.8-16.3 Negative 1 160 0 
50-09105 0550-95-0138 19.9-20.6 Negative 2 210 0 
50-09105 0550-95-0139 24.2-24.7 Negative 1 180 0 
50-09105 0550-95-0140 24.7-26.9 Negative 1 180 0 
50-09105 0550-95-0141 24.7-25.2 Negative 1 180 0 
50-09105 0550-95-0142 30.5-31.1 Negative 0 170 0 
50-09105 0550-95-0143 32.5-33.1 Negative 0 190 0 
50-09105 0550-95-0144 36.1-36.8 Negative 1 190 0 
50-09105 0550-95-0145 40.3-41.7 Negative 0 180 0 
50-09105 0550-95-0146 40.3-40.7 Negative 0 180 0 
50-09105 0550-95-0147 43.3-43.8 Negative 0 180 0 
50-09105 0550-96-0106" 43.9-44.5 - - - -
50-09105 0550-95-0148 46.7-47.4 Negative 1 150 0 
50-09105 0550-95-0149 50.2-50.9 Negative 2 190 0 
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Table B-18 (continued) 

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

50-09105 0550-95-0150 54.4-56.4 Negative 0 180 0 

50-09105 0550-95-0151 54.4-56.4 Negative 0 180 0 

50-09105 0550-95-0152 58.0-58.6 Negative 0 180 0 

50-09105 0550-95-0153 61.5-62.1 Negative 0 180 0 

50-09105 0550-95-0154 65.1-65.6 Negative 0 180 0 

50-09105 0550-95-0155 68.6-70.6 Negative 0 180 0 

50-09105 0550-95-0156 68.6-69.0 Negative 0 180 0 

50-09105 0550-95-0157 71.6-72.1 Negative 0 180 0 

50-09105 0550-95-0159 75.1-75.7 Negative 0 160 0 

50-09105 0550-95-0162 80.0-80.6 Negative 2 180 0 

50-09105 0550-95-0160 83.2-84.9 Negative 1 160 0 

50-09105 0550-95-0161 83.2-84.9 Negative 1 160 0 

50-09106 0550-95-0040 2.8-2.9 Negative 2 220 0 

50-09106 0550-95-0041 4.6-5.2 Negative 1 210 0 

50-09106 0550-95-0042 7.8-8.6 Negative 0 170 0 

50-09106 0550-95-0043 7.8-8.6 Negative 0 170 0 

50-09106 0550-95-0044 14.5-16.8 Negative 0 200 0 

50-09106 0550-95-0046 19.4-21.6 Negative 2 180 0 

50-09106 0550-95-004 7 19.4-21.6 Negative 2 180 0 

50-09106 0550-95-0048 22.5-23.7 Negative 2 160 0 

50-09106 0550-95-0049 25.1-25.8 Negative 0 190 0 

50-09106 0550-95-0050 29.0-31.1 Negative 0 140 0 

50-09106 0550-95-0051 29.0-31.1 Negative 0 140 0 

50-09106 0550-95-0052 34.2-34.6 Negative 0 170 0 

50-09106 0550-95-0053 37.3-37.8 Negative 1 180 0 

50-09106 0550-95-0054 40.0-41.4 Negative 0 190 0 

50-09106 0550-95-0055 40.0-41.4 Negative 0 190 0 

50-09106 0550-95-0056 45.1-45.7 Negative 0 200 0 

50-09106 0550-95-0057 47.9-48.2 Negative 1 180 0 

50-09106 0550-95-0058 49.9-51.6 Negative 0 140 0 

50-09106 0550-95-0060 49.9-51.6 Negative 0 140 0 

50-09106 0550-95-0061 53.7-54.4 Negative 0 170 0 

50-09106 0550-95-0062 56.8-57.6 Negative 0 180 0 

50-09106 0550-95-0063 60.8-62.6 Negative 1 170 0 

50-09106 0550-95-0064 60.8-62.6 Negative 1 170 0 

50-09106 0550-95-0065 65.6-66.3 Negative 1 150 0 

50-09106 0550-95-0066 71.5-72.1 Negative 2 160 0 

50-09106 0550-95-0067 72.1-73.5 Negative 2 150 0 
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Table B-18 (continued) 

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

50-09106 0550-95-0068 72.1-73.5 Negative 2 150 0 

50-09106 0550-95-0069 74.4-75.0 Negative 2 150 0 

50-09106 0550-95-0070 79.7-80.3 Negative 0 150 0 

50-09106 0550-95-0071 81.7-83.4 Negative 0 150 0 

50-09106 0550-95-0072 81.7-83.4 Negative 0 150 0 

50-09107 0550-95-0163 2.8-2.9 Negative 0 130 0 

50-09107 0550-95-0164 7.8-8.1 Negative 1 160 0 

50-09107 0550-95-0166 9.9-11.2 Negative 0 170 0 

50-09107 0550-95-0167 13.4-13.9 Negative 2 180 0 

50-09107 0550-95-0165 17.0-17.4 Negative 0 150 0 

50-09107 0550-95-0168 21.9-22.1 Negative 2 170 0 

50-09107 0550-95-0171 25.5-27.6 Negative 1 160 0 

50-09107 0550-95-0172 25.5-27.6 Negative 1 160 0 

50-09107 0550-95-0169 30.8-31.3 Negative 0 160 0 

50-09107 0550-95-0170 32.5-32.9 Negative 0 140 0 

50-09107 0550-96-0107" 33.2-34.3 - - - -

50-09107 0550-95-0173 38.4-39.0 Negative 0 140 0 

50-09107 0550-95-0176 40.3-41.7 Negative 1 150 0 

50-09107 0550-95-0177 40.3-41.7 Negative 1 150 0 

50-09107 0550-95-017 4 44.8-45.3 Negative 1 150 0 

50-09107 0550-95-0175 46.3-46.8 - 2 160 0 

50-09107 0550-96-01 as" 46.8-47.4 - - - -
50-09107 0550-95-0178 50.4-50.9 Negative 0 140 0 

50-09107 0550-95-0181 53.0-55.6 Negative 0 160 0 

50-09107 0550-95-0182 53.0-55.6 Negative 0 160 0 

50-09107 0550-95-0179 58.7-59.0 Negative 1 170 0 

50-09107 0550-95-0180 60.1-60.6 Negative 0 140 0 

50-09107 0550-95-0183 65.8-66.1 Negative 1 150 0 

50-09107 0550-95-0186 67.2-68.6 Negative 1 150 0 

50-09107 0550-95-0187 67.2-68.6 Negative 1 150 0 

50-09107 0550-95-0184 72.1-72.5 Negative 1 120 0 

50-09107 0550-95-0185 75.5-76.0 Negative 1 150 0 

50-09107 0550-95-0191 76.4-78.5 Negative 0 150 0 

50-09107 0550-95-0188 78.1-78.5 Negative 1 150 0 

50-09108 0550-95-0192 2.8-2.9 Negative 1 140 0 

50-09108 0550-95-0193 5.7-6.2 Negative 0 160 0 

50-09108 0550-95-0194 9.9-10.3 Negative 1 230 0 

50-09108 0550-95-0195 10.6-11.9 Negative 0 190 0 
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Table B-18 (continued) 

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

50-09108 0550-95-0196 10.6-11.9 Negative 0 190 0 

50-09108 0550-95-0197 17.0-17.5 Negative 1 190 0 

50-09108 0550-96-o 1 09• 17.3-18.0 - - - -
50-09108 0550-95-0198 20.5-20.9 Negative 1 210 0 

50-09108 0550-95-0199 21.9-22.3 Negative 1 210 0 

50-09108 0550-95-0200 26.2-27.3 Negative 1 210 0 

50-09108 0550-95-0201 26.2-27.3 Negative 1 210 0 

50-09108 0550-95-0202 30.4-30.7 Negative 2 200 0 

50-09108 0550-96-o 11 o• 31.7-32.5 - - - -
50-09108 0550-95-0203 36.1-36.3 Negative 2 250 0 

50-09108 0550-95-0204 40.0-40.3 Negative 1 200 0 

50-09108 0550-95-0205 40.3-41.7 Negative 1 210 0 

50-09108 0550-95-0206 40.3-41.7 Negative 1 200 0 

50-09108 0550-95-0207 43.8-44.2 Negative 1 200 0 

50-09108 0550-95-0208 47.4-47.9 Negative 0 190 0 

50-09108 0550-95-0209 51.1-51.6 Negative 2 210 0 

50-09108 0550-95-021 0 54.2-55.6 Negative 1 200 0 

50-09108 0550-95-0211 54.2-55.6 Negative 1 200 0 

50-09108 0550-95-0212 58.1-58.5 Negative 1 180 0 

50-09108 0550-95-0213 61.5-61.9 Negative 0 250 0 

50-09108 0550-95-0214 66.2-66.6 Negative 1 170 0 

50-09108 0550-95-0215 67.5-68.9 Negative 2 190 0 

50-09108 0550-95-0216 67.5-67.9 Negative 1 140 0 

50-09108 0550-95-0217 70.7-71.1 Negative 1 180 0 

50-09108 0550-95-0218 74.2-74.6 Negative 1 140 0 

50-09108 0550-95-0219 77.9-78.3 Negative 0 130 0 

50-09108 0550-95-0220 79.2-81.3 Negative 2 150 0 

50-09108 0550-95-0221 79.2-81.3 Negative 0 180 0 

50-09108 0550-95-0222 84.1-84.4 Negative 0 160 0 

50-09109 0550-95-0223 2.8-2.9 Negative 0 170 0 

50-09109 0550-95-0224 6.0-6.4 Negative 1 170 0 

50-09109 0550-95-0225 8.0-8.3 Negative 0 140 0 

50-09109 0550-95-0226 12.9-14.3 Negative 0 180 0 

50-09109 0550-95-0227 12.9-13.6 Negative 1 170 0 

50-09109 0550-95-0228 16.8-17.1 Negative 1 200 0 

50-09109 0550-95-0229 18.0-18.4 Negative 1 180 0 

50-09109 0550-95-0230 21.6-21.9 Negative 0 210 0 

50-09109 0550-95-0231 24.1-25.5 Negative 1 180 0 
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Table B-18 (continued) 

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

50-09109 0550-95-0232 24.1-24.5 Negative 1 180 0 
50-09109 0550-95-0233 26.0--26.4 Negative 0 140 0 
50-09109 0550-95-0234 30.3--30.6 Negative 1 130 0 

50-09109 0550-96-0111 a 32.5-33.2 - - - -

50-09109 0550-95-0235 33.2-33.5 Negative 2 180 0 
50-09109 0550-95-0238 37.5-37.9 Negative 0 150 0 
50-09109 0550-95-0236 40.9--42.4 Negative 2 120 0 
50-09109 0550-95-0237 40.9--41.2 Negative 2 120 0 

50-09109 0550-95-0239 43.1--43.5 Negative 0 230 0 

50-09109 0550-95-0240 43.8--44.2 Negative 0 220 0 

50-09109 0550-95-0243 46.0--46.3 Negative 1 130 0 
50-09109 0550-96-0112• 46.7--47.4 - - - -
50-09109 0550-95-0244 48.6--49.0 Negative 0 200 0 

50-09109 0550-95-0245 52.7-53.0 Negative 0 180 0 
50-09109 0550-95-0246 54.7-56.4 Negative 2 150 0 
50-09109 0550-95-0247 54.7-56.4 Negative 2 150 0 
50-09109 0550-95-0248 59.8----60.1 Negative 1 200 0 
50-09109 0550-95-0249 62.2-62.5 Negative 2 160 0 
50-09109 0550-95-0250 64.3-64.7 Negative 1 190 0 
50-09109 0550-95-0251 68.3-69.9 Negative 2 160 0 

50-09109 0550-95-0252 73.1-73.5 Negative 1 150 0 

50-09109 0550-95-0253 76.4-76.7 Negative 0 190 0 
50-09109 0550-95-0254 78.1-78.5 Negative 1 180 0 
50-09109 0550-95-0241 79.9-81.1 Negative 1 150 0 

50-09109 0550-95-0242 82.9-83.2 Negative 0 170 0 

50-09110 0550-95-0256 3.8-3.9 Negative 0 120 0 
50-09110 0550-95-0257 8.5-8.9 Negative 1 160 0 
50-09110 0550-95-0258 11.3-11.7 Negative 0 220 0 
50-09110 0550-95-0259 16.0-17.9 Negative 2 200 0 

50-09110 0550-95-0260 16.0-17.9 Negative 2 200 0 
50-09110 0550-95-0261 20.7-21.1 Negative 0 200 0 

50-09110 0550-96-0113• 22.6-23.3 - - - -
50-09110 0550-95-0262 30.1-30.5 Negative 0 220 0 

50-09110 0550-95-0263 32.9-33.4 Negative 1 160 0 

50-09110 0550-95-0264 35.7-37.6 Negative 1 200 0 

50-09110 0550-95-0265 35.7-37.6 Negative 1 200 0 

50-09110 0550-95-0266 41.6--42.1 Negative 1 180 0 
50-09110 0550-95-0267 45.1--45.6 Negative 1 200 0 
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Table B-18 (continued) 

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

50-09110 0550-96-0114. 45.6--46.5 - - - -

50-09110 0550-95-0268 49.3--49.8 Negative 1 200 0 

50-09110 0550-95-0269 55.4-57.1 Negative 0 180 0 

50-09110 0550-95-0270 55.4-57.1 Negative 0 180 0 

50-09110 0550-95-0271 60.1-60.6 Negative 1 200 0 

50-09110 0550-95-0272 62.0-62.5 Negative 2 180 0 

50-09110 0550-95-0273 66.7-67.2 Negative 0 180 0 

50-09110 0550-95-027 4 69.5-72.0 Negative 0 180 0 

50-09110 0550-95-0275 69.5-72.0 Negative 0 180 0 

50-09110 0550-95-0276 74.2-74.5 Negative 0 130 0 

50-09110 0550-95-0277 78.9-79.4 Negative 0 180 0 

50-09110 0550-95-0279 82.7-84.0 Negative 0 140 0 

a 
Sample collected from curated core. 

b . rf - = Screening was not pe armed. 
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Summary of Phase I RFI Subsurface Tuff Samples Collected at MDA C 
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0550-95-0362 50-09100 10.6-12.6 Obt3 699 699 a 698 700 700 700 700 700 700 700 -

0550-95-0365 50-09100 26.5-28.5 Qbt 3 722 722 - 721 - 723 723 723 723 723 723 723 
0550-96-o 1 oob 50-09100 32.7-33.7 Qbt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 
0550-95-0368 50-09100 41.5-43.5 Qbt 3 722 722 - 721 - 723 723 723 723 723 723 723 
0550-95-0371 50-09100 58.2-60 Qbt3 722 722 - 721 - 723 723 723 723 723 723 723 
0550-95-0374 50-09100 71.5-73.5 Qbt 2 735 735 - 734 - 736 736 736 736 736 736 736 
0550-95-0383 50-09100 115.1-116.9 Qbt 2 761 761 - 760 - 762 762 762 762 762 762 762 
0550-95-0392 50-09100 161.3-163.1 Qbt 1v 761 761 - 760 - 762 762 762 762 762 762 762 
0550-95-0284 50-09101 10.6-12 Qbt 3 1187 1187 1185 1185 1185 1189 1189 1189 1189 1189 1189 1189 
0550-96-0101 b 50-09101 19-19.7 Qbt3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 
0550-95-0289 50-09101 24.7-25.6 Qbt 3 1187 1187 1185 1185 1185 1189 1189 1189 1189 1189 1189 1189 
0550-96-0102b 50-09101 31.1-31.9 Qbt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 
0550-95-0294 50-09101 38.9-39.4 Qbt3 1187 1187 1185 1185 1185 1189 1189 1189 1189 1189 1189 1189 
0550-96-0103b 50-09101 44.2-44.7 Obt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 
0550-95-0299 50-09101 53-54.4 Qbt 3 1187 1187 1185 1185 1185 1189 1189 1189 1189 1189 1189 1189 
0550-95-0304 50-09101 67.9-69.3 Qbt 3 1187 1187 1185 1185 1185 1189 1189 1189 1189 1189 1189 1189 
0550-95-0309 50-09101 79.2-81 Qbt 3 1187 1187 1185 1185 1185 1189 1189 1189 1189 1189 1189 1189 
0550-95-0004 50-09102 11.3-13.4 Qbt 3 820 820 - 800 - 821 821 821 821 821 821 821 
0550-95-0009 50-09102 26.2-28.9 Qbt3 820 820 - 800 - 821 821 821 821 821 821 821 
0550-95-0014 50-09102 40.3-42.4 Qbt 3 820 820 - 800 - 821 821 821 821 821 821 821 
0550-95-0019 50-09102 51.8-53.7 Qbt 3 877 877 - - - 878 878 878 878 878 878 878 
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0550-95-0024 50-09102 67.2-68.6 Qbt 3 877 877 - 876 - 878 878 878 878 878 878 878 

0550-95-0029 50-09102 76.4-77.8 Qbt 3 877 877 - 876 - 878 878 878 878 878 878 878 

0550-95-0104 50-09103 13.1-14.7 Qbt 3 987 987 986 986 986 988 988 988 988 988 988 988 

0550-95-0109 50-09103 25.5-27.4 Qbt 3 987 987 986 986 986 988 988 988 988 988 988 988 

0550-96-0104 b 50-09103 32.88-33.81 Qbt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 

0550-95-0114 50-09103 39.-1.6 Qbt3 987 987 986 986 986 988 988 988 988 988 988 988 

0550-95-0119 50-09103 55.2-56.6 Qbt 3 987 987 986 986 986 988 988 988 988 988 988 988 

0550-95-0124 50-09103 67-69.3 Qbt 3 987 987 986 986 986 988 988 988 988 988 988 988 

0550-95-0129 50-09103 81.2-82.6 Qbt 3 987 987 986 986 986 988 988 988 988 988 988 988 

0550-95-0075 50-09104 10.9-12.9 Qbt 3 946 946 945 945 945 947 947 947 947 947 947 947 

0550-95-0079 50-09104 26.3-28 Qbt3 946 946 945 945 945 947 947 947 947 947 947 947 

0550-95-0083 50-09104 36.6-38.6 Qbt3 - 946 945 945 945 947 947 947 947 947 947 947 

0550-96-0105b 50-09104 44.1-45.1 Obt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 

0550-95-0087 50-09104 58-60 Qbt 3 946 946 945 945 945 947 947 947 947 947 947 947 

0550-95-0095 50-09104 79--81 Qbt3 946 946 945 945 945 947 947 947 947 947 947 947 

0550-95-0099 50-09104 85--87 Qbt3 946 946 945 945 945 947 947 947 947 947 947 947 

0550-95-0135 50-09105 11.4-13.1 Qbt 3 - 1014 1013 1013 1013 1015 1015 1015 1015 1015 1015 1015 

0550-95-0140 50-09105 24.7-26.9 Qbt3 - 1014 1013 1013 1013 1015 1015 1015 1015 1015 1015 1015 

0550-95-0145 50-09105 40.3-41.7 Qbt3 - 1014 1013 1013 1013 1015 1015 1015 1015 1015 1015 1015 

0550-96-0106b 50-09105 43.9-44.5 Qbt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 

0550-95-0150 50-09105 54.4-56.4 Obt 3 - 1014 1013 1013 1013 1015 1015 1015 1015 1015 1015 1015 

0550-95-0155 50-09105 68.6-70.6 Qbt 3 - 1014 1013 1013 1013 1015 1015 1015 1015 1015 1015 1015 

0550-95-0160 50-09105 83.2--84.9 Qbt3 1018 1018 1017 1017 1017 1024 1024 1024 1024 1024 1024 1024 

0550-95-0046 50-09106 19.4-21.6 Qbt3 864 864 863 863 863 867 867 867 867 867 867 867 
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0550-95-0050 50-09106 29-31.1 Qbt 3 908 908 907 907 907 922 922 922 922 922 922 922 
0550-95-0054 50-09106 40-41.4 Qbt 3 908 908 907 907 907 922 922 922 922 922 922 922 
0550-95-0058 50-09106 49.9-51.6 Qbt 3 908 908 907 907 907 922 922 922 922 922 922 922 
0550-95-0063 50-09106 60.8-62.6 Qbt 3 908 908 907 907 907 922 922 922 922 922 922 922 
0550-95-0067 50-09106 72.1-73.5 Qbt 3 908 908 907 907 907 922 922 922 922 922 922 922 
0550-95-0071 50-09106 81.7-83.4 Qbt 3 908 908 907 907 907 922 922 922 922 922 922 922 
0550-95-0166 50-09107 9.9-11.2 Qbt 3 1047 1047 1046 1046 1046 1048 1048 1048 1048 1048 1048 1048 
0550-95-0171 50-09107 25.5-27.6 Qbt 3 1047 1047 1046 1046 1046 1048 1048 1048 1048 1048 1048 1048 
0550-96-0107b 50-09107 33.2-34.3 Qbt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 
0550-95-0176 50-09107 40.3-41.7 Qbt 3 1047 1047 1046 1046 1046 1048 1048 1048 1048 1048 1048 1048 
0550-96-0108b 50-09107 46.8-47.4 Obt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 
0550-95-0181 50-09107 53-55.6 Qbt 3 1047 1047 1046 1046 1046 1048 1048 1048 1048 1048 1048 1048 
0550-95-0186 50-09107 67.2-68.6 Qbt 3 1047 1047 1046 1046 1046 1048 1048 1048 1048 1048 1048 1048 
0550-95-0191 50-09107 76.4-78.5 Qbt 3 1047 1047 1046 1046 1046 1048 1048 1048 1048 1048 1048 1048 
0550-95-0195 50-09108 10.6-11.9 Qbt 3 1090 1090 1089 1089 1089 1091 1091 1091 1091 1091 1091 1091 
0550-96-0109° 50-09108 17.3-18 Qbt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 
0550-95-0200 50-09108 26.2-27.3 Qbt 3 1090 1090 1089 1089 1089 1091 1091 1091 1091 1091 1091 1091 
0550-96-011 Ob 50-09108 31.7-32.5 Qbt 3 - 1834 - - - 1835 1835 - 1835 1835 1835 1835 
0550-95-0205 50-09108 40.3-41.7 Qbt 3 1090 1090 1089 1089 1089 1091 1091 1091 1091 1091 1091 1091 
0550-95-0210 50-09108 54.2-55.6 Qbt 3 1090 1090 1089 1089 1089 1091 1091 1091 1091 1091 1091 1091 
0550-95-0215 50-09108 67.5-68.9 Qbt 3 1126 1126 1125 1125 1125 1128 1128 1128 1128 1128 1128 1128 
0550-95-0220 50-09108 79.2-81.3 Qbt 3 1126 1126 1125 1125 1125 1128 1128 1128 1128 1128 1128 1128 
0550-95-0226 50-09109 12.9-14.3 Qbt 3 1150 1150 1149 1149 1149 1148 1148 1148 1148 1148 1148 1148 
0550-95-0231 50-09109 24.1-25.5 Qbt 3 1150 1150 1149 1149 1149 1148 1148 1148 1148 1148 1148 1148 



~ -Q Q ..S! "O £. 
C: .. C: .. .. 0 C. ~ 

a, :, u 
E ,: 0 .. 

-~'t: .. u Q. C) :, 0 "' ~ "' ..J 

0550-96-0111 b 50-09109 32.5-33.2 

0550-95-0236 50-09109 40.9-42.4 

0550-96-0112b 50-09109 46.7-47.4 

0550-95-0246 50-09109 54.7-56.4 

0550-95-0251 50-09109 62.6-62.8 

0550-95-0241 50-09109 79.9-81.1 

0550-95-0259 50-09110 16-17.9 

0550-96-0113b 50-09110 22.6-23.3 

0550-95-0264 50-09110 35.7-37.6 

0550-96-0114 b 50-09110 45.6-46.5 

0550-95-0269 50-09110 55.4-57.1 

0550-95-027 4 50-09110 69.5-72 

0550-95-0279 50-09110 82.7-84 

a - = Sample not analyzed for this suite. 
b 

Tuff sample collected from curated core. 
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Qbt 3 -

Qbt 3 1150 

Qbt 3 -
Qbt 3 1163 

Qbt 3 1163 

Qbt3 1163 

Qbt 3 1177 

Qbt 3 -
Qbt 3 1177 

Qbt3 -

Qbt 3 1177 

Qbt3 1177 

Qbt3 1177 

Table B-19 (continued) 
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1834 - - -
1150 1149 1149 1149 

1834 - - -

1163 1162 1162 1162 

1163 1162 1162 1162 

1163 1162 1162 1162 

1177 1176 1176 1176 

1834 - - -

1177 1176 1176 1176 

1834 - - -

1177 1176 1176 1176 

1177 1176 1176 1176 

1177 1176 1176 1176 
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1835 1835 - 1835 1835 1835 1835 

1148 1148 1148 1148 1148 1148 1148 

1835 1835 - 1835 1835 1835 1835 

1164 1164 1164 1164 1164 1164 1164 

1164 1164 1164 1164 1164 1164 1164 

1164 1164 1164 1164 1164 1164 1164 

1178 1178 1178 1178 1178 1178 1178 

1835 1835 - 1835 1835 1835 1835 

1178 1178 1178 1178 1178 1178 1178 

1835 1835 - 1835 1835 1835 1835 

1178 1178 1178 1178 1178 1178 1178 

1178 1178 1178 1178 1178 1178 1178 

1178 1178 1178 1178 1178 1178 1178 



MDA C Investigation Work Plan, Revision 2 

Table B-20 
Frequency of Detected Inorganic Chemicals 

Above BV in Phase I RFI Subsurface Tuff Samples at MDA C 

Frequency of 
Frequency of Non detects 

Number Number Concentration Background Detects Above Above 
of of Range• Valueb Background Background 

Analyte Media Analyses Detects (mg/kg) (mg/kg) Value Value 
Aluminum Qbt 3 79 79 180 to 7900 7340 1rT9 0179 

Aluminum Qbt2 2 2 254 to 3260 7340 0/2 0/2 

Aluminum Qbt 1v 1 1 272 8170 0/1 0/1 

Antimony Qbt 3 73 3 [0.1to11] 0.5 3/73 60/73 
Antimony Qbt2 2 1 [0.38] to 0.41 0.5 0/2 0/2 

Antimony Qbt 1v 1 0 [0.39] 0.5 0/1 0/1 

Arsenic Qbt 3 79 36 [0.19] to 9.8 2.79 4/79 0/79 

Arsenic Qbt 2 2 2 0.94 to 1.5 2.79 0/2 0/2 

Arsenic Qbt 1v 1 1 0.72 1.81 0/1 0/1 

Barium Qbt 3 79 79 2.8 to 100 46 2/79 OrT9 
Barium Qbt 2 2 2 11.5to34 46 0/2 0/2 

Barium Qbt 1v 1 1 10.3 26.5 0/1 0/1 

Beryllium Qbt 3 79 51 [0.02] to 1.3 1.21 1rT9 0/79 

Beryllium Qbt 2 2 2 0.3 to 0.65 1.21 0/2 0/2 
Beryllium Qbt 1v 1 1 0.43 1.7 0/1 0/1 

Cadmium Qbt 3 79 28 [0.02] to 0.82 1.63 0/79 0/79 

Cadmium Qbt 2 2 0 [0.02 to 0.04] 1.63 0/2 0/2 
Cadmium Qbt 1v 1 0 [0.04] 0.4 0/1 0/1 
Calcium Qbt 3 79 79 160 to 73900 2200 1/79 0/79 
Calcium Qbt 2 2 2 17410703 2200 0/2 0/2 

Calcium Qbt 1v 1 1 167 3700 0/1 0/1 
Chromium, Total Qbt 3 79 26 [0.16] to 12.7 7.14 1/79 0/79 
Chromium, Total Qbt 2 2 2 0.2 to 2.2 7.14 0/2 0/2 

Chromium, Total Qbt 1v 1 1 0.19 2.24 0/1 0/1 

Cobalt Qbt 3 79 27 [0.18] to 3.8 3.14 1/79 0/79 

Cobalt Qbt2 2 2 0.37 to 1.1 3.14 0/2 0/2 
Cobalt Qbt 1v 1 1 0.42 1.78 0/1 0/1 
Copper Qbt 3 79 39 [0.42] to 30. 7 4.66 3/79 0/79 
Copper Qbt 2 2 2 0.98 to 4.4 4.66 0/2 0/2 

Copper Qbt 1v 1 1 1 3.26 0/1 0/1 
Cyanide, Total Qbt 3 58 11 [0.00053] to 10.2 na0 

11/58 na 

Cyanide, Total Qbt 2 2 0 [0.19 to 0.38] na 0/2 na 

Cyanide, Total Qbt 1v 1 0 [0.19] na 0/1 na 

Iron Qbt 3 79 79 517 to 8670 14500 0/79 0/79 
Iron Qbt2 2 2 3560 to 8370 14500 0/2 0/2 
Iron Qbt 1v 1 1 3320 9900 0/1 0/1 
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MDA C Investigation Work Plan, Revision 2 

Table B-20 (continued) 

Number Number 
of of 

Analyte Media Analyses Detects 

Lead Obt 3 79 79 

Lead Obt 2 2 2 

Lead Obt 1v 1 1 

Magnesium Obi 3 79 74 

Magnesium Obi 2 2 2 

Magnesium Obt 1v 1 1 

Manganese Obi 3 79 79 

Manganese Obi 2 2 2 

Manganese Qbt 1v 1 1 

Mercury Qbt 3 79 0 

Mercury Obt 2 2 0 

Mercury Obt 1v 1 0 

Nickel Obi 3 79 20 

Nickel Obi 2 2 2 

Nickel Obt 1v 1 1 

Potassium Obi 3 79 57 

Potassium Obt 2 2 1 

Potassium Obt 1v 1 0 

Selenium Obt 3 79 5 

Selenium Obt 2 2 0 

Selenium Obt 1v 1 0 

Silver Obi 3 79 2 

Silver Obi 2 2 0 

Silver Obt 1v 1 0 

Sodium Obt 3 79 68 

Sodium Qbt 2 2 0 

Sodium Obt 1v 1 0 

Thallium Obt3 79 17 

Thallium Obt2 2 1 

Thallium Obi 1v 1 1 

Vanadium Obt 3 79 70 

Vanadium Obt 2 2 2 

Vanadium Obt 1v 1 1 

Zinc Obt 3 79 79 

Zinc Obi 2 2 2 

Zinc Obi 1v 1 1 

a Value in square brackets indicate nondetects. 

b BVs obtained from LANL 1998, 59730. 

c na = Not available. 

