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Executive Summary

The U.S. Department of Energy (DOE) and Lawrence Livermore National Laboratory
(LLNL) have prepared this Remedial Design report for the Building 850 subarea of the
Building 850/Pits 3 and 5 Operable Unit at Site 300. LLNL Site 300 is a DOE-owned
experimental test facility operated by the University of California.

A remedial action for the Building 850 subarea was selected in the Interim Site-Wide Record
of Decision for LLNL Site 300 (DOE, 2001). This Remedial Design report summarizes the site
history, geology, hydrogeology, nature and extent of contamination, human health and ecological
risk assessment, and previous remediation activities, and presents the planned remedial design
for the Building 850 area. In addition, it presents a Remedial Action Work Plan for the selected
remedy. All necessary institutional controls for the planned remedial designs are described in
the Risk and Hazard Management Program, included in the Compliance Monitoring Plan for
Interim Remedies (Ferry et al., 2002).

From 1960 to the present, explosives tests at the Building 850 firing table released hazardous
chemicals and radionuclides to the environment. Contaminants of concern include:

« Surface soil: Polychlorinated biphenyls (PCBs), dioxins, furans, depleted uranium,
beryllium, HMX, and metals.

« Subsurface soil: Tritium and uranium.
+ Surface water: Tritium and possibly depleted uranium.
« Ground water: Tritium, depleted uranium, nitrate, and possibly perchlorate.

The selected interim remedy for ground water cleanup in the Building 850 subarea consists
of Monitored Natural Attenuation (MNA) for tritium in ground water and continued monitoring
for other contaminants of concern in ground water. An MNA remedy for tritium was accepted
because the following criteria have been met: (1) tritium is not posing an unacceptable risk to
human health or the environment, (2) tritium activity data indicate that the firing table source is
no longer releasing tritium to ground water, and (3) the areal extent of tritium in ground water
defined by the drinking water Maximum Contaminant Level (MCL) isoconcentration contour is
decreasing. An evaluation of the effectiveness of MNA in reducing tritium activity in ground
water, as well as the results of additional ground water monitoring for the Building 850 subarea
will be reported bi-annually in accordance with Compliance Monitoring Plan requirements.
Final cleanup standards for tritium in ground water will be selected in the final Record of
Decision scheduled for 2007.

The selected final remedy for soil cleanup in the Building 850 subarea consists of: (1)
excavation and disposal of the soil near Building 850 that is contaminated with PCBs, dioxins,
and furans, and (2) removal of a tritium-contaminated sand pile adjacent to the firing table.

Since this remedy was codified in an interim Record of Decision, this remedy will be
reviewed in an Evaluation Summary document and modified, if necessary, in the Final Record of
Decision.

08-04/ERD:MJT:rtd Summ-1
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1. Introduction

This report describes the remedial design for the Building 850 subarea of the Building
850/Pits 3 and 5 Operable Unit (OU) at Lawrence Livermore National Laboratory (LLNL),
Site 300. Site 300 is a U.S. Department of Energy (DOE)-owned experimental test facility
operated by the University of California. The site is located in the southeastern Altamont Hills
of the Diablo Range, about 17 miles east-southeast of Livermore and 8.5 miles southwest of
Tracy, California (Figure 1).

In 2001, an Interim Site-Wide Record of Decision (ROD) for LLNL Site 300 (U.S. DOE,
2001) was signed by DOE and the regulatory agencies. In the Interim ROD, interim and final
remedial actions were selected for a majority of the Site 300 OUs, including the Building 850
subarea. The selected remedies for the Building 850 subarea are: (1) excavation and disposal of
soil containing polychlorinated biphenyls (PCBs), dioxins, furans, and tritium (a final remedy for
the subarea), (2) Monitored Natural Attenuation (MNA) of tritium in ground water, (3)
compliance monitoring, and (4) institutional controls (e.g., risk and hazard management). The
main components of the remedy for contaminants of concern in each environmental medium are
shown in Table 1-1. A Remedial Design Work Plan for Interim Remedies (Ferry et al., 2001)
presents the strategic approach and schedule to implement the remedies selected in the Interim
ROD.

DOE is the lead agency for cleanup at Site 300 with regulatory oversight by the U.S.
Environmental Protection Agency (EPA) Region IX, the California Department of Toxic
Substances Control (DTSC) Region 2, and the Regional Water Quality Control Board
(RWQCB)—Central Valley Region.

The scope and format of this Remedial Design (RD) report are consistent with EPA guidance
documents (EPA, 1989; 1990). This report contains a description of the scope of work for the
remedial action and cost estimates. It also includes Quality Assurance/Quality Control (QA/QC)
and Health and Safety Plans for excavation, and the requirements for project closeout.

Section 1 of this RD report describes the location of the Building 850 subarea, the
operational history of the subarea, previous investigations and remedial actions, and regulatory
history. Section 2 presents a summary of the geology and hydrogeology. Section 3 is a
summary of contaminant distribution. Section 4 is a summary of previous human health and
ecological risk and hazard analyses. Section 5 presents the remedial design. Section 6 contains
the Remedial Action Work Plan. The following appendices are also included:

Appendix A: Ground Water Elevation and Analytical Chemistry Data Tables

Appendix B: Quality Assurance/Quality Plan (including Post-Excavation Verification

Sampling Plan)
Appendix C: Excavation Health and Safety Plan
Appendix D. Cost Tables

Appendix E. Total Toxicity Equivalent Concentration Calculations

08-04/ERD:MJT:rtd 1
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1.1. Location

The Building 850 subarea covers approximately 1 square mile in the northwestern portion of
Site 300 and includes the firing table contaminant release site and areas of associated soil and
ground water contamination (Figure 2). Topography, springs, monitor well locations, and
cultural features in the Building 850 subarea are shown on Figure 3. In addition to the firing
table and underlying bunker, there are two outdoor storage areas (the upper and lower
Corporation Yards). Immediately northeast of the firing table is a mound of contaminated sand
and gravel designated the Building 850 sand pile. This sand pile consists of material previously
used in firing table operations. The Building 850 firing table is situated at the bottom of a steep,
east-facing topographic depression. Doall Ravine, immediately east of the Building 850 area, is
an incised valley that contains an ephemeral stream channel that runs southeast and then trends
east-northeast. Further to the east, Doall Ravine joins Elk Ravine, a broad northwest-southeast
trending valley.

1.2. Site History

The Building 850 firing table was completed in 1960 and was the first concrete-reinforced
bunker at Site 300. The firing table was used to test and develop detonators for prototypical
nuclear weapons and armor-piercing projectiles. Diagnostic operations included high-speed
photography. No experiments were conducted with fissile materials such as enriched uranium or
plutonium. The Building 850 bunker is located directly adjacent to the firing table and the rear
of the building abuts the elevated firing table. The front of Building 850 is at normal ground
surface. As a measure of additional protection during experiments, gravel that is placed on the
firing table to absorb shock is also placed on the roof of Building 850.

Over 95% of the approximately 22,670 curies (Ci) of tritium shipped to Site 300 were used in
hydrodynamic experiments at Building 850 (Buddemeier, 1985). These experiments were
conducted on the 6,750 square feet (ft*) firing table, located above the bunker. The vast majority
of tritium was used between 1963 and 1978, primarily in gaseous form (°H,), although some
solid lithium tritide was also used. In addition to tritium, the test assemblies contained high
explosives and occasionally, depleted uranium. Some of the explosives and test assemblies
contained small quantities of barium, beryllium, copper, lead, and vanadium and utilized a
variety of materials including wood-frame structures, tent poles, aluminum, plastic, burlap bags,
metal cable, 10-ton rebar-reinforced concrete blocks, lead bricks, copper cylinders, metal silos,
and capacitors containing PCBs. An estimated 1,000 capacitors were destroyed on the firing
table, resulting in the contamination of soil on the slopes and flat areas around the immediate
firing table area with PCBs, dioxins, and furans.

The firing table was covered with up to 5 feet (ft) of pea gravel used to absorb shot blasts and
minimize impact to bunker occupants. The Building 850 firing table was routinely rinsed down
with 1 to 2 inches of water after each experiment to reduce dust and prevent hazardous material
from being re-suspended in the air. Rinse water, as well as surface and shallow subsurface water
from rain, percolated through the firing table gravel to underlying soil and rock, mobilizing
tritium and depleted uranium downward to ground water.

Several other contaminants of concern, including PCBs dioxins and furans, and trace
amounts of metals, beryllium, and the high explosives compound HMX have been identified in
surface soil. In portions of the subarea, tritium activities in ground water exceed the Maximum

08-04/ERD:MJT:rtd 2
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Contaminant Level (MCL) while total uranium activities in ground water are well below the
MCL. Nitrate and perchlorate have been detected in subarea ground water at concentrations
exceeding the MCL and State Action Level, respectively.

From 1962 to 1972, a large volume of sand, the Building 850 sand pile, was stockpiled near
Building 850 and was periodically used during large experiments. This sand was reused and as a
result, gradually became contaminated with tritium. In 1988, 1,790 yd® of gravel were removed
from the firing table, replaced with clean gravel, and disposed of in landfill Pit 7. This activity
was performed by the LLNL Program that operates the firing table as the gravels lose their
ability to absorb shock over time. The LLNL Evironmental Restoration Division collected and
analyzed gravel samples during this time. Details of the removal and chemical concentrations in
gravel and soil are documented in Firing Table Gravel Removal at LLNL Site 300 (Lamarre and
Taffet, 1989). Since 1988, Building 850 has been relatively inactive except for very occasional
explosives tests. An estimated 460 cubic yards (yd’) of sand remains in the Building 850 sand
pile. The material was covered with plastic sheeting in 1990 to minimize the infiltration of
rainwater.

1.3. Site Characterization

This RD report addresses chemical and radionuclide releases from the Building 850 firing
table area. The Pit 2 Landfill release site is located near the Building 850 subarea (Figure 3) but
is not addressed in this report. The Pit 2 Landfill is included in the Site 300 OU, although the
ground water tritium plume originating at Building 850 migrates beneath the landfill.

As the remedy selected for the Pit 2 Landfill is monitoring-only, the monitoring plan for this
area is contained in the Site-Wide Compliance Monitoring Plan (Ferry et al., 2001). The Pit 7
Complex, shown on Figure 3, is also part of the Building 850/Pit 7 Complex OU but is not
included in this report. As of May 2004, the Pit 7 Complex portion of the OU is undergoing the
Remedial Investigation/Feasibility Study process (Taffet et al., Draft Final July 2004). The
Remedial Design for the Pit 7 Complex will be presented in a separate report scheduled for 2007
after a cleanup remedy is selected for this area.

Site characterization at Building 850 began in the mid-1980s. Early site characterization
work in this subarea was summarized in Buddemeier et al., 1985; Buddemeier et al., 1987; and
Taffet et al., 1990. The results of these and later characterization activities are summarized in
the Final Site-Wide Remedial Investigation report (Webster-Scholten, 1994). Subsequent
characterization work was summarized in an Addendum to the Site-Wide Remedial Investigation
(Taffet et al., 1996), an Engineering Evaluation/Cost Assessment for the Building 850/Pits 3 and
5 Operable Unit (Taffet et al., 1997), and the Building 850/Pits 3 and 5 Tritium Plume
Characterization Summary report (Ziagos and Reber-Cox, 1998).

Recent characterization work completed in support of this Remedial Design report also
included additional soil sampling to determine the current extent of PCB contamination. The
PCB soil characterization results are summarized in Section 3.1. These data were used to better
estimate the volume and location of PCB-bearing soil to be removed.

The nature and extent of contamination in the Building 850 subarea are discussed in
Section 3.

08-04/ERD:MJT:rtd 3
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1.4. Previous Remediation and Treatability Studies

The following remediation work and treatability studies were completed in the Building 850
subarea prior to the Interim Site-Wide ROD:

. In 1988, firing table gravel containing maximum tritium and uranium-238 (***U) activities
of 15,000,000 picocuries per liter in soil moisture (pCi/L,) and 8.50 picocuries per gram
(pCi/g), respectively, was disposed in landfill Pit 7 and replaced with clean gravel
(Lamarre and Taffet, 1989).

« From 1988 to 1994, five former water-supply wells were sealed and abandoned in the
Building 850 subarea (Wells 1, 3, 8, 15, 16, and 17). The wells were sealed to prevent
contaminants from migrating into other aquifers.

« In 1989, a pilot test of a 20-ft atomizing tower successfully evaporated tritium-bearing
ground water from Well 8 Spring at a maximum rate of 40 gallons per hour (gph) (Taffet
and Oberdorfer, 1991). The San Joaquin Valley Unified Air Pollution Control District
issued a permit for operation; however, the system was never operated at full scale.

« In 1990, soil contaminated with fuel hydrocarbons from a leaking underground storage
tank at Building 850 (850-D1-U1l) was excavated and treated using enhanced soil
bioremediation. The tank site was closed in accordance with all environmental
regulations (Copland and Lamarre, 1990).

« In 1990, workers removed and disposed visible fragments of metallic debris from the
slopes above the firing table area that might contain PCBs and depleted uranium.

These actions represent the initial phase of environmental cleanup at the Building 850
subarea. The interim remedial actions presented in this RD report reflect the long-term cleanup
strategy.

1.5. Regulatory History

Prior to 1990, characterization and remediation activities at Building 850 were conducted
under the joint oversight of the RWQCB and DTSC under an interim agreement. In 1990, Site
300 was placed on the EPA’s National Priorities List. In June 1992, DOE, EPA, DTSC, and the
RWQCB signed a Federal Facility Agreement to facilitate compliance with the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as amended by
the Superfund Amendments and Reauthorization Act of 1986 (SARA). As part of the CERCLA
process, DOE/LLNL prepared a series of reports for the Building 850/Pit 7 Complex (of which
the Building 850 subarea is a part):

« The Site-Wide Remedial Investigation report, Chapter 11 (Webster-Scholten, 1994)
provided information on site operations, hydrogeology, contaminant distribution and fate
and transport, and risk and hazard calculations.

+ The Addendum to the Site-Wide Remedial Investigation report, Site 300 Building 850/Pit
7 Complex Operable Unit (Taffet et al., 1996) provided additional information on the site
hydrogeology, contaminant distribution and fate and transport, and potential risks and
hazard indices.

08-04/ERD:MJT:rtd 4
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+  The Building 850/Pits 3 and 5 OU Engineering Evaluation/Cost Assessment (Taffet et al.,
1997) provided a preliminary scoping and costing of potential removal actions for the
subarea.

+ The Ground Water Tritium Plume Characterization Summary Report for the
Building 850/Pits 3 and 5 Operable Unit (Ziagos and Reber-Cox, 1998) further
characterized the site hydrogeology, contaminant distribution in ground water, and fate
and transport.

« The Site-Wide Feasibility Study (Ferry et al., 1999) screened and evaluated remedial
alternatives for most OUs at Site 300.

+ The Interim Site-Wide Record of Decision (ROD) for LLNL Site 300 (U.S. DOE, 2001)
specified MNA for tritium in ground water, PCB and tritium-bearing soil excavation and
disposal, ground water monitoring, and institutional controls (e.g., risk and hazard
management) as components of the remedy for the Building 850 subarea. The Interim
Site-Wide ROD did not establish site-wide ground water cleanup standards. It is
assumed that the ground water cleanup standards that will be set in the Final Site-Wide
ROD (scheduled for completion in Fiscal Year [FY] 2007) will be no higher than MCLs.

+ The Remedial Design Work Plan for Interim Remedies (Ferry et al., 2001) described the
strategic approach and schedule for implementing cleanup as established in the Interim
Site-Wide Record of Decision.

+ The Compliance Monitoring Plan/Contingency Plan for Interim Remedies (Ferry et al.,
2002) describes monitoring activities and procedures to be followed during the
implementation of the interim remedies and procedures to be implemented if cleanup
does not proceed as planned.

2. Geology and Hydrogeology

The geology and hydrogeology of the Building 850 area are discussed in Chapter 11 of the
Site-Wide Remedial Investigation report (Webster-Scholten, 1994), an Addendum to the Site-
Wide Remedial Investigation report (Taffet et al., 1996), and the Tritium Plume Characterization
Summary Report (Ziagos and Reber-Cox, 1998). The following section briefly describes the
main aspects of the Building 850 subarea hydrogeology relevant to remedial design. The
hydrostratigraphic unit designations and hydrogeologic conceptual model have been updated
from previous reports.

As shown on the geologic cross-sections presented in Figure 4, the Building 850 subarea is
largely underlain by decomposed, fractured, and unfractured sedimentary rocks of the Neroly
Formation, and deeper, relatively unfractured Cierbo Formation (Tmss) strata. Quaternary
alluvium (Qal) occupies valley bottoms and stream channels and a veneer of colluvium variably
covers east-facing slopes. The main geologic structures in the area are the northwest-southeast-
trending shear zones within the Elk Ravine Fault Zone.

For the purposes of this RD report, saturated stratigraphic units are grouped into
hydrostratigraphic units (HSUs). A HSU is a water-bearing zone that exhibits similar hydraulic
and chemical properties within particular stratigraphic units. Figure 4 depicts the two HSUs that
have been delineated in the Building 850 subarea:

08-04/ERD:MJT:rtd 5
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« Quaternary alluvium/Neroly Formation Lower Blue Sandstone (Qal/Tnbs,) HSU.
+  Cierbo (Tmss) regional aquifer HSU.

The Qal/Tnbs, HSU is generally unconfined and contains the principal strata conveying
contaminants in the subarea. It consists of saturated alluvial channel fill (Qal) and underlying
sandstone strata (Tnbs, and deeper Tnbs,). It is the principal water-bearing zone in western Doall
Ravine, where the bedrock and alluvium are both saturated and comprise a single water-bearing
unit. In eastern Doall Ravine and across the western portion of the Elk Ravine Fault and south,
the Qal is unsaturated and the Tnbs, appears to be the only significant water-bearing strata within
the HSU. The underlying Tnsc, is the confining layer above the underlying Tmss HSU and is
generally unsaturated, except in the fractured zones in the upper portion of Tnsc,. The average
thickness of Tnsc, strata is about 25 ft. Saturation within the Qal/Tnbs, HSU extends northward
into the pit 7 Complex, but is limited south of Doall Ravine. Saturation also extends eastward
across the Elk Ravine Fault and south within Elk Ravine. Rocks comprising the HSU are eroded
away in northeastern Site 300 and thus the HSU does not extend into this area. The saturated
thickness of the HSU varies from less than 10 ft in the western portion of the subarea to over
100 ft beneath Elk Ravine in the east. Depth to water varies from less than 25 ft in western Doall
Ravine to over 50 ft in Elk Ravine.

Rocks comprising the Qal/Tnbs; HSU in the Building 850 and western Doall Ravine areas
strike an average of N18W and generally dip north-northeast at 5 to 10 degrees. Strata in eastern
Doall ravine have a similar strike, but dip from 10 to 15 degrees. Immediately south of Doall
Ravine, within Elk Ravine, Qal/Tnbs, HSU rocks have an average strike of N4OE and dip 5 to
10 degrees to the southeast (Taffet et al., 1990). Ground water flow in the Qal/Tnbs, HSU is
controlled by stratigraphic bedding, i.e., ground water flow often follows dip in porous rocks and
the inclined axes of alluvial channel fill deposits. Flow is also heavily influenced by geological
structure. For example, ground water flow oblique to fault zones may be retarded where
saturated strata are juxtaposed against strata of lower permeability, or shear zones may convey
water along fault axes. Fractures may also convey water in otherwise low primary permeability
strata.

Figure 5 is a water-elevation contour map for the Qal/Tnbs, HSU in the Building 850
subarea. Ground water elevation data are tabulated in Appendix A, Table A-1. The hydraulic
gradient is about 0.11 beneath Building 850 and 0.13 beneath western Doall Ravine. However,
this gradient flattens to an average of 0.09 in eastern Doall Ravine. The gradient is less on the
east side of the West Branch of the Elk Ravine Fault: 0.05 in northern Elk Ravine, and 0.01 in
southern Elk Ravine where the saturated thickness increases.

Ground water flow within the Qal/Tnbs, HSU beneath Building 850 is predominantly to the
east-northeast. A great proportion of this flow is captured by discharge into Doall Ravine stream
channel alluvium and follows the geometry of the stream channel southeast and then northeast
towards the Elk Ravine Fault. Across the western branch of the Elk Ravine Fault in eastern
Doall Ravine, depth to ground water drops by over 40 ft. As can be seen on Figure 5, the general
direction of ground water flow is to the southeast on the upgradient (west) side of the fault zone.
Within and west of the fault zone, flow is northeast. Within Elk Ravine, flow is predominantly
southeast beneath Route 3.

Hydraulic conductivities, as calculated from hydraulic tests in wells screened in the
Qal/Tnbs, HSU in the Building 850 and Doall Ravine areas, range from 10~ to 107 centimeters
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per second (cm/sec) in alluvium to 107 to 10~ cm/sec in bedrock. In the Elk Ravine area,
bedrock hydraulic conductivities vary from 10 to 10 cm/sec. Assuming an average porosity
of 0.3, calculated velocities range from 15 to over 100 meters per year (m/yr).

Seasonal ground water recharge has a profound effect on ground water flow and contaminant
transport within the Qal/Tnbs; HSU. During the rainy season, the saturated thickness and
hydraulic gradient in the alluvium increase, causing high velocities that lead to significant
advective transport and dispersion. During the dry seasons, water levels in alluvium decline,
flow velocity is reduced, and contaminant transport west of the Elk Ravine Fault occurs within
HSU bedrock predominantly by diffusion with some advection. In Elk Ravine, the bedrock
aquifer is thicker and more transmissive and transport occurs by advection and dispersion within
bedrock, although some transport may also locally occur within overlying HSU alluvium during
the wet season.

The Tmss HSU is a regional aquifer and is confined by overlying Tnsc, strata. This aquifer
appears to be continuous from Building 850 into Elk Ravine. Monitoring has yielded no
evidence of contamination in this aquifer. The lack of contamination in the Tmss is likely due to
the strong upward gradient between it and the overlying water-bearing zones. The HSU extends
north into the Pit 7 Complex and east into the Elk Ravine Area. The saturated thickness of the
Tmss HSU varies from 30 to over 100 ft. Depth to water varies from 150 ft in Building 850 to
over 200 ft beneath Elk Ravine. Water is under artesian pressure at Well NC7-69, in the
Building 850 area. Ground water in the Tmss HSU presumably flows eastward. The gradient.
Hydraulic conductivity, and flow velocity are not known. Recharge to the Tmss HSU
presumably occurs in the extensive valley west of Building 850. There are no known discharge
areas to surface water from this HSU.

3. Contaminant Concentrations and Distribution

Details of the nature and extent of contamination in the Building 850 subarea
are discussed in Chapter 11, Section 11-4 of the Site-Wide Remedial Investigation report
(Webster-Scholten, 1994), Chapter 2 of the Site-Wide Remedial Investigation Addendum (Taffet
et al., 1996), the Ground Water Tritium Plume Characterization Summary report (Ziagos and
Reber-Cox, 1998), Chapter 1 of the Site-Wide Feasibility Study (Ferry et al., 1999), and are
summarized below by environmental media.

Contaminants of concern (COCs) have been identified for impacted environmental media in
the Building 850 subarea:

« Surface soil: Polychlorinated biphenyls (PCBs), HMX, dioxins, furans, depleted
uranium, beryllium, cadmium, and copper.

« Subsurface soil: Tritium and uranium.
« Surface water: Tritium and possibly depleted uranium.
« Ground water: Tritium, depleted uranium, nitrate, and possibly perchlorate.

The remedial design presented in this RD document addresses all COCs present in each
medium.
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3.1. Surface Soil

Contaminants in surface soil at Building 850 include uranium-238 from depleted uranium,
beryllium, cadmium, copper, HMX, PCBs, dioxins, and furans. These compounds have been
detected at maximum concentrations of 24.8 pCi/g and 15, 8.6, 1000, 2.4, 180 (Aroclor 1254),
4.3 x 10, and 1.5 x 10~ milligrams per kilogram (mg/kg), respectively.

A total of 60 surface soil samples from the slopes above the Building 850 firing table
(Figure 6) were collected in 1994 and 2003 and analyzed for PCB compounds (Aroclors) by
EPA Methods 8080 or 8082C. All analytical data for PCBs in surface soil collected in the
Building 850 subarea are tabulated in Table A-2 (Appendix A). Where detected, the
concentrations of PCBs in samples that were analyzed by EPA Methods 8080 or 8082C ranged
from 0.09 mg/kg (sampling location 3SS-850-131a) to 180 mg/kg (3SS-850-142). Twenty-one
of these samples contained PCBs at concentrations in excess of the EPA industrial Preliminary
Remediation Goal (PRG) of 0.74 mg/kg. Additionally, forty-six samples were collected in 1994
and analyzed for total PCBs with field test kits utilizing immunoassay methods. These latter
samples provided semi-quantitative information on where total PCBs exceeded the 0.5 mg/kg
detection limit. The lateral extent of PCBs in surface soil exceeding the industrial PRG of
0.74 mg/kg (Figure 6) is confined to a 100 to 500 ft radius around the firing table. In addition to
the 0.74 mg/kg contour for the PCB PRG, the 50 mg/kg contour is shown because concentrations
in excess of 50 mg/kg may require additional costs or treatment prior to disposal. Additional
samples were collected in subsurface soil (see discussion below) to define the vertical extent of
PCBs.

Samples of soil from beneath asphalt surface covers, concrete, and roads (hatched areas on
Figure 6) were not collected and analyzed for PCBs. The surface covers and roads were built at
the same time as the firing table and thus there is no mechanism for contamination of the
underlying soil.

The sand pile material was not sampled and analyzed for PCBs. Although it is possible that
PCB oils could exist in the sand pile, such contamination is anticipated to be minor. The
explosives work that resulted in PCB contamination was conducted separately from the
experiments that gave rise to the sand pile and thus these waste streams are largely separate.
Currently, the sand pile is covered with plastic sheeting. DOE/LLNL did not wish to breach the
integrity of the covered material until the sand pile is excavated and is awaiting disposal. Some
sampling and analysis of the sand pile will be performed prior to disposal of the sand pile wastes
to be certain that the wastes is disposed of appropriately.

Ten surface soil samples were collected in 1994 and analyzed for 11 dioxin compounds and
14 furan compounds by EPA Method 8290. Where detected, concentrations of tetrachloro-di-
benzodioxin (TCDD) (total) ranged from 0.7 picograms per gram (pg/g) (parts per trillion) to
4.3 pg/g at locations 3SS-850-142 and 3SS-850-140, respectively. Tetrachloro-di-benzofuran
(TCDF) (total) concentrations ranged from 29 pg/g to 15,000 pg/g at locations 3SS-850-126,
3SS-850-154, and 3SS-850-142, respectively. As reported in the Addendum to the Site-Wide
Remedial Investigation Report LLNL Site 300 Building 850/Pit 7 Complex Operable Unit
(Taffet et al., 1996) a total toxicity equivalent concentration (TEC) of the dioxin/furan
compounds was calculated for each sample. This concentration was calculated by multiplying
the measured dioxin/furan compound concentration by the Toxicity Equivalence Factors (TEFs)
presented in U.S. EPA 1989. The total TECs for these 10 samples were recalculated using the
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World Health Organization Toxicity Equivalence Factors (Van den Burg, 1998). This approach
related the toxicity of the other 209 CDD and CDF compounds to that of the CDD 2,3,7,8-
tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD. Six samples (3SS-850-140 (0 ft), 3SS-850-142 [0.0
and 0.5 ft], 3SS-850-139 (0 ft), and 3SS-850-107 [0.0 and 0.5 ft] yielded total TCDD equivalent
concentrations that exceed the PRG of 1.6 x 10~ mg/kg. The maximum calculated total TCDD
equivalent concentration was 6.19 x 10~ mg/kg. Figure 7 shows the distribution of these
compounds and TCDD equivalents in surface soil at Building 850. The highest concentrations
were found near the firing table. Dioxin and furan data are tabulated in Appendix A, Table A-3.
The revised total equivalent concentrations calculations are presented in Appendix E.

In 1989, twelve surface soil samples were collected from the slopes above the firing table and
analyzed by alpha spectroscopy for uranium isotopes. The maximum uranium-235 (*’U) and
U activities in the samples were 0.06 and 7.7 pCi/g, respectively. In 1994, 37 surface soil
samples from the area surrounding the Building 850 firing table were collected and analyzed for
uranium isotopes by inductively-coupled mass spectrometry (Taffet et al., 1996). The maximum
U activity was 24.8 pCi/g (total uranium activity was 25.1 pCi/g) and yielded a **U/**U mass
ratio of 0.00189. Mass ratios below 0.0072 +/- 0.00005 indicate some addition of depleted
uranium to the natural background uranium. All samples except one (3SS-850-128) indicated
some added depleted uranium. The PRGs for U and **U for soil and outdoor workers are
0.413 and 37.5 pCi/g, respectively. None of the uranium samples collected contained *°U or ***U
in excess of these PRGs. Uranium activity data are presented in Appendix A, Table A-4.