October 2005 

Concentration Background 
Range• Valueb 
(mg/kg) (mg/kg) 

0.68 to 75.2 11.2 

3.8 to 6.4 11.2 

5.1 18.4 

60.8 to 2690 1690 

93.1 to 478 1690 

80.3 780 

70 to 272 482 

286 to 319 482 

358 408 

[0.02 to 0.11] 0.1 

[0.05] 0.1 

[0.05] 0.1 

[0.2] to 13.2 6.58 

0.26 to 2.9 6.58 

0.32 2 

[55] to 1000 3500 

[93.1] to 410 3500 

[96.9] 6670 

[0.11]to 10.5 0.3 

[0.44] 0.3 

[0.45] 0.3 

[0.1 to 2.2] 1 

[0.1 to0.11] 1 

[0.1to1] 1 

59.5 to 387 2770 

[60.4 to 79] 2770 

[49.8] 6330 

[0.1]to 1.4 1.1 

[0.48] to 0.49 1.1 

0.69 1.24 

0.42 to 10.5 17 

0.73 to 3.1 17 

0.49 4.48 

12.41054 63.5 

29.6 to 50.5 63.5 

28.9 84.6 

B-80 

Frequency of 
Frequency of Nondetects 

Detects Above Above 
Background Background 

Value Value 

9179 0/79 

0/2 012 

011 011 

1179 0/79 

012 012 

0/1 011 

0/79 0/79 

012 0/2 

011 0/1 

0179 11/79 

0/2 0/2 

0/1 0/1 

1179 0/79 

012 0/2 

011 011 

0/79 0/79 

012 012 

011 0/1 

4/79 48/79 

0/2 212 

0/1 111 

0179 10/79 

012 012 

011 0/1 

0179 0/79 

012 012 

011 011 

3179 21/79 

0/2 0/2 

0/1 0/1 

0/79 0/79 

0/2 0/2 

0/1 011 

0/79 0/79 

0/2 0/2 

0/1 0/1 
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MDA C Investigation Work Plan, Revision 2 

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

Part 1 
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Qbt 2,3,4 Background Value• 7340 0.5 2.79 46 1.21 2200 
Qbt 1 v Background Value a 

8170 6.5 1.81 26.5 1.7 3700 
NMED SSLU 74,000 30 3.9 5200 150 n/ac 
0550-95-0083 50-09104 36.60-38.60 Qbt 3 _u - - - 1.3 -
osso-96-o 1 as• 50-09104 44.10-45.10 Qbt 3 - - 3.2 - - -
osso-96-o 106° 50-09105 43.91-44.55 Qbt 3 - - 3 - - -
0550-95-0046 50-09106 19.45-21.57 Obt 3 - - 9.8' - - -
0550-95-0067 50-09106 72.12-73.54 Qbt3 - 0.86 (J) - - - -
0550-96-0107° 50-09107 33.16-34.29 Qbt 3 - - 2.8 - - -
0550-95-0231 50-09109 24.11-25.46 Qbt 3 - 11 (J-) - 100 - -
0550-96-0112• 50-09109 46.67-47.38 Qbt 3 7900 (J) - - 71.6 - 73900 
0550-95-0264 50-09110 35.71-37.59 Qbt 3 - 3.1 (J) - - - -
Part2 
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Qbt 2,3,4 Background Value• 7.14 3.14 4.66 nla 11.2 1690 
Qbt 1v Background Value a 

2.24 1.78 3.26 nla 18.4 780 
NMED SSL" 2309 4500 2800 1200 400 nla 
0550-95-0368 50-09100 41.50-43.50 Obt 3 - - - 0.533 - -
0550-95-0284 50-09101 10.61-12.02 Qbt 3 - - - 10.2 - -
0550-95-0289 50-09101 24.5-25.60 Qbt 3 - - - 6.2 - -
0550-95-0294 50-09101 38.89-39.39 Qbt 3 - - - 0.92 - -
0550-96-01 04 e 50-09103 32.88-J3.81 Qbt 3 - - - - 16.2 (J-) -
0550-95-0075 50-09104 10.90-12.90 Qbt3 - - - 0.22 (J-) - -
0550-95-0079 50-09104 26.30-28.00 Qbt3 - - - 0.23 (J-) 13.8 -
0550-95-0083 50-09104 36.60-38.60 Qbt 3 - - 5 - 50.3 -
0550-95-0087 50-09104 58.00-60.00 Qbt 3 - - - 0.25 (J-) - -
0550-95-0095 50-09104 79.00-81.00 Qbt 3 - - - 0.3 (J-) - -
0550-95-0099 50-09104 85.00-87.00 Obt 3 - - - 0.26 (J-) - -
0550-95-0046 50-09106 19.45-21.57 Qbt 3 - - - - 51.1 (J) -
0550-95-0195 50-09108 10.61-11.88 Qbt 3 - - - - 65 -
0550-95-0200 50-09108 26.16-27.29 Qbt 3 - - - - 22 -
0550-95-0215 50-09108 67.53-68.94 Qbt 3 - - - 1 - -
0550-95-0231 50-09109 24.11-25.46 Qbt 3 - - 11 - 41 -
0550-96-0112• 50-09109 46.67-47.38 Qbt 3 12.7 3.8 (J) 30.7 - 11.3(J-) 2690 
0550-95-0264 50-09110 35.71-37.59 Qbt 3 - - - 3.9 - -
0550-95-0269 50-09110 55.44-57.13 Qbt 3 - - - - 75.2 -
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Part 3 
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Qbt 2,3,4 Background Value0 

Qbt 1v Background Value0 

NMED SSL" 

0550-95-0362 50-09100 10.60-12.60 

0550-95-0304 50-09101 67.88-69.30 

osso-96-01 as• 50-09104 44.10-45.10 

0550-95-0071 50-09106 81.67-83.44 

0550-96-01 07" 50-09107 33.16-34.29 

0550-96-0112• 50-09109 46.67-47.38 

Note: Units are mg/kg. 
8

Tuff BVs/FVs obtained from LANL 1998, 59730. 

b NMED soil screening level for residential soil. 

c n/a = Not applicable. 

d - = The concentration was not above the BV. 

e Tuff sample collected from curated core. 
f . I Value exceeds screening evel. 
9 Soil screening level is for hexavalent chromium. 

Table B-21 (continued) 
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0.1 6.58 0.3 1 1.1 
0.1 2 0.3 1 1.24 
6.5 1500 380 380 6.1 

Obt 3 - - 10.5 - -

Obt 3 - - 0.35 - -
Qbt 3 - - - - 1.2 

Qbt3 - - - - 1.2 (J) 

Qbt 3 - - 1.1 - -

Qbt 3 - 13.2 1.3 - 1.4 

Table B-22 
Frequency of Detected Radionuclides Above BV in Phase I RFI Subsurface Tuff Samples 

Number Number Background Frequency of 
of of Concentration Range Value0 Detects Above 

Analyte Media Analyses Detects (pCi/g)' (pCi/g) Background Value 

Americium-241 Qbt2 2 0 [0.002 to 0.016] na0 012 

Americium-241 Qbt 3 79 8 [-0.14] to [0.183] na 8/79 

Americium-241 Qbt 1v 1 0 [0.014] na 0/1 

Cesium-134 Qbt 3 45 2 [-0.026] to 0.32 na 2/45 

Cesium-137 Qbt 2 2 0 [-0.029 to 0.002] na 0/2 

Cesium-137 Qbt 3 79 1 [-0.4 to 0.768 na 1/79 

Cesium-137 Qbt 1v 1 0 [0.0272] na 0/1 

Cobalt-60 Qbt 2 2 0 [-0.050 to -0.006] na 0/2 

Cobalt-60 Qbt 3 79 1 [-0.037] to 0.32 na 1179 

Cobalt-60 Qbt 1v 1 0 [0.032] na 011 

Europium-152 Qbt 2 2 0 [-0.037 to 0.122] na 0/2 

Europium-152 Qbt 3 63 2 [-0.023 to 0.78] na 2163 

Europium-152 Qbt 1v 1 0 [0.104] na 0/1 
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Number 
of 

Analyte Media Analyses 

Plutonium-238 Qbt 2 2 

Plutonium-238 Qbt 3 79 

Plutonium-238 Qbt 1v 1 

Plutonium-239 Qbt 2 2 

Plutonium-239 Obt 3 79 

Plutonium-239 Qbt 1v 1 

Ruthenium-106 Qbt 2 2 

Ruthenium-106 Obt 3 79 

Ruthenium-106 Qbt 1v 1 

Sodium-22 Qbt 2 2 

Sodium-22 Qbt 3 79 

Sodium-22 Qbt 1v 1 

Strontium-90 Qbt2 2 

Strontium-90 Qbt 3 79 

Strontium-90 Obt 1v 1 

Thorium-228 Qbt 2 2 

Thorium-228 Qbt 3 79 

Thorium-228 Qbt 1v 1 

Thorium-230 Qbt2 2 

Thorium-230 Qbt 3 79 

Thorium-230 Qbt 1v 1 

Thorium-232 Qbt2 2 

Thorium-232 Qbt 3 79 

Thorium-232 Qbt 1v 1 

Tritium Qbt 2 2 

Tritium Qbt 3 64 

Tritium Qbt 1v 1 

Uranium-234 Qbt 2 2 

Uranium-234 Qbt 3 79 

Uranium-234 Qbt 1v 1 

Uranium-235 Obt 2 2 

Uranium-235 Qbt 3 79 

Uranium-235 Qbt 1v 1 

Uranium-238 Qbt2 2 

Uranium-238 Qbt 3 79 

Uranium-238 Qbt 1v 1 

a Values in square brackets indicate nondetects. 

b Tuff BVs obtained from LANL 1998, 59730. 

c na = Not available. 

ER2005-0172 

MDA C Investigation Work Plan, Revision 2 

Table B-22 (continued) 

Number Background Frequency of 
of Concentration Range Valueb Detects Above 

Detects (pCi/g)' (pCi/g) Background Value 

0 [Oto 0.02J na 0/2 

1 [-0.011J to [0.014J na 1/79 

0 [OJ na 0/1 

0 (-0.01 to 0.005J na 0/2 

2 [-0.005J to 0.08 na 2/79 

0 [OJ na 0/1 

0 (-0.309 to -0.121J na 0/2 

0 (-0.302 to 1.41J na 0/79 

0 [0.027J na 0/1 

0 (-0.004 to 0.005J na 0/2 

3 [-0.03J to 0.22 na 3/79 

0 [-0.002J na 0/1 

0 (0.291 to 0.58J na 0/2 

4 [-0.52J to 1.44 na 4/79 

0 [0.55J na 0/1 

2 1.35to 1.69 2.52 0/2 

75 [0.083J to 1.81 2.52 0/79 

1 1.50 3.75 0/1 

2 0.81 to 1.23 1.98 0/2 

50 (0.289 to 1.74J 1.98 0/79 

1 1.11 3.12 0/1 

2 1.23to 1.66 2.52 0/2 

77 [0.06J to 1.76 2.52 0/79 

1 1.50 3.75 0/1 

1 1.54 to [4.26J (pCi/ml) na 1/2 

63 [1.4J to 649261 (pCi/ml) na 63/64 

0 [2.38J (pCi/ml) na 0/1 

2 0.51 to 1.016 1.98 0/2 

77 0.563 to 1.7 1.98 0/79 

1 0.993 3.12 0/1 

2 0.02 to 0.05 0.09 0/2 

53 [0.009J to 0.23 0.09 15/79 

1 0.045 0.14 0/1 

2 0.59 to 1.03 1.93 0/2 

78 0.308 to 2.36 1.93 1/79 

1 0.991 3.05 0/1 
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Table B-23 

Detected Radionuclides Above BVs in Phase I RFI Subsurface Samples at MDA C 

Part 1 

~ :;; f)l 00 '30 

9 g ... ... M M 

9 .!! .., 1 M M C, 

~ 1 N 

~ ~ 
<O e .!! " " " " .!l! ~ 

C. ~ 
., :, u .., :, .. :, :, :, 

E .c O .. " ·u :, :, ,, ·a 'i: 'i: 
- - 't: "' ·.:: ·;;; ·;;; .. u 
C. "' :, 

0 e ~ .s 0 " " " 0 V, -' ~ V, E 0 0 :, :, 

<( w a: a: 
Qbt 2,3,4 Background/Fallout Value 

a 
n/a

0 
nla nla nla nla nla nla 

SALC 39 na' 5.3 1.2 2.7 49 44 

0550-95-0365 50-09100 26.50-28.50 Qbt 3 0.027 
e - - - - -

0550-95-0368 50-09100 41.50-43.50 Qbt 3 - - - - - - 0.014 

0550-95-0284 50-09101 10.61-12.02 Qbt 3 0,018 - - - - - -

0550-95-0289 50-09101 24.5-25.60 Qbt 3 0.Q18 - - - - - -

0550-95-0309 50-09101 79.20-80.96 Qbt 3 0.011 - - - - - -

0550-95-0104 50-09103 13.08-14.71 Qbt 3 - - - - 0.231 - -
0550-95-0109 50-09103 25.46-27.44 Qbt3 0.027 - - - - - -
0550-95-0119 50-09103 55.15-56.57 Qbt3 0.023 - - - 0.297 - -
0550-95-0075 50-09104 10.90-12.90 Qbt3 - 0.32 - - - - -

0550-95-0079 50-09104 26.30-28.00 Qbt3 - - - 0.32 - - -
0550-95-0135 50-09105 11.38-13.08 Qbt 3 - - 0.768 - - - -

0550-95-0145 50-09105 40.31-41.72 Qbt 3 0.038 - - - - - -

0550-95-0160 50-09105 83.23-84.85 Qbt 3 - - - - - - 0.08 

0550-95-0166 50-09107 9.90-11.17 Qbt 3 0.012 - - - - - -

0550-95-0181 50-09107 53.03-55.58 Qbt 3 0.007 - - - - - -

0550-95-0186 50-09107 67.18-68.59 Qbt 3 0.009 - - - - - -
0550-95-0191 50-09107 76.37-78.49 Qbt 3 0.032 - - - - - -

0550-96-0109' 50-09108 17.32-18.03 Qbt 3 - 0.29 - - - - -

0550-95-0215 50-09108 67.53-68.94 Qbt 3 - - - - - 0.014 -
Part 2 

9 ~ 
"CJ g 

C, N "' 00 

9 .!! N 

~ 
M M M 

1 1 E ::, 1 ~ 

" " " " " 
.. 

E Q. 0 ., :, u '5 :, " E li .c O .. " 
:, 

~ 
:, =E ~ :, :, 

E --t "' '5 "§ 'i: 'i: .. u 
C. "' :, 0 ! >-e 0 E E V, -' ~ V, V, .c .... ::, ::, 

Qbt 2,3,4 Background/Fallout Value 
a nla 2.52 nla 0.09 1.93 na 

SALC 1.5 5.7 5.0 17,0009 17 93 

0550-95-0362 50-09100 10.60-12.60 Qbt 3 - - - 12.2 - -

0550-95-0365 50-09100 26.50-28.50 Qbt 3 - - - 622 - -

0550-96-0100 50-09100 32.70-33.70 Qbt 3 - - - - 0.21 -

0550-95-0368 50-09100 41.50-43.50 Qbt 3 - - - 13.4 - -

0550-95-0371 50-09100 58.20-60.00 Qbt 3 - - - 27.9 - -

0550-95-0374 50-09100 71.50-73.50 Obt2 - - - 1.54 - -
0550-95-0284 50-09101 10.61-12.02 Qbt 3 - - - 2.86 - -

0550-96-0101' 50-09101 18.99-19.69 Qbt 3 - - - - 0.22 -

0550-95-0289 50-09101 24.75-25.60 Qbt 3 - - - 7.33 - -
0550-96-0102 50-09101 31.11-31.89 Qbt 3 - - - - 0.22 -

0550-95-0294 50-09101 38.89-39.39 Qbt3 - - - 7.77 - -
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Table B-23 (continued) 

Part 2 (continued) 

e ;o 
"D g "' 

0 "' "' 00 e .S! ~ 
M 

E :::;-
M M 

'1' '1' 1 '1' ., " 
., 

" ., .!'!! E E ~ E E C. ~ 
a, ~ " 

.,, ~ 

se~ ., ~ 
~ ~ ~ i3 .2 ~ E 

" 
:;; '5 "§ " ·2 

"' 0 Q. (!) ~ 0 e I- .!!, !!! !!! <I) --' ~ <I) <I) in .ca 
I- :::> :::> 

Qbt 2,3,4 Background/Fallout Value 
a 

n/a na 2.52 n/a 0.09 1.93 
SALC 1.5 5.7 5.0 17,0009 17 93 

0550-96-0103 50-09101 44.19-44.69 Qbt 3 - - - - 0.22 -
0550-95-0299 50-09101 53.03-54.45 Qbt 3 - - - 7.5 - -
0550-95-0304 50-09101 67.88-69.30 Qbt 3 - - - 5.63 - -
0550-95-0309 50-09101 79.20--80.96 Qbt 3 - - - 47.5 - -
0550-95-0004 50-09102 11.31-13.44 Qbt 3 - - - 1.84 - -
0550-95-0009 50-09102 26.16-28.92 Qbt 3 - - - 10.4 - -
0550-95-0014 50-09102 40.31-42.43 Qbt 3 - - - 23300° - -
0550-95-0019 50-09102 51.76-53.74 Qbt 3 - - - 6720 - -
0550-95-0024 50-09102 67 .18-68.59 Obt 3 - - - 274 - -
0550-95-0029 50-09102 76.37-77.78 Qbt3 - - - 376 - -
0550-95-0104 50-09103 13.06-14.71 Qbt3 - - - 35.8 - -
0550-95-0109 50-09103 25.46-27.44 Qbt3 - - - 7.14 - -
0550-96-01 o? 50-09103 32.88-33.81 Qbt3 - - - - 0.21 -
0550-95-0114 50-09103 39.60-41.58 Qbt 3 - - - 12.7 - -
0550-95-0119 50-09103 55.15-56.57 Qbt 3 - - - 6.32 - -
0550-95-0124 50-09103 66.96-69.30 Qbt 3 - - - 14.4 - -
0550-95-0129 50-09103 81.16-82.59 Qbt 3 - 0.599 - 2.17 - -
0550-95-0075 50-09104 10.90--12.90 Qbt 3 0.22 - - 3.47 - -
0550-95-0079 50-09104 26.30--28.00 Qbt 3 - - - 290.7 - -
0550-95-0083 50-09104 36.60--38.60 Qbt 3 0.22 - - 378.2 - -
0550-96-010? 50-09104 44.10-45.10 Qbt 3 - - - - 0.23 -
0550-95-0087 50-09104 58.00--60.00 Qbt 3 - - - 43.15 - -
0550-95-0095 50-09104 79.00--81.00 Qbt 3 - - - 3.26 - -
0550-95-0099 50-09104 85.00--87.00 Qbt 3 - - - 1.9 - -
0550-95-0135 50-09105 11.36-13.08 Qbt3 - - - 3.84 - -
0550-95-0140 50-09105 24.75-26.87 Qbt3 - - - 1.5 - -
0550-95-0145 50-09105 40.31-41.72 Qbt3 - - - 481 - -
0550-96-010? 50-09105 43.91-44.55 Qbt3 - - - - 0.21 -
0550-95-0150 50-09105 54.45-56.36 Qbt3 - - - 6.1 - -
0550-95-0155 50-09105 68.59-70.57 Qbt3 - - - 3.22 - -
0550-95-0046 50-09106 19.45-21.57 Qbt3 - - - 126 - -
0550-95-0050 50-09106 28.99-31.11 Qbt3 - - - 38100 - -
0550-95-0054 50-09106 39.95-41.37 Qbt3 - - - 6440 - -
0550-95-0058 50-09106 49.85-51.62 Qbt3 - - - 28 - -
0550-95-0063 50-09106 60.81-62.58 Qbt3 - - - 14.8 - -
0550-95-0067 50-09106 72.12-73.54 Qbt3 - - - 64.9 - -
0550-95-0071 50-09106 81.67-83.44 Qbt3 - 0.767 - 30.1 - -
0550-95-0166 50-09107 9.90-11.17 Qbt3 - - - 12.1 - -
0550-95-0171 50-09107 25.46-27.58 Qbt 3 - - - 10373 - -
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Part 2 (continued) 

5! 3: 
"'g 5! 0 

"' " ,; 
" "' C. 0 a, :, " E ~ =e~ m " c. Cl :, 0 ., 

..J ~ ., 
Qbt 2,3,4 Background/Fallout Value 

a 

SAL' 

0550-96-0107' 50-09107 33.16-34.29 

0550-95-0176 50-09107 40.31-41.72 

0550-96-0108' 50-09107 66.20-67.00 

0550-95-0181 50-09107 53.03-55.58 

0550-95-0186 50-09107 67 .18-68.59 

0550-95-0191 50-09107 76.37-78.49 

0550-95-0195 50-09108 10.61-11.88 

0550-96-0109' 50-09108 17.32-18.03 

0550-95-0200 50-09108 26.16-27.29 

0550-96-0110 50-09108 31.75-32.46 

0550-95-0205 50-09108 40.31-41.72 

0550-95-0210 50-09108 54.16-55.58 

0550-95-0215 50-09108 67.53-68.94 

0550-95-0220 50-09108 79.20-81.32 

0550-95-0226 50-09109 12.87-14.28 

0550-95-0231 50-09109 24.11-25.46 

0550-96-0111' 50-09109 32.53-33.23 

0550-95-0236 50-09109 40.87-42.43 

0550-96-0112' 50-09109 46.67-47.38 

0550-95-0246 50-09109 54.73-56.36 

0550-95-0251 50-09109 62.65-62.79 

0550-95-0241 50-09109 79.90-81.11 

0550-95-0259 50-09110 15.97-17.85 

0550-96-0113' 50-09110 22.65-23.30 

0550-95-0264 50-09110 35.71-37.59 

0550-96-0114' 50-09110 45.58-46.51 

0550-95-0269 50-09110 55.44-57.13 

0550-95-027 4 50-09110 69.54-71.98 

0550-95-0279 50-09110 82.69-84.01 

Note: Units are pCi/g. 
a Tuff BVs obtained from LANL 1998, 59730. 
b . I n/a = Not apphcab e. 

c LANL screening action level for residential soil. 

d na = Not available. 
8 

- = The concentration was not above the BV. 
f 

Tuff sample collected from curated core. 

Table B-23 (continued) 

0 
N 

~ <:a m 
E i5 :, 

"' 
:, 

~ :; i5 
0 i ., 

na nla 

1.5 5.7 

Obl3 - -
Obl3 - -
Obi 3 - -
Obi 3 - -

Obi 3 - -
Obi 3 - -
Obi 3 - -

Obi 3 - -
Obl3 - -
Obl3 - -

Obl3 - -
Obl3 - -
Obl3 - 0.44 

Obl3 - -

Obl3 - 1.44 

Obi 3 - -

Obl3 - -

Obl3 - -
Obi 3 - -
Obi 3 - -

Obi 3 - -

Obi 3 0.056 -
Obi 3 - -

Obi 3 - -

Obi 3 - -

Obi 3 - -
Obi 3 - -
Obi 3 - -
Obi 3 - -

9 17,000 pCi/ml based on SAL of 880 pCi/g and assumed moisture content of 5%. 

h Bold values exceed SALs. 

October 2005 B-86 

N ~ m 
M M M 
<:a E ::;- <:a 1 E => E E 
:, ~~ :, :, 
·;s ·= ·= ,_ 

.E!, f f .c ,_ ::, ::, 

2.52 n/a 0.09 1.93 

5.0 17,0009 17 93 

- - 0.2 -
- 649261 - -

- - 0.23 -
- 207792 - -

- 13827 - -
- 581.5 - -

- 3.08 - -

- - 0.22 -
- 12.02 - -
- - 0.22 -

- 5.46 0.11 (U) -
- 388.8 - -
- 974 - -

- 1660 - -

- 4.63 - 2.36 

- 10.3 - -

- - 0.21 -

- 11.6 - -
- - 0.21 -
- 6.1 - -

- 5220 - -

- 5.43 - -
- 210 - -

- - 0.22 -
- 36200 - -
- - 0.21 -
- 4750 - -
- 61.4 - -
- 6.72 - -
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Table B-24 
Frequency of Detected Organic Chemicals in Phase I RFI Subsurface Tuff Samples at MDA C 

Number of Number of Concentration Range 
Analyte Media Analyses Detects (mg/kg)' 

Acetone Qbt 3 54 8 0.003 to 0.055 

Bis(2-ethylhexyl)phthalate Obt 3 66 7 0.037 to [0.46] 

Dichloroethene[1, 1-] Qbt 3 54 4 0.003 to (0.006] 

Methylene Chloride Qbt 3 54 [0.004 to 0.016] 

Methylphenol[2-] Obt 3 66 [0.16 to 0.39] 

Toluene Qbt 3 54 0.003 to [0.006] 

*Values in square brackets indicate nondetects. 

Table B-25 
Detected Organic Chemicals in Subsurface Tuff Samples at MDA C 

'C 
,: 

" e-!:! !:! 
"' 5. .S! ,: 
3: " 

.. 
~ 'i5 C. 0 u 

E .. a;~ " u ::;; .. 0 "' " U) ..I .,: U) 

C. 
" C 

NMEDSSL8 

EPA SSL' 

0550-95-0289 50-09101 24. 75-25.60 Qbt 3 

0550-95-0294 50-09101 38.89-39.39 Qbt 3 

0550-95-0299 50-09101 53.03-54.45 Qbt 3 

0550-95-0109 50-09103 25.46-27.44 Qbt 3 

0550-95-0119 50-09103 55.15-56.57 Qbt 3 

0550-95-0124 50-09103 66.96-89.30 Qbt 3 

0550-95-0129 50-09103 81.18-82.59 Qbt 3 

0550-95-0099 50-09104 85.00-87.00 Qbt 3 

0550-95-0145 50-09105 40.31-41.72 Qbt 3 

0550-95-0046 50-09106 19.45-21.57 Qbt 3 

0550-95-0054 50-09106 39.95-41.37 Obt 3 

0550-95-0200 50-09108 26.16-27.29 Qbt 3 

0550-95-0210 50-09108 54.16-55.58 Qbt3 

0550-95-0215 50-09108 67.53-88.94 Qbt 3 

0550-95-0226 50-09109 12.87-14.28 Qbt 3 

0550-95-0231 50-09109 24.11-25.46 Qbt 3 

0550-95-0264 50-09110 35.71-37.59 Qbt 3 

0550-95-0279 50-09110 82.69-84.01 Qbt 3 

Note: Units are mg/kg. 

a NMED soil screening level for residential soils. 

b EPA Region 6 soil screening level for residential soils. 

c NMED soil screening level for residential soils. 

d - = The concentration was not above the EQL. 