In 1989, twelve surface soil samples that were collected and analyzed for metals indicated
maximum total beryllium, cadmium, and copper concentrations in surface soil of 15, 8.6, and
1,000 mg/kg, respectively. The industrial site PRGs for these metals are 1.9 x 10°, 4.4 x 10%, and
4.1 x 10* mg/kg, respectively. These PRGs were not exceeded by any soil metals concentration.
Metals data for surface soil samples are listed in Appendix A, Tables A-5 and A-6.

Thirty-two surface soil samples were collected and analyzed for high explosive (HE)
compounds (HMX, RDX, and TNT) by EPA Method 8330. HMX (2.4 mg/kg) was detected at
one location about 20 ft west of the firing table (3SS-850-107); neither RDX nor TNT was
detected in any of these samples. The industrial site PRG for HMX in soil is 16 mg/kg; this PRG
was not exceeded by the one detected HMX soil concentration. The analytical data for HE
compounds in surface soil are tabulated in Appendix A, Table A-7.

3.2. Subsurface Soil and Bedrock

Subsurface soil and bedrock samples from the Building 850 subarea have been analyzed for a
variety of constituents including tritium, uranium isotopes, metals, high explosive compounds,
and PCB compounds.

In 1994 and 2003, a total of five subsurface soil samples were collected from the slopes
above the firing table at a depth of 1 ft and analyzed for PCBs by EPA Methods 8080 or 8082C.
A maximum PCB concentration of 96 mg/kg was detected in the sample from location 3SS-850-
142 at a depth of 1 ft. Three of the five subsurface samples yielded total PCB concentrations
above the 0.74 mg/kg industrial PRG. These samples were collected from locations proximal to
the firing table (Figure 8). In 1994, fourteen subsurface samples were collected for semi-
quantitative PCB immunoassay analysis. Total PCB concentrations in these samples ranged
from 0.95 mg/kg at location 3SS-850-139 (1.3 ft depth) to 32.5 mg/kg at 3SS-850-142 (2 ft).
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PCBs were identified at a maximum depth of 2.7 ft at sample location 3SS-850-142. Analytical
data for PCBs in soil and bedrock are included in Appendix A, Table A-8.

In 1988, subsurface soil samples were collected from 5 boreholes drilled through the
Building 850 firing table. Tritium and **U were detected at maximum concentrations of
7,300,000 pCi/L,, or 1124.2 pCi/g (5.5 ft depth) and 2.3 pCi/g (25 ft depth), respectively. The
outdoor worker PRGs for these two constituents in soil are 2.7 x 10’ and 37.5 pCi/g,
respectively. PRGs were not exceeded in any of these samples. Tritium and uranium data are
tabulated in Appendix A, Tables A-9 and A-10, respectively.

In 1984, 1985, 1989, and 1990, a total of 45 subsurface soil and rock samples were collected
to a maximum depth of 25.3 ft within and beneath the Building 850 sand pile and analyzed for
tritium. These samples were collected from fill material, alluvium, and Tnbs, bedrock. The
maximum activity beneath the sand pile was found in bedrock at 20.3 ft (254,000 pCi/L,,, or
58.2pCi/g). Several samples were also collected from locations southeast of the sand pile. The
maximum tritium activity detected southeast of the sand pile was 137,500 pCi/L,, or 24.6 pCi/g
(at a depth of 5.9 ft). The PRG for outdoor workers was not exceeded in any of these samples.

Additionally, 18 samples were collected from these boreholes and analyzed for uranium
isotopes. A maximum total uranium activity of 32.4 pCi/g was detected at a depth of 1.8 ft. The
individual uranium isotope PRGs were not exceeded in any of these samples.

In 1989 and 1990, twelve soil and rock samples were collected from boreholes within the
sand pile and analyzed for metals. Metals analytical results for subsurface soil and rock samples
are tabulated in Appendix A, Table A-11. Metals PRGs were not exceeded in any of these
samples.

3.3. Surface Water

Tritium in Well 8 Spring is the only COC identified for surface water in the Building 850
area. A maximum historical activity of 770,000 pCi/L was detected in Well 8 Spring water in
1972. A sample of water collected from this spring during the second quarter of 2003 contained
29,300 picocuries per liter (pCi/L) of tritium, indicating a decreasing trend for tritium
concentrations in this spring over time (Appendix A, Table A-12). The 20,000 pCi/L MCL for
tritium in drinking water was exceeded in this 2003 water sample. Although it was not identified
as a COC for surface water, total uranium was detected in water collected from this spring at an
activity of 3.08 pCi/L during the second quarter of 2003. The **U/**U atom ration 0.00676
indicated that 4.5% of the uranium activity was a result of depleted uranium (Appendix A,
Table A-13). The uranium activity detected in Well 8 Spring is well below the MCL for total
uranium.

3.4. Ground Water

Tritium, depleted uranium, and nitrate have been identified as COCs in ground water in the
Building 850 firing table area. Although it was not identified as a COC, perchlorate has recently
been detected in ground water in the Building 850 area at concentrations exceeding the State
Action Level of 4 micrograms per liter (ug/L).

The historical maximum tritium activity in ground water near Building 850 was
566,000 pCi/L in 1984. Tritium activities in ground water monitor wells have shown a steadily
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decreasing trend over time with a maximum activity in the second quarter of 2003 of
81,400 pCi/L. The distribution of tritium in ground water during the second quarter of 2003 is
presented in Figure 9. In addition, the extent of the 20,000 pCi/L tritium activity contour
continues to diminish, as indicated by the reduction in the areal extent of the 20,000 pCi/L
contour from 1985 to 2003 (Figure 10).

During the second quarter of 2003, the maximum detected tritium activity in Tnbs, bedrock-
hosted ground water within the subarea was 81,400 pCi/L in a sample from well NC7-70. The
maximum alluvial tritium activity detected in the OU was 29,700 pCi/L in a ground water
sample from well NC7-54, located adjacent to Well 8 Spring. These highest tritium activities in
ground water in the subarea are located immediately downgradient of the Building 850 firing
table. The decreasing trend for tritium detected in these source area wells indicates a
diminishing source. As shown in Figure 11, decreasing tritium activity trends are observed in
water samples from wells completed immediately downgradient of the tritium sources despite
significant rainfall events. These data also suggest that the source term is becoming exhausted.

Ground water samples collected in recent years from wells further south in Elk Ravine have
shown very gradual increases in tritium activities over time that could be attributed to migration
of the distal, low activity portion of the tritium plume. These increases have recently been
leveling off. The maximum tritium activity in ground water in southern Elk Ravine in 2003 was
8,550 pCi/L in a ground water sample from well NC2-12D, decreasing from a maximum tritium
activity of 8,880 pCi/L in a sample collected from this well in 2002.

To date, tritium has not been detected above background activities in the Tmss aquifer.
Tritium activity data for water are tabulated in Appendix A, Table A-12.

Uranium activities in ground water in the Building 850 area have also continued to decline
from a historical maximum of 18.4 pCi/L in 1996 to 5.14 pCi/L in the second quarter of 2003.
Uranium activities in ground water remain well below the Federal MCL of 30 pCi/L. Figure 12
is a map of total uranium activity in ground water in the Building 850 subarea for the second
quarter of 2003. The map denotes wells where mass spectrometric isotopic analyses indicate the
addition of some depleted uranium to the natural background ground water uranium. This
addition is shown as a percentage of the total uranium activity due to the added depleted
uranium. The atom ratio of **U/**U in samples collected from twelve wells indicated the
addition of some depleted uranium. Nine of these wells are downgradient of Building 850 and
define the plume of depleted uranium emanating from Building 850. The maximum total
uranium in ground water affected by depleted uranium from Building 850 was 4.17 pCi/L of
which 1.1% was due to depleted uranium. The percentage of depleted uranium added was
calculated by using an isotopic composition of depleted uranium and comparing this to the
isotopic composition of the water sample. The natural atom ratio of *°U/**U is about 0.0072
+/- 0.00005. Atom ratios below this range indicate some addition of depleted uranium to the
naturally-occurring uranium activity in the water. Uranium activity and atom ratio data for water
are tabulated in Appendix A, Tables A-13 and 14.

A total uranium activity of 17.9 pCi/L was detected in a ground water sample from
upgradient well NC7-76; the *U/**U ratio indicated that the uranium in the sample was entirely
natural in origin.

Nitrate has been detected in ground water in the Building 850 area at concentrations
exceeding the 45 milligrams per liter (mg/L) drinking water MCL. The maximum concentration
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of nitrate (140 mg/L) during the second quarter of 2003 was detected in a ground water sample
collected from well NC2-10. Nitrate was also detected above 45 mg/L. MCL in ground water
samples from wells NC7-29, NC7-44, NC7-70, and NC7-61, at concentrations of 120 mg/L,
72 mg/L, 67 mg/L, and 63 mg/L, respectively. The nitrate detected in these wells may be partly
related to leachate from the Building 850 septic system. Ground water samples from the vast
majority of wells in the subarea contained nitrate at concentrations in the tens of mg/L. Nitrate
data from Building 850 ground water wells are tabulated in Appendix A, Table A-15.

Perchlorate was detected at a maximum concentration of 39 pg/L. in ground water samples
from several wells downgradient of Building 850. Perchlorate was not identified as a
contaminant of concern at the time of completion of the Interim ROD. These perchlorate data
have been collected since the completion of the Interim ROD. Additional sampling and analysis
of ground water at Building 850 is being conducted to define the nature and extent of perchlorate
in Building 850 ground water and to determine if it constitutes a contaminant of concern for
ground water in this area. Available analytical data for perchlorate are tabulated in Appendix A,
Table A-16. Additional perchlorate data will be provided in the Site-Wide Compliance
Monitoring reports as they become available.

Analytical data for other contaminants (high explosives compound, PCBs, metals and
cations, volatile organic compounds, fuel hydrocarbons, and ions, specific conductance, and pH
in ground and surface water samples are tabulated in Appendix A, Tables A-17 through A-22.

4. Summary of Human Health and
Ecological Risks

4.1. Human Health and Exposure Assessment

DOE/LLNL evaluated the risk and hazards associated with contaminants present in
environmental media at the Building 850 subarea. The baseline risk assessment (Ferry et al.
1999) estimated an excess cancer risk of 5 x 10~ (five in ten thousand) to onsite workers
resulting from the potential inhalation/ingestion of resuspended particulates and direct dermal
exposure to surface soil contaminated with PCBs at the Building 850 firing table. In addition, a
risk of 1 x 107 (one in ten thousand) was calculated for potential inhalation/ingestion of
resuspended particulates and direct dermal exposure to surface soil contaminated with CDDs and
CDFs. No unacceptable risk or hazard was identified for depleted uranium, tritium, HMX, or
metals in surface soil.

No unacceptable risk or hazard associated with tritium and uranium in subsurface soil/rock in
the Building 850 area has been identified. However, tritium in the sand pile could pose a
potential threat to ground water. Although ground water in the Building 850 area contains high
activities of tritium, there is no current exposure or unacceptable risk to human health and the
environment. Potential receptors downgradient of the plume are offsite residential users of
ground water. There are significant geologic and hydrogeologic constraints inhibiting the offsite
migration of the tritium plume in ground water. The Building 850 subarea tritium plume
primarily exists in the Qal/Tnbs, HSU. There are no direct ground water pathways from these
strata northeastward to the current City of Tracy water-supply wells. The extent of saturation of
the bedrock units is limited to Site 300, i.e., these strata are eroded away in the northeastern
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portion of Site 300 and do not exist in Tracy. Additionally, there is significant faulting in the
area that inhibits northeastward ground water flow. The only ground water pathway that could
potentially allow flow of tritium-bearing ground water to migrate offsite is southeastward within
the bedrock beneath Elk Ravine. Tritium in ground water emanating from Building 850 flows
northeastward with Doall ravine and then bends southeast within Elk Ravine. This pathway is
significantly longer than the path northeastward (8,000 ft vs. 22,000 ft), providing time for
radioactive decay and other attenuation processes to continue to reduce tritium mass.
Radioactive decay alone will reduce tritium mass by 50% every 12.3 years. Fate and transport
modeling results indicate that tritium activity in a hypothetical water supply well at the
southeastern Site 300 boundary would be below background levels once the plume reached that
point (Taffet et al., 1996). Additionally, Figure 10 shows that since 1985, the areal extent of the
20,000 pCi/L MCL contour has decreased and that tritium activities above the MCL will always
be restricted to west of Elk Ravine as the volume of water containing tritium in excess of the
MCL continues to shrink.

4.2. Ecological Assessment

The Building 850 area baseline assessment prepared as part of the Site-Wide Remedial
Investigation (Webster-Scholten, 1994) and an Addendum to the Site-Wide Remedial
Investigation Addendum (Taffet et al., 1996) determined a risk from copper, zinc, cadmium,
PCBs, dioxins, and furans existed for ground squirrels, deer, and kit fox at Building 850.
Individual adult ground squirrels and individual juvenile and adult deer are at risk from ingestion
of cadmium. The combined oral and inhalation pathway hazard quotient exceed 1 for these
species, which was driven by the oral pathway. Individual ground squirrels, deer and kit fox
were determined to be at risk from PCBs, dioxins, and furans due to the capacity of these
compounds to bioaccumulate in the environment. However, site-wide population surveys found
no impact to deer and ground squirrel populations. Risk to special-status fossorial species to
heavy metals, PCBs, dioxins and furans are being addressed as part of ecological risk and hazard
management program (ERHMP), as part of the Compliance Monitoring Plan (Ferry et al., 1999).
Under the ERHMP, the Building 850 firing table is surveyed twice a year for the presence of
special-status species. Exposure models are being updated for the likely special-status species,
and to further evaluate the risk associated with PCBs, dioxins, and furans. Should both: (1) the
presence of special-status species be confirmed, and (2) exposure models indicate the likelihood
of hazard, additional remedial action measures will be evaluated as outlined in the Compliance
Monitoring Plan. In addition, the ERHMP requires site-wide re-evaluation of deer and ground
squirrel populations every five years.

The baseline ecological risk assessment showed Toxicity Quotients using the California
Applied Action Levels to exceed 1 for zinc and to exceed 1 for copper using the Federal
Ambient Water Quality criteria in Spring 6. Subsequent bioassays on samples from Spring 6
found no unacceptable ecological impacts (Ferry et al., 1999).

5. Remedial Design

This section presents the remedial design for the Building 850 subarea, and includes the
following major components:
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« Excavate and dispose of PCB-, dioxin-, and furan-contaminated soil around the
Building 850 firing table, and excavate and dispose of the tritium-contaminated
Building 850 sand pile. Depleted uranium, HMX, metals, and tritium in surface soil
around the firing table pose no unacceptable risks to health or ground water quality but
will be removed incidentally during PCB-driven soil excavation.

«  Monitor ground water tritium activities to verify that MNA of tritium in ground water
emanating from Building 850 continues.

«  Monitor ground water chemistry for other constituents, including uranium isotopes,
nitrate, and perchlorate.

« Implement institutional controls to prevent exposure to contamination (hazard and risk
management).

5.1. Remedial Strategy

The planned remedial strategy for the Building 850 subarea is consistent with the objectives
for ground water MNA and soil cleanup presented in the Interim Site-Wide ROD and the
Remedial Design Work Plan.

The overall objective of this project is to: (1) reduce tritium activities in ground water to
levels protective of human health and the environment, and (2) mitigate PCB/dioxin/furan
inhalation, ingestion, and dermal risk near Building 850. The remedial strategy for the Building
850 subarea utilizes a risk-based approach with the following priorities:

1. Mitigate risk to onsite workers around Building 850.

2. Cost-effective contaminant mass removal.

3. Confirm continued reduction in contaminant mass in ground water.
4

Monitor and, if necessary, mitigate ecological risk from pollutants in surface soil and
surface water as part of the ecological risk and hazard management program.

This remedial strategy, which is based on hydrogeologic and engineering analysis, relies
primarily on MNA and excavation to remove contaminants from environmental media. These
selected remedies for the Building 850 subarea provide the best balance of trade-offs among the
EPA and National Contingency Plan balancing and modifying criteria. The strategy provides
long-term effectiveness by removing contaminant sources to lessen future releases to ground
water and permanently mitigating exposure risk by removing contaminated soils.

The natural attenuation of tritium in ground water reduces the toxicity, mobility, and volume
of this contaminant through irreversible radioactive decay. Tritium naturally undergoes
radioactive decay to stable, non-toxic, non-radioactive helium-3. Because tritium has a half-life
of 12.3 years, natural attenuation provides a mechanism for achieving cleanup standards in a
reasonable timeframe. The radioactive decay of tritium is irreversible and hence effective in the
long term and permanent. There are no adverse effects on the community, onsite workers, or
ecological receptors from allowing these processes to occur. This remedial strategy includes the
monitoring of ground water contaminants to verify that natural attenuation continues to reduce
contaminate concentrations to meet cleanup standards, which will be selected and codified in the
Final Site-Wide ROD.
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The selected remedies for contaminants of concern in environmental media at the
Building 850 subarea are shown on Table 1-1.

5.2. Soil and Sand Pile Excavation and Disposal

Surface soil excavation and disposal at Building 850 is being performed to reduce PCB,
dioxin, and furan concentrations to acceptable levels below industrial Preliminary Remediation
Goal (PRG) and risk thresholds. The sand pile at Building 850 is being removed to eliminate a
potential source for vertical migration of tritium to ground water. The following sections present
the scope of work for these two excavation and disposal activities.

The design of the excavation procedure is based on five objectives: (1) ensure worker safety,
(2) prevent contaminant movement (dust migration, etc.), (3) remove all material containing
chemical in excess of cleanup standards, (4) minimize the volume of material removed that
contains concentrations below cleanup standards, and (5) ensure full compliance with all
regulatory requirements.

5.2.1. Excavation and Removal of Shallow Soils

The objective of excavation and disposal of PCB-, dioxin-, and furan-contaminated soil at
Building 850 is to remove and dispose of soils that contain PCB concentrations in excess of the
0.74 mg/kg industrial PRG and dioxin and furan compounds in excess of the industrial PRG of
1.6 x 107 mg/kg for 2,3,7,8-TDCC. This action will remove the potential for the ingestion or
dermal contact with health-sensitive concentrations of PCBs, dioxins, and furans by occasional
workers at Building 850.

Although metals, depleted uranium, and tritium are also present in surface soil around the
firing table, the concentrations of these COCs are such that there is no unacceptable risk to
humans or to ground water quality. These COCs will be removed incidentally during the PCB-
driven excavation.

Soil samples were collected from the firing table area to define the area and volume of
material that would require removal. Based on the results of chemical analyses, DOE/LLNL
constructed a 0.74 mg/kg contour for PCBs that defines the excavation area for surface soils
(Figure 6). The areal extent of surface soil contamination is estimated to be about 318,000 ft’.
The 0.74 ppm PCB contour was constructed using the analytical data and kriging software.
Kriging software uses an algorithym to extrapolate the concentration between three known data
points. This method provides for an objective PCB contour location. The current strategy is to
remove the first 12 inches of soil within the 0.74 mg/kg contour, where possible. In some areas,
the soil cover is less than 12-inches thick, which may result in some reduction in excavation
volume. Removing a 12-inch thickness of material covering this area yields a volume of
approximately 12,000 yd’ of soil to be excavated. Additionally, PCBs in excess of the 0.74
mg/kg PRG were detected in subsurface soil samples collected to a maximum depth of 32.4
inches (2.7 ft). Soil will be excavated to a depth of 24 inches in this area proximal to the firing
table to remove known volumes of subsurface soil between 12 and 24 inches below grade
containing PCBs in excess of PRGs. Soil will also be excavated to a depth of 36 inches adjacent
to location 3SS-850-142 and -136 where PCB concentrations exceeded the PRG to depth of 2 ft
or more. The extent of this area of deeper removal of subsurface soil is about 76,282ft> (Figure
7), resulting in an anticipated excavation from 12 to 24 and 12 to 36 inches below grade of 3,184
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yd’. Of the total 14,977 yd® of soil to be excavated, approximately 287 yd’ has PCB
contamination levels of >50 mg/kg and 14,690 yd® of <50 mg/kg.

Because the volume of characterized soil that contains TCDD equivalent concentration in
excess of the PRGs is constrained within the volume of soil that contains PCBs above PRG
concentrations, the planned removal and disposal will also remove soils containing the excessive
TCDD equivalent concentrations (Figure 8).

The activities associated with the excavation include the surveying and ground definition of
the excavation boundaries and initial depth. Soil will be removed with heavy earth-moving
equipment, including backhoes, tracked loaders and bulldozers. Portions of the area are difficult
to access due to steep topography. It is anticipated that traditional shallow surface soil
excavators (scrapers) will not be adequate for this application due to the terrain. Wheeled
loaders, which are more maneuverable, can be used on the flatter surfaces to pile and load soils
into Envirocare Lift-Liners™ for stockpiling. A water truck will be used as needed to control
dust during the excavation.

The excavated soil will be placed into Lift-Liners™ and staged/stored in a location
approximately 100 yards from Building 850 until shipped. Lift-Liners™ are 96 cubic foot sacks
used for packing, storage, and shipping of waste material. Because the soil is anticipated to
contain both radioactive and PCB constituents, it will be handled, transported, and disposed as
mixed waste. Each Lift-Liner™ will be managed separately with Quality Assurance
documentation, DOE-approved manifests, and certification by the Waste Certification Official.
Each Lift-Liner™ will be weighed prior to shipping.

Once excavation is complete, verification sampling and analysis of exposed soil will be
performed as outlined in the verification sampling plan (Appendix B). If analyses of the
verification samples indicate that PCB, dioxin, or furan concentrations exceed industrial PRGs,
then a second excavation and disposal effort would be performed. A 10% contingency (of the
initial volume of excavated soil) is assumed and will comprise any additional soil removal.
Because of the limited sampling of subsurface soil for PCBs, the areal extent of PCBs in
subsurface soil that exceed PRGs may be underestimated (or overestimated) and could drive up
costs if additional excavation and disposal are required (beyond the 10% contingency estimate),
based on verification sampling and analysis. Once analytical data confirm that the
concentrations in the surface soils meet cleanup standards, the excavated area will be compacted
and treated to prevent erosion.

Because there are regulatory thresholds (concentrations) for the acceptance of PCB-bearing
waste and concentrations at which such waste requires treatment prior to disposal, soil from
selected excavation areas may be sequestered according to measured and anticipated PCB
concentrations. Each region would then have a waste profile based on concentrations of PCBs
(as well as furans, dioxins, uranium, and metals).

The excavation work will be conducted in accordance with substantive provisions of the
National Pollutant Elimination System requirements for storm water discharges from
construction activities.

The general Excavation Health and Safety Plan is presented in Appendix C. A more detailed
Site Safety Plan will be prepared prior to field activities.
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5.2.2. Excavation and Removal of Sand Pile

The Building 850 sand pile (460 yd3) will also be excavated to reduce the activity of tritium
and uranium available for leaching to underlying ground water. The newly exposed surface soil
will be sampled as part of the excavation verification sampling. Previous investigations have
characterized tritium distribution within the sand pile. Samples of the sand pile will be collected
and analyzed for PCBs before shipment to the disposal facility. A wheeled front-end loader will
be used to transfer the sand into Lift-Liners™ that will be staged/stored in a location
approximately 100 yards from Building 850 until approved for shipping. Each Lift-Liner™ will
be managed separately with Quality Assurance documentation, DOE-approved manifests, and
certification by the Waste Certification Official. Each Lift-Liner™ will be weighed prior to

shipping.
5.2.3. Hazardous Waste Disposal

The LLNL Radioactive and Hazardous Waste Management Division (RHWM) will direct the
onsite staging and disposal of all materials collected as part of the excavation and sand pile
removal including all waste characterization sampling, transportation, and documentation.

Some additional sampling and analysis of the excavated material will be performed to
confirm anticipated concentrations, facilitate waste handling and segregation, and to determine
waste disposition requirements. Regulatory standards and disposal concentration limits have
changed since the initial cost estimates for waste disposal were made in the Site-Wide Feasibility
Study (Ferry et al., 1999). Material containing PCB concentrations in excess of 50 mg/kg now
require treatment prior to disposal resulting in higher costs than were originally estimated.

It is anticipated that the excavated material will be comprised of three categories of waste:
(1) soil contaminated with PCBs at concentrations exceeding 50 mg/kg, (2) soil with PCBs at
concentrations below 50 mg/kg, and (3) tritium-contaminated sand. It is assumed that all PCB-
contaminated soil removed from the firing table will also contain the radioactive constituents
tritium and uranium and therefore will need to be handled and disposed as mixed waste. In
addition, soil with PCB concentrations greater than 50 mg/kg is regulated under the Toxic
Substances Control Act (TSCA) and is subject to different treatment and/or disposal
requirements than soil with PCB concentrations between 5 and 50 mg/kg that is categorized as
California combined waste. It is also assumed for the purposes of costing that the sand pile
material does not contain PCBs and therefore will handled and disposed as low-level radioactive
waste. However, as mentioned previously, the sand pile material will be sampled and analyzed
for PCBs to determine its waste classification as mixed waste (PCB and tritium) or low-level
radioactive waste (tritium only).

The soil contaminated with PCBs at concentrations exceeding 50 mg/kg will be excavated,
packaged, labeled, and placed in the staging area first. Verification sampling will be conducted
to ensure that all soil with PCB concentrations above 50 mg/kg has been removed from the firing
table. Then the soil with PCB concentrations below 50 mg/kg will be excavated, packaged,
labeled, and placed in the staging area. Verification sampling will be conducted to ensure that all
soil with PCB concentrations above the 0.74 mg/kg cleanup standard has been removed from the
firing table. Finally, the tritiated sandpile will be placed in the Lift-Liners ™, packaged, labeled,
and placed in the staging area. These three types of waste material will be segregated in the
storage area and managed separately. If analytical results indicate that PCBs are also present in
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sand pile material, this material will be placed with the PCB-mixed waste appropriate to the PCB
concentrations.

The excavated soil from the Building 850 firing table containing PCBs, tritium, and uranium
will be sent to Envirocare of Utah. Based on the analytical data generated from the
characterization of the soil at the Building 850 firing table, the waste will meet the Envirocare
waste acceptance criteria. Prior to commencing soil excavation, RHWM will prepare a detailed
waste profile for the soil that will be evaluated against Envirocare’s “Bulk Waste Disposal
Facilities Waste Acceptance Criteria, Revision 4” (Envirocare, 2003). RHWM will address any
data gaps in the waste profile through additional waste characterization sampling and analysis.
In addition, pre-shipment samples will be sent to Envirocare for analysis to verify the waste
profile.

If analytical results indicate that the sand pile material contains PCBs in addition to tritium,
the sand will be handled and disposed in the same manner as the firing table soil, depending on
the PCB concentrations. If the sand does not contain PCBs above 5 mg/kg, it will be shipped to
the Nevada Test Site for disposal as low-level radioactive waste.

5.2.4. Verification Sampling

After excavation and removal of soils adjacent to the firing table, samples of freshly-exposed
surface soils will be collected and analyzed for PCBs, dioxins, and furans. If analytical results
indicate that PCBs occur in the soil at concentrations in excess of their cleanup standard
(industrial PRGs), additional soil will be excavated and disposed. The industrial PRGs for PCBs
are 0.74 mg/kg. This process will continue until all material exceeding PRG criteria is removed.

The dioxin/furan samples will be composited and the composite TEC will be compared to the
PRG for 2,3,7,8,-TCDD (1.6 x 107 mg/kg). Additional soil will be excavated and disposed until
the cleanup levels are met.

Upon excavation of the sand pile, samples of freshly-exposed surface soil will be collected
for soil moisture tritium analyses. If samples containing tritium activities in excess of the
5,000,000 pCi/L cleanup standard are found, additional soil will be excavated. This process will
continue until all material exceeding the cleanup standard is removed. Verification sampling
procedures and scope are documented in Appendix B.

5.3. Performance Monitoring and Evaluation of the MNA Remedy
Component

The remedy selected for the Building 850 subarea in the Interim Site-Wide ROD included
MNA for tritium in ground water. As part of the remedy, performance monitoring will be
conducted to evaluate the effectiveness of natural attenuation in reducing tritium to meet cleanup
standards and to ensure protection of human health and the environment.

In accordance with EPA guidance (EPA, 1999), performance monitoring of the natural
attenuation of the tritium plume will be conducted in order to:

« Demonstrate that natural attenuation is occurring at a rate meeting expectations.
« Determine if the tritium plume is expanding either laterally, vertically, or downgradient.

+  Ensure no impact to downgradient receptors.
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. Detect new contaminant releases to the environment that could alter the effectiveness of
the MNA remedy.

« Detect changes in hydrogeologic conditions that could reduce the effectiveness of the
natural attenuation process.

+ Verify attainment of cleanup standards.

Because tritium decays to non-toxic, non-radioactive helium-3, monitoring for toxic decay
products is not necessary. The ground water monitoring plan for the Building 850 subarea is
described in the Compliance Monitoring Plan/Contingency Plan (Ferry et al., 2002).