ER2005-0172 
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n/au 350 8.1 n/a 
70000 n/a n/a 8.9 
_a 0.037 (J) - -
- 0.072 (J) - -

- 0.041 (J) - -
- - 0.003 (J) -
- 0.3 (J) 0.004 (J) -

0.009 (J) - 0.006 -
0.055 - 0.004 (J) -

- - - -
- 0.14(J) - -

0.013 (J) - - -

0.009 (J) - - -
0.028 - - -

- - - 0.0063 

- 0.19(J) - -

0.024 - - -

0.03 - - -

- 0.047 (J) - -
0.003 (J) - - -
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Frequency of 
Detects 

8/54 

7/66 

4/54 

1/54 

1/66 

1/54 

...,. 
~ 
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" ,: ,: 

" " .,: 

" C. 0 >, 
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n/a 180 

3100 n/a 
- -

- -
- -

- -
- -

- -
- -

0.35 -

- 0.003 (J) 

- -
- -
- -
- -
- -

- -

- -
- -

- -
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Table B-26 

Percent Moisture for the Subsurface Sample Tritium Data at MDA C 

Location ID Depth (ft bgs) Media Sample ID Percent Moisture 

50-09100 10.6-12.6 Obi 3 0550-95-0362 6.00 

50-09100 26.5-28.5 Obi 3 0550-95-0365 6.00 

50-09100 41.5-43.5 Obi 3 0550-95-0368 6.00 

50-09100 58.2-60 Obl3 0550-95-0371. 1.00 

50-09100 71.5-73.5 Obi 2 0550-95-0374 5.00 

50-09100 115.1-116.9 Obi 2 0550-95-0383 1.00 

50-09100 161.3-163.1 Obi 1v 0550-95-0392 1.00 

50-09100 32.7-33.7 Obi 3 0550-96-0100 NW 

50-09101 10.6-12 Obl3 0550-95-0284 1080 

50-09101 24.7-25.6 Obi 3 0550-95-0289 7.72 

50-09101 38.9-39.4 Obi 3 0550-95-0294 7.94 

50-09101 53-54.4 Obi 3 0550-95-0299 8.29 

50-09101 67.9-69.3 Obi 3 0550-95-0304 8.13 

50-09101 79.2-81 Obl3 0550-95-0309 7.17 

50-09101 19-19.7 Obi 3 0550-96-0101 NR 

50-09101 31.1-31.9 Obi 3 0550-96-0102 NR 

50-09101 44.2-44.7 Obi 3 0550-96-0103 NR 

50-09102 11.3-13.4 Obi 3 0550-95-0004 5.50 

50-09102 26.2-28.9 Obi 3 0550-95-0009 6.40 

50-09102 40.3-42.4 Obi 3 0550-95-0014 7.17 

50-09102 51.8-53.7 Obi 3 0550-95-0019 NR 

50-09102 67.2-68.6 Obi 3 0550-95-0024 NR 

50-09102 76.4-77.8 Obi 3 0550-95-0029 NR 

50-09103 13.1-14.7 Obi 3 0550-95-0104 3.95 

50-09103 25.5-27.4 Obi 3 0550-95-0109 4.47 

50-09103 39.6-41.6 Obi 3 0550-95-0114 8.00 

50-09103 55.2-56.6 Obl3 0550-95-0119 6.63 

50-09103 67-69.3 Obi 3 0550-95-0124 6.22 

50-09103 81.2-82.6 Obi 3 0550-95-0129 5.15 

50-09103 32.9-33.8 Obi 3 0550-96-0104 NR 

50-09104 10.9-12.9 Obi 3 0550-95-0075 7.10 

50-09104 26.3-28 Obl3 0550-95-0079 8.10 

50-09104 36.6-38.6 Obi 3 0550-95-0083 8.60 

50-09104 58-60 Obi 3 0550-95-0087 6.20 

50-09104 79-81 Obi 3 0550-95-0095 8.50 

50-09104 85-87 Obi 3 0550-95-0099 8.20 

50-09104 44.1-45.1 Obi 3 0550-96-0105 NR 
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Table B-26 (continued) 

Location ID Depth (ft bgs) Media Sample ID Percent Moisture 

50-09105 11.4-13.1 Qbt 3 0550-95-0135 6.69 

50-09105 24.7-26.9 Qbt3 0550-95-0140 5.84 

50-09105 40.3-41.7 Qbt 3 0550-95-0145 5.99 

50-09105 54.4-56.4 Qbt 3 0550-95-0150 4.78 

50-09105 68.6--70.6 Qbt 3 0550-95-0155 2.98 

50-09105 83.2-64.9 Qbt 3 0550-95-0160 0.00 

50-09105 43.9-44.5 Qbt 3 0550-96-0106 NR 
50-09106 19.4-21.6 Qbt 3 0550-95-0046 6.49 

50-09106 29-31.1 Qbt 3 0550-95-0050 4.89 

50-09106 40--41.4 Qbt 3 0550-95-0054 2.44 

50-09106 49.9-51.6 Qbt3 0550-95-0058 1.39 

50-09106 60.8-62.6 Qbt 3 0550-95-0063 0.78 

50-09106 72.1-73.5 Qbt 3 0550-95-0067 0.74 

50-09106 81.7-63.4 Qbt 3 0550-95-0071 0.44 

50-09107 9.9-11.2 Qbt 3 0550-95-0166 5.50 

50-09107 25.5-27.6 Qbt 3 0550-95-0171 3.90 

50-09107 40.3-41.7 Qbt 3 0550-95-0176 5.00 

50-09107 53-55.6 Qbt 3 0550-95-0181 5.80 

50-09107 67.2-68.6 Qbt 3 0550-95-0186 6.30 

50-09107 76.4-78.5 Qbt 3 0550-95-0191 4.90 

50-09107 33.2-34.3 Qbt 3 0550-96-0107 NR 
50-09107 46.8--47.4 Qbt 3 0550-96-0108 NR 
50-09108 10.6--11.9 Qbt 3 0550-95-0195 5.50 

50-09108 26.2-27.3 Qbt 3 0550-95-0200 6.70 

50-09108 40.3-41.7 Qbt 3 0550-95-0205 3.80 

50-09108 54.2-55.6 Qbt 3 0550-95-0210 4.70 

50-09108 67.5-68.9 Qbt 3 0550-95-0215 5.85 

50-09108 79.2-81.3 Qbt 3 0550-95-0220 6.04 

50-09108 17.3-18 Qbt 3 0550-96-0109 NR 
50-09108 31.7-32.5 Qbt 3 0550-96-0110 NR 
50-09109 12.9-14.3 Qbt 3 0550-95-0226 6.09 

50-09109 24.1-25.5 Qbt 3 0550-95-0231 6.23 

50-09109 40.9-42.4 Qbt 3 0550-95-0236 5.34 

50-09109 79.9-61.1 Qbt 3 0550-95-0241 6.18 

50-09109 54.7-56.4 Qbt 3 0550-95-0246 4.26 

50-09109 62.6-62.8 Qbt 3 0550-95-0251 3.63 

50-09109 32.5-33.2 Qbt 3 0550-96-0111 NR 
50-09109 46.7-47.4 Qbt 3 0550-96-0112 NR 
50-09110 16--17.9 Qbt 3 0550-95-0259 5.90 
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Table B-26 (continued) 

Location ID Depth (ft bgs) Media Sample ID Percent Moisture 

50-09110 35.7-37.6 Qbt 3 0550-95-0264 5.50 

50-09110 55.4-57.1 Qbt 3 0550-95-0269 8.00 

50-09110 69.5-72 Qbt 3 0550-95-027 4 4.90 

50-09110 82.7-84 Qbt 3 0550-95-0279 5.00 

50-09110 22.6-23.3 Qbt 3 0550-96-0113 NR 

50-09110 45.6-46.5 Qbt 3 0550-96-0114 NR 

*NR = Not reported. 
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MDA C Borehole Logs 





APPENDIX C BOREHOLE LOGS 

This appendix presents logs of the boreholes drilled at Material Disposal Area C. Footages on the logs 
are the length along each borehole. 
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boreno1e angre 
! ram nonzontal 

ALL orgamc 

Fe• iron topsou ana 
reworkeo tulf 

FeOx • uon oxrde a.s clay. s111. 
sano, gravel 

tt. = ligtil -TUFF. Pe 0 

"' 
MCA .. ma reriai davit rit ied. .; 

slightly- -,-
Clisoosal area -<.5 weldea :.1 <( 
mea ... meo1um • 0 

:E 
M-02 • man- TUFF. •• 0 

devitrified. • " ganese 0Xl08 E non-wetaeel •• :, 
0 

'-RAL = Mobile •• u 
Rldiolo91ea, ................... •v·•.•n 2 

Rlenocryst • : *· 
.cc 

AnalySIS 
rich ;nre.cval .. .! a. 

l.abora 10:y e 
•• .E> 

~ 
OJ a operaore umt •• in 

SAA ■ same as TUFF. ~o "' above ~o '" vilric. non• " welded 
:j 

TA • lectttucal 0 .Q> 

O<> u. ., .. ., 
" AJm,ce BB:> (1) 

TO• 101ai oectn 
(ena ot borenote) 

wk. a weak 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIELD UNIT 5 
BOREHOLE LOG 

BOREHOLE ID: 50-91 oo TNOU: so111•1 MDA: :,OAC Page: of: 3 

Drilling C.O.: Tonto EnV1ronmental 
Drilling Inc. 

Core Box #(s) 9 cuttings 
32 core 

Start Date: 1111195 
Time: 10:30 

End Date: 2.'5/98 
Time:15:oo 

Drilling Equip./ Met hod: lngersoll-Rlnd track mounreo air 
core 'Nith total dust suooression 

SampJing Met hod: C.Ontinuous 5.~· core barrel 

Driller. urry Thoren Geologist: Jon Marin.Rene Evans Declination: ;o.o0 Bearing: NA 
Effd/G:ilder 

TD: 316.o.n 

'" g 
.<:: 
ci. 
a, 

Cl 

u -

~ 
a, 

.. > 
C: 8 
::, a, 
a:a: 
~~ 
00 
(..) (..) 

- l.tO~ 

10-::1,,!·'':::~~~;';;;;=j 
-~ 95-0362 

20-= :·100% 

- : '100% 

30::J-7:=:;::! 
_ :-:100% 96-0100 

. " 

50 
- •11100'1, 
-t-----i 

60~-~-v~'~"'~iiiim, 
: 13/789'. 95-0371 

70 
_ Ulllft 

-_ 15133'!11. 

80 - "1140'1, 

90 - .. 
- 21166'1. 

- lV100% 100 ,~, ---
- 2'10'<. 

110 
- ~51100'11, 

- 127183% 
- 2!3182% 

~910O,i, 
120----i----l----4 

ER2005-0172 

-·2 - C: 
:::::, a, 0 
0 :?: 'ti 

0 ·c, i... ~ 

:E O g ~j 
C. 0 C: e .r:. o 5j 

Lithology <!I S :a <..l 'Joles 

Cl 

.3 

0 0•10 0-5.0' 
:W",~:u, sana oale brown 5 YR 512. :H 00 is located 

TOFSOIL/ALL. orgaruc. sllt, :c Borenola 50· 

o 9 bo"'' TUA=. It. pale reo s R 6/ 2 acoromnatety 
, .83 5.0' -21 3 nonwelded. nomnaurated. -~ __ 15.0' north of 110•6.2" 

11 _32 -eo.1 d8Vl1nhed rhyolrte asn !low. t= ?.t 5 in the 

1145 __ 6739 Vt~ 2._ ~.!.~-~~-=-l~5:,c:e lac1hlh are 1 00.2.0 c:m, 

1

,~·-· g? ~~~=~:~ 
29.0 : .•. weat erea. in istinct, : ai 

21_3·.47 s•j wnhsugary texture. ) -g C. 
25.31 1-----1 : TUFF.sameasaoove t5'A}, j ~ Surtacecasng 

1 5_95 3129.0•- : very moist. matnx 010d1ZBd ; set at 10.cr. 

37.3' : wtth wk. hmorute. also 20% : • ai Borenola 50· 

'--~"tZl:~:~~k·;~~~!,; ~ i ::~:,= 10.89 
11.41 

a 

4137.3'· 
53.5 ......•..•.•... _ 612. dry. ~xid1zea. Slightly It 8, as an ooen 

47_5._ 71 _s·i ~eiaed.Stightlyanaura.tea tor •... e ~crenotetor 
1--~@ 52_5• ; ess rndurated@ 42.5. ; • :2 vaoor 

1 
A.imrce laodli are distinct. It. j a.. t2, ~onnoring. 0.56 

5/53.5'• 
0 65.0' 

0.61 

0.81 61&5.0'• 
O 78.0' 

;ray. 2.0-5.0 c:m. 15%. : • er; ~ 18.6'·19.2" 
ccarsely devrtrified. Matrix j ,,;.,.- ·c: weatr11red 
pnenocrysts are ouanz and : W ::::, fraaure. 

1----,··ij"::~r•~~:-p~~•5~•~~~) •• 11.5· :a:-~~::·'" 
71 .5'·88.0' I norandurated. nonwekkld. all O 71.5'·73.5' 

1----t vervsoft. d"' asfl flow. -~ wet tuft. 
!~0~·0·· TIJR=. pate yellowish brown. 11• ti 

0 

0.58 
10'1R612.non1ndura1eato ~ i 

•····· ........... : si1ghtly rndurated. non• • ....... a, 

0.48 88.0'·108.S'!welded. dev1tnfled rflyoble lji •4:• ~ 
0 h1 ,r,,..mi •. ,"."·. -i : a.sn flow. morsl to wet. ; & 

101.0· j F\unice Iap1lh are II gray to l • ~ ~ 

0 
91101.0- ;~{j°~\~:~p~-~~•;•i:,9R~~,/ •• ~ i 

@103.0'· 
104.0' ;lost air 
circulation. 

O · 110,,· .................. ;Ji;Jltty,iodurated •. d.::y •••••.••••• ~ •.• N~ 
108.5'-150.0TIJFF. graytSfl OIOk 5R 8/2, • --g fa 

101110.s· moaeratety ,n_ durateo. slightly ~::, ID 
-120.0· w-»ct. pumice poor. myotite ,,//ii;,. 

,, ............ _ .. 0 
0.05 

0.1 

C-3 

@ 115.0'. c!Hf­
t:mmng tuH 
contains welded 
tuft :renoOth. 
3.0 bV 5.0 cm. 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

Fla□ UNITS 
BORB-iOLE LOG 

BOREHOLE ID: 5D-91 DO TA/OU: 50/1147 MDA: MDAC Page: 2 of: 3 

Drilling Co.: Tonto Environmental C.ore Box #(s) 9 cuttings Start Date: 1111195 End Date: 2/5/96 

Drilling Inc. 32 core Time: 10:30 Time: 15:00 

Drilling Equip. /Met hod: lngersoll•Fend track mounted air Sampling Met hod: Continuous 5.0' core barrel -
core with total dust sueeress1on 

Driller: Larry Thoren Geologist: Jon Marin. Rene Evans Declination: 90.0° · Bearing: NA 10: 316.0 H 
efNGolder 

~ Q) 
Cl 0 a.' C: w ~ EO ·c- -QJ "'"' "'-E' Q) ·2 = C: - ""> (J) :g i~ "" ::::. 

Cl ::, Q) 0 w 
C: 8 X 0 

0 ~'8 
~ ~~ 

...J 0 = Q) si-:- 0 ·a, 0 2 a: a: ·- Q) 

~ ~ E 0 .<:: ;:..a 
"' E '15 ::: cii 

C. ~~ cii E a. C: C: 0:=E ~o e .<:: 0 0 Q) 00 ~~ 
0 ~ 5 a () (.) ::; I- (.)IJ.. Lithology (!l :Eu Notes 

12v - JQ,'10v"'o 111120.0' 108.5' -150.0'TUFF, SAA. moderately •• -{IJ 134.5". lirst - 1.2 ·128.9' 
(continued) appearance of It. 

- J119, ... indurated to strongly " 130 indurated. pumice tapiUi are n. :- "' pink fibrous 
0 ~ - 32:1co•. 1V128.9" gray. md1stinct. <0.5•1.0 cm. :2 vapor phase - 0 .131 s· 

<5%, finely devilrrfied with 
,,, alteration clay. 

- 33 ;95•. •• f- ~ 

140 mmute quartz and sanidine. . " 
J411C0'"'o 0 13/137.5" :.• "'.c 0 140.0-150.0". - -14e.1· @ 140.0'- Matrix pnenoc:rysts are Quartz ~ ~ - 0 and sandine. each up to 1.5 phenocryst •rich 

: 35'100"'1. 1411-16.1' m and 7%, local FeOx. ~ 
::, ::;; 

interval is 
150 

- 361100-r. 
0.35 -155.0' 

150.0'-180.C TUFF. SAA. matrix quartz and a.• 150.0' possible surge - sanidine are 20% eacn, quart retaled deposit. 
: 37/SB~ 0.37 =• 151155.0' up to 3.0 mm. sarvdine show 

160 -170.0' 
- 38'6~ Schiller blue iridescence. • "' 0 ::, - o.ss TUFF. SAA. Sl1ghtly inourated. f-
- 39120~. , ~ 

170 - less phenocryst s. Fe oxide on 
_ 40/100~ 0.91 relict pumice lapilli. 1 0%, up -a3 

161170.0' 'C - -178.0' lo 2.0 cm. sugary texture on .. C: - 41/100% " - 0 .................. faint tube structures, dacite Cl 
180 11/ ICI.U •• ii 0 18D.O". 0.5 - '21100, 1.2 -185.8' 180.0'·223.d'lithics up to 3.0 cm, pumice ; 

0 ( lapibi and lit hies are rimmed : - .c mm black equant - E - 43/32~ 
:by It. pink fibrous vapor p~ - crystals anering 

190 tS,185.8' " - .. ,,oo, 0.76 -199.0' ~alteration clay, also along j ~ 
::;; to dk. brown - " goet hit tHike Fe - "51100% ; relict ,tube structures .•••••••••• : "' 0 ~ ~ oxide. 

200 TlfF, grayish orange pink 5 :2 - 461100'1. 0 -20s o· •~ ... 
1 

mu"•-~••" .. ~ 0200.0·. 

- 0.45 20120s o· 8/2, nonmd:urated, shghtly 
'S 

pumice lai;idli are 
471100, lined with 40% 

210 - 0.32 -210 O' welded. rhyclile ash flow. dry. 

- 21/2100' Pumice faptlh are elonga ta up •• > Fe oxide. 
481100'- 0.65 -- ·2160' 
4!;1/100""- 0.52 to 3.0 cm. -·2 - !50/100'1. 0.27 22121e o· 'f'l.ff', SAA. pumice lap1ll1 are ::, 0 223.0". 

220 - r -·- • 0.91 ·223.2' lt. --·· __ _.. rn---1-•- '" -223.0' Colonnsde 

- !52/100'-" 18.23 23/223.2' 223.0'-233.0'TUFF. grayish orange pink 5 •• subunit of - - " O.S1 ·231.9' YR7/2, moaerately indurated Broxton and 
230 - ;3,100--. 4!• .c -:,-

- 0.78 <1onwetded; ash flow. dry. o- Rlneau ( 1995, 

- 5◄ 1100~ 0.79 
241231.9' 233.0' -313.0 Pumice lapini are Fe-rich; o• 233.0' 1320). - 0.28 55il00"1a ·240.1' ithics are basalt and dacde. •o 15 "' 0 233.0'.Vai>Or 

240 0.32 
. 4"' ·- ~ .. o- Alase Nolch. 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaD UNITS 
BOREHOLE LOG 

BOREHOLE ID: 5 0-9 1 o o TAfOU: 50/1147 MDA: WAC Page: 3 of: 3 

Drilling Co.:Tonto Environmentat Core Box #(s) 9 cu111ngs Start Date: 7!17/95 End Date: 2/5/96 
Driling Inc. 32 core Time: 10:30 Time: 1s:00 

Drilling ~uip. /Pv1et hod: Ingersol-Fend track mounted air 
core w11h total dust suooression 

Sampling Method: G:intmuous 5.0' core ban'81 

Driller: Larry Thoren Geologist: Jon Marin. Fene Evans Declination: 90.0° Bearing: NA TD: 318.0 H 
EffJI/Golder 

,!! Q) 
Cl 0 

C.' ~ 
C: ID EO ·ccn ·e Q) 

nl "' 
Q) =c: "'- ""::::. Cl 

ID "" > en~ Q) ·- 0 ::i Q) 0 
c:8 ~ (.) 

x~ :s: n ~ ~~ bl.& ...I u 
:::, Q) S, u ·a, ~::, 

.c a: a: -- Q) ...IE :i:: 0 o~ 
>,.C a, E 0 .-: U) 

C. Q) Q) mE <C;; a. C: C: ~ ~ a: ·'E ~ 0 e! .c oo Q) 00 C: :::, 0 ~ 
5 Cl (.) (.) <Z ~f- uu. Lithologv (!) ~(.) Notes 

240 = 561100"1. 
1.51 233.0'·313.01\JFF. vitnc. pae yellowish oo 0.59 2s12,o.1· 

-251.0' (con11nuea) brown. rr.oaerately-indurated. Oo : 571100"'- 5.45 

250 1 .09 nonweiaeo. malic rich, asn 

00 .:: - 0.83 261251.0' flow. Pumice lapifli are it - 58/100'r. 

: 591100, 1.19 ·260.5' pinkish tan. <5%. 2.0•5.0 cm. bQ _g 
260 0.65 Dacite llthics are 0.1 ·1.0 cm. Q 

601100"" -c 0.09 271260.5' Ml.fie accessory mineral is uo C: 
- 6t1100, 0.06 •269.T " to 2%. 0.5 mm shiny black g; "' 270 
- ez,,00.,. 1.73 equant magnetite crystals. ..: 

1.30 C = 63/100'1. 2812119.7' 

~o 
.c 

1.15 -2.110.2· E - 0 " 280 - 641100'1, 
0.56 

0 241.0' lUFF. SAA. nonindurated. 

I 
::; 

@262.0· C - 65/100'1', 0.81 lUFF. grayish orange pink 5 

2 - 291280.2' - 0.61 ·290.T ~ 712. vnnc. nomnduratea. - , •• '=~ 
nonwe1aed. rhyoliteash tlow. i: 290 1.32 "' - '" 1.3.C Pumice are dull white to It. ... - 301290.7' ::i - 0.89 ·298.5' gray vitreous lapilli with intact -300 - 68/80'1, 1.06 fully intlatea tube structures. 

00 = 69/100'1', 
2.8 locaJ dacne lithics. £ 

31/298.5' -- 0.9 
-310.2' @ 271.0' rlJ.Ll:f..Ji'\A--.1lsf,j,r,!Tlcl1Li.,t •.•• 

1 & 701100'1. 0.83 ~~~~: 310 1.35 
--·-------'Pumice BBJ. lapilli and i.. 

~"4 TsankawiP\nrice _,,,,.~ 32/310.2' 313.0'-316.0lragments. some ash. lost al -· .. 0.73 ·316.0' .j.:.-.:. Clbtt Bed. Obi I 
air c1rcua1ion. ricer reeoverv. 

320- lD = 316.0' 

---
330--:: 

--
340--= 

--
350..= ---
360--= 
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MDA C Investigation Work Plan, Revision 2 

BOREHOLE ID: so .91 o 1 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONM8'lTAL RESTORATION PROJECT 

FIELD UNIT 5 
BOREHOLE LOG 

TA/OU: 50/1147 MDA: MJAC 

Drilling Co.:TontoEnvironmental Core Box #(s) s cuttings Start Date: 9120195 
OriUing Inc. 11 core Time: os:1s 

Page: 1 of: 2 

End Date:9122/95 
nme:10:30 

Drilling Equip./ Met hod: lngersolSRrnd traci< mounteo air 
core w11 h tot al dust sucpressIon 

SampJing M3t hod: C.Ontinuous 5.0' cora DBrrel 

Driller: Larry Thoren Geologist: Jon Marin.Rene Evans Declination: 4s.oo Bearing: s a2.o• w TD: 111 .o 11 

0 

i::' 
Q) ,..,> 

c:8 
:::, Q) 

cc cc 
~ ~ 
00 
OU 

- 1/100 .. 

s-~--1 
- •II00"'-

3/100"4 
10-+---t 

-lu100"' 

25 

-1----+---i 

=1--,,-00-,.---1 
-e,,oo, 
-

30--i---i 

35 -- ,,,,u .. 
-

40-= 13/87 .. 

- ,.,., .. 
45-=15/95 .. 

- 16173"" 

so-= 
- ~7/78 .. 

-1----i 
55-= 18/ IDml, 

-1----i 95-()2!1' 

- 19/&0'1,. 

60 

October 2005 

EFM /Glider 

ai 
..!! .. -

x 0 

sf;" 
" E ~a 
0 ~ u u. ·~· wt1ac1 

0 rut!ITTQS"' ,_, 

1.18 

1.'6 

0.73 

3.29 

0.45 

0.12 

1.01 

0.95 

0.42 

0.68 

116.4'• 
1 J.9" 

21'19'• 
213' 

3123.3"• 
31.3' 

-4/31.3'• 
42.0' 

1.1 9 514:i!.0'• 
0.27 50.0' 

1.91 

1.11 

8150.0'• 
60.0' 

0·6.0' 

6.0'·81.0' 

OAO.O' 

Lithology 

lOFSOIL/ALL c!ay, silt and 
sand, red brown. moist. 

Cl .s 
" :i: 
C. e 

(!l 

• TIJFF, pate rea 1 0 A 6/ 2. 
moderately indurated, slightly 
wetded. davitrrtied. oxidized, • 
rt,yolite ash flow. moist. 
Almice lapilli are light gray 10 
dark brawn. 0.2-4.0 cm. 15%. • 
Fhenocrysts in matrix are -~ 
quartz (5%) and sanidine • 
(10%), average 1.0 mm. • 
sanidine w1I n Scniller blue •- ,.'5 
iridescence. Lilhics are rare. ·• 

Tuff. same as above (SAA), 
oxidized. moderately 
indurated ash flow, moist. 

C-6 

•• jj 
,; 

• -g •. ~ 

:. I :; 

~t 
& ~ -,.; 

~§ ~. 
• ! 

= C: ., 0 

~ts 
~ ;;:, o~ 

::: 00 
C: C: 
oo 
:EU 

NA 
Notes 

Borehole 50· 
9101 is located 
approximately 
1 o.o· nann of 
and midway 
alongMDAC 
ano angled 
beneath Pit 8. 
Surf ace cui10 
set at 10.0•. 

Oxidized tuft 
and moisture 
content 
probabty due to 
borehole 
location 
beneath storm­
water dninage 
at nonhem 
boundary of 
MDAC. 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIB..D UNITS 
BOR8-IOLE LOG 

BOREHOLE ID: 5D-9101 TA/OU: 50/1147 MDA: MDAC Page: 2 of: 2 
Drilling Co.: Tonto Environmental Core Box #(s) 5 cuttings Start Date: 9/20/95 End Dale: 9/ 22/ 95 

Orllllng tnc. 11 core nme: oa:15 Time: 10:30 

Drilling Equip. /Method: tngersoU•Alnd track mounted air SampJing tlet hod: Continuous 5,0' core barrat _ 
core wtth total dust suoeress,on 

Driller: Larry Thoren Geologist: Jon Marin. Rene Evans Declination: 45.0° Bearing: sa2.o•w TD: 117.0ft 
s=MfGolder 

~ a, 
C) 0 a.' C: 

2:- EO ·cc, cl '2 a, "'U) a, -
Q) 

0, = C: 
~ .. > en:£ a,·- .. ::. ::::, a, 0 

C: 8 ~ (.) 
x~ 

0 
3:ti g_ a~ al.& ..J 0 

::, Q) S, .2 ·5, ~::, a: a: ·- Q) ;i § 0 0 ~ .<: ;;...c 
I:! E 

.<: 
0 "" 1i5 a. ~~ cii E C. C: C: 

Q) 0 0 .!i :i a:€ oE e = Oo 
a (.) (.) ::EI- (.) LL Lithology C, ~ :::!E(.) Notes 
60 - 19/Call. s.o·-a1.o· NA - 0.59 (continu~l1.Jff'. pale red SR 6/2 .. 7:60.0'• 

65-:: 
,1!0/2◄'r. 74.1' @ 62.0' slightly indurated to -= 21115"4 

moderately indura1GC1. slightly • welded. devit rified rnyotit a 

70-: !2/57% 1.25 ash flow, moist . Ptrnice lapilB •• 1.52 are coarsely devitnfied, -· = 23183"' medium light gray to wnitisn • 's - gray, 0.2-2.0 cm. 15%. - I-75 ~ - 24/67' 95-0299 2.03 sn4.1 '• Matrix: phenacrysts are quanz a.• - -;; - 85.0' {5%) and sanidine (10%) -· " C: 

80-::. 2!5/1001', each up to 1.0 mm. Sanidine .. 
·················-:showsSchillar blue : •. 9. a, - ii; 0.32 81.0' -117 .O'(iridescence. Wtt'ics are rare. l .r .a 

85-= 
'211190".llo TUFF, same as aoove (SAA), E 

nonindurated. nonwek:Sed. ~- " - 9/85.0'· :::; 
0 98.5' v ., 90~ 

27/80"11, Cl 
1.15 -~ - .c: ., 

I-
95-:: 

211100, - .,; 
- 95-0004 1.75 095.0' Tt..ff', light brownsh gray 5 ·-- 'E - YR 611, nonindurated. •• HIIOC>-A ::, 

100- 10/98.5'• 
nonwelded to slightly 'MHded, , - davitrified rhyo-teash flow, - 107.1' - 1.37 dry. Pumice lapijlj are light 

105-::. 
30/10".lli, gray to medium brown, 0.5-

2.0 cm, t0%. Matrix •• - 13.61 - phanocrysts and lithlcs are -:11ns, 111107.1' SAA. 110-::. 4.87 -117.0" -- :• 0 112.0', - 95-0309 4.40 
lost air 

115-= :2150'JI. •• circuta tion. -- -
120-= T0G1f7.Q' 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaDUNIT5 
BOREHOLE LOG 

BOREHOLE ID: so-• 1 o 2 TA/OU: 5011147 MDA: ,,OAC Page: of: 2 

Drilling C,o.:Tanta Environmental 
Drilling Inc. 