Ground water samples for tritium analysis will be collected regularly from monitor wells
located in the at Building 850 subarea. The analytical results will be used to verify that the
tritium source is continuing to diminish, to detect new releases of tritium to the environment that
could alter the effectiveness of the MNA remedy, to verify that natural attenuation continues to
decrease tritium activities in ground water to meet cleanup standards, and to detect any changes
in the lateral and vertical extent of the tritium plume. Monitor wells located downgradient of the
tritium plume and upgradient of any potential receptor (water-supply) wells, will be sampled
quarterly. Analytical results from ground water samples from these downgradient monitor wells
will be used to provide a timely indication of movement of the tritium plume that could impact
water-supply wells, contaminate unimpacted portions of the water-supply aquifer, or result in
migration across the site boundary. Ground water analytical data from all the Building 850 wells
will be used to detect changes in hydrogeologic conditions that could affect any of the MNA
criteria and to verify attainment of cleanup standards.

Monitoring will continue until tritium activities reach the cleanup standards and for 2 years
after cleanup standards are attained to verify that the rebound of tritium does not occur. The
requirements for completion of ground water cleanup are discussed in Section 6.5.2. Cleanup
standards will be included in the Final ROD for LLNL Site 300, scheduled for completion in
2007.

5.4. Risk and Hazard Management

As part of the selected remedy, risk and hazard management is prescribed for areas where
risk at any exposure point exceeds 1 x 107 or the HI is greater than 1, exclusive of ingestion of
contaminated ground water. The goals of the Risk and Hazard Management Program for the
Building 850 subarea, as described in the Compliance Monitoring Plan, are to control exposure
to contaminants and to ensure the selected interim remedies for the Building 850 subarea protect
human health and the environment while the Remedial Objectives are being achieved.

The risk and hazard management components of the selected interim remedies for the
Building 850 subarea include:

+ Maintaining site use restrictions at the Building 850 firing table as necessary to prevent
exposure until the contaminated soil removal is complete.

+ Collecting and analyzing remaining surface soil for PCBs, dioxins, and furans following
removal of contaminated soil and sand to verify attainment of health-protective levels
(verification sampling).
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+ Conducting annual wildlife surveys to evaluate the presence of any important (i.e.,
special status) species while PCBs, dioxins, and furans remain at hazardous
concentrations.

« Notifying appropriate resource agencies and determining actual exposure through
additional chemical analysis and species monitoring if the presence of important species
is confirmed.

« Developing an appropriate response plan if actual exposure of ecologically sensitive
species is determined to be significant.

Additional information on the Risk and Hazard Management Plan, including institutional
controls, is provided in Section 6.1.6. of the Compliance Monitoring Plan (Ferry et al., 2002).
Warning signs will be posted in access areas to the firing table indicating that full-time activity
on the firing table must be approved by Hazards Control and to contact the Environmental Safety
and Health Team 1 if this level of activity is anticipated. The results of sampling and surveys
conducted as part of the Risk and Hazard Management Plan will be reported in the semi-annual
Compliance Monitoring Reports.

5.5. Contingency Planning

The Site 300 Compliance Monitoring Plan/Contingency Plan (Ferry et al., 2002) describes
how DOE and the regulatory agencies plan to address foreseeable problems that may arise during
the remediation and monitoring of contaminants conducted under the Interim Site-Wide ROD at
the Building 850 subarea. It also describes the approaches for modifying the remedial approach
as cleanup progresses and additional information is collected.

The Compliance Monitoring Plan/Contingency Plan addresses routine and long-term
contingencies and uncontrollable natural events that could impact the effectiveness of the
remedial actions at the Building 850 subarea.

For the PCB, dioxin, and furans in soil at the Building 850 firing table, the results of
verification sampling will be used to determine when cleanup of the soil is complete. However,
if additional PCB, dioxin, and furan sources are found after excavation, the extent of
contamination will be delineated to determine the remedial strategy.

If performance standards for MNA of the tritium ground water plume are not met, the source
and ground water tritium data will be reviewed and an engineered remedy may be designed and
implemented if human heath or ecological risk thresholds are exceeded.

5.6. Performance Standards and Monitoring

Performance standards for soil excavation are that all soil with concentrations of PCBs,
dioxins, furans, and tritium above cleanup standards are removed. Final soil cleanup standards
for these contaminants in surface soil at the Building 850 subarea were selected in the Interim
Site-Wide ROD and are discussed in Section 6.5.1. Attainment of these standards will be
confirmed through verification sampling to be conducted following soil removal.

The performance standards that shall be met to confirm the effectiveness of the MNA remedy
for tritium in ground water at Building 850 are that: (1) tritium is not posing an unacceptable
risk, (2) source control measures have been implemented and the tritium activity data indicate
that the firing table source is no longer releasing contaminants to ground water, and (3) the areal

08-04/ERD:MJT:rtd 20



UCRL-AR-201835 Interim RD for the Building 850 Subarea, LLNL Site 300 August 2004

extent of tritium in ground water enclosed by the drinking water MCL (20,000 pCi/L) contour
decreasing to meet cleanup standards. As discussed in Section 5.2, monitoring data will be
collected per the requirements of the Compliance Monitoring Plan and the performance of the
MNA remedy will be reviewed semi-annually. The requirements to achieve cleanup of tritium in
ground water are discussed in Section 6.5.2.

5.7. Controls and Safeguards

Proper procedures, safeguards, and controls will be developed and implemented during the
excavation and disposal of the tritium-contaminated sand pile in the vicinity of Building 850 and
the PCB-contaminated soil from the hillside around the Building 850 firing table to prevent dust
generation and to mitigate risk to on-site workers. The excavated soil will be isolated and
covered to ensure that any co-contaminants, such as depleted uranium in surface soil or tritium in
the sand pile, cannot leach out of the waste prior to disposal. In addition, safety procedures as
defined by Excavation Health and Safety Plan, Standard Operating Procedures (SOPs), and
Integration Work Sheets will be followed for surface soil and ground water sampling.

5.8. Excavation and Document Schedule

The excavation of the tritium-contaminated sand pile in the vicinity of Building 850 and the
PCB-, dioxin-, and furan-contaminated soil from the hillside around the Building 850 firing table
are planned to occur during Fiscal Year 2005 (Table 1-2). Table 1-2 also shows the submittal
dates for the Draft, Draft Final and Final Building 850 subarea Five-Year Reviews.

5.9. Cost Estimates

Detailed cost estimates for the planned remedial actions outlined in this RD report are
presented in Appendix D. The total cost for soil excavation and disposal activities to be
conducted in FYO06 is $4,846,321.21. The cost estimates for excavation, handling,
transportation, and disposal of contaminated soil adjacent to the Building 850 firing table area
and verification sampling are shown in Appendix D, Table D-1. For costing purposes, it was
assumed that removal of a 10% contingency volume of additional soil may be required for both
the soil and sand pile excavation projects. The costs for soil excavation were based on estimates
provided by a contractor that routinely performs excavation work of this nature. The costs for
handling, transportation, treatment, and disposal of excavated soil are based on estimates
provided by the LLNL Radioactive and Hazardous Waste Management Division. Soil sample
analytical costs are based on existing analytical laboratory contract costs.

Annual cost (in FYO5 dollars) for ground water monitoring, MNA for tritium in ground
water, and administrative controls is $99,448. These costs over 30 years are $1,528,759. The
costs for ground water sampling and analysis, well maintenance, and reporting are provided in
Appendix D, Table D-2. Sample analytical costs are based on existing analytical laboratory
contract costs and adjusted for inflation. Ground water sampling, well maintenance, and
reporting costs were developed from actual costs for performing these activities during prior
years with escalation adjustments for outyears.

Costs estimates for risk and hazard management activities are provided in Appendix D,
Table D-3. There costs were developed from actual costs for performing these activities during
prior years with escalation adjustments for outyears.
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6. Remedial Action Work Plan

The Remedial Action Work Plan for the Building 850 subarea includes the excavation and
disposal of soil as described in Section 5.2, ground water monitoring, and the performance
monitoring of the natural attenuation of the tritium plume as discussed in Section 5.3. QA/QC
Plans and Health and Safety Plans for soil excavation are attached as Appendices B and C.
Monitoring and reporting requirements for the ground water monitor wells are included in the
Compliance Monitoring Plan (Ferry et al., 2002). In addition, requirements for onsite storage
and offsite shipment of hazardous waste, remediation completion/closure criteria, and procedures
for well closure are discussed in this section.

This document provides the overall strategy for implementing the selected remedial action.
LLNL will procure the services of a subcontractor to perform the excavation activities. The
subcontractor will be responsible for generating a detailed scope of work, including procedures
for excavation, soil handling, equipment decontamination, and waste packaging. The
subcontractor will be required to generate a detailed, activity-specific Health and Safety Plan.
The LLNL RHWM Division will be responsible for conducting verification sampling and for the
shipment and disposal of the excavated soil. The LLNL Environmental Restoration Division
will manage the soil excavation and disposal activity and the overall remediation and monitoring
of the Building 850 subarea.

6.1. Quality Assurance/Quality Control and Health and Safety Plans

The QA/QC and the Health and Safety Plans for excavation are presented as Appendices B
and C of this document. The QA/QC Plan for excavation is presented in Appendix B. This plan
describes the organizational structure, responsibilities, and authority for excavation QA/QC and
the objectives, quality goals, and QA elements for excavation and disposal. Appendix C
contains the Health and Safety Plan for the Building 850 excavation. This plan presents: (1)
organizational structure and responsibilities, (2) hazard analyses and control measures, (3)
training requirements for the Building 850 excavation personnel, and (4) emergency safety
procedures. A more detailed Site Safety Plan will be prepared prior to implementation of soil
excavation activities.

6.2. Monitoring and Reporting Programs

The general monitoring and reporting requirements for the Building 850 area (i.e., COC
sampling frequency, media to be sampled, and analysis that will be performed on the samples)
are included in the Compliance Monitoring Plan. Based on agreements with the EPA, DTSC,
and RWQCB, the well sampling plan that indicates well sampling frequency, well type, well
sample analysis, and the geologic units in which the wells are screened is provided in the Semi-
Annual Compliance Monitoring Reports. Additional information regarding well construction
(i.e., well bore and casing diameter, well casing material, etc.) is provided to the regulatory
agencies in the Site-Wide Remedial Investigation Report (Webster-Scholten, 1994).

Ground water concentrations will be determined by analyzing samples collected from
monitor wells to track changes in plume concentration and extent that result from natural
processes such as dispersion, adsorption, advection, and radioactive decay. Monitoring for
tritium, **U, perchlorate, and nitrate will be conducted in Building 850 subarea ground water
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monitor wells, as well as in spring 6 and Well 8 spring in accordance with the Compliance
Monitoring Plan. Chemical analyses will be performed according to EPA Methods or analytical
methods contained in the LLNL Environmental Restoration Division SOPs (Goodrich and
Depue, 2003). Results will be evaluated according to QA/QC procedures contained in the
Quality Assurance Project Plan (Dibley, 1999). Measured ground water concentrations will be
used to prepare contaminant isoconcentration contour maps to assess the progress of MNA for
tritium and the concentrations of other contaminants of concern in ground water. Ground water
elevations in Building 850 monitor wells will be measured quarterly. The results of the ground
water monitoring will be reported in the semi-annual Compliance Monitoring report.

6.3. Hazardous Waste Handling

The firing table soil will be excavated by a subcontractor. LLNL’s RHWM will direct the
onsite staging, packaging, and shipment of the waste to the disposal facility. As discussed in
Section 5.2.3, the excavated soil will be handled as TSCA-regulated mixed waste or California
combined mixed waste, depending on the PCB concentrations. The sandpile material will be
handled as low-level radioactive waste unless PCBs are detected, in which case it will be handled
as either TSCA-regulated mixed waste or California combined mixed waste, depending on the
PCB concentrations. The shipment and disposal of waste material will be performed in
accordance with the requirements of Department of Transportation 49 Code of Federal
Regulations (CFR), EPA 40 CFR, and California Code of Regulations (CCR) Title 22. Once
packaged and characterized to meet the disposal facility’s waste disposal criteria, the soil will be
shipped to Envirocare facility in Utah for treatment and/or disposal. Assuming the sand pile
material does not contain PCBs, it will be shipped to the Nevada Test Site for disposal as low-
level radioactive waste. DOE/LLNL will comply with the Offsite Rule (40 CFR 300.440) for the
offsite shipment of CERCLA waste.

6.4. Performance Assessment of MNA for Tritium

The performance of the MNA remedy for the Building 850 tritium plume in ground water
will be assessed by: (1) monitoring the tritium activity trends in the monitor wells, (2)
contaminant plume maps showing the extent of the tritium plume in the subsurface, (3)
estimating the total activity in ground water and comparing to previous years, and (4) comparing
the measured tritium activities from wells to predicted results.

Total tritium activities in ground water recorded from January 1985 through the second
quarter of 2003 were plotted to evaluate the observed decreases in total tritium activities over
time compared to the theoretical tritium decay curve (Figure 13). The curve indicates that the
observed reduction in total tritium activity over this time period generally occurred more rapidly
than would be expected based on the theoretical tritium decay curve. This could be due the
combined effects of natural dispersion and decay working to reduce the total tritium activity
within the plume.

In addition, the maximum annual tritium activities from 1985 through the second quarter of
2003 were plotted and the trend was projected into future years to estimate the rate at which
tritium activities could be expected to decrease over time and when cleanup standards might be
achieved (Figure 14). This curve indicated that the observed reduction in maximum tritium
activity occurred more rapidly than expected theoretically. Based on the trend in decreasing total
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activity as well as the decrease in maximum activity level, the Building 850 area tritium plume is
expected to decay to MCLs or lower within 40 years.

These curves can be used to compare observed total and maximum tritium activity to
projected decreases to evaluate the effectiveness of natural radioactive decay in reducing tritium
activities in ground water to meet cleanup standards.

6.5. Requirements for Closure

This section specifies requirements for determining when the cleanup of soil through
excavation and removal and of tritium in ground water through MNA has been completed.

6.5.1. Soil Cleanup

Soil cleanup will be complete when contaminated surface soil has been excavated from the
Building 850 firing table area depicted on Figure 7 and verification sampling indicates that all
soil with concentrations of PCBs, dioxins, and furan exceeding final cleanup standards has been
removed. The sand pile excavation will be completed when all material with tritium activities
exceeding final cleanup standards has been removed from the sand pile area.

The final cleanup standards for soil and the sand pile in the Building 850 subarea were
established in the Interim Site-Wide ROD and are:

1. PCBs: 0.74 mg/kg, the U.S. EPA Region IX industrial PRG.

2. 2.3,7,8-TCDD: 1.6 x 107 mg/kg, the U.S. EPA Region IX industrial PRG. All related
dioxin and furan compound concentrations will be converted to an equivalent
concentration of 2,3,7,8-TCDD using the Dioxin Toxicity Equivalence Factors and
compared to the PRG for 2,3,7,8-TCDD.

3. Tritium: 5,000,000 pCi/L,, in the Building 850 sand pile and contiguous surface soil to
protect ground water. This can also be expressed as 277 pCi/g assuming a 10% soil
moisture content and a bulk density of 1.8 grams per cubic centimeter (g/cm’). If native
soil beneath the sand pile exceeds the surface soil cleanup standards, subsurface soil will
be excavated and the cleanup standards will be re-calculated to account for the reduction
in vadose zone thickness.

The soil cleanup standards apply to: (1) PCBs, dioxins, and furans in surface soil adjacent to
the Building 850 firing table, and (2) tritium in the Building 850 sand pile and any contiguous
soil. Soil removal and excavation is scheduled to be completed by the end of 2005 and are
considered the final remedy for this medium.

6.5.2. Ground Water Cleanup

Ground water cleanup in the Building 850 subarea will be complete when ground water
samples demonstrate that cleanup standards, which will be selected and codified in the Final
Site-Wide ROD, are achieved. This will be achieved when tritium concentrations in samples
collected from all monitor wells within the subarea are below the cleanup standards. Ground
water post-closure monitoring will be performed for two years after reduction of concentrations
to cleanup standards throughout the plume is verified. Should contaminant concentrations in
ground water rebound above cleanup standards, further monitoring will be discussed with the
regulatory agencies.
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Cleanup will be considered complete when contaminant concentrations in ground water
remain below the to-be-agreed-upon cleanup standards for at least two years. After concurrence
with the regulatory agencies that cleanup is complete, the monitor wells in the Building 850
subarea will be decommissioned. Wells will be closed by in situ casing perforation and pressure
grouting, or by well removal as appropriate, consistent with the approved LLNL Livermore Site
and Site 300 Environmental Restoration Project SOPs (Goodrich and Depue, 2003). Wellhead
abandonment will include removal of any protective covers, instruments, and concrete pads. The
upper 2 to 3 ft will be filled with low-permeability soil to restore grade.
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8. Acronyms and Abbreviations

°H, Tritium in gaseous form

CCR California Code of Regulations

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
cm/sec  centimeters per second

CFR Code of Federal Regulations

Ci Curies

COC Contaminants of Concern

CoC Chain of Custody

DOE Department of Energy

DTSC (California) Department of Toxic Substances Control
EPA Environmental Protection Agency

EPD Environmental Protection Department

ERHMP Ecological risk and hazard management program

ERD Environmental Restoration Division
ES&H Environmental Safety and Health

ft feet

ft* square feet

g/*®cm’  grams per cubic centimeters

gph gallons per hour
HE High explosives
HMX High melting explosive (cyclotetramethylene tetranitramine)

HSU Hydrostratigraphic unit

IWS Integrated Work Sheet

LLNL Lawrence Livermore National Laboratory
MCL Maximum Contaminant Level
mg/kg milligrams per kilogram

mg/L milligrams per liter

MNA Monitored Natural Attenuation
MSL Mean sea level

m/yr meters per year

ou Operable Unit

PCBs Polychlorinated biphenyls
PCDD Polychlorinated dibenzodioxin
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pCi/g
pCi/L
pCi/L,,
PEPM
pg/g
ppt
PRG
QA
Qal
QAMP
QAPP
QC
RCRA
RD
RDX
ROD
RPM
RHWM
RWQCB
SARA
SOPs
TCDD
TCDF
TEC
TEF
Tmss
Tnbs,
Tnbs,
Tnsc,
TNT
TSCA
UCRL
yd’
ng/L

Picocuries per gram

Picocuries per liter

Picocuries per liter in soil moisture

Plant engineering project manager
Picograms per gram

parts per thousand

Preliminary Remediation Goal (EPA Region IX)
Quality assurance

Quaternary alluvium

Quality Assurance Management Plan
Quality Assurance Project Plan

Quality control

Resource Conservation and Recovery Act
Remedial Design

Research Department Explosive (cyclo-1,3,5-trimethylene-2-, 4-, 6-trinitramine

Record of Decision

Remedial Project Manager

Radioactive and hazardous waste management
(California) Regional Water Quality Control Board
Superfund Amendments and Reauthorization Act
Standard Operating Procedures
Tetrachloro-di-benzodioxin
Tetrachloro-di-benzofuran

Toxicity Equivalence Concentration

Toxicity Equivalence Factor

Tertiary Cierbo Formation

Tertiary Neroly basal sandstone

Tertiary Neroly lower blue sandstone

Tertiary Neroly basal siltstone/claystone
Tritnitrotoluene

Toxic Substances Control Act

University of California Radiation Laboratory
cubic yards

Micrograms per liter
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Figure 1. Location of Site 300 and LLNL Livermore Site.
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Figure 2. Site 300 map showing location of the Building 850 subarea and ground water plumes emanating from Building 850.
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Figure 3. Building 850 subarea site map showing monitor wells, springs, roads, and buildings.
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Figure 4. Hydrogeologic cross-sections from Building 850 firing table to Elk Ravine and Pit 2.
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Figure 5. Ground water elevation map of the Building 850 subarea (2nd quarter 2003).
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Figure 6. Map of the Building 850 firing table and sand pile area delineating areas of surface soil containing PCBs above 0.74 mg/kg
(PRG) and 50 mg/kg.
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Figure 7. Total TCDD dioxin, total TCDF furan, and total toxicity equivalent factor concentrations in surface soil (0.0 — 0.5 ft) in the
Building 850 firing table area [showing PRG (preliminary remediation goal) contours for PCBs and TCDD].
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Figure 8. Map of the Building 850 firing table and sand pile area delineating areas of surface and subsurface soil containing PCBs above
the 0.74 mg/kg (PRG).
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Figure 9. Ground water tritium plume in the Building 850 subarea (most recent data).
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Figure 10. Extent of ground water tritium plume (activities >20,000 pCi/L) in the Building 850 subarea from 1985 to 2003.
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Figure 11. Time-series plot of tritium activities in ground water samples from wells NC7-10, NC7-28, and NC7-61.
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Figure 12. Building 850 subarea showing total uranium activity in ground water and percent of activity due to addition of depleted uranium.
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Figure 13. Total ground water tritium activity time-series plot for the Building 850 subarea.
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UCRL-AR-201835

Interim RD for the Building 850 Subarea, LLNL Site 300

August 2004

Table 1-1. Selected remedies for contaminants of concern in environmental media in the
Building 850 subarea.

Environmental media

Contaminant of

concern Surface soil Subsurface soil Surface water Ground water
Tritium No Further Action for | No Further Monitored Monitored
soil adjacent to firing | Action® Natural Natural
table.” Excavation and Attenuation Attenuation
Excavation and disposal of sand
disposal of sand pile. pile.
Depleted No Further Action for | No Further Monitoring" Monitoring
uranium soil adjacent to firing | Action®
table®
PCBs, dioxins, Excavation and Not a Not a Not a
furans disposal contaminant of contaminant of contaminant of
concern concern concern
Excavation and
disposal
HMX Excavation and Not a Not a Not a
disposal® contaminant of contaminant of contaminant of
concern concern concern
Metals Excavation and Not a Not a Not a
disposal® contaminant of contaminant of contaminant of
concern concern concern
Nitrate Not a contaminant of Not a Not a Monitoring
concern contaminant of contaminant of
concern concern
Perchlorate Not a contaminant of Not a Not a Monitoringd
concern contaminant of contaminant of
concern concern

Contaminant of concern not present in surface soil at concentrations exceeding health-based standards or that

pose a threat to ground water quality. Incidental removal during PCB-driven soil excavation.

standards or that pose a threat to ground water quality.

Depleted uranium not currently established as a contaminant of concern in surface water.
Perchlorate not currently established as a contaminant of concern in ground water.

Table 1-2. Building 850 subarea remedial action and document schedule.

Tritium and depleted uranium are not present in concentrations beneath firing table exceeding health-based

Activity Completion date
Surface soil sampling and analysis September 30, 2006
Excavate soil from sand pile/hillside September 30, 2006
Building 850 Draft Five-Year Review June 30, 2009
Building 850 Draft Final Five-Year Review November 14, 2009
Building 850 Final Five-Year Review December 13, 2009

08-04/ERD:MJT:rtd
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UCRL-AR-201835 Interim RD for the Building 850 Subarea, LLNL Site 300 August 2004

A-2.

A-3.

A-5.

A-6.

A-T7.

A-10.

A-11.

A-12.

A-13.

A-14.

A-15.

A-16.

List of Analytical Data Tables

Ground water elevations for monitor wells in the Building 850 subarea measured between
July 1, 1995 and June 30, 2003.

Surface soil analyses for PCB compounds (mg/kg) in samples collected from the
Building 850 subarea between January 1, 1988 and October 31, 2003.

Surface soil analyses for dioxin and furan compounds (mg/kg) in samples collected from
the Building 850 subarea between January 1, 1988 and October 31, 2003.

Surface soil analyses for uranium isotopes (pCi/g) and *°U/**U atom ratio in samples
collected from the Building 850 subarea between January 1, 1988 and October 31, 2003.

Surface soil analyses for TTLC metals (mg/kg) in samples collected from the Building
850 subarea between January 1, 1988 and October 31, 2003.

Surface soil analyses for STLC metals (mg/kg) in samples collected from the Building
850 subarea between January 1, 1988 and October 31, 2003.

Surface soil analyses for high explosives compounds (mg/kg) in samples collected from
the Building 850 subarea between January 1, 1988 and October 31, 2003.

Subsurface soil and rock analyses for PCB compounds (mg/kg) in samples collected from
the Building 850 subarea between January 1, 1988 and October 31, 2003.

Subsurface soil and rock analyses for tritium (pCi/L,,) in samples collected from the
Building 850 subarea between January 1, 1988 and June 30, 2003.

Subsurface soil and rock analyses for uranium isotopes (pCi/g) and *°U/**U atom ratio in
samples collected from the Building 850 subarea between January 1, 1988 and October
31, 2003.

Subsurface soil and rock analyses for STLC metals (mg/kg) in samples collected from the
Building 850 subarea between January 1, 1988 and October 31, 2003.

Ground and surface water analyses for tritium (pCi/L) in samples collected from the
Building 850 subarea between July 1, 1995 and June 30, 2003.

Ground and surface water analyses for uranium isotopes (pCi/L) and **U/**U atom ratio
in samples collected from the Building 850 subarea between July 1, 1995 and June 30,
2003.

Ground and surface water analysis for uranium by mass spec (pCi/L) and **U/**U atom
ratio in samples collected from the Building 850 subarea between July 1, 1995 and
June 30, 2003.

Ground and surface water analyses for nitrogenous compounds (mg/L) in samples
collected from the Building 850 subarea between July 1, 1995 and June 30, 2003.

Ground and surface water analyses for perchlorate (mg/L) in samples collected from the
Building 850 subarea between July 1, 1995 and June 30, 2003.

08-04/ERD:MJT:rtd A-i



UCRL-AR-201835 Interim RD for the Building 850 Subarea, LLNL Site 300 August 2004

A-17.

A-18.

A-19.

A-20.

A-21.

A-22.

Ground and surface water analyses for high explosive compounds (ug/L) in samples
collected from the Building 850 subarea between July 1, 1995 and June 30, 2003.

Ground and surface water analyses for PCBs (ug/L) in samples collected from the
Building 850 subarea between July 1, 1995 and June 30, 2003.

Ground and surface water analyses for metals and cations (mg/L) in samples collected
from the Building 850 subarea between July 1, 1995 and June 30, 2003.

Ground and surface water analyses for volatile organic compounds (ug/L) in samples
collected from the Building 850 subarea between July 1, 1995 and June 30, 2003.

Ground and surface water analyses for aromatic (fuel) hydrocarbons (ug/L) in samples
collected from the Building 850 subarea between July 1, 1995 and June 30, 2003.

Ground and surface water analyses for anions, TDS, specific conductivity, and pH in
samples collected from the Building 850 subarea between July 1, 1995 and June 30,
2003.
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Table A-1. Ground Water Elevations measured in the Building 850 subarea
Current Date: November 5, 2003
Current Time: 15:45:138



Table A-1l. Ground Water Elevations for Monitor Wells in the Building B50 subarea,
measured between July 1, 1935, and June 30, 2003.

Location Location
Date Depth Water Date Depth Water
of to Water Elevation Notes of to Water Elevation Notes
Measurement (ft) {££/MSL) Measurement (£t {ft/MSL)
K1-01C K1-01C (continued)