Core Box #(s) 7 cutungs 
9 core 

Start Date: a,21us 81d Date:s1a19s 
nme: oe:30 Time:14:30 

Dnlling EquipJ Mel hod: Jngersoll-Rlrd track mountea air 
core with total dust succress1on 

Sampling Met hod: Continuous s.<r core balT9t 

Driller: Larry Thoren 

~ .21 0 

a. ' c:' EO - a, ~tg a; ,. > 
C: 8 

~ :, a, B~ 
.c. a: a: ·- "' >,.O a I a, a, iii E ~ ~ 

"' Io o C: ::, 
Cl (.)(.) ~z 
0 -

- 11100'1. -
5-= 

-1----1 
15-= 31100'1. 

- u .... 95-0004 

20-=°;----; - ., ... 
25 '::1----i 

- """ 
30--==~--I 

- 71"11, 

35-= ~O---J 
: t/SR 

40..: 1014ft 

45~ •t/lOO"I, 

---➔ - 12:100, 
50-

-1---1 
: 131100' 

55-::-

95-0009 

-f--+---i 
- \f.1100'\. 95-0014 

so..; 

October 2005 

Geologist: Jon Marin. Rene Evans Declination: 45.0° Bearing: s 10.0° W TD: 110.0 N 
' a=M/Golder 

0, 
C: 
·2-
a, ..e> 
a,·-

-w = 
~ C: =c: ~- ~~mo ~u 

aj.S, 

;i § 

XO .3 :=·-• or-;- o ·§. ~~! 
CJ :E O 0'-• 
mE a. o ""wl 
'-o m ..c oc:c:: cc~ 

::. I-
0 '- . '- _ 01 
u u. Lithology C!l ::i ::;: u I Notes 
~ 0-3.5' lOFSO!L/Flt.L organic ciay, ~ NA Sereno• SO· 
Qlttlngsm silt. sand. dark brown. moist. ~ 3102 is located 

12·24 s boXes ~.s: .. s.o: ....... TI-Hf,.Y'!t~m-:rn.Q,.ros;n$1,........ ..••.... aaDroXJtnately 
32.99 s.o•.31.0· ruw. pale red 10 R 6/2 •" 2s.o· nonh ot 

1----l slightty indurated. sfigntty ill ana angted 

1 13 1 /8.0'• 
· 24.0' 

0.55 

022.0' 
0,481---1 

0 -38 2124.o·• 
J&.o· 

wetded. myolrte ash flow. dry. e b1rea1nPit 5. 

Annice lap111i are light gray, -- Sutace casi1g 
coarsely devitrified. sugary ~ set at 9.0'. 

lexlura. 0.3-2.5 cm. 10%. • 
Ma1rix phenocrysts are quanz •• 
and samdine. each 5% and up • 
101.Smm. -

TUFF. same as above 1SAA). 
pumice lapili are 15% and up 
lo 3.0 cm. 

-,,.~ .. ~ 
=-- i ......................................................... :• m_ 

1.6 

1 •4 313&.o·-
47.0' 

1.971---1 

4/47.0'· 
84.83 ss.3· 

225.35 

5155.3'• 
14.02 68.0" 

. -., 
31.0'·62.0" TIJFF. pale rea brown 10R ~· JJ 

5/4. stightly_ indurated to • ~ 
moderately 1ndurated ash ~ :E 
flow. moist. Pumice tapilli are CD 
gray to white. coarsely ! 
dmtrified. 0.5·3.S an. 5 4 ,.. '.E 

... i!! 10%, wan Quartz 
phenocrysts to 0.03 mm. 
lina.gramed moaera te-red 
iron crystals (goet'nite\. and 
mirwne anhedraJ black 

- ,..; I§ 
magnet rte crystals. Matrix • 

phenocryst s are sanidine • 
showng Schiller blue · • 
iridescence al'.'(i bipyramtdaJ 

1
• 

quanz. eacn 5-10% ana up to 

1.0mm. ·• 

C-8 

i 

036.0'•38.0', 
Ught orango 
brown ciay 
rrac1uro 
coaongs 
(samoled) and 
-gmsy 
fragments. In 
-.lion. 
moderate Fe 
o:ada (limonite) 
stam ,n matrix. 

ER2005-0172 



MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIB.D UNITS 
BOREHOLE LOG 

BOREHOLE ID: 5 o-s 1 o 2 TNOU: 50/1147 MDA: MDAC Page: 2 of: 2 

Drilling Co.: Tonto Environmental 
DriHing Inc. 

Core Box #(s) 7 cuttings 
9 con, 

Start Date: s1219s 
Time: 08:30 

End Date: 8/8/95 
Time: 14:30 

Drilling Equip.I Met hod: lrtgersolt-Aand track mounted air 
core with totaf dust suppression 

Sampling Met hod: Continuous 5.0' core barrel 

Driller: Larry Thoren Geologist: Jon Marin.Rene Evans Declination: 45_0° Bearing: S 10.0°w TD: 110.0ft 
EFfNGolder 

6u 

~ 
Q) .. :;, 

C: 8 
::, Q) 

a: a: 
~~ 
00 uu 

- 14/CO'II. 

- 15/ol0% 

65 ~ 16"0'1. 

- 17/60% 

70-= 
18/IOQ,r. 

75-= 19/60"11, 

-1-----1 
- 20l100% 

80-:: 
-1-----1 

85 ~ 21/70% 

so-= 22130-. 

Q) 

C.' EO 
<'iS LO 
CJ)~ 

!3 ~ 
·- Q) >,.C 
cii E 
C: ::, 
<Z 

95-0019 

="', .... ~ .... ,, _,.,...i 
95 ...... ,------l 

- 251100.. 

100- • .,,..,. 
- 271100% = 2ar100-. 

105 _ """"" 

95-0024 

-i--;-;;;;0---l -1301100-. 

~ 
Q) .. ::::. 

X 0 

S":" 
a, E oe u u.. 

68.98 S/SS.J·-
68.0' ~·· 

Lithology 

l:lt.0'-62.o· .. T.VJT. •. SM...mQJ$1,.MtU!O.'IL ........ 
(continued} : n.JFF, pinkish gray S YR 8/ 1 ... 
5;f{)•:T{Q:6:' nonindurateo. slightly welded. - • 

·c - c: 
::::, Q) 0 

" 3: ii t 02 
0 ·"' '!ii - C: C: 
- 0 0 5 ::iE u 

NA 

2251.871----, 
aSh flow. dry. _. 

849.32 :~~~-0'-
339.75 

87.45 7181.0', 
97.0' 

4 8.35 

46.11 
24.37 

@73.0' 

•• ,. 
Tt.FF, SAA. nomndurated loca •- ~ 
weak Fe oxide (limonrte) in ... 
matrix. oilt.. .!!! . ,; -~ ~ • CD .. ~ 

.. .<, 

@s8 .0 . 'R<EtOCR\STS. 100% w.. ~• ! 
............... :sorted. loose. subhedral . :_ ,,.0 ,.. a> 
@88.5' quartz (65%) and samdine i ·• ~ 

•.• (35%),.1.0-3.0mm .......... · - :c: 
Tl.FF. SAA. pinkish gray 5 'A ..,. t!! 

1,.30 8/ 1. nonincturated. slightly - (') 
12

·
155
t---l .................. wefded,ash_llow._dry0 , ......... !,!!! .

2 B/IJ7.0'• 0 97 .O' PH90CR1STS. 80%, · •. ::3 
10,.0· !.?I:J.' ........ LITI-flCS. 80%. dacite. angular:~ 

14.36 097.2' 
1---l 

18.24 9/104.0" 
•I 10.0' 

:_u!f to 3.0 cm .................... e • 
Tl.IF, SAA, pinldsh gray 5 'tR --
8/ 1. nonindurated. dry. fitl 

0 0107 .o:• ..... PI-BOai'1STS. 40% .. SAA, in. -~ 
- 95•0029 17 63 -· i, ..... . ...... 110-_-+--+..:.::-=::+-....!..:.~--1----CIQQill. illWLWl..mL.!ill:IUU:!L-ll/;"'!.l· !.·l-~ 

fro= 110.0' 

115-= 

120-= 

ER2005-0172 C-9 

Notes 
@ 60.0'. 2.0 mm 
thick weak Fe 
oxidization halo 
around devtt rifled 
pumicelapwt. 

Cl 88.0'-88.5', 
phenocryst-rich 
Interval ls 
possible surge 
retateddepolil. 

0 97.0'-97.2', 
phenocryst• encl 
lithtc-rich intervs 
Is possible 111,gra 
related d_.;t. 

0 107.0'-110.0", 
phenocryst-ricll 
interval is 
possible surge 
related deposit. 
Cl 11 0.0', drtlllng 
toots SIUCk and 
recovered. 

October 2005 



MDA C Investigation Work Plan, Revision 2 

BOREHOLE ID: s o-91 o 3 

LOS ALAtvlOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIE1.DUNIT5 
BORB-!OLE LOG 

TA/OU: 5011147 MDA: MDAC 
Drilling C.O.:TontoEnvironmental 

Drilling lnc. 

Core Box #(s) 6 cuttings 
1 o core 

Start Date: s1101ss 
lime: 12:00 

Page: 1 of: 2 
End Date:S/22/95 

Time:12:30 

Drilling Equip. /Method: Ingersoll-Rand track mounted air 
core with total dust suos:,reSSNJn 

Sampling Method: Continuous 5.0' core ban91 

Driller: Larry Thoren 

C" 
a, 

.. > 
C: 8 
::, "' a: a: 
e~ 
00 uu 

0 -
- 11100T. 

5-
_,_ _ _, 

10 -= 21 '°" 
- 311C"I. = 416S% 

15 - 51100"!' -_ 6/10~ 

20- 7/100"!' 

- """' -9113". 

25 --1------t 
- ,omO'!I. 
-1----1 

30-= 11nw 
-1---1 

35-= 12noo,i, 

95-0109 

- 13/100 .. 1---1 

40--=1---1 

- 14196'!' 

45 _ 
01n,4 

- 1616ft 

ss-= 17180'1. 
1---+---i 

- 1919n, 95.011, 

so-= 1:.oll---

October 2005 

Geologist: JonMarin.RenaEvans Declination: 45.o0 Bearing: N32.0°W TD: 120.0:ft 
e:M/Golder 

.; 
"' .. ::::. 

x~ S, 
~ E 
o e uu. 

o-a· 0-0.5' 
surface 0.5'-7.0' 
o.dlil'IQI in 

0 6 bous 

Lithology 

10F50L organic. 
ALL medium brown. 
reworked tulf, molSt. 

C) ·"' C: 
:::J .3 u 

.Q ·a, 
;;;;: 0 
C. 0 

t 0 i----}-7-_-o•-.5-2 ___ 0_· __ lU_FF ___ g_r-ay_&_n_o_r_an_l!"_P_"_" __ s~ ... 
1/6.0"-
15.0" ~ 112 to pale yellowish • 

brown 10 VR 6/ 2. moderately • 0 

0.21 

0 

0 

0.15 

5.34 

2/15.0'• 
27.2' 

3/27.Z'• 
39.0' 

0 4/39.0'• 
47.5' 

0.33 
0.111---1 

5/47..5'• 
0.84 59.5· 

'J.17 

012.0' 

024.0' 

032.0' 

036.0' 

042.0' 

52.0'-83.0' 

oxidized, weatnered rhyollte 

ash flow. ·• 1\Jfr, grayish pink 5 YR 811, fi;., 
slightly indurated. non- .-
welded, rhyolite asn flow. dry. -. 
Pumice lapdli are coarsety • = 
devitrified with sugary texture Ii• t= 
along reia tube structures. •• i 
0.5-2.0 cm. 5-10%. • ~ 
lVW, same as above (SAA). &i 
nonmdura tea. , .. Ill 

lUFF, SAA. p1nk1sh gray 5 \R .~ l 
8/1. ~I m 
nJFF, SAA. slighUy mdurated . .: :::i: 

11, 
i!! 

-· E llJR=, SAA. pumice lapili up to & t!!-
2.0 cm, coarsely davitnfied • c.; 
'Mth.su9.ary texture .............. ~ ·c 
1\JFF, grayst, orange pQ"lk 5 : ~ ::::, 
\R 7/ 2, stigntly ollldizad ! •• 
matrix. moderately indurated.; .­

moderately welded rt,yotite '-~· 
asn flow. dry to locally moist. •-
F\lmice laplili are elongate 0.2 • 
by 1.0 cm. 5-10%.Malrix •-• 
phanocrysts are sut>nedrat -
auartz 15%) un to 2.0 mm. •• 

C-10 

= C: ., 0 

~u 
~ ::, 

.g -m 
C: C: 
oo 
:iE u 
NA 

Notes 
Borehole 50· 
9103 Is located 
approximatllly 
45.0' east of 
Rt 1 in the 
soutneastam 

comer of"°' 
C and angled 
beneath tha 
rBmp to Pit 3. 
&lrlace cuing 
set at s.o·. 
0 11.3'-11.9', 
clay-tilled 
fracture. 
018.7',­
oxidation on 
open hairltna 
fracture. 

045.1'-45.3", 
moderately 
oxidiZed tuft. 
0 56.0''59.0', 
strongly 
oXidiZed moilt 
t uff and Fe-rich 
ctay in open 
fracture 
rsam-•---". 

ER2005-0172 



MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaDUNIT5 
BORB-IOLE LOG 

BOREHOLE ID: 50•8103 TA/OU: 5011147 

Drilling Co.:TontoEnvironmental C.ore Box #(s} 6 cut tings 
Drilling Inc. 1 a co re 

MDA: MOAC 

Start Date: 8/10/95 
Time: 12:00 

Page: 2 of: 2 

End Date: 8/22/95 
nme: 12:30 

Drilling Equip. /Met hod: Ingersoll-Fend track mountea air 
cora with total dust suppression 

Sampling Met hod: C:Ontinuous 5.0' core barrel . 

Driller: Larry Thoren Geologist: Jon Marin. Rene Evans Declination: 4s.o0 Bearing: N a2.0° w TD: 120.o·tt 
8'A/Golder 

uu 

c!' 
a, 

.. > 
C: 8 
::, a, 
a: a: 
~~ 

88 
- 191ca,1. 

65-= 20123% 

-+----I 
_ 2f /85% 

70-:: 22/100"' 

-1-----l 
75-= .23/50% 

-1-----+---! 
- H/100"' 95·0119 ao-+;......;;.;.....+---1 
- 25/50'1. 

- 26/67% 

85 ... ' 
- 28/100 .. 

: 291100% 
90-= J0/3r4 

- lnuu"'" 
- 32/20"11, 

ss-= Jl/100-.. 

... 95-0124 

-1----+---! 
100-= 341100 .. 

: 35/100 .. 

1os--::;......---l 
- 38/100% _._ __ _, 

110-: J7/93 .. 

-1----1 

115-:; ""'"' 

120 - J9/100% 

ER2005-0172 

95-0129 

6159.5'• 
0.54 70.2' 

0.87 

.s 

.!e! 

.r:. 
C. e 

Lithology C!l 

52.0'·83.0' TUFF, grayish orange pink., ~ 
(continued) slightly oxidized. slightly 4:.

411 indurated, sHghtty welded, • 
rhyolile ash flow. dry. P_umice C 
lap1Hi are coarsely devitnfied • 
with sugary texture on relict • • 
tube structures, 0.5-2.0 cm, 'S-• 

0 ·a, 
0 
0 
;;;;: 

5 

5-10%. Matrix pnenocrysts • ~ 
1------1@73.o·- arequanz (10%} anctsanidim - ._ 

(10%), each up to 1.0 mm. a• -~ . .; 
0 1170.2'• 

0.87 85.I' 

saridine with SchiUer blue ~• "t:J 

@ 78.0'- iridescence. Pumice lapilli a---::: ~ 
have faint yeUowish brown ... m 

................. 10YR2/2stainandlight •..•••• ~ Q,° 
1--.....;83.0'-120.01 gray sugary texture. Local ! ~ ~ 

1 .03 limomte as irregular solutionl ~ • a, 

0.62 

0.85 

8185.1'• 
94.3' 

1.89 9/94.3'· 
1 oe:.o-

0.82 

0.43 10/ 106.Q· 
-120.0' 

0.53 

0 

0 105.0' 

=, n• 

bands m ma trtx. : • :E 
'flJFF. SAA. pale yellowish j -. f 
brown. slightlyindurated. _\ !. :c 
nonwelded. ..,. t!, 

;-TI.EF. SAA, pinkish gray 5 j • M 
: YR 811. nonindurated, non• : ■-
, welded. : ·• °:§ 

Tl.ff. SAA, very light gray, ..... 
nonindurated, nonwelded • .., 
rhyolita ash flow, dry. Pumice :.t' 
!apili are coarsely davitrtfied ~ 
wtt h sugary texture on relict e 
tube structures. 0.5-2.0 cm, 'Ill 
5-10%. Matrix phenocrysts 8. 
are quanz (10%) and sanidin, ·= 
(10%). each up to 1.0 mm, .• 
salldine with Schiller blue • 
iridescence .. 
TIFF. SAA, very soft {non­
indurated). 

C-11 

.... 
1~ .. 

= C: 
II> 0 s: u 
~::, 
0 ~ 
;t::U) 
C: C: 
oo 
:; (.) 

NA 

Notes 
<I 59.0'-64.0', 
local oxidation 
patcl'l!Ja on 
fracture till. 
0 67.0'-69.0', 
oxidized puma 
lapdli remnantL 
0 69.0'-73.0', 
Fe oxidation in 
matrix. 

0 86.0'-91.0', 
Fe oxidation 
throughout 
matrix. 
088.5', Feollidl 
st ain is possible 
relicl water marti 

0 119.0'-120.0', 
I ract ura wit h 
some day and Fe 

I--~-

October 2005 



MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaD UNITS 
BOREHOLE LOG 

BOREHOLE ID: 50-9104 TA/OU: 50/1147 MOA: MOAC Page: 1 of: 2 

DriUing C.O.: Tonio Environmental Core Box #(S) 7 cuttings Slart Date: a115195 End Date:a,11/95 
Drilling Inc. 8 core TTme: 16:15 nme:09:00 

DrHling Equip. /Method: lngeraoilfland tracJ< mounted air 
core wft:h lotal Oust su00ression 

Sampling f.Aethod: C.Ontrnuous s.o· core banwt . 

Driller: Larry Thoren Geologist: Jon Mann. Rene Evans 
BM/Golder 

Declination: 90.o0 Bearing: NA TD: 90.0 11· 

~ a, 
Cl 0 

C.' -c:- C: 1ii EO ·ccn -a, 
"' U) 

OJ ·c i5 a, - .,:=. Cl 
1ii ..,> en~ 

~~ 
::, 

~ 
C: 8 )( 0 .3 .9 :§: t; 
::, a, ~~ s t-;" 0 Cl ~ -

-= a: a: ·- "' ;;;! g :c 0 0 ~ 

C. e~ i~ "' E Q. 0 ,: 1ii I 
~ 0 !!! -= C: =' 

Cl 00 C: ::, a: ·"' o~ 0 01 
Cl t)t) <Z :a i= t) LL Lithology (!! 5 :iE tl I Notes 
0 - 0-10· 0-2.5' TOF60IL. organic. brown. NA Sor-le 50· - ti 100'11o llJrf■ce 2.5'-4 o· ALL reworkea tuft. moist. :1104 ls located - 0,111,nosrn 

5-= 0.9' 7 bcrat •• approximately 
4,0'-10. 1· __ TUFf'._putvenzec!. _______________ 18.0' south of - Al 1 and 5.0' - ; TUFF. pale brown 5 )R 5/ 2 - 0.06 •.•••.••••••.••• ( slightly indurated. slightly inside of and 

10-= V78"'- 10.1·.35_0· welded. mo~t. rnyolile asn • ~ midway atong 

- 95•007S 0.52 119.0· 
19.2" flow. Pumice 1ao1di are very the soutnem -

15-:: 
light gray to p1nicsh gray 5 YR boundary of 

3/ 100-. 0.13 
8/1, coarsely aevitritied With -~ MDAC. - sugary frast y texture. • SJrtace casing 

elongate 0.3 by 1.5 cm to 1.0 • set at 10.0·. 
20-:: 

4/10a,r. 
0 21.0' .... , by 4.0 cm. 3.0-5.0%. • - 2/19.2'· : .• nJFF.SAA. g_raaual color Ji ~ - 7.59 

28.0' 

25-:: 
5/ 100"1. change 10 pa,e yeliowisn : .S! brown 10 \A 6/2. • ,; - H-0070 26..f6 029.3' nJFF, SAA. grayish pinic 5 A .. 

,, - C: 

30-:: 
., .. ,. 

3128.0'• 8/2 with Weak iron 0XJde Slain , .. " a, 
35.7" througnout matriX. Pumice i - .f6.29 lapilH are also oan 1ally •• - .,, 

35 - 11,oo,i, oxidized. E 
34.11 35.0'-60.0' 'TUFF, SAA. pale rea 5 R 6/2 .... ., 

0 36.6'-38.6', - .,..,. :; - 95-0083 30.76 to locm moderate red 5 YR ., f ract ura coaled - O 39.0' •--: 5/ e. locally st rongfy oxidized. 
Cl with amorphOUI 

40.::. 9/41% 
.,35.7" e - 46.6" ~ •• llJFF. SAA. pumice lapdli are -· ~ ijght brown 5 

10/20% aJtered to tight gray to dull ,. ~ IA 5/ 6 clay in - • 043.0' .. , white powdery masses ,.; 1.0 mm tticlc 
45-::- .... 

surrounded by Fe oxtda ~ concoidal blockl 
7.82 ~ - stained matnx. (sampled). - 13193% ::, 

50-
5/46.6"• : ·• lUR=, SAA grayish orange pink a:• 0 39.0'-44.0', 
57.0" moist ash flow - 1,110°" 6.39 5 YR 7/ 2, non-welded. loca.J Fe •• - oxide stmn en matnx. Pumice tuft. - •• @ 52.2', 3.5 by 

55..= 15/55% lapilh are light gray with some •• -- 0 57.0' ... , cn:ocatate brown. 1.0-5.0 cm. •• 5.0cm 

- : •• TIJFF. SAA, grayish pink 5 R devit rit ied - 16110()'1,, 

!\ - 17120-. 95-00117 2.31 6/57.0"· B/ 2. sightly welded. med. we¾ded pumice 
60 69.o· 

· -· n ""-1 n - !it"ilfi. 

October 2005 C-12 ER2005-0172 



MDA C Investigation Work Plan, Revision 2 

LOS ALAA1OS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaDUNIT5 
BOREHOLE LOG 

BORB-iOLE ID: 50•91 04 TA/OJ: 50/1147 MDA: l,OA C Page: 2 of: 2 
DriHing Co.:Tont0Environmen1a1 C.ore Box #(s) 7 cuttings Start Date: 8/15/95 6'ld Date: 8/17/95 

Drlllng Inc. a core Time: 16:15 nme: 09:00 

Drilling Equip. /Method: lngarsoll•Rlnd track mounted_air 
core wJt h tot at dust su00ress10n 

Sampting Method: Continuous s.o· core barra • 

Driller: Lany Thoren Geologist: Jon Marin. Rene Evans Declination: 9o.o0 Bearing: NA 
etJI/GJlder 

~ 0 

2:' 
"' Q .. ;;, 

C: 8 g :, "' a: a: 
ci. "'"' ~ ~ 

"' 00 
0 (.)(.) 

OU -
- 1111100'4 -
_ 20~~ 

7Q- 1• :Oa"'. 

- 221100'"lo 

75 - Z:,,U"I,, 

- 2,130"4 

-125180'1. 

80-= 26167'1. 

., 
95-0095 

85--....,•~"~'""'='+--~ 
=~'c.'-"'.;;'"';.;;...1-"-"°-.. _•~ 

-Q 
Ol .. ::::. 

)( ~ 
S, 
e! E 
o e 
(.)U. 

~-52 6157.'.!"· 
611.0' 

"""· 

Utholoav 

60.0' -90.0' TUFF. gray15h pink 5 VR 8/ 21~ 
.i 
.; 

(continued) r:onwe1aed to slightly weldeCI .• • ~ 

1-----1@ 63.0 11JFF. SAA. matrix • -g 
:i pl'lllnocrysts are subhedral • ~ 

V.32 7 /69.0'• 
831.5' 

1.57 
j,52 

1173.0" 

sanaine. o. 1-0.5 mm. 2¾. f ..: . .. Schiller clue iridescence. Ll 
'TI.JR=. pate y_ellowlsh brown 1c tll.. ~ 
'A 6/2. nonIndurated. non- A• :! 

... welded. drt, rhyolite ash flow. I!"• & 
) FH&ICCRYSTS, 50%. quartz. ( • ~ 
] 0.5-1.S mm in lufl matrix. ; .~ :C 

o 1---.@ 83.O' ) nJFF. nonndurated, non- ···-• ,:!. 
tt6113.4' ......... wetded. ary. rhyQlite.asn flow. ,!I cri 
@87.O' A-fe-K:CRVSTS, 50%. quanz.; •• ·E 0.99 8183.5'• 

110.0' .. , .. , .. , 
0.5-1.5 mm in tuft matrix. :::;•;::_;; ::J 

90 -=:+'::.'::."-"'-~--1--~l---i·!Ll~.·•l!!J•:~,:_·· ·_··_··..,···· TIJFF." nonmdurated. non- ····,ll·~■'·(I"'' ._··+--➔ 
I welded. rnvolita ash flow. drv 

95-= 

100-:: 

105-:: 

110-:: 

115-:: 

120-= 

ER2005-0172 

!TD= 90.0" 

C-13 

- C: 
"'0 
;,: t3 
~ :, 
0 ~ 
~ 1n 
C: C: 
Oo 

::il (.) 

NA 

Notes 

0 83.0'-83.4' 
and 87.0'-88.5', 
phenoayst-rich 
interva.ts are 
possable surge 
related Geposita. 

October 2005 



MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIELD UNITS 
BOREHOLE LOG; 

BOREHOLE JD: so.91 os TA/OU: 50/11'7 MJA:•:~,10AC:': .. -·•Page: 1•>.:6f: 2 ,.,, 

DrlUing Co.:TonlOEnvironmental Core Box #(s) 4 cuttings Stan Date: e123/95"' ,•crnleOate:e,2a,as· .: , 
DrtUlng tnc. 11 core Time: 10:45 •·· "· Time:11:2s 

; OrHllng 9!uip, /Method: lngorsou-Rano track mounted aJr 
, core with lotaJ dust suooression 

Sampling Method: Contil'llaus 5.o· care oanwt 

Driller: Larry Thoren Geologist: JonMann,ReneEvans Declination: •s.o• Bearing: sae.o•e TD: 120.on 
a:M/G>lder 

I
I i° 

g 
,c, 

g-
o 

#­
~ 

# !l! 
C: 8 :::, ., 
a::a:: 
!! 
00 
00 

1 0 -
- 11100'Wt 

5 ---,J----~ 
- 2/116"11. 

1 0 -=-1----i 
- 3/tOO'!fo 

15-= 4l1Cn. 

a, 
ii. eo 
ctl tn 

Cl) :g 
-~ :;; 
'>,..C 
-SE 
C: :::, 
<Z 

15-0135 

20 ~~.-,-•• -... -r-""1 

25 
- 61100'11. 

= 7'IM'1, 

30--4---i = 81100'1. 

35 --------­- "'~ iS-0140 

40 -+---I 
- 101100'1. 

- 11 IO'l' 

45 - 12/12"1, 

- 131100'1, 

50-= 
-1-----1 
- 1'l100'1. 

ss-=-
-1--..... ---i 
- 151100 ... ;s-ou.s 

so.= 

October 2005 

"" C = C: Cl) :::, ., 0 

3 u 3:'is 
u g' o 2 -a O "" 'Iii as .C CC 
'- - oo Lithology <!l :i ::i: o 

0-7' 0.0.4' ASRiALT. C NA 
ALL. memum brown. reworked ~•- o •· s 5· a,Uu-qs in • • · 

0 , con• 

0.27 1----
0 39 2/U O'• 

• 24.0' 

0.18 

J/24,0'• 
O 32.3' 

0.08 4132.3'• 
u.o· 

0.75 

... 241-----1 

1.69 

5.00 

s1u.o·­
s10· 

32.01 6153.0"• 
63.5' 

1 utf. silt. clay some sana and __ ._ .. , __ --, ... 
6.5'-7.0' Tl.IT, p1.1verrzea. 1111.-
7 .o· -50.0' TI.Ir, grayisn orange pink s YR -.. 

7/2, slightly indurated. non• -~-
welded. rhyo11te asn !low. • 
Pumice lapili are sparse (< 5%)--

014.4' •• 0.1-1.0cm.smallerareoartc ~ 
brawn ana iron nch, larg11 are t 
coarsely devtt r'ified. pale 

027.6'••: 

yeUowiSh brown 10YA6/2. 

· TIil', same as above ,SAA), ·• ~ 
grayish pink 5 R 8/ 2 to pale •• :;; 
yellowish brown 10 YA 6/2, A -
slightly indurated. nonwetded, •• ~ 
phenocryst rich. Pumice tapllli • ~ 
are 1,5·2.0 cm light yetlaw • Ill 
brown from Fe oxide. coarsely 

1
: ,8 

devltrffied with. sugary - E m 
texture. Phltnocrysts are a ,i 2: 
quanz (15%) and sa111dine • m 
( 10%, each average 0.5 mm ,. 4 e 

, and up ta 1.5 nvn, •• :;; 
•··•TI.FF, SAA. light brawr1sh gray &.. ~ 

5 "IA 6/ 1. slightly indurated. • M 
5
1 r
1
o
1
gwhtly~wa""~adta, .":'!".'re

1
eoa3sh1 5 •.: "E 

• n.i: ... -. • - • .. ::, 

cm, coarsely devrt rified and I 
so:ii':ii,:i>\rtmmad by light pintosh gray f ;•· 

:yapor.phasealleratton.c1ax .... ; • 
TIil'. pate yellowish brown 1 o • 
YR 612. slightty fnduratea. non- .. 
welded rhyoht e asn Pumice •llllliii... 
lapiU are 5•10%. Samtine wrth. J9

1 Schiffer blue mdascence. 

C-14 

Notes 
Borenola 50-
91 05 is lacatad 
appralimalOly 
90.0'e&SI al Pl 
3 In the 
noncontrolad 
ponionot ID 
Cana angled 
benealh wrtk:111 
dlspasafaltall( 
near theeal 
end of Pit 3. 
SJrf ace cuing 
581 at 7.0". 
0 11.7'. Fe 
oxide on 
fracture. 
0 28,2'·29,1', 
fracture with 
Fil allido. clay 
and roato. 
sampled tor 
Olemv.,VCC 
andl'CII 
anmysis. 
0 35.0'-38.0' 
sampled 
maroon Aid 
stain for 
cantracl 
analyte sute. 
0 4',5". mad. 
Fe0x Slairl. h. 
brown 5 'YR 5/6 
in matrix: core 
ia■slikofydla 

to fracl ure. 

ER2005-0172 



MDA C Investigation Work Plan, Revision 2 

' 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

Fl8-DUNIT5 
BOABiOLE LOG 

' BOREHOLEJD:s0-9105' '!-' TA/OU:;·,so/1147 MDA: MDAC 
Drilling Co.: Tonto E~nmeittat :; .. c!: ': Cor_e,.Box If ( s) 4 cut tings 

Ortlling Inc.· · 11 core 
Start Date: 8/23/95 

TTme: 10:45 

Page: 2 of: 2 

--End Oat e: 8/ 281 95 · · 
nme: 11 :25 

Drilling Equip. /Met hod: lngersoll-Rmd track mountaci a1r 
core w,th total dust sucpressian 

Sampling M!t hod: O:>ntinuous 5.0' core barrel _ 

Driller: L.arty Thoren Geologist: Jon Marin. Rene Evans Declination: 4s.o0 Bearing: s ss.o0 E TO: 120.0 ft 
EffN G:>lder 

C' 
g? 

~8 
::, Q) 

a: a: 
~~ 
00 
tJ tJ 

60 - 15/CO'II, I 
_F'-f:m:airi 

65 ~ 18/100% 

--1----1 

70-: 171100"" 

-1--~ 
- 1ans-,. 

75-= 1918ft 
-1--~ 

1-----1 
- 201100"" 

80-:: 
95-0150 

-1---1 
- 21/-48'!1, 

85-= 
-1----1 

90-= 2215'"' 

-1-----l 
- U/3&" 

95-= 
-i--~----1 
- 241100" 95-0155 

100- 1-----1 

=~ 1 05 --= 27,.,. 
- 2am1,r,, 

11 o-:: "'"" 
: 30/100" 

115-:: 

iii 
Q) .. ::. 