07/14/95 109.862 971.60 04/03/00 91.03 §90.19
07/31/95 109.50 971.72 PS 04/18/00 91.35 589.87 PS
01/17/96 108.40 972.82 05/02/00 91.18 990.04
02/27/96 108.00 ©873.22 PS 06/05/00 91.27 989.85
04/03/96 107.00 974.22 PS 07/07/00 91.69 988.53
04/10/96 107.50 973.72 PS 07/19/00 92.16 988.06 PS
04/30/96 107.00 974.22 PS 0B/02/00 91.76 989.46
05/01/96 DRY 09/06/00 92.29 988.93
06/06/96 106.09 975.13 10/03/00 92.46 988.76
G7/16/96 105,17 976.05 10/19/00 92.73 988.489 PS
07/30/96 104.30 976.32 PS 11/01/00 93.03 988.19
0B/08/986 104.58 976.64 12/04/00 83.350 987.72
09/04/96 103.99 877.23 01/04/01 93.87 987.35
10/09/9¢6 103.55 977.67 PS 01/18/01 83.95 987.27 Ps
16/09/96 103.38 377.84 02/01/01 94.22 987.00
11/06/96 103.25 977.97 03/08/01 94.56 986.66
12/10/96 102.70 978.52 04/10/01 NM/OBSTRUCTI
12/13/96 103.00 978.22 PS 04/18/01 94.60 986.62 PS
01/13/97 102.15 979.07 05/03/701 NM
02/05/97 102.14 979.08 06/01/02 $5.04 986.18
03/04/97 101.87 973.35 07/08/01 $5.55 985.67 ps
04/10/97 101.01 980.21 07/058/01 95.55 985.67
05/10/97 100.52 980.70 08/02/01 95.98 985.24
06/05/97 99.85 981.37 08/07/01 96.34 584.88
07/01/97 99,65 581.57 10/04/01 96.54 9B4.68
08/04/97 598.99 §82.23 106/22/01 96.70 9B4.52 PS
09/04/97 98.70 982.52 11/07/01 96.96 984.26
10/07/97 98.41 982.81 12/05/01 97.18 $84.04
11/04/97 98.26 982.96 01/10/02 97.34 583.88
12/02/97 98.25 582.57 01/16/02 97.37 983.85 BES
01/08/98 98.13 983.0% PS 02/04/02 97.23 983.99
01/0B8/98 95.13 983.09 03/06/02 96.598 984.24
02/09/98 98.49 582.73 04/12/02 97.33 983.89
03/05/38 87.57 $83.65 04/16/02 97.35 983.87 PS
04/06/98 96.89 984.33 05/01/02 NM
04/09/58 96.86 984.36 PS 06/01/02 97.39 983.83
05/06/98 895.76 985.46 07/09/02 97.65 283.57
06/03/98 94.47 986.75 07/29/02 97.90 983.32 PS
07/13/98 92.79 988.43 08/03/02 97.90 383,32
07/14/58 52.80 988.42 PS 09/07/02 97.99 $83.23
0B/11/98 91.79 983.43 10/04/02 298.23 982.9%9
09/01/98 90.80 960.42 12/05/02 98.99 982.23 PS
10/14/98 85.80 991.42 PS 01/08/03 $95.02 982.20
10/26/98 89.21 992.01 01/31/03 59.33 981.89 PS
11/17/98 88.85 892.37 02/01/03 $9.33 981.B%
12/01/98 88.90 592.32 03/01/03 99.35 981.87
01/05/9% MUD 04/05/03 95.50 981.72
01/12/99 88.10 993.12 Pg 04/17/03 §9.51 981.71 PS
02/05/99 87.81 993.41
03/09/99 87.57 993,65
04/12/99 87.83 993.39 PS K1-02B
04/15/99 87.46 993.76 07/14/95 137.80 969.43
05/04/99 87.68 993,54 07/31/95 137.70 $69.53 FS
06/02/99 87.39 993.83 01/17/96 137.00 970.23
07/06/99 88.17 893.05 PSS 02/27/96 136.70 970.53 PS
07/22/99 88.06 993.16 04/10/96 136.10 971.13 PS
08/18/99 88.42 g92.80 05/01/96 135.68 971.55
09/13/99 88.75 992.47 . 06/06/96 134.95 972.28
10/04/99 89.386 991.86 PS 07/16/96 134.30 972.93
10/12/99 89.23 991.99 07/30/96 134.00 973.23 PS
12/03/99 90.00 89).22 08/0B/96 133.91 973.32
01/10/00 90.15 891.0Q7 08/04/96 133.52 973.71
02/07/00 94.15 587.07 PS 08/20/5%6 133.40 973.83 PS
02/16/00 90.20 390,32 069/27/86 133.33 373.30 FS
03/16/00 91.22 390.00 10/08/96 132.58 974.25



Table A-1. Ground Water Elevations for Monitor Wells in the Building 850 subarea,
measured between July 1, 1%95, and June 30, 2003.

Location Location
Date Depth Water Date Depth wWater
of to Water Elevation Notes of to Water Elevation Notes
Measurement {ft) {££/MSL) Measurement (£t) [£t/MSL)
K1-02B (continued) K1-02B (continued)

10/08/96 133.10 974.13 ps 11/01/00 122.43 984.80
10/28/96 132.%0 974.33 PS 12/04/00 122.%4 984.29
11/06/%96 132.91 974.32 12/14/00 122.80 984.43 s
12/10/96 132.22 975.01 12/21/00 122,80 984.43 ps
01/15/97 132.27 974,96 01/04/01 123.24 983.99
02/05/97 131.93 975.30 01/18/01 123.25 983,98 PS
03/04/97 131.66 975.57 02/01/01 123.39 983.84
04/03/97 130.85 976.38 03/,08/01 123.78 983.45
05/10/97 130.47 976.76 04/10/01 124.04 983.19
06/05/97 129.92 977.31 04/18/01 124.10 983.13 PS
07/01/97 1298.74 977.49 05/03/01 124.01 983.22
08/04/97 129.15 978.08 06/01/01 124.43 982.80
09/04/97 128.80 978.43 07/09/01 124.55 982.68
10/07/87 128.51 978.72 07/09/01 124.50 982.73 pPs
11/04/97 128.39 978.84 p8/02/01 125.21 982.02
12/02/97 128.31 978.92 03/07/01 125.20 982.03
01/08/98 128.16 979.07 10/04/01 125.55 98l1.68
01/08/98 128.16 979.07 PS 10/22/01 125.70 981.53 PS
02/09/98 128.44 978.79 11/,07/01 125.89 981.34
03/05/98 127.61 978.62 12/05/01 126.10 981.13
04/06/98 126.89 980.24 01/10/02 126.26 980.97
04/058/88 126.90 980.33 PS 01/16/02 126.30 980.93 PS
05/06/98 125.96 981.27 02/04/02 126.28 980.95
05/11/%8 125.65 981.58 S 03/06/02 125.97 981.26
05/18/58 125.50 981.73 PS 04/12/02 126.28 980.95
06/03/98 124.85 982.38 04/16/02 126.30 980.83 PS
07/13/98 05/01/02 NM
07/14/98 123.40 983.83 PS 06/01/02 126.29 980.94
08/11/%8 DRY 07/09/02 126.60 580.63
09/01/98 DRY 07/29/02 126.80 880.43 PS
10/13/98 120.54 986.69 PS 08/03/02 126.80 980.43
10/26/98 120.24 986.99 09/07/02 127.05 980.18
11/17/98 119.46 987.77 10/03/02 127.20 $80.03
12/01/98 119.76 987.47 12/04/02 127.69 979.54 Ps
12/04/98 119.50 $87.73 PS 01/08/03 127.64 979.59%
12/11/98 119.31 987.82 PS 01/30/03 128.04 979.18 PS
01/G5/99 119.27 987.56 02/01/03 128.04 979.18
01/12/9% 118.%0 988.33 FS 03/01/03 128.17 979,06
02/05/99 115.13 988.10 04/05/03 128.20 979.03
03/09/99 118.52 988.71 04/17/03 128.17 279.06 PSS
04/15/99 118.04 989.19
04/15/89 118.36 9588.87 PS
05/04/59 118.51 988B.72 K1-03
06/02/99 117.%91 989.32 07/14/85 140.37 967.68
07/09/99 118.65 988.58 PS 07/31/85 140.30 9€7.75 PS
07/22/99 118.22 989.01 01/18/596 139.45 9€8B.60
08/18/89 118.32 988.91 04/10/96 138.65 969.39 PS
09/08/89 118.87 588.36 05/01/96 138,24 96%.81
10/07/89 119.48 287.7% PS 06/06/96 137.60 970.45
10/12/99 118.37 987.86 07/16/86 136.5%4 971.11
12/03/59 119.83 987.30 D7/30/96 136.73 971.32 PS
01/1G/00 120.18 $87.05 08/08/86 136.59 971.46
02/07/00 120.91 $B86.32 PS 09/04/36 136.20 971.85
02/16/00 120.70 886.53 210/09/86 135.77 972.28
03/16/00 120.93 886.30 10/10/86 135.85 872.10 PSs
04/03/00 120.88 986.37 11/06/96 135.67 972.38
04/18/00 120.99 SB6.24 PS 12710786 135,05 973.00
05/02/00 120.92 986.31 01715787 135.08 972.97
06/05/00 121.26 9B5.97 0Z/05/37 134.68 973.37
07/07/00 121.26 985.97 03/04/57 134.42 973.63
07/19/00 121.25 985.98 PS 04710787 133.70 974.35
08/02/00 121.42 9B5.81 05/10/97 133.28 974.77
08/06/00 121.46 SB5.77 06/05/97 132.71 975.34
10702700 121.96 985.27 07/02/97 132.50 975.85
10/19/00 122.68 984.55 PS 08/04/97 131.97 976.08



Table A-1. Ground Water Elevations for Monitor Wells in the Building 850 subarsa,

Depth Watexr
to Water Elevation Notes
(ft) {E£/MSL)
126.78 981.27 ps
126.78 981.27
127.83 980.22
128.04 280.01
128.25% 978.76
128.35 979.70 PS
128.66 978.38
128.81 979.24
128.92 979.13
128.85 975.10 PS
128.88 879.17
128.66 979.39
125.00 979.05
125.00 979.05 PS
NM
128.99 979.06
128.30 978.75
129.55 978.50 PS
129.55 978.50
120,81 978.14
129.580 878.15
130.57 977.48 PSS
130.65 977.40
130.85 877.10 PS
130.95% 977.10
130.85 977.10
131.15 976.90
130.%4 877.11 PS
15B.57 964.10
158.45 964.22 PS
157.80 964.87
157.23 065.44 PS
156.66 966.01
156.57 966.10 PS8
156.10 966.57
155.63 967.04
155.43 967 .24 PS
155.38 967.29
155.05 967.62
154.78 967.89
155.00 967.67 PS
154.71 967.96
154.11 968.56
153.99 268.68
154.00 968.67
153.66 969.01
153.00 569.67
152.57 970.10
152,18 970.45%5
151.77 8970.80
151.60 871.07
151.33 871.34
151.10 571.57
150.95 571.72
150.89 971.78
150.67 372.00 PS
150.67 972.00
151.04 971.63
150.23 972.44
149.75 972.82
149.57 973.10 Ps
148.72 973.85

measured between July 1, 1995, and June 30, 2003.
Location Logcation
Date Depth Water Date
of to Water Elevation Notes of
Measurement (ft) (£t /MSL) Measurement

K1-03 (continued) K1-03 (continued)
09/04/97 131.67 976.38 07/09/01
106/07/97 131.37 976.68 07/09/01
11/04/97 131.22 976.83 08702701
12/02/57 131.14 976.91 03/07/01
01/08/98 130.95 977.10 PS 10/04/01
01/08/58 130.85 977.10 10/22/01
02/09/98 131.25 576.80 11/07/01
03/05/98 130.37 977.68 12705701
04/06/98 129.75 978.30 01/10/02
04/098/98 129.67 978.38 P3 01/16/02
05/06/98 128.84 975.21 02/04/02
06/03/58 127.67 980.38 03/06/02
07/13/98 04/12/02
07/15/88 126.40 981.65 PS D4/16/02
0B/11/98 NM 05/01/02
09/01/98 124.51 983.54 06/01/02
10/13/88 123.52 984.53 P3 07/08/02
10/26/98 122.98 985.07 07/29/02
11/17/58 M 0B/03/02
12/01/58 : NM 09/07/6G2
12/04/5%8 122,97 985.08 PS 10/03/02
12/11/98 122.00 586.05 PS 12/04/02
01/05/99 121.98 986.07 01/08/03
01/12/99 121.58 986.47 PS 01/30/03
02/05/99 120.92 987.13 02/01/03
03/09/99 121.32 $86.73 03/01/03
04/15/99 120.83 8987.22 PS 04/05/03
04/15/99 120.90 987.15 04/17/03
05/04/38 120.73 987.32
D6/02/99 121.02 987.03
07/08/95 121.30 986.75 PS K1-04
07/22/99 121.27 $B6.78 07/14/95
08/18/99 120.92 $B87.13 07/31/95
09/08/99 121.49 986.56 ol/18/%6
10/G6/99 122.00 986.05 PS 04/11/96
10/12/99 121.99 986.08 05/01/9¢6
12/03/99 122.50 985.55 05/17/96
12/07/99 122.63 985.42 PS 06/06/96
12/15/%9 122.69 985.36 PS 07/16/96
01/10/00 122.84 985.21 Q7/31/96
02/07/00 123.58 984.47 PS 0B/08B/86
02/16/00 123.35% 884.70 09/04/96
03/16/00 123,58 984.47 10/09/36
04s03/00 123.58 984.47 10710756
04/18/00 123.75% 984.30 PS 11/06/586
05/02/00 123.71 984.34 - 12/10/586
06/05/00 123.85 984.10 01/13/97
07/07/00 124.13 983.92 02/05/97
07/19/00 124.00 384.05 PS 03/04/97
08/02/00 124.00 984.05 04/03/97
09/06/00 124.13 983.92 05/10/97
09711700 124.25 983.80 PS 06/05/97
03/18/00 124.49 983.56 PS 07/10/97
10/03/00 124.37 983.68 0B/04/97
10/23/00 125.74 982.31 PS 09/04/87
11/01/00 125.18 982.87 10/07/97
12/04/,00 125.38 982.67 11/04/57
01/04/01 125.71 382,34 12/02/87
01/18/01 125.87 982.18 PS 01/08/98
02/01/01 125.77 982.28 01/08/98
03/0B/01 126.57 981.48 D2/08/98
04/10/01 126.23 981.82 03/05/398
04/18/01 126.20 ©81.85 PS 04/06/98
05/03/01 126.20 981.85 04/0%/98
06/01/01 126.66 981.39 05/06/98

A-1-3



Table A-1. Ground Water Elevations for Monitor Wells in the Building 850 subarea,
measured between July 1, 1935, and June 30, 2003.

Location Location
Date Depth Water Date Depth Water
of to Water Elevation Notes of to Water Elevation Notes
Measurement (ft} (££/MSL) - Measurement Lft) (ft/MSL}
¥1-04 (continued) K1-04 (continued)

06/03/98 147.78 974.89 04/12/02 148.40 974.27
07/13/98 146.70 975.97 . 04/16/02 148.40 974.27 P35
07/15/98 146.73 975.94 PS 05/01/02 NM
08/11/88 146.18 976.49 056/01/02 148.53 974.14
0e/01/98 145.31 977.36 07/08/02 148.57 973.70
08/15/98 144.90 977.77 PS 07/28/02 148.50 973.77 P3
10/14/598 144.25 978.42 PS 08/03/02 148.30 973.77
10/26/98 144.00 978.67 09/07/02 149.23 973.44
11/17/98 143,24 979.43 10/03/02 149.26 973.41
12/01/%8 143.14 979.53 12/05/02 149.60 973.07 PS
12/04/98 143.35 979.32 PS 01/08/03 149.71 972.96
12/11/98 143.25 979.42 PS 01725703 150.37 972.30 PS
01/05/89 142.86 979.81 02/01/03 150.37 972.30
01/13/8% 142.75 979.92 PS 03/01/03 150.17 972.50
02/05/%% 142.43 980.24 04/05/03 150.20 972.47
03/03/9%9 142.25 980.42 PS 04/18/03 150.34 972.33 PS
03/09/99 142.03 980.64 06/24/03 150.53 PS

03/10/83 142.30 980.37 PS
04/14/%99 142.22 980.45 PS

04/15/83 141.70 980.97 X1-05

05/04/59 141.21 981.46 07/14/85 172.89 ©57.97
06/02/8% 141.61 981.06 07/31/95 172.90 957.96 PS
07/09/99 142.25 880.42 PS 01/18/96 172.50 558.36
07/22/99 142.15 980.52 04/11/96 171.90 958,96 PS
08/18/99 141.82 980.85 05/01/96 171.51 59.35
09/08/399 142.14 980.53 06/06/96 170.98 59.88
10/06/99 142.57 980.10 P3 07/16/596 170.67 960.19
10/12/92 142.47 980.20 07/31/96 170.50 960.36 PS
12/03/99 143.12 979.55 08/08/96 170.53 960.33
G1/10/00 143.19 979.48 09/04/56 170.33 560.53
062/07/00 143.85 978.82 PS5 10/08/26 170.10 960.76
02/16/00 143.81 978.86 10/11/96 170.30 960.56 P5
03/16/00 144.00 978.67 11/06/326 170.15 960.71
04/03/00 143.69 978.98 12/10/86 170.00 960.86
04/18/00 143.95 978.68 PS 01/13/97 169,62 961.24
05/02/00 143.76 978.81 02/05/87 169.80 961.06
06/05/00 144.41 978.26 03/04/97 165.37 961.49
D7/07/Q0 144.28 978.39 04/10/97 168.69 962.17
07/19/00 144.19 §78.48 PS 05/10/97 168.49 962.37
08/02/00 144.11 878.56 06/05/797 168.14 962.72
09/06/00 144.18 978.49 67/10/97 167.88 962.98
10/03/00 144.47 978.20 08/04/97 167.79 963.07
10/23/00 144.92 977.75 PS5 09/04/97 167.59 963.27
11/01/00 145.01 977.66 10/07/97 167.40 963.46
12/04/00 145.59 977.08 11/04/87 167.36 963.50
01/04/01 145.74 976.93 12/02/87 167.23 963.63
01/18/01 145.75 976.92 PS 01/12/98 167.10 963.76
02/01/01 145.85 976.82 01/12/98 167.10 963.76 E5S
03/08/01 146.34 976.33 02/05/98 167.45 963.41
04/10/01 146.41 976.26 03/05/98 166.639 964.17
04/23/01 146.50 876.17 PS 04/06/98 166.13 964.73
05/03/01 146.50 976.17 04/15/38 166.00 964.86 Ps
06/01/01 146.60 §76.07 05/06/38 165.60 965.26
07/10/01 146.85 975.72 ps 06/03/58 164.88 965.98
07/10/01 146.85 975.72 07/13/98 164.23 966.63
08/02/01 146.37 975.70 07/16/98 164.00 966.886 PS
09/07/01 147.43 975.24 0g/11/%8 163.71 967.15
10/04/01 147.66 975.01 09/01/98 163.09 967.77
10/22/01 147.890 974 .87 PS 10/14/98 162.30 968.56 PS
11/07/01 148.03 974.64 10/26/98 162.03 568.83
12705/01 148.26 874.41 11/17/98 161.94 568.92
01/10/02 148.44 974.23 12/01/798 162.04 568.82
01/16/02 148.45 974.22 PS 12/04/58 161.73 969.13 PS
02/04/02 148.51 g74.16 12/11/88 161.80 96%.06 PS
03/06/02 148.02 974.65 01/05/89 161.91 968.95



Table A-1. Ground Water Elevations for Monitor Wells in the Building 850 subarea,
measured between July 1,

1995, and June 30,

2003.

Location
Date Depth Water
of to Water ZElevation Notes
Measurement (Et) (£ /MSIL)
K1-05 (continued)

01/13/99 161.25 965.61 PS5
02/05/9% 160.87 9659.99
03,/09/99 160.79 970.07
04/14/99 160.60 970.26 PsS
04/15/99 160.52 970.34
05704789 160.68 870.18
06/02/99 160.21 970.65
07/08/99 160.45 970.41 PS
07/22/99 160.45 970.41
08/18/59 160.30 970.56
09/08/59 160.22 970.64
10/06/9%9 160.58 570.28 PS
10/12/99 160.52 970.34
12/03/99 160.70 $70.16
01/10/00 160.52 970.34
02/08/00 161.22 965.64 PS
02/16/00 161.14 969.72
03/16/00 161.47 969.39
04/03/00 161.21 969.65
04/19/00 161.50 969.36 r3
05/02/00 161.29 969.57
06/05/00 161.52 969.34
07/07/00 161.53 969.33
07/1%/00 161.35 969,51 ps
08/02/00 161.58 969.28
09/06/00 161.69 969.17
10/03/00 161.67 969.1%
10/24/00 161.89 868.97 BS
11/01/00 162.04 868.82
12/04/00 161.39 %968.87
12/15/00 162.00 968.86 ps
12/27/00 162.00 968.86 ps
01/04/01 162.21 968.65
01/18/01 162.25 968.61 PS
02/01/01 162.60 S68.26
03/08/01 162.83 968.03
04/10/01 162.70 568.16
04/20/01 162.75 968.11 rs
05/03/01 162.75 968.11
66/01/01 163.03 967.83
07/10/01 163.00 967.86
07710701 163.00 967.86 ps
08/02/01 163.67 967.19
09/07/01 163.63 967.23
10/04/01 163.74 8967.12
10/23/01 163.65 967.21 PS
11/07/01 164.02 966.84
12/05/01 164.16 966.70
0l/1QG/02 164.25 2¢6.61
01/22/02 164.20 866.66 PS
02/04/02 164.21 $66.65
03/06/02 164.01 966.85
0D4/12/02 164.40 966.46
04/18/02 164.45 966.41 PS
G5/01/02 NM
06/01/02 164.37 966.49
07/09/02 164.73 966.13
07/30/02 164.75 966.11 PS
08/01/02 164.73 966.13
09/07/02 164.91 965.95
10/03/02 165.15 965.71
12/06/02 115.39 1015.47 PS
01/08/03 165.58 965.28
01/29/03 165.81 965.05 PS
02/01/03 165.81 965.05

Location
Date Depth Water
of to Water Elevation HNotes
Measurement {ft) (£t /MSL)
K1-05 (continued)
03/01/03 165.74 965.12
04,05/03 185.90 864.96
04/18/03 165.98 964.88 PS
06/24/03 166.04 PS
K1-D6
07/14/95 DRY
10/04/35 DRY
01/08/96 116.43 973.11
04/09/96 115.75 973.7%9
07/16/96 114.04 975.50
10/08/96 112.897 976.57
01/13/97 112.14 577.40
04/10/97 111.34 978.20
07/10/97 110.74 $78.80
10/07/97 110.24 979.30
01/16/98 109.94 979.60
04/06/98 105,27 980.27
07/13/58 107.24 982.30
10/26/98 105.21 984.33
01/05/599 104.65 984.89
04/15/99 104.24 985.40
07/22/9% 104.19 985.35
10/12/9% 104.70 984.8B4
01/10/00 105.02 984.52
04/03/00 105.49 984.05
07/07/00 105.%82 983.62
10/03/00 106.36 983.18
01/04/01 107.00 982.54
04/10/01 107.48 982.06
07/16/01 107.53 $82.01
10/04/01 108.64 980.50
01s10/02 109.14 9B80.40
04/12/02 109.13 980.41
07/23/02 109.58 979.96
10/03/02 109.65 57%.89
01/08/02 110.10 979.44
04/05/03 110.40 979.14
X1-07
07/14/55 142.70 966.93
07/31/95 142.60 967.03 PS
01/18/56 141.80 967.83
04/12/38 141.00 968.63 PS
05/01/96 140.61 969.02
06/06/96 139.93 8969.70
07/16/86 139.48 970.15
07/31/96 139.30 970.33 PS
cB/08B/96 139.22 970.41
09/04/96 139.00 970.63
10/08/96 138.73 970.80
10/11/96 138.80 970.83 PS
11/06/96 138.71 8970.92
12/10/96 128,32 971.31
01/13/97 138.07 971.56
02/05/97 137.98 971.65
03/04/97 137.56 972.07
04/04/97 136.90 972.73
05/10/97 136.59 873.04
06/05/97 136.05 873.58
07/10/97 135.73 973.590
08/04/97 135.60 974.03
09/04/797 135.32 974.31



Table A-1. Ground Water Elevations for Monitor Wells in the Building 850 subarea,
measured between July 1, 1995, and June 30,

2003,

Location
Date Depth Water
of to Water Elevation
Measurement (ft) (££/MSL})

Notes

X1-07 (continued)
10/07/97 135.18 974.45%
11704787 135.06 974.57
12/02/97 135.09 974.54
01/12/98 134.80 $74.83
01/12/88 134.80 974.83
02,09/98 135.12 974.51
03/05/88 134.31 975.32
Q4/06/58 133.52 576.11
04/15/58 133.30 976.33
05/06/88B 132.73 §76.90
06/03/98 131.87 977.76
07/13/88 130.82 978.81
07/16/398 130.68 97B.95
08/11/98 130.17 979.46
059/01/98 123.52 980.11
10/15/98 128.30 981.33
10/26/88 128.01 981.62
11/17/98 127.86 981.77
12/01/98 127.76 981.87
01/05/99 127.18 982.45
01/14/99 127.00 9B82.63
02/05/99 126.51 983.12
03/03/99 126.39 983.24
03/09/99 126.43 983.20
03/10/99 125.50 9B84.13
04712799 126.46 983.17
04/15/99 125.92 983.71
05/04/89 126.20 983.43
06/02/99 125.91 983,72
07/06/99 126.30 983.33
07/22/99 126.18 983.45
08/18/93 126.41 983 .22
09/13/99 126.64 982.99
10/04/99 127.17 082.46
10/12/99 126.98 982.65
12/03/99 127.47 982.16
01/12/00 127.53 $82.10
02/08/00 128.45 981.18
02/16/00 128.22 981.41
03/16/00 128.58 9B1.0C5
04/03/00 128.47 981.16
04/19/G0 131.72 977.91
05/02/00 128.62 581.01
06/05/00 128.72 580.91
07/07/00 128.74 980.89
07/20/00 128.68 980.95
08/07/00 129.04 980.59
09/06/00 123.31 980.32
10/03/00 129.34 980.29
10/25/00 129.57 980.06
11/01/00 129.73 979.90
12/04/00 130.19 979.44
01/04/01 130.38 §79.25
01/22/01 131.75 977.88
02/01/01 130.64 978.89
03/08/01 130.88 978.75
04/10/01 130.95 978.68
04/23/01 133.15 976.48
05/03/01 133.15 976.48
06/01/01 131.33 $78.30
67/10/01 131.70 577.93
07/10/01 131.70 877.93
08/02/01 131.94 977.69
c2/07/01 132.1% 977.44
10/94/01 132.34 977.28

PS5

PS

PS

PS

PSS

psS

PS
PS

PS

PS

PSS

PS

ps

PS

Ps

PS

jok]

K1-07 ({continued)

X1-08

10/23/01
11/07/01
12/05/01
01/10/02
01/22/02
02/04/02
03/06/02
04/12/02
04/18/02
Q05/01/02
06701702
07/09/02
07730702
08/03/02
09/07/02
10/03/02
12/06/02
01/08/03
¢1/30/03
02/01/03
03/01/03
04/05/03
05701703
06/06/03

07/14/95
07/31/95
01/18/96
04/12/96
05/01/986
06/06/96
07/16/96
07/31/96
08/08/96
03/04/96
10/09/96
10/11/36
11/06/96
12/10/96
01/13/97
02/05/97
03/04/97
04/10/27
05/710/87
06/05/97
07/10/37
08/04/97
02/04/97
10/07/87
11/04/87
12/02/87
01/12s58
01/12/58
02/09/98
03/05/58
04/06/98
04/15/98
05/06/98
06/03/98
07/13/98
07/16/98
08/11/98
09/01/98

Depth Water
to Water Elevation Notes
(ft) (£ /MSL}
132.50 977.13 PS
132.75 976.88
132.83 §76.70
133.11 976.52
133.00 976.63 PS5
132.%6 576.67
132.75 976.88
133,10 976.53
133.15 976.48 PS
NM
133.15 976.48
133.27 976.36
133.60 976.03 PS
133.62 976.01
133.88 975.75
133.30 975.73
134.32 975.31 PS
134.55 575.08
134.85 574.78 PS
134.83 974.80
134.87 $74.76
135.00 974.63
134.95 974.68 PS
135.15 PS
155.04 967.70
155,00 967.74 PS
154.80 967.54
152.80 969.94 PS
152.15 970.5%
151.78 970.96
151.72 971.02
151.65 971.0%9 Ps
151.64 971.10C
151.61 971.13
151.56 971.18
151.90 970.84 PS
151.%1 971.03
151.31 971.43
151.30 971.44
151.07 871.67
150.13 972.61
149.40 973.34
145.10 973,64
148.84 973.%0
148.72 974.02
148.79 973.85
148.67 974.07
148.67 974,07
148.68 974.06
148.68 974.058
148.60 574.14 PS
148.60 974.34
148.84 873.90
147.30 575.44
145.83 976.91
145.80 976.94 PS
145.30 977.44
144.78 977.86
144.16 978.58
144.20 978.54 PS
143.79 978.95
143.31 979.43




Table A-1. Ground Water Elevations for Monitor Wells in the Building 850 subarea,
measured between July 1, 18985, and June 30, 2003.

Location Location |
Date Depth Water Date Depth Water
of to Water Elevation Notes of to Water Elevation Notes
Measurement (£t} {£t/MSL) Measurement {ft} (£t /MSL)

+ K1-0B (continued) ' K1-08 (continued)
10/15/58 142.54 S80.20 P5 08/03/02 148.15 974.59
10/26/38 142.35 980.239 09/07s02 148.29 974.45
11/17/%8 142.47 980.27 10/03/02 148.52 974.22
12/01/98 142.16 980.58 12/13/02 148.82 973.82 PS
12/04/98 142.10 980.64 PS 01/08/03 149.14 973.60
12/11/98 142.13 980.61 PS 01/31/03 145.15 973.59 PS
01/05/99 141.97 980.77 02/01/03 149.15 873.5%
01714/99 141.98 980.76 PS 02/07/03 145.05 973.6% PS
D2/05/99 141.50 8981.24 03/01/03 149.15 973.59
03/03/99 141.60 981.14 PS 04/05/03 149.25 973.49
03/09/95 141.54 981.20 05/02/03 148.22 973.52 PS
03/10/9% 141.72 . 981.02 PS 06/06/03 149.53 PS

04/12/99 141.54 981.20 Bs
04/15/99 141.25 981.45

05/04/99 141.55 981.158 X1-09

06/02/99 141.36 981.38 07/14/95 161.43 965.25
07/07/9% 141.65 981.05 PS 07/31/95 161.45 965.23 Ps
07/22/99 141.51 981.23 01/18/96 161.50 965.18
0g8/18/99 141.43 981.31 04/12/96 159.50 967.18 PS
05/13/95 141.%0 580.84 05/01/96 158.97 967.71
10/04/593 142.28 9B80.46 PS 0&/06/96 158.51 968.17
10/12