X 0 

s ';" 
a, E ~o 
0 ~ 
tJ u. Lithologv 

~~~2s_-::i · 50.0'-94.0 TUFF. SAA. pumice 1ao11h are j !4I 
1 9.1 4 µ' -..,.__4c cont rnuea1 light gray. coarsely devrt ritied ~• 
13.22 @ 60.0' •··: and sugary, 1.5-2.0 c.m. 
41.32 ;:;:

5
'· ••• nJFF pate yelloWiSh brown 10 • 

29.841--.....; 

0.20 

an2.o·­
a2.9· 

0.361---1 

0.03 

'IA 6/ 2 slightly induratetl, a .. 
nonwelded. phenocryst nch • • 
rhyOlite ash flow. Pumice f.• 
laptlli contain some lccai Fe • ~ 
oxide. Phenocrysts are quartz -
(5·10% up to 2.0 mm) arm • • .i 

on.o·•····~ saBOine (5%up to 1.0mm) •• j 
. with Schiller bll.19 iridescence. .. n:1 
··,UFF, SAA, variably al 

norindurated to sightly in• • • ui 
du rat ad. slightly welded. "" ~ 

9/82.9'• 
102.0" 

Pumice lapilli are SAA. Dactte • • CD 
lit tics are <2%. up to 2.0 em. • ~ 

0 89.5' 'TIJFF. SAA. sfightfy-induraled -. "' 
• l!! ash flow. Pumice laoilli are • :l: 

SA.A except uniql.19 4.0--5.0 ~ 
················;cm coarsaty devitritied pum1~ • ·•·• ~ 
94.0'-120.0'Ebombwithsugary texture j -

,~.1.t,1.rnis:1 .. tv.~,.At!ll.~~-t,~, .. , • • § 

0.41 

2.41 

iUFF, grayish orange pmk 5 •· 

0_471--~ 'lA 7/2 nonindurated to • • 
Cl.1.02,a: .•... : sligh!ly indurated. non~eld~'. ~Jft!6 
lt.!.Q~.~ ... ,. , rhyoite esh flow. Pumce :: • 

o.13 !1°:;.~~-0· : ;tapWiare two types: (1) :: • 
: : coarsely davitrified, 0.5•2.0 [: -

0 -84 11/112.0' 
·120.0' 

j j cm, (2) brown, fine-grained l/ ~ 
j j with lapili cores altered to l;1fJ'. 
. ,.'1'1lilP.~IIY . .0SMiOlt97L ...... .ij.:::' 
. PHBIDOfflTS. 50%. 0.5-1.5: • 
~ .. mmquartz in tuft matnx ...... ; •· 

9S-Ot80 0 87 'TI.JR=, SAA. grayish orange 1 • 

12O-=-+---+---if--·-+---+.;;::---:=-:::--l:ll"inl<~5~°YR~7~/~2~.~•o~-~-!!.!!Urar!J!ll!d!!!._.-III ·-K!·+-~ 
-t,::-, :/1:00:,.i.--.J 

l1J = 120.0' I 

ER2005-0172 C-15 

- C: 
Q) 0 s=u 
~ = 0 ~ -~en 
C: C: 
0 0 

::: tJ 

NA 

Notes 
a s1.2·.s2.o', 
frac1Ure with 
oxidrzed day. 

081.8', 10.ocn 
welded luff 
xenolith 
ca_ntainfng an 
equant 1.5 em 
daate lithic wtlh 
1.0-2.0mm 
quartz 
pnenocrysta 
surrounded by 
feldspar 
( plagioctasHka} 
attaring to day 
(kaotinrte?). 
11100.0', local 
Fe oxide yiekia 
yeltow st reeked 
tuff. 
0 102.0' lost 
cireulatJon air 
due 10 plugged 
blL 
0 102.8'-103.5', 
phenoeryst•rieh 
intamP is 
possible surge 
related deposit • 
0 103.5', 
oxidized fracture 
with soma dar1t 

brown clay. 
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MDA C Investigation Work Plan, Revision 2 

BOREHOLE ID: 50•910& 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

Fla□ UNITS 
BORB-IOLE LOG 

TA/OU: 50/1147 MOA: "1>AC 
Drilling Co.:TontoEnwonmenlBl Core Box #(s) a cuttings Slart Date: 8/9/9S 

Page: , of: 2 

End Date:a11s19s 
Orflling Jnc. 1 o core Time: tS:45 nme:14:0o 

Drilling 5:!uipJ Met hod: 1ngarso10R1no irac• moun1eo alr 
core with total dust sucoress-on 

Sampling Method: Con1inuous 5.0' core barr9I 

Driller: Larry Tlloren Geologist: Jon Mann. Rene Evans Declination: 4S.o0 Beamg: s 75.0° E TD: 120.0 h 
ERA/Glider 

~ ~ C> 
:=,.. C., C: Q) 
'- EO "i:cl Q) 

- #~ ~!£ ~=== ~::::. CJ 

,..al_ C: 8 - !J 'a X 1-0 .3 
- ::,a,-~~ (I)- s " 
.c cc cc ;;:..c --1 E • :2 
a. ~eme~.2~~ ~ 

t-~==t==8=u=
0

=!==~=~=i==~=~=!=;::;8::::u..=~=;;=:=::====:;:;:Li::::·=th=o=lo=g=y====== c, 
Q 0,,7• 10--0.7' SCXl.. organic. suty, sand. ctay. 

u to0"1. mtface J 7•.5 o· RU.. medium brown. reworked 
CUtlllllJS lrl • • 

5 

10 

15 

25 

35 ..::;,-,..,.,,...,.,..~; 

"'"" 40 

45 

50 

55 

60 

October 2005 

0 3 bans luff. moist. 

6.05 

0.81 

1.25 

11t1.0·• 
21.s· 

s. ·.1 o· 

7.0'•51.5' 

022.0' 

FF riz mo, 
ruFr. paia rea 5 A 612. rhyolite 
asn flow. nonncturated, dry to 
sfightty moist. Pumice lap iii are • 
relict s:iits in core. 15%. 1.0~2.0 
cm. Core mow ure impac:1 s 
recovery by clogg1ng the 
circutat IDn hose. 

llJFF. same as aoova ($4.Al, 
iron OXJde on frae1 ure with 
some clay. 

e.301----1: 28.0' Pt-EN'.JCr1'5T AOOFEGAlE. 50 

17.97 2128.5'• 
38.0' 

428.59 

0 29.0'l in tuft matrix. light brcwnish 
gray 5 YA 6/ 1 elongate piec:as 
(1.0-4.0 cm) of cemented 
quartz and sanidire crystals 

1-----l (0.5•1.5 mm). 
l\JFF. SAA. 30% pnenocryst •. 

95•0050 1888.41 ~i;·o·-

1 398.36 f----1 

,uv.o·-
2eo.21 su· 

95--005• 2729 5/56.5"· 
65.:r 

0 48.0' lUfF, SAA. light brownish gray 
5 YR 6J 1 , nonindurat ed. non• 

• welded. rhyolite asn flow. di)':. 
.............. ; l\JFF. pinl<isn gray 5 \fl 8/ 1 , ( 
s 1.s•.91,5· slightty induratect. slightty 

welded. rhyolite ash flow. dry. 
Annice lapilli are e10ngate up to 
1 . 0 by 5.0 cm. 11ght brown lo 
very light gray, coarsely 
drritrified with soma Fe oxide. •• 

C-16 

·"' C: 
:::> 
_g 
Cl 
0 
0 = ::J 

= C: 
Q) 0 

~ti 
~::, o~ 
"" 1ii C: C: 
Co 
:a u Notes 

NA Bo111h0le 50· 
9106 is located 
approximatety 
50.0'east of Pit 
4 n u,e central 
portionotM>A 
Cand •119«1 
bemathvertical 
disposal-II 
and'the former 
ramp at the eat 
end of Pit 4. 
S.nacecma,u 
sat a1 a.er. 
O11.0'--41.0'. 
poor and 
Inconsistent 
recovery dUlt to 
f rae1 urad tuff 
and poor air 
circutatlon. 
0 28.0'·29.0', 
phenocryst-ric:h 
aggrega te is 
possible surve­
relatad dapasil. 

0 48.4'--49.0', 
strongly oxi:timd 
fracture with 
day, sami,tad for 
l,RAL 

ER2005-0172 



. MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaDUNIT5 
BOREHOLE LOG 

BOREHOLE ID: 50-9106 TA/OU: 50/1147 MDA: MDAC Pa2e: 2 of: 2 

Drilling Co.: Tonto Environmencal. Core Box #(s) 3 cuttings Start Date: 8/9/95 81d Dale: 8/ 15195 
Drilling Inc. 10 core nme: 1s:,s Time: 1•:00 

Drilling E:quipJMethod: lngersall-Rand track mounted air Sampling Met hod: Continuous 5.0' cora barret . 
core with totet dust suooreSSJon 

Driller: Larry Thoren Geologist: Jon Marin. Aerm Evans Declination: 4S.o0 Bearing: S 75.0° E TD: 120.0 fl 
a:tNGolder 

~ Q) 
C) 0 a. C: -<!' Eo ·cc, -a; -~ "' Lt) 
.,_ Q) 

C) 
·2 C 

-a; .. en :g Q) ·- .. =- 0 :::i -.; 0 
8 ~o 

)( ~ ~ti ~ 
C !'l ~ c)iS ..J 0 ::, a, S, 0 c, ~::, a: a: ·- Q) 

.;! -~ :E 0 o~ ,: -s:..c .-:= 1n a. ~ a, iuE a, E a. 0 C: C: ~ 

~~ 
~ 0 e! ,: oo Q) 0 0 C: ::, 0 

5 Cl (,J(.) <tZ (.) u:: Lithologv C, :::E (,J Notes 
6u - 21,onc. 5/56..5'• 51.5'·91.5' Tl.A=. SAA, phenocrysts are 'S NA Cl 65.0'-70.0', - 65.3' - 2911 CIO"- Can!. {continued) !::JaJ1Z. 15%. up to 2.0 mm. 

i: 
fractures ara 

65-= 
:.97 O62.S- Tt.JF. SAA. moderately prommant but 

indurated, moderately wak.led fresn with na 
- lG100% &· - : 59 rhyolite ash flow. dry. Pumice day or Fe oXide. 

70-= 
31190% 6115.3'· 1a0ifi are eJonga ta averaging •• 76.0' 

1.0 cm long, light gray to s.• - 95-0058 :.M 

~ - I dark chocolate brown. -75-= 
32/80% 

coarse!y davit rified. -1/175.0' T\.fF. SAA, pinkish gray 5 ~ •• j - 1.58 •• .; - •. 8/ 1 .• rhyolite ash.flow. (II"( .... .,, ·~-·~ 11-16.0'• nFF, pinkish gray 5 YR 8/ 1, C: 
80--:; 85.8' .. "' :.36 nonndurated to slightly m 

34193% •• i - indurated. nonwelded to ,. - slightly welded, rnyo1te ash -" 
85 E 

- 351100"t. flow. dry. Pumice lacdli are It •. ~- " - 95-0063 :.63 ;ray to med. brown. coarseiy ::!: - :~ " 90-= 36191'- 6/85.8'· devitrified. <1.0 cm. 15%. C> 
(!! 

98.0' ................. Tuft matrtx contains ye!low :c -
~ 

_,.,,.,. O.H 91.5'-120.0' iron oxide surrounding aark tf!. 
95 

- 38133"" 
..brown pumice lapijli .............. ,; c,; - : FHEN)a:tiST& loose. 40% in: 

~ = 3BflO'llG, 
: t uff mat nx. subroundeo : :::, 

100 f..QJL9: ....... quartz. Schiller blue iridascart ~- O98.0'-119.0', 
- 40l100"t. 1.02 098.S" :_saridina._0.5-2.0,mm .......... muttiPta i/08.0'· •• : 411100"4 95-0067 1.-46 111.5' .................. J:lff.SM ..................... f.'e 

phenocryst-rich 

105-= 1A.1au: ....... 'HHlClllSl:a..10.o.% •.••.. :::: intervals are 4V1oo,5, 
0.77 Cl 104. 7' TUF, SAA. 20% phenoc,ysts. ~ possblasurga = 4310% 0 11 o.o· Tl.H=, very light gray. non- refated deposits. 

110 
- u,,oa,i;, .................. i~l!!\l,.M~.l!!>.'!'.!ln', ....... ~ - 11.l.1~.:;: ....... ~TlUQ,i. .......... - 11.1.1 ~.11 ....... Ilff~SM-. .................... i •• - 461100,,,. 1.37 - 47/100% :·:·:~:~ ....... ~s~~m, .. eQ~ ....... , t:: 115 1011115" . ~ ,sr,ocnr.- 95-0071 -120.0" ly• - :.a3 

0_11e.o ....... Fl&Om.sTs. 70¾. __ : .. ~::::. 
Ao. - -::.=--1!:-

120 
- ,a,100"11, 0 119.0' il.EF. SAA.. : ........ 

= . ~-
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIELD UNIT 5 
BOREHOLE LOG 

BOREHOLE ID: 50-9107 TA/OU: S0/1147 MDA: M0A C Page: 1 of: 2 
Drilling Co.:ronto Environmental Core Box #(s) 4 cuttings Start Date: 8/28/95 End Date: 8/30/95 

Drilling Inc. l O core nme: 1 3:00 nme: 12:30 
Drilling EquipJMethod: lngersolHland track mounted air 

core with total dust suooression 
Sampling Method: Continuous 5.0' core baml 

Driller: Larry Thoren Geologist: Jon Marin, Rene Evans Declination: 45,00 Bearing: N 4.o0 w TD: 11 a.a ft 
ERM/Golder 

'#- Q) CJ ">.a.. C: -==-
'- E 0 ·2- "' 

- a, mtt:) a,~ OJ 
-"' ""o> en~ a,·- :;a:::=. e> 

'-(.) xO _9 
~ §g~Q)~ao1- o 
.c C:C: -.i::i ...JE CD' :C 

g- ~ ~ f § ~:§ ~ ~ ~ 
I-Cl-;;-::=!==(.)=(.):::::;=<{=Z==l=::i:=1-==:;:(.);=U.=l=====L=ith=o=l=ogy===== Cl 

0 0-7' 0-1.0' 

5 

10 

15 

20 

30 

35 

45 

50 

55 

60 

1/lOCN. 

1.1 

95-0166 1.4 

..txe 

"'"'""' ~ 4 boxes 1.0'- l 1 ,O' 

l/6.0"-
19.6' 

11.0'-62.2' 

0.6--_. 

1.1 

2.4 

9S-0171 lSZ.1 

8840.7 

in---l 6364.7 
µ.l.'1111LL.::'6-0='o:;.'-1 1789.4 

j-4/9(M 

2/19.6'­
za.o· 

l/2B.O'· @ 25.9' 
•t.1.3' 

4/41.3'­
<49.B' @43.0' 

15/BIM S/49.8'-
49964.1 60.0' 

16i1CXM 9~-0176 32565.5 

October 2005 

SOIL, clay, slit and sand, red 
brown. moist. 
FILL. macerate brown S YR 
3/ 4, organic. moist. 

TUFF, grayisn orange ptnk 5 
YR 7 /2 nomndurated. slightly 
welded rhyonte ash flow, dry. 
Pumice lapdli are 1 0-1 5%, 
0.5·2.0 en, elongate, contain 
minute auartz and sanidine 
crystals 1n coarsely devitrified 
sugary texture along relict 
tube structures. Phenocrysts 
are local b1oyramldaJ quartz in 
pumice Ja01ili and tuff matrix 
upto 1.0mm. 
TUFF, same as above (SAA), 
pinlcish gray 5 YR 8/1 slightly 
indurated, nonwek:ted rhyolite 
ash flow, dry. 

C-18 

-·2 
:::::, 
(.l ·g, 
0 = :::i 

= C: 
"' 0 3:n 
~:::, 
_g~ 
C: C: 
0 0 
:::; (.) 

NA 
Notes 

BorehOle 5~ 
91 07 is located 
in the 
noncontrolled 
central portion 
MDAC 
approxmately 
30.0' south of 
and angled 
beneath Pit 6. 
Surface casing 
set at 7.0'. 
@> 36.0'-36.5', 
some weak. FeOx 
and someday 
few traatRS. 

@I 43.0'-43.5'9 
strong1y-.il 
tracturewith 
surrounded by 
red-stained 
( moderately 
oxidized) tuft 
mamx. 

@ 46.0'-46.5', 
red stained 
(moaerateJy 
oxidiZed) dJy 
tuft. 

ER2005-0172 



MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaDUNIT5 
BOREHOLE LOG 

BOREHOLE ID: 50•9107 TA/OU: :0/1147 MDA: MCA C Page: 2 of: 2 

Drilling Co.:TontoEnvironmenw Core Box !J(S) • an tings Stan Date: 0120195 End Date: 0130195 
Ori!llng tnc. , o core nme: 13:00 nme: 12:30 

OrHling l:i:!uip. /Mel hod: lngersoU-Rlnd track mountea au 
core wtth lotal dust suocressron 

Sampling Met hod: COntmuous s.o· core t,:,m,I _ 

Driller: Larry Thoren Geologist: Jon Mann. Aere Evans Declination: 4S.o0 Bearing: N ,.o0 W TO: 118.0 ft. 
EFM'Cl>lder 

a, 0, 

-a. C: = 
i!' E:i5 ·2c;; ., -
m m Q)- Cl> ·c -C: 

~ :u:: > cn8 ~~ :ii::::. g, ::, a, o 
,,g §~B~rli Si=! ~ -~~~ 
'
I .c a:a: ..-!!! -:;;_E ' :c o o.: 

,e 
0 

a, _,,, _ ::i a, E a. -o --=c: "'c: a ~ .... mE ·- """o fO 

17a~"'r=:¥8=8==1=.fi=~==l==~=i9=u=
0

=u..=~9:':"':'':':''::"'::!Li§:·t§h==o~lo::!•nv!f::=====l=C!i;=l:=5;;,,,F~=8=i==N=o=t=e=s==l 
60 : "'"'" 11.0--62.2· TUfF. SAA. NA 

65 
- 1810"4 

- 1111100, 

- 20/100 .. 

70-: 21ns .. 

-L.--.l 

1594.9f 11&0.o·- (ccminueo, : .... •··· 
1599.0f sa.,· s6.2°--9o.o Tl.JFF, SAA. moaerarery -3111.6 indurated, sligl'ltty welded. • 

pnenocryst ncn myoute asn 

lz03os.s: 
1 /68,4'• 
70.0' 

flow, dry. Pumice laodti are •• 
elOngate. 0.2-1.5 em. So/.. ~ • 
coarsety deV1t nfied. mrnute ~ 

: 221100,i;, 
75~~--1----

: 23160"1. 9!HU8t h 0190.6! 
QUar1Z and sanoine along - m 
re!:d lube structures. Matrix 4.. • = 
pnenocryst s are auan z 8n:i I ~ • 'g 
san:dire Wtt n Sch::er oiu., •- ca 80-:. 25/100., 

85 

- 2810'1, 

90 -
- 30/83"1. 

- 31 /93'1, 

95 -

anv.o·­
ua.3• 9o.s· 
231.-4! 

iridescence. 10% eacn. up to • • m 
1.0 mm. Rare aacue Id hie 4.1 4 j 
by 6.0cm. • ~ 

•······················•···•············ . ::. ; TI.JR=, grayan orange prruc: 5 ! I._ c;, 

1----1················,: YR7/2, nonmaura1eo. non- :.1:W ~ 
90.0'·118.0' welded. soft myotite asn flow. ,-;, :c 

dry. Pumce iapiiti are dull • (!. 685.S 

= 32/85"" 
95-0188 659.8 f 9/90.5'• 

whitish gray ta daric brown. f llli_ 
o_97.0 ........ coarsety davitnfied. 5%, o.s- fll.4II _ -.L.----l 

100-:: 33"2" 

--1--~ 
105-= 34,an, --1-----l----1 

H~IIU 

102.8' 

112.5,!r-----l 

26.9: tQI 102..5' 

22. ·111.0' 

................. 4.0 cm. Phenocrysts are n:>m § 
098.4" [l quanz and samdine With , ·-

11 Sch!D01 blue i-scenc•. 10~ • ·• 
;;eech,upto 1.0mm ............ 411P 
, l'HENCCRISlS. 60%. - • 
l sorted. up to t.O mm. • 
: blpyramidaf auan z and I. j sub~£1 sanaine. u, tuft 

:L.--.l ; .. ~n:'sAA:·;;;;;;;~;;;;,;····· 
115-:: 36'°"' pink 5'/R 7/2. nonndUrated. ·~ 

110-:: 35/ .... 

_ ~nw~ded. ·soft rt,yotite asn •• 

-·1--+-+--t---l::--..........!!~i::t...._--~J.-..!!ll!~ 
120-= 11D • tt s.o· 

ER2005-0172 C-19 

0 85.5"·88.B". 
frad ure with Fo 
onde and soma 
clay. 

0 87.0"-98.4'. 
phenocryal.fich 
interval 1:9 
possibb surge­
relslod dopooil. 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIELD UNITS 
BORB-IOLE LOG 

BOREHOLE ID: 50•9108 TA/OU: 50/tt47 MOA: MDAC Page: 1 of: 2 

DriUing Co.:TontoEnvironmental C.ore Box #(s) 4 cuttings Start Date: a,ao:gs 
nme: 16:00 

End Date:91s1es 
nme:e,oo Drilling tnc. 11 core 

Drilling Equip. /Method: tng~tl-Rana track molmted air 
core with t01a1 dust suoore5Sl0n 

$amping Method: Continuous 5.0' core bam,I _ 

Driller: Larry Thoren Geologist: R!Mi:vans.JonMarin Declination: 4S.o0 Beanng: N40.o0 E TO: 120.ott 
s=M/G:llder 

.c 
C. 
QJ 

Cl 

~ 0 

?: 
QJ 

"" > c8 
:::, QJ 
a: a: 
f!?~ 
00 
(.)(.) 

0 -
- 11100,,, 

5 -=1---1 
_ 21B0",I,, 

10 -=1---1 = 3/88"'1, 

a, 

15.' EO 
"'"' en :B 
i3 ~ 
·- a, ;;...c 
'iii E 
C:::, 
<Z 

15 --~---+-,.--0-,-,-1, 
- '180% 

20--;,--; 
- 5/751.1. 

25-= "1751.1. 

- 7/70"1. 

30 --:;:'1----1 

- '"'"' 35-:: 

_-3~•·~11
: ... :...r--'.;.' ... =01° 

40-= 
- tl/57"JG. 

-1---1 45-= 12/85' 
-+----19$-0110 

so-= ,319n. 

-1---1 = 14/100'1,, 
55-

-1----1---1 
- 15196"11. 95-0205 

so.= 

October 2005 

0-7.5 0-1.0· 

:.~7.:a- 1.o·-1.s· 
0 4 OOSff 

-'2 = C 
:::, a, 0 C, 

_g 
0 ~ti 

0 ·a, 1-:l 
:.2 O 0'-
c. 0 ~~ e .r:::. o o 

Lithology c, :5 ~ c.> Notes 
ALL ~eworked fi:,e to coarse 91 08 is located 
tuff. moaerate Drown to pate approximately 
gray orange pink 5 YR 7/2. 25.0'soulh of 
moist. thaChamicat Pit 

SOIL. ::rown. orga111c. SIii. clay. c=~=N=A=:l=Ba=,.=ho=l•=S=o=-=~ 

7.S'-41.0' 11..fF. gray1Sh p,nx orange 5 YR in the wescem 
7/2. nomndurated to slightly ~~• controHad 

01----1 
0.68 

2/1'.5-
28.0" 

2.141----1 

UI 3/2&.o·-
1.99 39,5· 

0.52 

/114.5' 

0 31.0' 

O36.0" 

indurued, sightly welded to ponion of WM 
moaerately welc:!ed rhyolite asn c_am angted 

flow. ary. Pumice lapifli are •• beneath the 
davrlnfied. gray. <1•5%. 0.3- re OlamicalPit 
1.0 cm. Phenocrvsts are • and Pit 8. 
quanz and saruai~e. 10-20o/o, • Slrtace casing 

1.0 mm. ··• ~ set at 7.s·. 
11..fF. same as aoove (S\AJ. ~ .2! O 8. 1'a8.8' and 
veryhgnt gray NS to light to .. •- a; 14.0'-14.5', red 
moaarat e brown 5 YR 5/ 6 10 5 -g stained 

::~ ~~~';~.~~::)d~~~ ~ ~ ~:~:)t~ff 
splotches in matnx. ,8 matrix. 
TU:,:. SAA, pale tight brown E 
gray5YR6/1. • ~ 

•r.11u·­
•1.a· 

0.48 

TLfF. SAA, pale to moderate ~ 
brown 5 'IR 5/2 to SYR 4/4 -·4 

lla9..5: .... _ Tl.ff'. SAA. pale gray to light ......... 
41.0'-95.S'!brownsh_gray 5."'fR.6/1 ........ ~ • 

038.0', 
possible­
oxidation stain. 
0 40.0'-40.5", 
brownfeOx 
stain. 1.25 

1.01 

1.52 

V.96 

5148.8'• 
59.0' 

h, .rm .•• _.~ ..• -:-. 1 

Tl.IF. light brow111sn gray s "tFI ~- ,.; 
6/ 1. moderately indurated. -
moderat ety wetoed. rtlyatite ash § 
flow. ary. Pumice lapilli an, 2· •t 
5%. wnrte to pale gray, • 
davilntiad with remnant tube :'1 
structures. Matrix phenocrySls • 
are ouanz and sanidine. 20· i-. 
30% tot at. locaJ rubbty, less- • 
indurated intervats. 0.5•1.0 fl ~ 
ll'idt. ... 

C-20 ER2005-0172 



MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaOUNIT5 
BORB-IOLE LOG 

BOREHOLE ID: s0-91 oa TA/OU: 50/ 1147 MDA: MOAC Page: 2 of: 2 

OriUing Co.:Tonto Environmental Core Box #(s) • cuttings St art Date: at 30t 9s End Date: 9/ 6195 
Drilling Inc. 11 core Time: 10:00 nme:9:oo 

DrHling Equip. /Met hod: lngersoll•Alncl track mounted air Sampling Met hod: Continuous 5.0' core born>I _ 
CORI with total dust SUDDres:5100 

Driller: Larry Thoren Geologist: Fene Evans. Jon Marin Declination: 45.0° Bearing: N 40.0° E TD: 120.o·f\ 
""'""-I"• 

~ a, 

"' 0 C.' 2:-
C: 'lii EC ·2- '2 a, "" "' QJ "' ~ 

"' = C: 
""> C/) :g QJ :::, ... - :::> QJ 0 'lii 
C: 8 J!i )( ~ .3 S:ti :!!!, ~ ~ 

0 
:, a, 

iB ' 0 ·5, ~ :, a:a: ·- a, 

cl-~ :E 0 o~ .c >,.C !!? E 0 ~U) 
0. a, QJ iuE a. C: C: ~ ~ a:-'E oe ~ = Oo a, 00 ~~ a uu ::. I- uu.. Uthologv (.!) :::; :Eu Notes 
60 - 151Cait. 1-•- '.U • ri.1.0'-95.5' Tl.fF,SAA. =· NA o 68.5'. raro - 0.87 

67.3' - 16190"4 Com. (C0ntll"IU80) oxodizad clay 

65-:: 062.S' TUFF. SAA. noninduratea to ~ accumutation in 

- 1.0 
stightty indura1ea intervats. - luff matrix (5 YA 

- 171100% 0 67.3' TlfF. SAA. moderately 7. 5/61. - indurated. moderately welded 70-:: 1111011. 7187.3"• 
rhyotita asn flow, dry. s.• - 78.2' 

'§ - 4.95 -75-:: -- ... 075.0', , __ 
~ 

11192% 076.0' Tl.fF, SAA. 3.0 by 4.0 cm •• ~ at 30 degrees ID - 95-0210 xenotlth of intermediate • .; 
core axi:a wttl'I - 12.03 ,, 

votcanic composrtion tdacite).r-: C 

·-clay 111111 80-= ~1100'1. ane.2·- "' aa.e· al black coaling - 19.84 •• :;j' ..,cnas - -85~ 
LI manganace oxido 

•• E 21ll0"4 ., ("102), - 22.56 - ::; - -. ., - C, 
90 2Zn3'1. !! - 9188.8'• 1-, - too.a :c 

- 231100% " - - ... 
95 28.35 .,; - ......................................................... ....... - 95-o215 44.83 95.5'-120.0' Tl.fF, gray orangish pink 5 YR • 'E - 2513ft - 7/2 to very light gray NS. • ~ 

100 60.13 nonincturated (powdery). non-•• -- 2813ft welded rhyolile asn flow. dry . •• - Pumice lapili are rare. < 1 %. • - 10,100.0· 
105 : nns., 83.38 -112.0· devitrified and average 1.0 ) cm. Phenocrysts are Quartz - i&J&Q'I, and sarcdine. 20-25% total, 

110-= :.Zi11J8S'1, 95.34 up to 1.0 mm. Matrix ~ - contains 5% oxidized golden - '311100' H·OUO brown (10YR 6/6 to 5YR· 89.86 • 115 111112.CT 4/4} st~nad areas uo 10 2.0 •· - :!218ft ·120.0' 

- mm from oosszbta oxiaai ion o • 

120 - 57.B ferric m1nerm (i.e .. nematrte). l..iiiili• 

• n• I 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMB'JTAL RESTORATION PROJECT 

FlaD UNITS 
BORB-IOLE LOG 

BOREHOLE ID: 50·9109 TA/OU: 50/1147 MDA: t.DAC Page: , of: 2 

DrDling Co.:Ton10Environmen181 Core Box 1/(s) 5 cuttings Start Dale: 9/11195 End Date:s/14/95 
Drilling Inc. 1 2 cora Time: 14:45 Time:17:30 

Drilling i:quipJ Mat hod: lngarscl~Rlna ,rack moumea air 
core with touu ctUS1 suopresson 

Sampling Mat hod: Con1inuous 5.0' coru bamll 

Driller: Larry Thoren Geologist: R!ne B-ans. Jon Marin Declination: 45.o0 

eM /Gelder 
Bearing: N 84.o0 e TD: 120.0 n 

~ ,9! 0, 0 
C. ' C: 

::':' EO ·2 "ci 0 -:, 
ci'l ~ 

CJ ·1: = C: - """ :~ ..,e 0, :::i Q) 0 .; 
C: 3 ~ '.§, >< 0 .3 3:ti Q) rl ... s ':" .~ :,::, :, :, (,) 0, ... :, 
a: C: ·- (l) 

<l .~ :E 0 0 ... 
~ '>,.C ., E 0 ::: Vi 
C. "' "' mE C. C: C: 
Q) ... - a:~ ... 0 ~ ~ Oo 00 C: = 0 ... 

5 Cl uu <CZ :::EI- uu. Lithology (!J :::Eu Notes 
0 ... .o- o-o.5· SOL Oat'k Drown. organc. sat. NA Borenote 50• 

• ·1c0' ~-- o.s·-11 .s· clay. 9109 is located ....... ·-· ALL reworked tuff. ctay. silt. approxunatety 
5 0 sand. fine to coarse. dark 35.0' vritt.n thll 

,1-... -.. 
brown to red brown, matst. ,. -- most western - ..... ~ 0.04 t 16.9'• earner of MDAC 

10 l!li.5" and angled - S:1::-\. 0.83 beneal h Pit 6. 
: &,5~ a, rl ace casing 

15 - . -~ sat at 8.0'. 

2/t!li.5'- 17.5'-42.0' lUFF.fightbrowngraySYR 
20 95--0226 Q 2U' ,n~ 6/ 1 to grayish orange pink 5 

'1R 7/ 2. slightly induratad. 
- IOOEI!"\ slightly welded to moaaratety 0 25 ,.st welded. rhyolita ash flow. dry. 
- 11:6,)"I. 

Pumice laoim are 10%. white. 
'5 

30 3128.5"· devitntiad. and powdery. ... 
O 3fU' Rlenocrys1& are auanz and 1 0 34, 1'-38,0', 

sanidine. 20-25% total. Uthics .; modaratety ,, 
oxidized tuft. 

35 C: 95-0231 0.21 "' 0 48,8', local Fe Ill 
- 15/100 ... 0.84 Iii oxidation in tuff 

40 
'138.5'• .a matrillpoamty 

- 1&'100 .. "··· ; 'l\JFF, graytSI, orange pink 5 VA: E from ae-
............... :,,2. Sightly indurated. sUghtly; 

., 
composed lilhk:L ::;; 

- 17tU'I. 0.09 ,2.o·-102.S'Welded to modaratety weided, ., 051.0'-51.2' • 
45 18170'I, rhyoitaash flow. ary. 

CD 
pha.oa,st-rich I!! 

- lll70'I, 0.89 
Intermediate composition lava :2 internlis 0.32 s1u.,·• 

"' 
50 - 2WI°' 

53,.t· (dacite) lit hies are 2%. 2.0 by ... posstlll! surge 
~~bcr., •• 2.0 an and moderate iron o ,.; nUtaddepmill. 
051.2' : splotches in matnx ............. : ~ 051.2'·51,5'. 

0 
9,s3.1•-

AEN::>GM;TS. 40"'45'%, quan ·- :::, venieal trac:tura 
55 22."!:"'lo ..... ... and sarwcina_in tutt _matfix ....... .. with FeQc and 

'l\JFF, SM. - day, 
: 23,'1":.':!"' 

95-w'l6 0 •• 0 57 .8' -58.0'. 
60 red cla . 
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MDA C Investigation Work Plan, Revision 2 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FlaDUNIT5 
BORB-!OLE LOG 

BOREHOLE ID: 50-9109 TA/OU: 50/1147 MDA: MOAG Page: 2 of: 2 

Drilling C.O.: Tonto Environmental Core Box ll(s) 5 cuttings Start Date: 9/11195 End Date: 9/14/95 
OriUing Inc. 12 core Time: 14:45 Time: 11:30 

Drilling Equip. /Met hod: Ingersoll-Rind track mounted air 
core with total dust sucoression 

Sampling Met hod: Continuous 5.0' core barrel 

Driller: Larry Thoren <?eologist: ~na Evans. Jon Marin Declination: """'"-• , .... _, .. __ 4S.o0 Bearing: N 84.0°E TD: 120.0 tt 

,g <l) 
0, 0 

C.' C: -C' EO ·2- ai "" - <l) "' 1() 
<l) 0, .S! 0, C: = C: 

ai .. > (/l:g <l) :::, .. - ::::l <l) 0 
C: 8 ... u xO 

0 s: ti <l) 13 ... ss ...I tJ 
,::, :, <l) s ';" .!,! '6, ... :, a: a: ·- <l) 

cl!.~ 0 0 ... .c: ;;,.o 
"'E 

.c: 
0 ~ 1i5 a. e~ iu E C. C: C: a: ·'E ... 0 I!! .c: <l) 0 0 ~~ 

0 ... 0 O 
Cl t) t) :::!E I- (.)LL Lithology C!l 5 ::!EU Notes 
60 : 2sns, 6/53.1 '- 42.0'-102.5' 11.JFF, graycSh orange ptnk 5 ~-0.98 63.9' NA = 2&/100% 

ea.,. (continued) 'tR 7/ 2, slightly indurated, 1:-65 1··1100'111. 0.88 stightty welded to moderately 0 65.5', installao 
- 281100% . 1.35 we!ded, rhyolile ash flow. dry . -- casing dua to 1 /63.9'• ---- an1"4 1.27 11.1· SAA, pumice lapdli. lost air - -· 70 phanocryst s. lit hies, ana Fe circulation. - oxide in ma mx. ,.• - 30/100~ - 070.0' TUFF, SAA. moderately -75 - 1.52 indurated. modera1ety welded. -an1.1·. - 81.15' ... '3 O 75.5', open 
- 31/94'1. • - ... fracture. no day, - H-0248 0.77 -: .~ weakFeOxin 80 - .; 1.0-2.0 mm 
- 32/1001I, •• 'O 

C: splotches • 

85 - ""111""• 0.71 .. &3 - 9/81.!i'• 0 91.0' lUFF, SAA. pink gray SR Bl 2. •• :ii 
: 34148"4 13.77 

92.7' slightly indurated. nonwelded - .c 0 86.0'-88.4'. -. E 
90-= to slightly welded. AJmice " clay with FeOx 

158.96 lapil6 are two types ( 1 ) pale ~ :::;; smeared on core. 
: 35/100~ red SA 6/2 withFeoxrdation " 

95 - and (2) white end rare. each -. ~ - 10/92.T• 0.3•1.0cm. Local 0.1 cm 1: 
- 39/94'1. 160.47 101.5" ~ ~ - 15-0251 brown oxidized frecldes. 

100-: Matrix phenocrysss are quartz 

~ .. ..; 
O98.0', clay 

and aanidine. 10-15% totaJ. 'E content 3716K 

- 102.s·-120.o·ruFF, pink gray SR Bl 2. non- •• ::, increasing to - 38/loo-4 
41.32 indurated. nortWfHded. tl'ick clay 105 t 11101.s· 

0 106.0' 1\JFF, SAA, pale brown Fe •• acaunulation. - ,., ... -111.0' - 40183' 0 
oxide stain in tuft matrix is • 0 105.5'. clay is 

110-= 
typical. 1:.i solid, modarata 

41 ISO'I. 0.37 0 109.0' 1\JFF,SAA. with banded brown to gray - oxidized ctay, 0.5 by 1.0 cm, bn,wn (5 YR oll' 
42157"' 0.2 12/111.0' moderate orange pink 5 '1A • 10 5~ 3/2). 

115-= ·120.0' ... - 43/85'!'. Bl 4 to light brown 5 YR 5/ 6, 
0 possibly aft er vapor-phase :., 

120 - 44125% altered relict oumrce taoil&. 
- "' 
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MDA C Investigation Work Plan, Revision 2 

BOREHOLE ID: so-a 11 o 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROJECT 

FIB..D UNITS 
BOREHOLE LOG 

TA/OU: 50/ 1147 MDA: •.oAC 

start Date: 9/15/95 

Page: 1 of: 2 

6'1d Date:9I18/95 Drilling Co.: Tonto Environmental 
Orillng Inc. 

Core Box #(s) s cuttings 
7 care Time: 12:30 Time: 1 s:00 

Drilling Equip. /Method: lngersoil~and traCk mounteo air 
core w11h total dust su0oress10n 

Sampling Method: Con1inuous 5.0' core barrel . 

DriUer: Larry Thoren Geologist: Fena£vans.JonMarin Declination: 10.0° Bearing: S67.o0 e TD: 91.0 ft 
a=M'GJlder 

(I) "' ci.1 C: -i::' EC ·2- ai 
a, c)1J "'or.n ~ g> -2:? w .. c:8> ~u ""-a ...J8' 

a, - f.J_O, X 
~ ::,a,-~~ en- c8~ o 
.c a: a: -s:,.o ...J § a, E ~ 
-a. !l>!l>-e-i: ~ -- ca - ,..-.:: 0 o ill 

1-0:::;"':..::::b,;8=8~1,,;<;;;c:=~~=~=~:::::!::::U::::u.=~=l=====Li='t=h=o=lo=g~y===== (3 
0 0-9.0' O·l .a· SOlL r:-.eorum brown. orgaruc. 

5 

10 

15 

20 

25 

30 

= tf 100% surla:e 
c-Jttingsin 1.0'-9.5' sill. ciay. moist. 

= 2/91'1(, 

3/90"' 

= 4192,;,, 
95..0259 

: 5148'1, 

06-0113 
L...--1 = 6/46% 

- 7/100% 

6bm• ALL rewonc:ed tuft. c!ay.slit. 
1.9 

1/fi.9"• 
4.01 15.5' 

3.3 

11.6 

72.2 

172.9 

2115.7'• 
32.5" 

satm. tuff fragments. mea,um 
Ii mo1S 

9.5'•32.0' 
.__ __ _, lUFF. weatherea p,ruasn gray 

10 R 612 moist rhyaUte ash 
llow wuh waxy o:u::itzed clay 
accumurations (5 YR 5/ 6) and 

011.S-

roots 1n subvertical fractures 
greater than or equaJ to 1.0 cm 
thick. Pumice lapilli are 
devitnfied. 2-10%. 0.1-2.0 cm. 
and pan1a•y replaceo by clay 
alteration product. Matrix 
phenocrysts are quanz and 
sandira 15-20%. 
lUFF. same as above !SA.A), 
norindurated to sightly 

t 11s.,,&1...---1 .. •·•••· ....... : induratea. dry, pum,ca lapiDI up: ..... 

: 10.20,.-, .............................. : 

t 
.c 
E 
"' ::; 35~--i 1153.4 

- 8/100% 
3/32.5'• 
42.4' 

32.0'-66.0' TIJFF. pinxish gray tOA 6/2 • a, 

norindurated to slightty • ~ 

40 9/92~ 

45 10/100% 

50 

55 

60 

October 2005 

95..0269 

1515.20 

1882.t 
., .. 2.5'· 
53.0' 

1300.6i31.---I 

248.9 

5153.0'• 
65.6" O45.0 

0 51.5' 

indurateCI. slightly wetded to • ~ 
moderately welded. rhyolite ash • 1-
flow, <:1ry. Pumice lapitfi &1e ......_ M 
white to reddish gray, 2·20%, _,. •2 
0. 1•2.0 cm. modermety to ::> 
COatSefY devltrified. with sugary 
minute ouanz crystals on relict •• 
tube structures. Phenocrysts • 
are qmnz. sanidine. and yeUow • 

olddiZea ferrous mineral. 15- •• 
20%. total. • 
lUFF, SAA. intermeatate 
composition lava lit hies. 

ruw. SAA. nthics 2~ .... 

C-24 

-•• 

- C: 

~~ 
~::, 
0 ~ 

.-:: 1n 
C: C: 
Oo :::.u 
NA 

Notes 
Borenote 50-
9110 is located 
approximatety 
25.0' wil l'in the 
northwest em 
comer of MDA C 
and angled 
beneath Pit 6. 
9Jrface casing 
set at 9.0'. 
09.5'-11.5', 
oxidized waxy 
ctay in f ract urBS. 
0 23-7' ·24.3'. 
weaKOxidatiDn 

tuft matriX. 

032.5'-34.0', 
weak oxidation 
stain in tufl 
matrix- Frm:ture 
0 45 dagnNtS to 
core axis with 
day coating. 
Also, clay 
replacing 
coarsely 
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APPENDIX D STATISTICAL ANALYSIS OF CHEMICAL ANALYTICAL DATA FROM MATERIAL 
DISPOSAL AREA C 

D-1.0 INTRODUCTION 

This appendix presents detailed statistical evaluations that support Section B-2 by providing summary 
statistics, exploratory data analysis, and background comparisons. The statistical methods are described 
in Section D-2. The plots and evaluation results are presented in Section D-3. Separate subsections in 
D-3 present different environmental media, including surface soil and fill (D-3.1 ), subsurface luff (D-3.2), 
and pore gas (D-3.3). Soil, fill, and luff samples were analyzed for constituents including inorganic 
chemicals (metals and cyanide), radionuclides, and organic chemicals (volatile organic compounds 
[VOCs], semivolatile organic compounds [SVOCs], polychlorinated biphenyls [PCBs], and pesticides). 

D-2.0 OVERVIEW OF STATISTICAL METHODS 

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

D-2.1 Exploratory Data Analysis 

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

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

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

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

D-2.2 Distributional Comparisons 

Comparisons between data sets that might represent different concentration distributions, such as 
site-specific data and Los Alamos National Laboratory (LANL or the Laboratory) background data, are 
performed using a variety of statistical methods. For background comparisons, the first step is to compare 
the site data with a BV. A BV may be an estimated value for the background data set (upper tolerance 
limit [95, 95] or the 95% upper confidence bound on the 95th quartile), a detection limit, a fallout value, a 
minimum detectable activity (MDA), or it may be calculated based on secular equilibrium or a total 
analysis. The term "background value" will be used in the text lo represent any of these values. The upper 
tolerance limit (UTL) comparisons are followed, when appropriate, by statistical tests that evaluate 
potential differences between the distributions. These tests are used for testing hypotheses about data 
from two potentially different distributions, for example, a test of the hypothesis that site concentrations 
are elevated above background levels. Nonparametric tests that are most commonly performed include 
the two-sample Wilcoxon Rank Sum test (Wilcoxon test), the Gehan test (modification of the Wilcoxon 
test), and the quantile test (Gehan 1965, 55611; Gilbert and Simpson 1990, 55612). The Gehan test is 
best suited for assessing complete shifts in distributions. This test accounts for nondetects at multiple DLs 
in a statistically robust manner. If nondetects are absent in the data, the Gehan test is equivalent to the 
Wilcoxon test. The quantile test is better suited for assessing shifts of a subset of the data 1• Between the 
two tests (Gehan and quantile), most differences between distributions can be identified. 

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

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

2 Formal tests for normality might also be performed, such as the Kolmogorov-Smirnov test (Gilbert 1987, 56179). 
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is some reason to suspect that differences exist between the distributions. If the p-value is much greater 
than 0.05, no difference is indicated. If the p-value is close to 0.05, then the need for further evaluation is 
indicated. In particular, when many tests are performed on the same set of data, there is an increased 
possibility of observing a p-value of less than 0.05 by random chance alone. Adjustments to the nominal 
significance level can be considered using methods described in Box et al. ( 1978, 56653, pp. 203-207) 
and Keppel (1982, 56652, pp. 145-165). 

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

D-3.0 STATISTICAL RESULTS 

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

D-3.1 Surface Soil and Fill Sample Results 

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

D-3.1.1 Inorganic Chemicals 

The surface soil and fill samples were analyzed for a limited list of target analy1e list (T AL) metals. 
Although samples were identified as either soil or fill, they are grouped together for purposes of 
comparing the site data to BVs. Inorganic chemical concentrations were compared with Laboratory-wide 
BVs for all-soil horizon (ALLH) (LANL 1998, 59730). The frequency of detects greater than the BV of the 
inorganic chemicals in surface soil and fill is summarized in Table B-10. 

Because these samples were analyzed only for a limited list of inorganic chemicals, the distribution of 
concentrations of the MDA C data (and DLs for nondetects) and the distribution of concentrations from 
the ALLH background data set for all analy1es are presented in Figure D-1. 

The figure shows that the distributions of concentrations for most inorganic chemicals are no larger than 
the distribution of background concentrations. For most analy1es, there are no results above the 
Laboratory-wide soil BVs, and the distributions appear to be shifted lower than the Laboratory 
background distribution. The only exception, lead, is discussed below. Table D-1 shows the results of the 
statistical tests for all analy1es. 

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

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

D-3.1.2 Radionuclides 

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

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

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

D-3.1.3 Organic Chemicals 

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

D-3.2 Subsurface Tuff 

Two vertical boreholes and nine angled boreholes were drilled in the immediate vicinity of the inactive 
disposal shafts and seven pits (Figure B-9). From these boreholes, 82 core tuff samples were collected 
for fixed laboratory analyses, 79 from unit 3 Tshirege Member (Obi 3), 2 from unit 2 Tshirege Member 
(Obi 2) and 1 from the unit 1 v Tshirege Member (Obi 1 v). The samples were analyzed for a full suite of 
TAL metals and cyanide, pesticides/PCBs, SVOCs, VOCs, americium-241, isotopic plutonium, isotopic 
thorium, isotopic uranium, strontium-90, tritium, and gamma-emitting radionuclides. 

D-3.2.1 Inorganic Chemicals 

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

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

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

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

As shown in the box plots, cyanide and mercury do not have a background data set for Obi 2 and Obi 3. 
Therefore, further statistical tests could not be performed for these two analytes. CyaAiee aAe me,e~ry 
eata aFO eiss~ssee selow late, iA Uais sestioA ~siAg ottaer mettaoes. 

Although the DL for mercury in eleven luff samples was slightly above the BV of 0.1 mg/kg, further 
evaluation of the results found that three samples collected from Obt2 and Obt1v had Dls of 0.05 mg/kg, 
which is less than the BV of 0.1 mg/kg. The eleven samples that were detected above the BV were 
reported with a DL of 0.11 mg/kg, which is equivalent to the BV of 0.1 mg/kg. The lack of detectable 
mercury slightly above or below the BV does not indicate a release from MDA C. Additional mercury data 
will be collected in proposed boreholes. 
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Cyanide was detected in eleven samples collected from Qbt3. There is no BV for cyanide in luff, so 
detection status was used as a guide for further evaluation. The detected concentrations of cyanide 
ranged between 0.22 and 10.2 mg/kg (see Table 8-21). Figure D-14 provides additional review of the 
cyanide data in the form of borehole concentration profiles. Cyanide was detected three times in borehole 
50-09101 and five times in borehole 50-09104. Cyanide was also detected once in three additional 
boreholes: 50-09100, 50-09108, and 50-09110. As discussed in Section B-2.3, cyanide results were also 
rejected for sixteen samples (a maximum of two samples from nine different boreholes). -Fifteen of these 
samples were collected from curated core; the cyanide data were rejected because holding times had 
been exceeded. Collection of additional cyanide data is specified in the proposed boreholes. 

Four inorganic chemicals (antimony, selenium, silver, and thallium) were analyzed by two different 
analy1ical methods. The antimony background data was analyzed by inductively coupled plasma mass 
spectroscopy (ICPMS); however, the MDA C site data was analyzed by at least one other method 
inductively coupled plasma emission spectroscopy (ICPES). Many of the higher detection limits are the 
elevated values. Selenium site and background data were analyzed by graphite furnace atomic 
absorption. A subset of the site data was analyzed by flame atomic absorption and ICPES. Silver site and 
background data were also analyzed by ICPES, but a subset of the site data was also analyzed by other 
methods. Thallium, which is supposed to be analyzed by ICPMS to be comparable to the background 
data, was analyzed by at least two additional methods. Antimony and selenium were significantly above 
the BV based on the box plots. These two analy1es have elevated DLs that make reviewing the data in 
this manner inappropriate. The DL problems resulted from differences in the methods used to analyze the 
samples. Because of the differences in analy1ical methods, statistical tests were not run for these 
analy1es. Silver and thallium samples were also run by more than one method. The maximum detect of 
thallium was above the BV but not above the maximum of the background data set, so the statistical test 
supports the conclusion that thallium is similar to background. Silver was not above the BV in any 
subsurface luff sample. 

Figures D-10 to D-17 show the borehole profile or pattern of analy1ical concentrations by depth (below 
ground surface [bgs]) within individual boreholes for inorganic chemicals detected above the BV at least 
twice. Detected concentrations (filled circles) and DLs for nondetects (open circles) identify patterns that 
might be associated with a release. The BV for each luff unit is shown for comparison to the analy1ical 
concentrations. The related pits and shafts are also shown for each borehole to show when higher 
concentrations of an analy1e were detected directly beneath a pit or shaft. 

D-3.2.2 Radionuclides 

Borehole samples were analyzed for americium-241, isotopic plutonium, isotopic thorium, isotopic 
uranium, strontium-90, tritium, and radionuclides by gamma spectroscopy. Not all the radionuclides in the 
gamma spectroscopy suite were analyzed. The full-suite analy1e list, which is given in the Laboratory's 
analy1ical services statement of work (LANL 1995, 49738), includes the decay series of the naturally 
occurring radionuclides, uranium-235, uranium-238, and thorium-232, as well as fission and activation 
products and their progeny. Measurements of naturally occurring radionuclides known to be present in 
Laboratory soils provide an indication of the quality of the gamma spectroscopy analysis. 

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

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

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

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

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

Plutonium-238 was detected in one borehole, and plutonium-239 was detected in two boreholes. 
Americium-241 was detected in both boreholes where plutonium-239 was detected although not at the 
same depths. Figure D-20 shows the borehole profiles for plutonium-239 data. 

The only detects of uranium-235 above the BV were from the samples submitted for analysis in 1996. 
These samples were analyzed by ICPMS instead of alpha spectroscopy. ICPMS usually results in higher 
concentrations, so these concentrations probably do not indicate a release of uranium but rather a 
difference in analytical methods. Figure D-21 illustrates that all samples analyzed by ICPMS in 1996 not 
only have the higher results but also were from the same analytical laboratory. 

D-3.2.3 Organic Chemicals 

Tuff samples were analyzed for PCBs, pesticides, SVOCs, and voes. Only six organic chemicals were 
detected in one or more of the 54 core samples. Of these six organic chemicals, methylene chloride, 
2-methylphenol, and toluene were detected only once at concentrations below the EQL. Acetone, 
bis(2-ethylhexyl)phthalate, and 1, 1-dichloroethene were each detected in a maximum of eight samples. 
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Only acetone was detected above the EQL. The frequency of detects of the organic chemicals in 
subsurface luff is summarized in Table B-24. 

Figure D-22 illustrates where the detected concentrations of acetone where located at MDA e. 

Bis(2-ethylhexyl)phthalate was detected once in boreholes 50-09103, 50-09105, 50-09108, and 50-09110 
(see Figure D-23). Figure D-24 shows that 1, 1-dichloroethene was detected only in borehole 50-09103 at 
four different depths below Pits 3 and 2. 

D-3.3 voes in Pore-Gas Samples 

Pore-gas data are available for borehole 50-09100 for five quarters between August 2000 and November 
2001 and one additional quarter in January 2003. Pore-gas data are available from borehole 50-10131 
from November 2001 and January 2003. Twenty-four voes were detected in these samples. A summary 
of the detected voes from all sampling in both boreholes is presented in Table D-4. 

The sampling events that occurred between August 2000 and November 2001 resulted in two SUMMA 
canister samples collected at each sampling event with one exception. The sampling that took place for 
borehole 50-09100 on August 8, 2001, resulted in four SUMMA samples being sent to the analytical 
laboratory. So, in some cases, multiple results exist for the same depth although the samples were 
collected at different times and by different people. For some depths, no samples were collected. This 
sample collection pattern makes it difficult to look for trends. 

Tetrachloroethene (PeE) and trichloroethylene (TeE) were detected most frequently and at the highest 
concentrations in the pore gas. These two analytes were also detected in at least half of the soil-gas 
survey samples. Figures D-25 and D-26 show all of the reported concentrations for PeE and TeE in 
borehole 50-10131. PeE appears to be decreasing with depth in this borehole, and the overall maximum 
from all sampling events is near the top of the borehole. TeE results have generally been constant over 
all depths. The concentrations range between 1.1 and 2.3 ppmv in all samples. 

Figures D-27 and D-28 show all of the reported concentrations for PeE and TeE in borehole 50-09100. 
Except for a few anomalous results in 2001, all the SUMMA analysis appears to show consistent 
concentrations of PeE in borehole 50-09100. TeE shows a pattern of increasing concentrations with 
increasing depth in this borehole. Although there is some variability between the results, the maximum 
concentrations are below 200 ft in this borehole. 

Samples were collected at both boreholes in January 2003. To discern any patterns, SUMMA samples 
were collected, screened, and analyzed at every port in both boreholes. Figures D-29 and D-30 show 
plots with the Brue! and Krajer (B&K) versus the SUMMA data from borehole 50-09100 for both TeE and 
PeE. As the plots show, the correlation between the B&K and SUMMA data is not strong. 

3.4 Tritium in Pore-Gas Samples 

Fifteen samples were collected from tritium probes at MDA e. All fifteen tritium results were reported as 
detected values. The individual results are presented in Table D-5. Two of the tritium results were a factor 
of ten higher than the rest of the results. Figure D-31 shows a bubble plot of these tritium results. As the 
figure illustrates, the two highest results were found north of Pit 6 and south of Pit 6. 
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Figure D-1. Box plots of inorganic chemical concentrations from LANL all horizon background 
data and surface soil and fill material at MDA C 

October 2005 D-10 ER2005-0172 



Lead 
Surface Soil Samples - MDA C 

0 30 mg/kg maximum 

0 16 mg/kg median 

0 7 mg/kg minimum 

Background Value 

0 22.3 mg/kg 

N 

L____J 
0 100 

Scale in feet ! 

MDA C Investigation Work Plan, Revision 2 

Legend 

MDA C Boundary 

C:=J Pit 

Fence 

Figure D-2. Bubble plot of lead concentrations from surface soil :tnd fill material at MDA C 
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Figure D-3. Bubble plot of americium-241 concentrations from surface soil and fill material at 
MDAC 
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Figure D-5. Bubble plot of plutonium-239 concentrations from surface soil and fill material at 
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Figure D-6 Bubble plot of Aroclor-1254 detected concentrations from surface soil and fill 
material at MDA C 
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Figure D-7 Bubble plot of Aroclor-1260 detected concentrations from surface soil and fill 
material at MDA C 
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Figure D-9. Box plots of inorganic chemical concentrations from MDA C Qbt 2 and Qbt 3 
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Figure D-9 (continued). Box plots of inorganic chemical concentrations from MDA C Qbt 2 
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Figure D-10. Borehole profile plot for antimony at MDA C 
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Figure 0-11, Borehole profile plot for arsenic at MOA C 
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Figure D-12. Borehole profile plot for barium at MDA C 
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Figure D-13. Borehole profile plot for copper at MDA C 
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Table D-1 
Results of Statistical Tests for MDA C Inorganic Chemicals in Surface Soil and Fill 

No. Above 
Gehan Quantile No. Site Background Max Max BV? 

Analyte p-value p-Value Data Data Site Background (Y/N) 

Antimony 0.94 n/a* 68 135 0.25 1 N 

Arsenic 0.99 1 68 150 8 9.3 N 

Barium 0.99 0.998908 68 173 250 410 N 

Beryllium 0.75 0.987015 68 174 1.4 3.95 N 

Cadmium 0.94 n/a 68 39 -0.4 2.6 N 

Chromium 0.74 0.144962 68 173 18 36.5 N 

Lead <0.05 <0.05 68 173 30 28 y 

Mercury <0.05 <0.05 10 39 0.1 0.1 N 

Nickel 0.60 0.35 68 174 14 29 N 

Potassium 0.62 1 2 174 1800 6850 N 

Selenium 0.98 0.99 68 39 1 1.7 N 

Silver n/a n/a 68 n/a 6 n/a n/a 

Thallium 1 1 68 173 0.21 1 N 

"n/a = Not applicable. 

Table D-2 
Results of Statistical Tests for MDA C Radionuclides in Surface Soil and Fill 

Gehan Quantile No, Site No. Background Max Site Max Background 
Analyte p-value p-value Data Data (pCi/g) (pCi/g) 

Americium-241 <0.05 <0.05 68 27 1 017 0.013 

Plutonium-238 <0.05 <0.05 68 56 0.219 0.037 

Plutonium-239 <0.05 <0.05 68 56 10.687 0.055 
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Table D-3 
Results of Statistical Tests for MDA C Inorganic Chemicals in Subsurface Tuff 

Analyte 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

a NR = Not run. 
b N . n/a = ot applicable. 

ER2005-0172 

Gehan 
p-Value 

1 

NR" 

0.66 

1 

1 

1 

1 

0.99 

0.99 

0.83 

n/ab 

0.99 

0.99 

0.99 

0.99 

n/a 

0.54 

1 

NR 

0.55 

1 

0.23 

1 

0.99 

No. 
Quantile No. Site Background 
p-Value Data Data 

0.99 81 63 

NR 75 64 

0.17 81 64 

0.99 81 63 

0.99 81 64 

1 81 15 

1 81 64 

0.97 81 64 

0.96 81 11 

0.99 81 64 

n/a 60 n/a 

1 81 64 

0.88 81 63 

0.99 81 64 

0.99 81 64 

n/a 81 n/a 

0.88 81 63 

1 81 75 

NR 81 15 

NR 81 64 

1 81 64 

0.29 81 64 

0.99 81 64 

1 81 64 

D-37 

Max Above 
Max Site Background BV? 
(mg/kg) (mg/kg) (Y/N) 

7900 8370 y 

11 0.4 y 

9.8 5 y 

100 51.6 y 

1.3 1.8 N 

0.82 1.5 N 

7390 2230 y 

12.7 13 y 

3.8 3.14 y 

30.7 6.2 y 

10.2 n/a n/a 

8670 19500 N 

75.2 15.5 y 

2690 2820 N 

319 752 N 

0.11 (U) n/a n/a 

13.2 7 y 

1000 41360 N 

10.5 0.2 y 

0.6 1.9 N 

387 7700 N 

1.4 1.7 y 

10.5 21 N 

54 65.6 N 
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Table D-4 

Summary Table for Detected voes in Pore Gas 

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

50-09100 MD50-01-0022 20 Acetone 18 None 08108101 

50-09100 MD50-01-0022 20 Carbon tetrachloride 18 None 08/08/01 

50-09100 MD50-03-49738 20 Carbon tetrachloride 18 None 01/09/03 

50-09100 MD50-01-0027 20 Carbon tetrachloride 22 None 11 /26/01 

50-09100 MD50-01-0001 20 Carbon tetrachloride 23 None 03/26/01 

50-09100 M D50-01-0001 20 Chlorodifluoromethane 49 None 03/26/01 

50-09100 MD50-03-49738 20 Chloroform 77 None 01/09/03 

50-09100 MD50-01-0027 20 Chloroform 110 None 11/26/01 

50-09100 MD50-01-0001 20 Chloroform 130 None 03/26/01 

50-09100 MD50-01-0022 20 Chloroform 170 None 08/08/01 

50-09100 MD50-03-49738 20 Dichlorodifluoromethane 62 None 01/09/03 

50-09100 MD50-01-0027 20 Dichlorodifluoromethane 86 None 11/26/01 

50-09100 MD50-01-0022 20 Dichloroethane[1,2-] 8.5 None 08/08/01 

50-09100 MD50-01-0022 20 Dichloroethene[cis-1,2-] 6.3 None 08/08/01 

50-09100 MD50-03-49738 20 Dichloroethene[cis-1,2-] 9.3 None 01/09/03 

50-09100 MD50-01-0027 20 Dichloroethene(cis-1,2-] 14 None 11 /26/01 

50-09100 MD50-01-0001 20 Dichloroethene[cis-1,2-] 18 None 03/26/01 

50-09100 MD50-03-49738 20 Dichloropropane[1,2-] 2.8 None 01/09/03 

50-09100 MD50-01-0027 20 Dichloropropane[1,2-] 6.4 None 11/26/01 

50-09100 MD50-01-0022 20 Dichloropropane[1,2-] 29 None 08/08/01 

50-09100 MD50-03-49738 20 Methylene chloride 2.9 None 01/09/03 

50-09100 MD50-01-0022 20 Methylene chloride 11 None 08/08/01 

50-09100 MD50-01-0027 20 Methylene chloride 69 None 11/26/01 

50-09100 MD50-01-0022 20 Propanol[2-] 16 None 08/08/01 

50-09100 MD50-03-49738 20 Tetrachloroethene 33 None 01/09/03 

50-09100 MD50-01-0027 20 Tetrachloroethene 51 None 11/26/01 

50-09100 MD50-01-0001 20 Tetrachloroethene 70 None 03/26/01 

50-09100 MD50-01-0022 20 Tetrachloroethene 1200 None 08/08/01 

50-09100 MD50-01-0022 20 Toluene 24 None 08/08/01 

50-09100 MD50-01-0022 20 Trichloro-1,2,2-trifiuoroethane[1, 1,2-] 26 None 08/08/01 

50-09100 MD50-03-49738 20 Trichloro-1,2,2-trifiuoroethane[1, 1,2-] 130 None 01/09/03 

50-09100 MD50-01-0027 20 Trichloro-1,2,2-trifiuoroethanef 1, 1,2-] 230 None 11/26/01 

50-09100 MD50-01-0001 20 Trichloro-1,2,2-trifiuoroethane[1, 1,2-] 260 None 03/26/01 

50-09100 MD50-01-0022 20 Trichloroethane[1, 1, 1-] 22 None 08/08/01 

50-09100 MD50-03-49738 20 Trichloroethane[1, 1, 1-] 32 None 01/09/03 
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Table D-4 (continued) 

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

50-09100 MD50-01-0001 20 Trichloroethane(1, 1, 1-] 52 None 03/26/01 

50-09100 MD50-01-0027 20 Trichloroethane[1, 1, 1-] 54 None 11/26/01 

50-09100 MD50-03-49738 20 Trichloroethene 760 None 01/09/03 

50-09100 MD50-01-0027 20 Trichloroethene 1100 None 11/26/01 

50-09100 MD50-01-0022 20 Trichloroethane 1400 None 08/08/01 

50-09100 MD50-01-0001 20 Trichloroethane 1600 None 03/26/01 

50-09100 MD50-03-49738 20 Trichlorofluoromethane 3.7 None 01/09/03 

50-09100 MD50-01-0027 20 Trichlorofluoromethane 6 None 11/26/01 

50-09100 MD50-01-0022 20 Xylene (Total) 8.9 None 08/08/01 

50-09100 MD50-01-0022 20 Xylene[1,2-] 3.8 None 08/08/01 

50-09100 MD50-03-49739 50 Carbon tetrachloride 49 None 01/09/03 

50-09100 MD50-01-0023 50 Carbon tetrachloride 52 None 08/08/01 

50-09100 MD50-01-0028 50 Carbon tetrachloride 67 None 11/26/01 

50-09100 MD50-03-49739 50 Chloroform 220 None 01/09/03 

50-09100 MD50-01-0023 50 Chloroform 270 None 08/08/01 

50-09100 MD50-01-0028 50 Chloroform 360 None 11/26/01 

50-09100 MD50-03-49739 50 Dichlorodifluoromethane 100 None 01/09/03 

50-09100 M D50-01-0028 50 Dichlorodifluoromethane 150 None 11/26/01 

50-09100 MD50-03-49739 50 Dichloroethane(1,2-] 8.3 J 01/09/03 

50-09100 MD50-03-49739 50 Dichloroethene(1, 1-] 9.7 None 01/09/03 

50-09100 MD50-03-49739 50 Dichloroethene(cis-1,2-] 40 None 01/09/03 

50-09100 MD50-01-0023 50 Dichloroethene(cis-1,2-] 52 None 08/08/01 

50-09100 MD50-01-0028 50 Dichloroethene[cis-1,2-] 63 None 11/26/01 

50-09100 MD50-03-49739 50 Dichloropropane[1,2-] 12 None 01/09/03 

50-09100 MD50-01-0023 50 Dichloropropane(1,2-] 21 None 08/08/01 

50-09100 MD50-01-0028 50 Dichloropropane(1,2-] 28 None 11 /26/01 

50-09100 MD50-03-49739 50 Methylene chloride 11 None 01/09/03 

50-09100 M D50-01-0028 50 Methylene chloride 30 None 11/26/01 

50-09100 MD50-03-49739 50 Tetrachloroethene 100 None 01/09/03 

50-09100 MD50-01-0023 50 Tetrachloroethene 130 None 08/08/01 

50-09100 MD50-01-0028 50 Tetrachloroethene 180 None 11/26/01 

50-09100 MD50-03-49739 50 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 200 None 01/09/03 

50-09100 MD50-01-0023 50 Trichloro-1,2,2-trifluoroethane(1, 1,2-] 350 None 08/08/01 

50-09100 MD50-01-0028 50 Trichloro-1,2,2-trifluoroethane(1, 1,2-] 410 None 11/26/01 

50-09100 MD50-03-49739 50 Trichloroethane(1, 1, 1-] 62 None 01/09/03 

50-09100 MD50-01-0023 50 Trichloroethane[1, 1, 1-] 86 None 08/08/01 

50-09100 MD50-01-0028 50 Trichloroethane[1, 1, 1-] 110 None 11/26/01 

ER2005-0172 D-39 October 2005 



MDA C Investigation Work Plan, Revision 2 

Table D-4 (continued) 

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

50-09100 MD50-03-49739 50 Trichloroethene 2700 None 01/09/03 

50-09100 MD50-01-0023 50 Trichloroethene 4000 None 08/08/01 

50-09100 MD50-01-0028 50 Trichloroethene 4400 None 11/26/01 

50-09100 MD50-03-497 40 90 Carbon tetrachloride 60 None 01/09/03 

50-09100 MD50-00-0124 90 Carbon tetrachloride 80 None 12/18/00 

50-09100 MD50-00-0099 90 Carbon tetrachloride 140 J 08/02/00 

50-09100 MD50-03-497 40 90 Chloroform 230 None 01/09/03 

50-09100 MD50-00-0124 90 Chloroform 370 None 12/18/00 

50-09100 MD50-03-497 40 90 Dichlorodifluoromethane 110 None 01/09/03 

50-09100 MD50-00-0099 90 Dichlorodifluoromethane 230 J 08/02/00 

50-09100 MD50-03-49740 90 Dichloroethene[cis-1,2-] 52 None 01/09/03 

50-09100 MD50-00-0124 90 Dichloroethene(cis-1,2-] 72 None 12/18/00 

50-09100 MD50-00-0099 90 Dichloroethene[cis-1,2-] 110 J 08/02/00 

50-09100 MD50-00-0124 90 Dichloropropane[1,2-] 31 None 12/18/00 

50-09100 MD50-03-49740 90 Methylene chloride 28 None 01/09/03 

50-09100 MD50-00-0124 90 Methylene chloride 54 None 12/18/00 

50-09100 MD50-03-497 40 90 Tetrachloroethene 130 None 01/09/03 

50-09100 MD50-00-0099 90 Tetrachloroethene 240 J 08/02/00 

50-09100 MD50-00-0124 90 Tetrachloroethene 240 None 12/18/00 

50-09100 MD50-03-497 40 90 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 200 None 01/09/03 

50-09100 MD50-00-0124 90 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 350 None 12/18/00 

50-09100 MD50-00-0099 90 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 520 J 08/02/00 

50-09100 MD50-03-497 40 90 Trichloroethane[1, 1, 1-] 60 None 01/09/03 

50-09100 MD50-00-0124 90 Trichloroethane(1, 1, 1-] 110 None 12/18/00 

50-09100 MD50-00-0099 90 Trichloroethane[1, 1, 1-] 140 J 08/02/00 

50-09100 MD50-03-49740 90 Trlchloroethene 3300 None 01/09/03 

50-09100 MD50-00-0124 90 Trichloroethene 6100 None 12/18/00 

50-09100 MD50-00-0099 90 Trichloroethene 9400 None 08/02/00 

50-09100 MD50-03-497 41 103 Carbon tetrachloride 66 None 01/09/03 

50-09100 MD50-01-0021 103 Carbon tetrachloride 89 None 08/08/01 

50-09100 MD50-03-497 41 103 Chloroform 250 None 01/09/03 

50-09100 MD50-01-0021 103 Chloroform 380 None 08/08/01 

50-09100 MD50-03-49741 103 Dichlorodifluoromethane 120 None 01/09/03 

50-09100 MD50-03-497 41 103 Dichloroethene[cis-1,2-] 58 None 01/09/03 

50-09100 MD50-01-0021 103 Dichloroethene[cis-1,2-] 84 None 08/08/01 

50-09100 MD50-03-49741 103 Dichloropropane(1,2-] 18 None 01/09/03 

50-09100 MD50-01-0021 103 Dichloropropane[1,2-] 32 None 08/08/01 
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Table D-4 {continued) 

Location Sample Depth Result Collection 
ID ID (fl) Analyte (ppbv) FU4_QUAL Date 

50-09100 MD50-03-49741 103 Methylene chloride 38 None 01/09/03 

50-09100 MD50-01-0021 103 Methylene chloride 57 None 08/08/01 

50-09100 MD50-03-497 41 103 Tetrachloroethene 140 None 01/09/03 

50-09100 MD50-01-0021 103 T etrachloroethene 230 None 08/08/01 

50-09100 MD50-03-49741 103 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 200 None 01/09/03 

50-09100 MD50-01-0021 103 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 350 None 08/08/01 

50-09100 MD50-03-49741 103 Trichloroethane[1, 1, 1-] 53 None 01/09/03 

50-09100 MD50-01-0021 103 Trichloroethane[1, 1, 1-] 98 None 08/08/01 

50-09100 MD50-03-497 41 103 Trichloroethane 3800 None 01/09/03 

50-09100 MD50-01-0021 103 Trichloroethane 5600 None 08/08/01 

50-09100 MD50-03-497 42 120 Carbon tetrachloride 68 None 01/09/03 

50-09100 MD50-03-497 42 120 Chloroform 260 None 01/09/03 

50-09100 MD50-03-49742 120 Dichlorodifluoromethane 120 None 01/09/03 

50-09100 MD50-03-49742 120 Dichloroethene[cis-1,2-] 70 None 01/09/03 

50-09100 MD50-03-49742 120 Dichloropropane[1,2-] 22 None 01/09/03 

50-09100 MD50-03-49742 120 Methylene chloride 62 None 01/09/03 

50-09100 MD50-03-49742 120 T etrachloroethene 160 None 01/09/03 

50-09100 MD50-03-497 42 120 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 170 None 01/09/03 

50-09100 MD50-03-49742 120 Trichloroethane[1, 1, 1-] 42 None 01/09/03 

50-09100 MD50-03-49742 120 Trichloroethene 4800 None 01/09/03 

50-09100 MD50-03-497 43 160 Carbon tetrachloride 77 None 01/09/03 

50-09100 MD50-03-49743 160 Dichlorodifluoromethane 120 None 01/09/03 

50-09100 M D50-03-497 43 160 Dichloroethene[cis-1,2-] 74 None 01/09/03 

50-09100 MD50-03-497 43 160 Methylene chloride 120 None 01/09/03 

50-09100 MD50-03-497 43 160 Tetrachloroethene 160 None 01/09/03 

50-09100 MD50-03-497 43 160 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 130 None 01/09/03 

50-09100 MD50-03-497 43 160 Trichloroethane[1, 1, 1-] 33 None 01/09/03 

50-09100 MD50-03-49743 160 Trichloroethane 5600 None 01/09/03 

50-09100 MD50-01-0002 200 Carbon tetrachloride 100 None 03/26/01 

50-09100 MD50-03-497 44 200 Carbon tetrachloride 110 None 01/09/03 

50-09100 MD50-00-0123 200 Carbon tetrachloride 120 None 12/18/00 

50-09100 MD50-01-0002 200 Chloroform 300 None 03/26/01 

50-09100 MD50-03-497 44 200 Chloroform 300 None 01/09/03 

50-09100 MD50-00-0123 200 Chloroform 380 None 12/18/00 

50-09100 MD50-03-49744 200 Dichlorodifluoromethane 170 None 01/09/03 

50-09100 MD50-00-0123 200 Dichloroethene[1, 1-] 48 None 12/18/00 

50-09100 MD50-01-0002 200 Dichloroethene[cis-1,2-] 100 None 03/26/01 
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Table D-4 (continued) 

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

50-09100 MD50-03-497 44 200 Dichloroethene[cis-1,2-] 100 None 01/09/03 

50-09100 MD50-00-0123 200 Dichloroethene[cis-1,2-] 110 None 12/18/00 

50-09100 MD50-00-0123 200 Dichloropropane[1,2-] 59 None 12/18/00 

50-09100 MD50-03-497 44 200 Methylene chloride 240 None 01/09/03 

50-09100 MD50-01-0002 200 Methylene chloride 270 None 03/26101 

50-09100 MD50-00-0123 200 Methylene chloride 410 None 12/18/00 

50-09100 MD50-03-49744 200 Tetrachloroethene 230 None 01/09/03 

50-09100 MD50-01-0002 200 Tetrachloroethene 270 None 03/26/01 

50-09100 MD50-00-0123 200 Tetrachloroethene 320 None 12/18/00 

50-09100 MD50-03-497 44 200 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 180 None 01/09/03 

50-09100 MD50-01-0002 200 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 190 None 03/26/01 

50-09100 MD50-00-0123 200 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 310 None 12/18/00 

50-09100 MD50-03-497 44 200 Trichloroethane[1, 1, 1-] 44 None 01/09/03 

50-09100 MD50-01-0002 200 Trichloroethane[1, 1, 1-] 62 None 03/26/01 

50-09100 MD50-00-0123 200 Trichloroethane[1, 1, 1-] 840 None 12/18/00 

50-09100 MD50-03-49744 200 Trichloroethene 8800 None 01/09/03 

50-09100 MD50-01-0002 200 Trichloroethene 9100 None 03/26/01 

50-09100 MD50-00-0123 200 Trichloroethene 12000 None 12/18/00 

50-09100 MD50-03-497 45 233 Carbon tetrachloride 97 None 01/09/03 

50-09100 MD50-03-497 45 233 Chloroform 270 None 01/09/03 

50-09100 MD50-03-49745 233 Dichlorodifluoromethane 140 None 01/09/03 

50-09100 MD50-03-49745 233 Dichloroethene[cis-1,2-] 100 None 01/09/03 

50-09100 MD50-03-497 45 233 Methylene chloride 230 None 01/09/03 

50-09100 MD50-03-49745 233 Tetrachloroethene 220 None 01/09/03 

50-09100 MD50-03-49745 233 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 140 None 01/09/03 

50-09100 MD50-03-49745 233 Trichloroethane 8700 None 01/09/03 

50-09100 MD50-01-0024 260 Acetone 68 None 08/08/01 

50-09100 MD50-01-0024 260 Benzene 4.3 None 08/08/01 

50-09100 MD50-01-0024 260 Butanone[2-] 32 None 08108101 

50-09100 MD50-01-0024 260 Carbon tetrachloride 12 None 08108/01 

50-09100 MD50-03-497 46 260 Carbon tetrachloride 86 None 01/09/03 

50-09100 MD50-01-0024 260 Chloroform 67 None 08/08/01 

50-09100 MD50-03-497 46 260 Chloroform 180 None 01/09/03 

50-09100 MD50-03-497 46 260 Dichlorodifluoromethane 130 None 01/09/03 

50-09100 MD50-01-0024 260 Dichloroethane[1,2-] 3.8 None 08/08/01 

50-09100 MD50-01-0024 260 Dichloroethene[cis-1,2-] 3.7 None 08/08/01 

50-09100 MD50-03-49746 260 Dichloroethene[cis-1,2-] 73 None 01/09/03 
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Table D-4 (continued) 

Location Sample Depth Result Collection 
ID ID (fl) Analyte (ppbv) FU4_QUAL Date 

50-09100 MD50-01-0024 260 Dichloropropane[1,2-] 14 None 08108101 

50-09100 MD50-01-0024 260 Ethanol 42 None 08108101 

50-09100 MD50-01-0024 260 Ethyl benzene 3.3 None 08108101 

50-09100 MD50-01-0024 260 Methanol 210 None 08108101 

50-09100 MD50-01-0024 260 Methylene chloride 8.6 None 08108101 

50-09100 MD50-03-497 46 260 Methylene chloride 150 None 01109103 

50-09100 MD50-01-0024 260 Propanol[2-] 35 None 08108101 

50-09100 MD50-03-49746 260 Tetrachloroethene 170 None 01109103 

50-09100 MD50-01-0024 260 Tetrachloroethene 510 None 08108101 

50-09100 MD50-01-0024 260 Toluene 43 None 08108101 

50-09100 MD50-01-0024 260 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 11 None 08108101 

50-09100 MD50-03-497 46 260 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 83 None 01109103 

50-09100 MD50-01-0024 260 Trichloroethane[1, 1, 1-] 17 None 08108101 

50-09100 MD50-01-0024 260 Trichloroethane 680 None 08108101 

50-09100 MD50-03-497 46 260 Trichloroethene 7000 None 01109103 

50-09100 MD50-01-0024 260 Xylene (Total) 13 None 08108101 

50-09100 MD50-01-0024 260 Xylene[1,2-] 5 None 08108101 

50-09100 MD50-03-49747 315 Carbon tetrachloride 74 None 01109103 

50-09100 MD50-00-0100 315 Carbon tetrachloride 140 J 08102/00 

50-09100 MD50-03-49747 315 Chloroform 190 None 01/09/03 

50-09100 MD50-03-49747 315 Dichloroethene[cis-1,2-] 77 None 01/09/03 

50-09100 MD50-00-0100 315 Dichloroethene[cis-1,2-] 100 J 08/02/00 

50-09100 MD50-03-497 4 7 315 Methylene chloride 160 None 01/09/03 

50-09100 MD50-00-0100 315 Methylene chloride 560 J 08/02/00 

50-09100 MD50-03-497 4 7 315 Tetrachloroethene 170 None 01/09103 

50-09100 M D50-00-0100 315 Tetrachloroethene 210 J 08/02/00 

50-09100 MD50-03-49747 315 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 34 None 01/09/03 

50-09100 MD50-03-4974 7 315 Trichloroethane 7600 None 01/09/03 

50-09100 MD50-00-0100 315 Trichloroethene 13000 None 08/02/00 

50-10131 MD50-01-0025 25 Acetone 28 None 11/26/01 

50-10131 MD50-01-0025 25 Butanone[2-] 69 None 11/26/01 

50-10131 MD50-03-49728 25 Carbon tetrachloride 12 None 01/08/03 

50-10131 MD50-01-0025 25 Carbon tetrachloride 25 None 11/26/01 

50-10131 MD50-03-49728 25 Chloroform 180 None 01/08/03 

50-10131 MD50-01-0025 25 Chloroform 220 None 11/26/01 

50-10131 M D50-01-0025 25 Dich1orodifluoromethane 34 None 11/26/01 

50-10131 MD50-03-49728 25 Dichloroethane[1,2-J 6 None 01/08103 
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Table 0-4 (continued) 

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

50-10131 MD50-01-0025 25 Dichloroethane[1,2-] 9.9 None 11 /26/01 

50-10131 MD50-01-0025 25 Dichloroethene[cis-1,2-] 6.9 None 11 /26/01 

50-10131 MD50-03-49728 25 Dichloropropane[1,2-] 16 None 01/08/03 

50-10131 MD50-01-0025 25 Dichloropropane[1,2-] 37 None 11 /26/01 

50-10131 MD50-01-0025 25 Methylene chloride 11 None 11/26/01 

50-10131 MD50-01-0025 25 Tetrachloroethene 1400 None 11/26/01 

50-10131 MD50-03-49728 25 T etrachloroethene 1600 None 01/08/03 

50-10131 MD50-01-0025 25 Toluene 98 None 11/26/01 

50-10131 MD50-03-49728 25 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 16 None 01/08/03 

50-10131 MD50-01-0025 25 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 27 None 11/26/01 

50-10131 MD50-03-49728 25 Trichloroethane[1, 1, 1-] 23 None 01/08/03 

50-10131 MD50-01-0025 25 Trichloroethane[1, 1, 1-] 62 None 11/26/01 

50-10131 MD50-03-49728 25 Trichloroethene 1400 None 01/08/03 

50-10131 MD50-01-0025 25 Trichloroethane 1800 None 11/26/01 

50-10131 MD50-03-49728 25 Trichlorofluoromethane 6.2 None 01/08/03 

50-10131 MD50-01-0025 25 Trichlorofluoromethane 9.2 None 11/26/01 

50-10131 MD50-03-49729 50 Carbon tetrachloride 24 None 01/08/03 

50-10131 MD50-03-49729 50 Chloroform 340 None 01/08/03 

50-10131 MD50-03-49729 50 Dichloroethane[1,2-] 20 None 01/08/03 

50-10131 MD50-03-49729 50 Dichloroethene[cis-1,2-] 9.4 None 01/08/03 

50-10131 MD50-03-49729 50 Dichloropropane[1,2-] 52 None 01/08/03 

50-10131 MD50-03-49729 50 Ethanol 5700 J- 01/08/03 

50-10131 MD50-03-49729 50 Methylene chloride 12 None 01/08/03 

50-10131 MD50-03-49729 50 Propanol[2-] 220 None 01/08/03 

50-10131 MD50-03-49729 50 Tetrachloroethene 2100 None 01/08/03 

50-10131 MD50-03-49729 50 Trichloro-1,2,2-triftuoroethane[1, 1,2-] 31 None 01/08/03 

50-10131 MD50-03-49729 50 Trichloroethane[1, 1, 1-] 28 None 01/08/03 

50-10131 MD50-03-49729 50 Trichloroethene 2300 None 01/08/03 

50-10131 MD50-03-49730 75 Carbon tetrachloride 30 None 01/08/03 

50-10131 MD50-03-49730 75 Chloroform 300 None 01/08/03 

50-10131 MD50-03-49730 75 Dichloroethane[1,2-] 19 None 01/08/03 

50-10131 MD50-03-49730 75 Dichloroethene[cis-1,2-] 9.1 None 01/08/03 

50-10131 MD50-03-49730 75 Dichloropropane[1,2-] 59 None 01/08/03 

50-10131 MD50-03-49730 75 Methylene chloride 16 None 01/08/03 

50-10131 MD50-03-49730 75 Tetrachloroethene 1600 None 01/08/03 

50-10131 MD50-03-49730 75 Trichloro-1,2,2-triftuoroethane[1, 1,2-] 35 None 01/08/03 

50-10131 MD50-03-49730 75 Trichloroethane[1, 1, 1-] 28 None 01/08/03 
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Table D-4 (continued) 

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

50-10131 MD50-03-49730 75 Trichloroethane 1900 None 01/08/03 

50-10131 MD50-03-49730 75 Trichlorofluoromethane 8.2 None 01/08/03 

50-10131 MD50-03-49731 100 Carbon tetrachloride 42 None 01/08/03 

50-10131 MD50-03-49731 100 Chloroform 260 None 01/08/03 

50-10131 MD50-03-49731 100 Dichloroethane[1,2-] 18 None 01/08/03 

50-10131 MD50-03-49731 100 Dichloroethene[cis-1,2-] 12 None 01/08/03 

50-10131 MD50-03-49731 100 Dichloropropane[1,2-] 71 None 01/08/03 

50-10131 MD50-03-49731 100 Methylene chloride 18 None 01/08/03 

50-10131 MD50-03-49731 100 Tetrachloroethene 1400 None 01/08103 

50-10131 MD50-03-49731 100 Trichloro-1,2,2-triftuoroethane[1, 1,2-] 48 None 01/08/03 

50-10131 MD50-03-49731 100 Trichloroethane[1, 1, 1-] 34 None 01/08/03 

50-10131 MD50-03-49731 100 Trichloroethane 2000 None 01/08/03 

50-10131 MD50-03-49731 100 Trichlorofluoromethane 9.4 None 01/08/03 

50-10131 MD50-03-49732 125 Carbon tetrachloride 29 None 01/08/03 

50-10131 MD50-01-0026 125 Carbon tetrachloride 36 None 11/26/01 

50-10131 MD50-03-49732 125 Chloroform 120 None 01/08103 

50-10131 MD50-01-0026 125 Chloroform 180 None 11126/01 

50-10131 MD50-01-0026 125 Dichlorodifluoromethane 50 None 11/26/01 

50-10131 MD50-03-49732 125 Dichloroethane[1,2-] 9.8 None 01/08/03 

50-10131 MD50-01-0026 125 Dichloroethane[1,2-] 12 None 11/26/01 

50-10131 MD50-03-49732 125 Dichloroethene[cis-1,2-] 8.4 None 01/08/03 

50-10131 M D50-01-0026 125 Dichloroethene[cis-1,2-] 10 None 11/26/01 

50-10131 MD50-03-49732 125 Dichloropropane[1,2-] 43 None 01/08/03 

50-10131 MD50-01-0026 125 Dichloropropane[1,2-] 59 None 11/26/01 

50-10131 MD50-01-0026 125 Ethanol 35 None 11/26/01 

50-10131 MD50-03-49732 125 Methylene chloride 18 None 01/08/03 

50-10131 MD50-01-0026 125 Methylene chloride 19 None 11/26/01 

50-10131 MD50-03-49732 125 Tetrachloroethene 600 None 01/08/03 

50-10131 MD50-01-0026 125 Tetrachloroethene 1000 None 11/26/01 

50-10131 MD50-01-0026 125 Toluene 42 None 11/26/01 

50-10131 MD50-03-49732 125 Trichloro-1,2,2-triftuoroethane[1, 1,2-] 32 None 01/08/03 

50-10131 MD50-01-0026 125 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 52 None 11/26/01 

50-10131 MD50-03-49732 125 Trichloroethane[1, 1, 1-] 21 None 01/08/03 

50-10131 MD50-01-0026 125 Trichloroethane[1, 1, 1-] 49 None 11/26/01 

50-10131 MD50-03-49732 125 Trichloroethane 1100 None 01/08/03 

50-10131 MD50-01-0026 125 Trichloroethene 1600 None 11/26/01 

50-10131 MD50-03-49732 125 Trichlorofluoromethane 5.4 None 01/08/03 
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Table D-4 (continued) 

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

50-10131 MD50-01-0026 125 Trichlorofluoromethane 9.7 None 11/26/01 

50-10131 MD50-03-49733 150 Carbon tetrachloride 61 None 01/08/03 

50-10131 MD50-03-49733 150 Chloroform 160 None 01/08/03 

50-10131 MD50-03-49733 150 Dichloroethane[1,2-] 13 None 01/08/03 

50-10131 MD50-03-49733 150 Dichloroethene[cis-1,2-] 14 None 01/08/03 

50-10131 MD50-03-49733 150 Dichloropropane[1,2-] 64 None 01/08/03 

50-10131 MD50-03-49733 150 Methylene chloride 26 None 01/08/03 

50-10131 MD50-03-49733 150 Tetrachloroethene 990 None 01/08/03 

50-10131 MD50-03-49733 150 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 51 None 01/08/03 

50-10131 MD50-03-49733 150 Trichloroethane[1, 1, 1-] 34 None 01/08/03 

50-10131 MD50-03-49733 150 Trichloroethane 1900 None 01/08/03 

50-10131 MD50-03-49733 150 Trichlorofluoromethane 8.7 None 01/08/03 

50-10131 MD50-03-49734 175 Carbon tetrachloride 75 None 01/08/03 

50-10131 MD50-03-49734 175 Chloroform 120 None 01/08/03 

50-10131 MD50-03-49734 175 Dichloroethane[1,2-] 9.4 None 01/08/03 

50-10131 MD50-03-49734 175 Dichloroethene[cis-1,2-] 15 None 01/08/03 

50-10131 MD50-03-49734 175 Dichloropropane[1,2-] 59 None 01/08/03 

50-10131 MD50-03-49734 175 Methylene chloride 25 None 01/08/03 

50-10131 MD50-03-49734 175 Tetrachloroethene 920 None 01/08/03 

50-10131 MD50-03-49734 175 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 41 None 01/08/03 

50-10131 MD50-03-49734 175 Trichloroethane[1, 1, 1-] 31 None 01/08/03 

50-10131 MD50-03-49734 175 Trichloroethane 1900 None 01/08/03 

50-10131 MD50-03-49734 175 Trichlorofluoromethane 8.1 None 01/08/03 

50-10131 MD50-03-49735 200 Carbon tetrachloride 85 None 01/08/03 

50-10131 MD50-03-49735 200 Chloroform 87 None 01/08/03 

50-10131 MD50-03-49735 200 Dichloroethene[cis-1,2-] 13 None 01/08/03 

50-10131 MD50-03-49735 200 Dichloropropane[1,2-] 47 None 01/08/03 

50-10131 MD50-03-49735 200 Methylene chloride 26 None 01/08/03 

50-10131 MD50-03-49735 200 Tetrachloroethene 800 None 01/08/03 

50-10131 MD50-03-49735 200 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 32 None 01/08/03 

50-10131 MD50-03-49735 200 Trichloroethane[1, 1, 1-] 27 None 01/08/03 

50-10131 MD50-03-49735 200 Trichloroethane 1800 None 01/08/03 

50-10131 MD50-03-49735 200 Trichlorofluoromethane 8.3 None 01/08/03 

50-10131 MD50-03-49736 225 Carbon tetrachloride 99 None 01/08/03 

50-10131 MD50-03-49736 225 Dichlorodifluoromethane 76 None 01/08/03 

50-10131 MD50-03-49736 225 Dichloroethene[cis-1,2-] 13 None 01/08/03 

50-10131 MD50-03-49736 225 Dichloropropane[1,2-] 43 None 01/08/03 
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Table D-4 (continued) 

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

50-10131 MD50-03-49736 225 Methylene chloride 26 None 01/08/03 

50-10131 MD50-03-49736 225 Tetrachloroethene 800 None 01/08/03 

50-10131 MD50-03-49736 225 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 28 None 01/08/03 

50-10131 MD50-03-49736 225 Trichloroethane[1, 1, 1-] 26 None 01/08/03 

50-10131 MD50-03-49736 225 Trichloroethane 1900 None 01/08/03 

50-10131 MD50-03-49736 225 Trichlorofluoromethane 8.6 None 01/08/03 

50-10131 MD50-03-49737 250 Carbon tetrachloride 67 None 01/08/03 

50-10131 MD50-03-49737 250 Dichlorodifluoromethane 51 None 01/08/03 

50-10131 MD50-03-49737 250 Dichloroethene[cis-1,2-] 7.2 None 01/08/03 

50-10131 MD50-03-49737 250 Dichloropropane[1,2-] 22 None 01/08/03 

50-10131 MD50-03-49737 250 Methylene chloride 14 None 01/08/03 

50-10131 MD50-03-49737 250 Tetrachloroethene 450 None 01/08/03 

50-10131 MD50-03-49737 250 Trichloro-1,2,2-trifluoroethane[1, 1,2-] 14 None 01/08/03 

50-10131 MD50-03-49737 250 Trichloroethane[1, 1, 1-] 15 None 01/08/03 

50-10131 MD50-03-49737 250 Trichloroethane 1100 None 01/08/03 

50-10131 MD50-03-49737 250 Trichlorofluoromethane 5.6 None 01/08/03 

Table D-5 
Tritium Probe Data at MDA C 

Sample Depth Result 
Location ID (ft) Sample ID Analyte (pCi/mL) 

50-03-21464 2.5 MD50-03-49958 Tritium 111 

50-03-21465 2.5 MD50-03-49959 Tritium 8.87 

50-03-21466 2.5 MD50-03-49960 Tritium 128 

50-03-21467 2.5 MD50-03-49961 Tritium 2500 

50-03-21468 2.5 M D50-03-49962 Tritium 36.2 

50-03-21469 2.5 MD50-03-49963 Tritium 90.5 

50-03-21470 2.5 MD50-03-49964 Tritium 84.2 

50-03-21471 2.5 MD50-03-49965 Tritium 246 

50-03-21472 2.5 MD50-03-49966 Tritium 1400 

50-03-21473 2.5 MD50-03-49967 Tritium 20.2 

50-03-21474 2.5 MD50-03-49968 Tritium 12.7 

50-03-21475 2.5 MD50-03-49969 Tritium 41 

50-03-21476 2.5 MD50-03-49970 Tritium 17.6 

50-03-21477 2.5 MD50-03-49971 Tritium 9.93 

50-03-21478 2.5 MD50-03-49972 Tritium 23.9 
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APPENDIX F INVESTIGATION-DERIVED WASTE MANAGEMENT 

This appendix to the work plan describes how investigation-derived waste (IDW) generated during the 
investigation of Material Disposal Area (MDA) C at Los Alamos National Laboratory (the Laboratory) will 
be managed. IDW is solid waste generated as a result of field:investigation activities and may include, but 
is not limited to, drill cuttings; purge water; contaminated personal protective equipment (PPE), sampling 
supplies, and plastic; fiuids from the decontamination of PPE and sampling equipment; and all other 
wastes potentially contacting contaminantn. CertaiR field iRvesligalion aslivities may also displase 
onvironmonlal media, whish is dofiRed as nalumlly oseuFFing maleFial indigenous lo !ho enviFOnmenl, 
insluding gFOundwaleF, suriase waleF, suriase aRd sussuriase soils, Fosl,s, sedrosk, aRd gmvel. 
Consislanl with the U.S. En•1iFOnmenlal PFaleslioR Agensy (EPA) "aroa of soRlaminalion" polisy, 
en•,ironmeRlal media aFe not sonsideFed la se waste (aRd, hense, not IDW) if they aFO rnluFAed la lheiF 
point of OFigin. IDW generated during the investigation of MDA C will be managed to protect human health 
and the environment, comply with applicable regulatory requirements, and adhere to Laboratory waste: 
minimization goals. 

All IDW generated during field:investigation activities will be managed in accordance with applicable 
Environmental Stewardship-Environmental Characterization and Remediation (ENV-ECR) Group 
standard operating procedures (SOPs). These SOPs incorporate the requirements of all applicable 
Environmental Protection Agency (EPA) and New Mexico Environment Department (NMED) regulations, 
Department of Energy (DOE) orders, and Laboratory Implementation Requirements (LIRs). The 
ENV:ECR SOPs applicable to the characterization and management of IDW are 

• SOP-1.06, Management of Environmental Restoration Project Waste and 

• SOP-1.10, Waste Characterization. 

These SOPs are among those applicable to the investigation at MDA C and are available at the following 
URL: http://erproiect.lanl.gov/documents/procedures.html. Before the start of field investigation activities, 
a Waste Characterization Strategy Form {WCSF) will be prepared and approved per the requirements of 
SOP-01.10. The WCSF will provide detailed information on IDW characterization, management, 
containerization, and possible volumes. IDW characterization will be completed by reviewing existing data 
and/or documentation. by direct sampling of the IDW. and/or by sampling the media being investigated 
(i.e .• surface soil, subsurface soil, etc.). If direct waste characterization sampling is necessary. it will be 
described in the WCSF. 

The Laboratory's 2004 Pollution Prevention Roadmap will be implemented during field investigations at 
MDA C to minimize waste generation. This plan is updated annually as a requirement of Module VIII of 
the Laboratory's Hazardous Waste Facility Permit. 

IRvosligalion aslivilies will se sondusled in a manReF Iha! miRimii!es the waste gaRoFalion sy 
implementing Iha Fa~uiFemenls of the El>JV EnviFOnmenlal Remediation and SuFVeillanse (E~N ERS) 
Program's l/1/asle Minimii!alion Awarnnass Plan, whish is updated annually as a Fa~uiFamanl of 
Module VII I of the lasoFaloF)''s 1-lawFdous Waste f'asilily PeFmil. 

The IDW waste streams associated with the investigation of MDA Care identified in Table F-1 and are 
summarized below. Table F-1 also summarizes the waste type, estimated volume. method of on-site 
management. and expected disposition for each of these waste streams. 
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Drill cuttings. The drill cuttings waste stream will consist of cuttings from all boreholes drilled during field 
activities. to 0e somaleled as vaaor moAiloriAe wells. Drill suttiAas frem otRer 0oreRoles will 0e retumed lo 
tRo 0er0Rolos iA assorElaAso witR EPA's "area ef soAlarAiAalieA" aelisy. Drill cuttings will be collected and 
containerized at the point of generation {i.e .• at the drill rig). The drill cutting waste stream will be 
characterized with analytical results by direct sampling of the containerized waste. The maximum 
detected concentrations of radionuclides will be compared with background/fallout values. If the maximum 
concentrations are above background/fallout values. the waste cuttings will be designated as low-level 
radioactive waste (LLW). The total concentrations of toxicity characteristic leaching procedure (TCLP) 
constituents will be compared with 20 times the TCLP regulatory level. If the total concentrations are less 
than 20 times the TCLP regulatory level. the waste cuttings will be designated nonhazardous by 
characteristic. If total concentrations exceed 20 times the TCLP regulatory level. the waste cuttings will be 
sampled and analyzed using the TCLP to determine if it is hazardous by characteristic. If potential EPA­
listed hazardous waste constituents are detected. the Laboratory will conduct a review of historical 
records and data in an effort to determine whether the source of each constituent was a listed hazardous 
waste at its point of generation. If the source is determined to be a listed hazardous waste. the cuttings 
will be managed as hazardous or mixed waste (depending on the levels of radioactivity). Otherwise. the 
cuttings will be managed as nonhazardous solid waste or LLW (depending on the levels of radioactivity). 
Based on the results of previous investigations at MDA C. the Laboratory expects these wastes to be 
designated as LLW that will be disposed of at Technical Area (TA) 54 or at an off-site disposal facility. iR 
asserdaAse wilR ENV ECR SOP 01.1 O iA erder le determiAe waste lyae aAd disaesitioA. TRe ba0oralory 
e,mests IRese wastes lo 00 desieAaled as low level waste fbbW) !Rat will 0e ElisaoseEI of at TA 54 
Area G. 

Spent PPE. The spent PPE waste stream will consist of PPE that has potentially contacted contaminated 
environmental media (i.e., core and/or drill cuttings) and that cannot be decontaminated. The bulk of this 
waste stream will consist of protective clothing such as coveralls. gloves. and shoe covers. Spent PPE 
will be collected in containers at !Re losalioA ef personnel decontamination stations. Characterization of 
this waste stream will be performed through acceptable knowledge of the waste materials. the methods of 
generation. and the analytical results from the sampling of the environmental media with which the 
materials were in contact. The TRe saeAI PPE stream will 00 SRarastericed iA assordaAse wilR E~IV ECR 
SOP 01.10 le determiAe lRe waste lyae □Ad its diseosilioA. TRe Laboratory expects these wastes to be 
designated as LLW that will be disposed of at TA-54 or at an off-site disposal facility. 

Disposable sampling supplies. The disposable sampling supplies waste stream will consist of all 
equipment and materials necessary for collecting samples that come into direct contact with 
contaminated environmental media and that cannot be decontaminated. This waste stream will consist 
primarily of paper and plastic items collected in bags at the sampling location and transferred to 
accumulation drums. This waste stream also includes wastes associated with dry decontamination 
activities. TRe sameliAe sueelies waste stream will 0e sRarastericeEI iA assorElaAso wilR HN ECR 
SOP 01.10 iA order to delermiAe waste tyae aAd dis13ositieA.Characterization of this waste stream will be 
performed through acceptable knowledge of the waste materials. the methods of generation. and the 
analytical results from the sampling of the environmental media with which the materials were in contact. 
The Laboratory expects these wastes to be designated as LLW that will be disposed of at TA-54 or at an 
off-site disposal facility. 

Decontamination fluids. The decontamination fluids waste stream will consist of liquid wastes from 
decontamination activities (i.e .• decontamination solutions and rinse waters). Consistent with waste 
minimization practices. the Laboratory employs dry decontamination methods to the extent possible. If dry 
decontamination cannot be performed. liquid decontamination wastes will be collected in containers at the 
point of generation and characterized with analytical results from direct sampling of the containerized 
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waste.lraRsfeFFea le aoot1mt1lalieR art1ms. Ttie aeoeRlamiRalieR ~bliss waste stream will 90 otiaraolericea 
iA asseraaRse wilti ls~IV lsCR SOP Q1 .1 Q iR eraer ta aelermiRe waste tvae aRa aisaesitieR. The 
Laboratory expects these wastes to be designated as liquid LLW radieaolive liat1id waste that will be sent 
to the Radioactive Liquid Waste Treatment Facility at TA-50 for disposal. 

Spent HEPA Filters. This waste stream consists of spent HEPA filters generated during dust suppression 
activities while air coring borehole BH09. The spent HEPA filter characteristics will be determined using 
the data collected during the characterization of the borehole cuttings. The spent HEPA filters will be 
managed as LLW until data from the borehole cuttings are obtained. The spent HEPA filters will be stored 
on-site within a 55-gal. drum until final characterization. The spent HEPA filters will be disposed of at 
TA-54 or at an off-site Laboratory-approved disposal facility. 

Empty containers from high explosive (HE/ test kits. This waste stream includes plastic containers, glass 
tubes, or eye droppers containing a sodium azide buffer solution or acetone solutions from HE spot test 
kits, called DTE CH test kits, which use acetone as a solvent and a separate buffer solution containing 
sodium azide. Any remaining spent acetone or residual sodium azide buffer solution will be managed as 
described below. All test kit component containers will be fully emptied of their contents as part of the 
process and will meet the definition of "Resource Conservation and Recovery Act (RCRA) empty," per 
40 CFR 261.7, before being declared as waste. Less than 4 L of waste will be generated for the entire 
investigation. The empty containers will be managed as empty product containers and disposed of as 
nonhazardous, nonradioactive solid waste. As a best management practice, the containers that held 
acetone will be stored separately from those that held sodium azide buffer solution and will be disposed 
of at a Laboratory-approved industrial waste facility. 

Spent acetone with soil from HE test kits. This waste stream consists of spent solvent mixed with soil. Soil 
screening for HE with DTECH test kits requires using acetone as a solvent to extract the HE compounds 
from soil. Approximately 20 ml of waste are generated per test. This waste will be characterized using 
acceptable knowledge of the process that generates the waste and the material used in this process. This 
waste will be managed as RCRA mixed waste. Acetone, as a spent solvent, is a listed hazardous waste 
{EPA Hazardous Waste Number F003) and exhibits the characteristic of ignitability (D001 ): the soil to be 
tested from boreholes at MDA C is expected to be LLW. This waste will be packaged in a sealed inner 
container and stored inside a hazardous waste drum within a registered Satellite Accumulation Area 
(SAA), in accordance with all Laboratory and ENV-ECR Group requirements. The SAA will be located 
within the fence at MDA C. Disposal of the waste will be at a Laboratory-approved off-site treatment, 
storage, and disposal facility {TSDF). 

Residual sodium azide buffer solution. Approximately 1 ml of residual sodium azide buffer solution may 
be left over per sample analysis and will be transferred into a 1 L polyethylene bottle. The residual buffer 
solution will be managed in accordance with 40 CFR Part 261.33(c), whereby the residue in the container 
carries the hazardous waste listing unless the container is deemed RCRA-empty. The residual sodium 
azide buffer solution is listed as acutely hazardous waste and will be segregated and stored in a sealed 
container within a registered SAA in a secure area within the fence at MDA C, pending transportation to 
and disposal at a Laboratory-approved off-site TSDF. 

Bolero field invesli!JalieR asli>,•ilies 80!JiR, a Waste Clc1araslericalieR SlralO!JY Ferm (WCSF) will 88 
prepared aAd appre~•ed per !tie reqt1irem0Rls af ls~IV lsCR SOP Q1.1Q. Ttie 'A'CSF will pre•,ide detailed 
inlermalieR eR ID'A' stiaraolericalieA, maRa!JemeRI, oenlaiRericalieR, aRd peleRlial •1elt1me !JOReralieA. 
Ttie IDW oi'laraolericalieA will 88 aooemplisl'led 9y re•,iewiR!l ei<isliR!l data aRd/Gr dest1meRlalieA, 9y direct 
sampliR!l ef li'le IDW, er 9y sampliR!l ef ti'le media 80iR!l iRvesli!Jaled (i.e., st1rfase sail, st18St1rfaoe sail, 
els.). If sampliR!l is Aesessary, ii will 88 dessrieed iA a samplin!l aAd aAalysis plaA developed iR 
seRjYRSlieR wilR IRe 'A'CSF. 
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The selection of waste containers will be based on the appropriate U.S. Department of Transportation 
requirements. waste types. and estimated volumes aAEl t~e type aAEl ams~At of IDW planneEl to be 
generated. Immediately following containerization, each waste container will be individually labeled with a 
unique identification number and with information regarding waste classification. item(s). 13y waste 
elassifieatisn, item iElentifiealisn n~ml3er, radioactivity (if applicable), and date generated. If wastes are 
pending analytical results to make a final characterization determination, the containers will be labeled as 
such until analytical results are available. The wastes will be contained esntainers will 13s mana§eEl in 
clearly marked and appropriately constructed waste accumulation areas. Waste accumulation area 
postings, regulated storage duration, and inspection requirements will be based on the type of IDW and 
its classification. Container and storage requirements will be detailed in the WCSF and approved before 
the waste is generated. 
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Table F-1 
Summarv of Estimated IDW Generation and Manaaement 

Waste Stream ExRected Waste TyRe Estimated Volume On-Site Management EXReCted DiSROSition 

Drill cuttingsa llW 2060 ft3 8-25 boxes Disgosal at TA-54 or 
22 x 8-25 boxes Laborato[Y-aQQroved 

off-site disgosal facility 

Sgent PPE llW 2x55gal.0 Accumulation in Disgosal at TA-54 or 
55-gal. drums LaboratO!:Y>8QQroved 

off-site disQosal facility 

Disgosable llW 3x55gal.0 
Accumulation in Disgosal at T A-54 or 

samg;ling SUQQlies 55-gal. drums Laborato[Y-8QQroved 
off-site disQosal facility 

Decontamination llW <55-qal.b Accumulation in Treatment at the 
fluids 55-gal. drums. Radioactive Liguid 

Waste Treatment Facility 
at TA-50 

Sgent HEPA filters llW <55-gal. Accumulation in Disgosal at TA-54, or 
55-gal. drum Laborato(l:'.-aQgroved 

off-site disgosal facilitl'. 

EmQty containers RCRA-emgty 4l Accumulation in Laborato[Y-aggroved 
from HE sgot test 5-gal. container industrial waste facilit)'. 

Sgent acetone with RCRA mixed waste 20 ml ger test SSA Laborato[l:'.-8QQroved 
soil off-site TSDF 

Residual sodium EPA Hazardous 1 ml ger test SSA Laboratoct:-am:iroved 
azide buffer P105 off-site TSDF 
solution 

a This waste includes only those cuttings that cannot be returned to the point of origin. 

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